Discussion

Our prospective data show that the duration of
the walk to work was associated with a decreased
risk for incident hypertension, even after adjustment
for age, body mass index, alcohol consumption, lei-
sure-time physical activity (regular physical exercise
at least once weekly or less than once weekly),
smoking status (current smoker, past smoker, or
nonsmoker), systolic and diastolic blood pressure at
baseline, and fasting plasma glucose level. Multivar-
iate analysis also showed that regular physical exer-
cise at least once weekly was inversely related to the
risk for incident hypertension.

Previous studies have shown an inverse associa-
tion between physical activity and the incidence of
hypertension. Vigorous exercise was inversely asso-
ciated with the risk for hypertension in a cohort of
Harvard University alumni followed for 16 to 50
years and in a cohort of University of Pennsylvania
alumni followed for 15 years, but no significant re-
lation between walking and the incidence of hyper-
tension was seen in either study (10, 11). In those
studies, the analysis was adjusted only for age and
body mass index and questions on walking were not
limited to walking to work. In our study, the dura-
tion of the walk to work was associated with a
decreased risk for hypertension. In Japan, an em-
ployee often stays at the same job until retirement,
and there are few opportunities for transfer in the
company from which our study participants were
recruited. Thus, the duration of a man’s to walk to
work may be a consistent and reliable indicator of
mild physical activity status throughout his adult
life.

We did not identify the reason why the duration
of the walk to work reduced the risk for hyperten-
sion. Controlled studies have showed that even mild
exercise, especially walking, reduces blood pressure
in hypertensive (21, 22) and normotensive (23) per-
sons. In a population-based study of elderly persons,
light-intensity physical activity, including walking,
significantly decreased systolic and diastolic blood

pressures (24). The intensity of exercise does not
seem to be related to the magnitude of the decrease
in blood pressure (25). In our study, walking
seemed to have a positive effect in reducing the risk
for hypertension. The explanatory mechanisms are
probably multifactorial.

We considered the possibility that participants
with a longer walk to work might have had more
active lifestyles. However, only 33.3% of partici-
pants who belonged to the group with the longest
walk to work engaged in vigorous activity at least
once a week. Therefore, there did not appear to be
any association between the duration of the walk to
work and a more active lifestyle. When we exam-
ined the relation between the duration of the walk
to work and the risk for hypertension, we adjusted
the data for leisure-time physical activity in addition
to other cofounders. Therefore, the relation be-
tween the duration of the walk to work and the risk
for hypertension was independent of leisure-time
physical activity.

Our study has some potential limitations. First,
all participants were registered employees of the
same company. Thus, our results may not be repre-
sentative of the general population; however, these
relations are thought to apply to many men who
work outside the home. The relative homogeneity of
the cohort may actually enhance the study’s internal
validity. Because of the relatively uniform education
background and socioeconomic status of the men in
our cohort, these variables were unlikely to repre-
sent confounding factors. Second, all our study par-
ticipants were men. It remains to be determined
whether our results also apply to women. Finally,
we could not include several confounding variables,
such as diet and family history. It is well known that
family history and consumption of salt are associ-
ated with hypertension (26, 27). A recent study
showed that a diet rich in fruits, vegetables, and
low-fat dairy foods that includes reduced saturated
and total fats significantly lowers blood pressure
(28). Therefore, the history of food intake and fam-

Table 4. Number Needed To Walk To Avoid One Case of Hypertension during 10 Years of Follow-up*

Walk to Work All Participants Cases of Absolute Risk Reduction Number Needed To Walk
Hypertension (95% ClI) (95% C)
n n (%)

Model 1

0-10 minutes 2240 207 (9.2)

11-20 minutes 1766 146 (8.3) 0.009 (0.0088-0.0092)t 111.1 (108.7-113.6)%
Model 2

0-10 minutes 2240 207 (9.2)

=21 minutes 404 22 (5.9 0.038 (0.0377-0.0383)8 26.3 (26.1-26.5)%

* The number needed to walk is the number of men needed to walk to work in order to prevent one incident case of hypertension.
+ Absolute risk reduction = case rates of hypertension (0 to 10 minutes of walking) — case rates of hypertension (11 to 20 minutes of walking).

# Number needed to walk = 1/absolute risk reduction.

§ Absolute risk reduction = case rates of hypertension (0 to 10 minutes of walking) — case rates of hypertension (=21 minutes of walking).
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ily history of hypertension should be included in
future studies.

In conclusion, our results provide evidence that
the duration of the walk to work has an indepen-
dent effect on the risk for hypertension. Even per-
sons who drive to work or use public transportation
may benefit from parking or leaving their transpor-
tation more than a 20-minute walk from the office.
We believe that physicians should recommend walk-
ing to work as an adjunct to proper weight control,
reduction of alcohol consumption, and leisure-time
physical activity.
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Walking to work and the risk for hypertension in men: the Osaka Health Survey.
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Abstract

Increased body size and lack of physical activity are
associated with increased risk of several cancers, but
the relations of body mass index (BMI) and physical
activity to bladder cancer are poorly understood. We
investigated the associations between BMI, physical
activity, and bladder cancer in the NIH-AARP Diet
and Health Study, a prospective cohort of 471,760 U.S.
men and women, followed from 1995 to 2003. During
3,404,642 person-years of follow-up, we documented
1,719 incident cases of bladder cancer. Compared with
normal weight, obesity was associated with an up to
28% increased risk for bladder cancer. The multivar-
iate relative risks of bladder cancer for BMI values
of 18.5 to 24.9 (reference), 25.0 to 29.9, 30.0 to 34.9,
and =35 kg/m2 were 1.0, 1.15, 1.22, and 1.28
(95% confidence interval, 1.02-1.61; Pieng = 0.028).

The association between BMI and bladder cancer was
consistent among subgroups defined by gender,
education, smoking status, and other potential effect
modifiers. In contrast, physical activity showed no
statistically significant relation with bladder cancer.
After multivariate adjustment, including BMI, the
relative risks of bladder cancer for increasing fre-
quency of physical activity [0 (reference), <1, 1-2, 3-4,
and >5 times a week] were 1.0, 0.85, 0.89, 0.91, and 0.87
(95% confidence interval, 0.74-1.02; Piena = 0.358),
respectively. In conclusion, these findings provide
support for a modest adverse effect of adiposity on
risk for bladder cancer. In contrast, our results do not
suggest a relation between physical activity and
bladder cancer. (Cancer Epidemiol Biomarkers Prev
2008;17(5):1214-21)

Introduction

Bladder cancer is the fourth most common malignancy in
men and the ninth most common in women in the United
States (1). In the United States in 2007, an estimated
67,000 new bladder cancer cases will occur and 13,750
people will die from this disease (1). Established risk
factors for bladder cancer include tobacco use, occupa-
tional exposure to specific carcinogens such as aromatic
amines, schistosomiasis, drinking tap water with arsenic,
certain drugs such as phenacetin-containing analgesics,
and familial history of bladder cancer (2).

Nearly two thirds of U.S. adults are currently
overweight [body mass index (BMI) between 25.0 and
29.9 kg /m?] or obese (BMI > 30.0 kg/ m? ref. 3) and more
than half are insufficiently physically active (4). Substan-
tial epidemiologic evidence suggests that adiposity is
related to increased risk and physical activity to
decreased risk of cancer (5), but bladder cancer has not
been consistently linked to either body size or physical
activity. In epidemiologic studies examining adiposity
and bladder cancer (6-20), no statistically significant
association has been seen in most (7-9, 11, 13-16, 18-20),
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but the majority of those studies has been limited by
small numbers of cases, especially cases with a BMI
> 30.0 kg/m?. Although three prospective studies (6, 10,
12) and one large case-control study (17) found a positive
relation of adiposity to risk of bladder cancer, only one
(12) of those studies explored this association in detail.
Likewise, few studies have investigated physical activity
in relation to bladder cancer (12, 15, 21-28). An apparent
protective effect of physical activity on risk for bladder
cancer is limited to results from one study (27).

Given the high prevalence of adiposity and physical
inactivity in the United States (3, 4), we conducted a
detailed, prospective investigation in the NIH-AARP
Diet and Health Study. With over 1,700 bladder cancer
cases, this is the largest study to date to examine BMI
and physical activity in relation to this important
malignancy.

Materials and Methods

Study Population. In 1995 to 1996, 566,402 members of
AARP ages 50 to 71 years and residing in one of six U.S.
states (California, Florida, Louisiana, New Jersey, North
Carolina, and Pennsylvania) or two metropolitan areas
(Atlanta, GA, and Detroit, MI) satisfactorily completed
and returned a mailed questionnaire on medical history,
diet, and physical activity to initiate the NIH-AARP Diet
and Health Study (29). The study was approved by the

Cancer Epidemiol Biomarkers Prev 2008;17(5). May 2008
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Table 1. Baseline characteristics according to BMI and physical activity

Characteristics BMI (kg/ m?) Physical activity (times a week)*
185249 25.0-29.9 30.0-349 >350 O <1 1-2 3-4 >5

Participants (1) 162,353 204,189 75,350 29,886 83,558 64,730 102,945 128,003 92,524
Age (y) 62.1 62.1 61.6 60.8 620 611 61.5 62.2 624
Gender (%)

Men 51.9 71.2 64.6 46.0 522 589 61.9 63.4 67.2

Women 49.1 29.8 36.4 540 488 411 38.1 36.6 32.8
Race

White 92.4 91.9 90.9 88.7 89.5 91.8 92.5 91.8 92.6

Non-White 7.6 8.1 9.1 11.3 10.5 8.2 7.5 8.2 74
Smoking status (%)

Current smoker 17.0 12.5 10.8 9.2 204 169 14.1 10.0 9.3

Former smoker 43.8 533 54.9 529 453 483 49.2 52.8 53.9

Never smoker 39.2 34.2 34.3 379 344 34.8 36.7 37.2 36.8
BMI (kg/ mz) 22.8 27.2 31.9 39.5 28.7 27.9 273 26.6 26.1
Physical activity (times a week) 2.7 2.5 2.0 15 0 0.5 15 3.5 55
College education (%) 4.3 40.4 344 293 283 376 41.2 448 446
Married or living as married (%) 66.1 75.2 70.6 585 624  68.6 71.1 72.8 74.1
Red meat intake (servings/1,000 kecal/d) 29.6 35.8 39.4 41.0 379 37.3 36.2 32.5 30.8
Fruit and vegetable intakes (servings/1,000 kcal/d) 3.7 3.4 3.4 34 3.1 32 3.4 37 3.9
Nonalcohohc beverage intake (mL/d) 1,865 2,020 2,068 2,023 2,004 1,99 1,972 1937 2,012
Alcohol intake (servings/wk) 6.7 7.5 6.6 45 6.8 6.9 6.8 6.6 7.4
Menopausal hormone therapy (%)

Current users 50.9 54.2 37.1 29.3 38.1 438 45.4 489 47.2

Former users 8.5 94 9.8 8.9 8.7 9.5 9.0 9.3 8.6

Never users ' 40.5 46.4 53.1 61.7 53.2 46.6 45.6 41.8 442
Ever used oral contraceptive use (%) 422 39.5 36.8 343 37.1 39.9 404 41.5 39.7
Parity (no. live-born children) 2.1 22 2.3 2.3 22 2.2 2.2 2.2 22
NSAID use (%) 49.1 51.3 54.4 572 496 525 52.1 52.4 49.6

NOTE: All values (except age) were directly standardized to the age distribution of the cohort.
*Physical activity was defined as activity that lasted >20 min and caused either increases in breathing or heart rate or working up a sweat.

T Among women only.

Special Studies Institutional Review Board of the U.S.
National Cancer Institute.

At baseline, we excluded individuals with diagnosed
cancer other than nonmelanoma skin cancer (n = 52,561),
participants with emphysema (n = 13 ,764), those with
missing data on body weight or height (n = 12,118), those
Who were underweight (defined as BMI < 18.5 kg/m?

= 4,825), and subjects with missing information on
physical activity (n = 5,106) or smoking (n = 6,268). The
remaining analytical cohort comprised 287,941 men and
183,819 women.

Identification of Incident Bladder Cancer Cases. We
identified incident cases of bladder cancer by probabi-
listic linkage to the state cancer registries serving our
cohort. Beyond the eight original states of our cohort,
our cancer registry ascertainment area was recently
expanded by three additional states (Texas, Arizona,
and Nevada) to capture cancer cases occurring among
participants who moved to those states during follow-
up. The North American Association of Central Cancer
Registries certifies all 11 cancer registries (30). We
conducted a validation study comparing registry
findings with self-reports and medical records and
found that ~90% of all cancer cases in our cohort
were validly identified using linkage to cancer registries
(31). Vital status was ascertained by linkage of the
cohort to the Social Security Administration Death
Master file. Additional cases of fatal bladder cancer
were identified through linkage to the National Death
Index Plus, which provided verification of death
and information on cause of death. For matching

purposes, we have virtually complete data on first
and last name, address history, gender, and date of
birth. Social Security number is available for 85% of the
NIH-AARP cohort.

Cancer sites were identified by anatomic site and
histologic code of the International Classification of Disease
for Oncology, Second and Third Editions (32). The primary
endpoint for the present analysis was total bladder
cancer (International Classification of Disease for Oncology,
Third Edition code C67.0-C67.9), which included cancers
with the following morphology: transitional cell carcino-
ma (8050, 8120-8122, 8130), squamous cell carcinoma
(8051-8076), adenocarcinoma (8140-8145, 8190-8231, 8260-
8263, 8310, 8480-8490, 8560, 8570), and not otherwise
specified carcinomas (8010-8034). A total of 87.4% were
transitional cell, 1.3% were squamous cell, 1.4% were
adenocarcinoma, and 9.9% were other or not specified
bladder cancers.

Assessment of BMI and Physical Activity. Informa-
tion on weight and height was collected using the baseline
questionnaire and was used to calculate BMI and to divide
participants into four BMI categorles (18.5-24.9, 25.0-29.9,
30.0-34.9, and >35.0 k /m ) hat mcorporated the defi-
nitions of normal welght (18.5-249 kg/ m? , overweight
(25.0-29.9 kg/m?), and obesity (>30.0 kg/m ) respective-
ly, proposed by the WHO (33).

In correspondence with the American College of
Sports Medicine physical activity guidelines that recom-
mend at least 20 min of continuous vigorous exercise
three times a week for improving cardiorespiratory
fitness (34), we asked participants to report the average

Cancer Epidemiol Biomarkers Prev 2008;17(5). May 2008
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frequency (never, rarely, 1-3 times a month, 1-2 times a
week, 3-4 times a week, and =5 times a week) during the
past year that they engaged in activities of any type that
lasted >20 min and caused either increases in breathing
or heart rate or working up a sweat. We collapsed the
bottom two categories to ensure sufficient numbers of
cases in the reference category. A questionnaire similar to
the one used in this cohort showed good interrater
reliability (percentage agreement = 0.76; ¥ = 0.53) and
reasonable validity (percentage agreement = 0.71;
ik = 0.40) as assessed by a computer science and
applications activity monitor (35). Additional evidence
of the validity of our physical activity instrument is
shown by the capability of our assessment of physical
activity to predict lower risk of mortality from coronary
heart disease (36).

In a supplementary questionnaire mailed in 1996 to
1997, we requested information on sedentary behavior by
asking about the average number of hours a day
currently spent watching television or videos (0, <1,
1-2, 3-4, 5-6, 7-8, and =9 h). We collapsed the bottom
three categories to provide adequate statistical power.
We also requested information on weight and height at
age 18 and physical activity at age 15 to 18 years. The
supplementary questionnaire was mailed 6 months after
baseline and was returned by 60% of the baseline
questionnaire respondents. Thus, in analyses involving
sedentary behavior, we began follow-up in 1996 and
excluded participants who had a cancer diagnosis before
return of the supplementary questionnaire.

Statistical Analysis. Each participant accrued follow-
up time beginning at the scan date of the baseline
questionnaire and ending at the date of diagnosis of
bladder cancer, move out of the registry ascertainment
area, death, or the end of follow-up in December 31, 2003,
whichever came first. Cox proportional hazards regres-
sion (37) with age as the underlying time metric was
used to estimate the relations of BMI and physical
activity to bladder cancer. We examined potential
violation of the proportional hazards assumption and
found no discrepancies from the assumption of propor-
tional hazards.

The relation of BMI to bladder cancer was estimated in
three models. One model was adjusted for age and
gender. A second model was additionally adjusted for
race/ethnicity; education; a combination of smoking

Table 2. RR of bladder cancer according to BMI

status, time since quitting for former smokers, and
smoking intensity for former and current smokers;
family history of any cancer, marital status; intakes of
red meat; the combination of fruit and vegetables; total
beverages, except alcohol; alcohol; menopausal hormone
therapy; use of oral contraceptives; and parity (the latter
three variables for women only). A third model was
additionally adjusted for physical activity. The associa-
tion between physical activity and bladder cancer was
estimated in three similar models, with the exception that
physical activity was replaced by BMI in the third model.

In a subset of study participants, we collected
information on use of nonsteroidal anti-inflammatory
drugs (NSAID). We used those data to assess whether
the relations of BMI or physical activity to bladder cancer
were confounded by NSAID use. Tests of linear trend
across categories were conducted by modeling the mean
values of exposures as a single continuous variable in the
multivariate model, the coefficient for which was
evaluated using a Wald test.

To examine whether the associations of BMI or
physical activity to bladder cancer risk were modified
by other potential risk factors for bladder cancer, such as
gender, age at baseline, race/ethnicity, education, smok-
ing status, intakes of fruits and vegetables, red meat,
beverages, and alcohol, and NSAID use, we conducted
tests for multiplicative interaction using likelihood ratio
tests. We also evaluated the relations of BMI and physical
activity to bladder cancer within strata of potential effect
modifying variables. All relative risks (RR) are presented
with 95% confidence intervals (95% CI), and reported
P values are based on two-sided tests. All analyses were
conducted using SAS release 9.1 (SAS Institute).

Results

During 3,404,642 person-years of follow-up, we docu-
mented 1,719 newly incident cases of bladder cancer, of
which 1,470 were diagnosed in men and 249 in women.
Participants with high BMI were less physically active,
were more likely to be NSAID users, had a lower
education level, and consumed less fruit and vegetables
than those with normal BMI. In contrast, subjects with
high physical activity were leaner, were more educated,
and consumed more fruit and vegetables than less active
subjects. At baseline, participants with high BMI or those

Variable BMI (kg/m?) P end
18.5-24.9 25.0-29.9 30.0-34.9 >35.0

Person-years 1,174,879 1,474,882 541,963 212,917

No. cases 479 845 301 94

Age- and sex-adjusted RR (95% CI) 1.0 1.18 (1.05-1.32) 129 (1.11-1.49) 1.34 (1.08-1.68) 0.002

Multivariate RR without physical activity (95% ?I)* 1.0 1.16 (1.03-1.29) 1.23 (1.06-1.43) 1.30 (1.04-1.63) 0.016

Multivariate RR with physical activity (95% CI) 1.0 1.15 (1.03-1.29) 1.22 (1.05-1.42) 1.28 (1.02-1.61) 0.028

*The multivariate model used age as the underlying time metric and included the following covariates: gender (women, men), a combination of smoking
status (never, former, current), time since quitting for former smokers (=10, 5-9, 1-4, <1 y) and smoking intensity for former and current smokers
(1-10, 11-20, 21-30, 31-40, 41-60, >61 cigarettes per day), race/ethnicity (White, Black, Hispanic, other race/ethnicity), education (less than high school, high
school, vocational school or some college, college graduate, postgraduate), marital status (married or living as married, other), family history of cancer (yes,
no), intakes of red meat (quintiles), fruit and vegetables combined (quintiles), nonalcoholic beverages (quintiles), and alcohol (0, <1, 1-3, >3 servings/d),
menopausal hormone therapy (current, past, never), oral contraceptive use (ever, never), and parity (0, 1-2, 23).

t Adjustment for physical activity included the following categories: 0, <1, 1-2, 3-4, 25 times a week.
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Table 3. Multivariate relative risk of bladder cancer to according BMI in participants defined by selected variables

Variable No. cases BMI (kg/m?) Puend  Pinteraction
18.5-24.9 25.0-29.9 30.0-34.9 >35.0
Gender
Men 1,470 1.0 1.21 (1.07-1.37) 1.21 (1.03-1.43) 1.25(0.96-1.63) 0.079 0.061
Women 249 1.0 0.84 (0.62-1.15) 1.38 (0.96-1.96) 1.37 (0.87-2.18) 0.146
Age at baseline (y)
<65 798 1.0 1.14 (0.96-1.36) 1.27 (1.02-1.57) 1.26 (0.92-1.72)  0.026 0.919
=65 921 1.0 1.16 (0.99-1.35) 1.17 (0.95-1.45) 1.32 (0.94-1.84) 0.376
Race/ethnicity
White 1,629 1.0 1.16 (1.03-1.31) 1.22 (1.05-1.43) 1.29 (1.02-1.64) 0.024 0.849
Non-White 90 1.0 0.99 (0.61-1.64) 1.19 (0.63-2.24) 0.93 (0.24-2.50) 0.942
Education
Some college or less 1,097 1.0 1.13 (0.98-1.31) 1.25(1.04-149) 1.19 (0.89-1.57) 0.137 0.662
College graduate or postgraduate 622 1.0 1.19 (0.99-1.43) 1.15 (0.89-1.49) 1.47(0.99-1.19) 0.104
Smoking status
Current smoker 389 1.0 1.13 (0.89-141) 1.17 (0.88-1.61) 1.07 (0.62-1.87)  0.502 0.862
Former smoker 1,047 1.0 1.20 (1.03-1.40) 1.24 (1.02-1.51) 1.32(0.99-1.76) 0.179
Never smoker 283 1.0 1.05 (0.79-1.38) 1.29 (0.89-1.86) 1.42 (0.82-2.46) 0.028
Physical activity*
Inactive 914 1.0 1.09 (0.92-1.28) 1.06 (0.86-1.29) 1.33 (1.01-1.74) 0.352 0.087
Active 805 1.0 1.22 (1.03-1.43) 1.44 (1.16-1.79) 0.98 (0.61-1.57)  0.020
Fruit and vegetable intakes "
Low 998 1.0 1.07 (0.92-1.25) 1.17 (0.96-1.42) 1.41 (1.07-1.87) 0.102 0.107
High P 721 1.0 1.26 (1.06-1.50) 1.29 (1.02-1.64) 1.05 (0.70-1.55) 0.171
Red meat intake
Low 750 1.0 121 (1.02-1.43) 134 (1.06-1.69) 119 (0.79-1.79) 0.023  0.606
High 969 1.0 1.11 (0.95-1.30) 1.15 (0.94-1.39) 1.30 (0.98-1.72) 0.289
Nonalcoholic beverage intake?
Low 751 1. 1.11 (0.93-1.31)  1.08 (0.85-1.36)  0.95 (0.65-1.39)  0.474 0.179
High 968 1. 1.21 (1.03-1.41) 1.36 (1.12-1.66) 1.56 (1.17-2.07) 0.017
Alcohol use
No 360 1.0 1.15 (0.89-1.49) 1.21 (0.88-1.66) 1.32 (0.85-2.40) 0.175 0.989
Yes 1,359 1.0 1.16 (1.02-1.32) 123 (1.04-1.46) 1.27 (0.97-1.66) 0.071
NSAID use!
No 480 1.0 1.23 (0.99-1.52) 1.22 (0.91-1.64) 1.20 (0.74-1.96)  0.183 0.458
Yes 406 1.0 1.02 (0.80-1.29) 1.24 (0.92-1.66) 0.80 (0.47-1.37)  0.989

NOTE: The multivariate models were adjusted for covariates listed in Table 2 footnote. In each case, the stratification variable was excluded from the

model. Within each stratum, the category of subjects with a BMI of 18.5 to 24.9 served as the reference group.

*Inactive was defined as engaging in <20 min of continuous vigorous exercise three times a week. Active was defined as engaging in at least 20 min of
continuous vigorous exercise three times a week.
t The strata of low and high fruit and vegetable intakes were defined based on the cut point representing the median value of 3.2 servings/1,000 kcal/d.

#The strata of low and high red meat intakes were defined based on the cut point representing the median value of 31.4 g/1,000 kcal/d.
§ The strata of low and high nonalcoholic beverage intakes were defined based on the cut point representing the median value of 1,782 mL/d.
| The analysis that was stratified by NSAID use was conducted using data from a subcohort of study participants for whom we had collected information

regarding NSAID use.

with high physical activity levels were less likely to
currently smoke but were more likely to have formerly
smoked than their lean or less active counterparts
(Table 1).

Participants who were overweight or obese had a
greater risk of bladder cancer than normal weight
subjects. After adjustment for age and gender, individ-
uals with BMI levels of 18.5 to 249 (reference), 25.0 to
29.9, 30.0 to 34.9, and > 35 kg/m” had RRs of 1.0, 1.1,
1.29, and 1.34 (95% CI, 1.08-1. 68 Pirena = 0.002; Table 2).
After additional adjustment for multiple variables, the
inverse association was slightly attenuated (RR compar-
ing extreme BMI categories, 1.30; 95% CI, 1.04-1.63;
Pirena = 0.016). Further adjustment for physical activity
had only minor effect (RR comparing extreme BMI
categories, 1.28; 95% CI, 1.02-1.61; Pyeng = 0.028). When
we limited the analyses to transitional cell carcinomas (1
= 1,503), statistical power was slightly reduced, but
results were essentially unaltered (multivariate RR
comparing extreme BMI categories, 1.23; 95% CI, 0.96-
1.58; Pirena = 0.044).

In a secondary analysis, we repeated our main analysis
after excluding all cases of bladder cancer that occurred
during the first 2 years of follow-up (n = 423 cases
excluded). Results were somewhat attenuated, showing a
multivariate RR for the highest versus lowest category of
BMI of 1.19 (95% CI, 0.91-1.56; P yena = 0.165).

We examined BMI at age 18 and physical activity at
age 15 to 18 in relation to bladder cancer risk. The
multivariate RRs for the highest versus lowest categories
of BMI at age 18 and physical activity at age 15 to 18
years were 1.76 (95% CI, 1.13-2.76) and 0.92 (95% CI,
0.77-1.09), respectively.

To investigate whether the association between BMI
and bladder cancer varied across strata defined by
gender, age, race/ethnicity, education, smoking, physical
activity, intakes of fruit and vegetables, beverages, and
alcohol, and NSAID use, stratified models were fit
according to levels of those variables (Table 3). A positive
association between BMI and bladder cancer was
observed in virtually all subgroups. The relation of BMI
to bladder cancer appeared to be strong among never
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smokers, modest among former smokers, and weak
among current smokers, but tests of interaction indicated
no differences across strata.

In age- and gender-adjusted analyses, participants
who reported engaging in increasing levels of physical
activity [0 (reference), <1, 1-2, 3-4, and >5 more times a
week] had RRs of 1.0, 0.80, 0.79, 0.75, and 0.71 (95% CI,
0.61-0.82; Pyeng < 0.001; Table 4). After adjustment for
multiple potential confounders, except BMI, the inverse
association was substantially attenuated, but the point
estimate for the highest physical activity level remained
statistically significant, with a RR comparing the highest
with the lowest level of physical activity of 0.85 (95% CI,
0.73-0.99; Pirena = 0.188). After further adjustment for
BMI, the relation between physical activity and bladder
cancer was no longer statistically significant (RR, 0.87;
95% CI, 0.74-1.02; Pyeng = 0.358). When we limited the
analyses to transitional cell cancers (n = 1,503), results
were essentially unchanged (multivariate RR com-
paring extreme physical activity categories, 0.85; 95%
CI, 0.72-1.01; Pyena = 0.131).

Statistically nonsignificant inverse associations be-
tween physical activity and bladder cancer were noted
for virtually all subgroup analyses defined by gender,
age, race/ethnicity, education, smoking, BMI, intakes of
fruit and vegetables, beverages, and alcohol, and NSAID
use. Formal tests of interaction were not statistically
significant (Table 5). The relations of BMI or physical
activity with bladder cancer risk were not confounded by
NSAID use (data not shown).

We investigated the association between sedentary
behavior and bladder cancer. In an analysis that was
adjusted for multiple variables, including physical activ-
ity, the RRs of bladder cancer for watching television or
videos for <3 (reference), 3t04,5t06,7t0 8, and 29 h/d
were 1.0, 1.01, 0.94, 1.05, and 0.99 (95% CI, 0.66-1.51).
Additional control for BMI yielded risk estimates of 1.0,
1.00, 0.93, 1.03, and 0.98 (95% CI, 0.65-1.49).

Discussion

In this prospective study of nearly 500,000 men and
women followed for up to 8 years, we found a modest
but graded positive association between BMI and risk of
bladder cancer. Compared with normal weight, over-

weight was associated with 15% increase in risk, and
obesity was related to an up to 28% increased risk. The
positive association between BMI and bladder cancer
was independent of other known risk factors for bladder
cancer, including age, race, and smoking, suggesting that
avoidance of adiposity may play an important role in the
prevention of bladder cancer.

In addition, initial analyses suggested that physical
activity was associated with reduced risk of bladder
cancer. However, part of the effect of physical activity
may be related to its influence on weight control because
the inverse association between physical activity and
bladder cancer did not persist after adjustment for BML
This suggests that the apparent protective influence of
physical activity on bladder cancer operates through a
mechanism involving reduced body mass. Findings for
BMI and physical activity from earlier in life were
consistent with those based on current BMI and physical
activity.

Our finding of a modest positive relation between BMI
and bladder cancer is consistent with results from 8 (6-12,
16) of a total of 11 (6-16) prospective studies on this topic.
Three record linkage—based cohort studies (6-8) com-
pared high with low BMI levels and reported RRs of
bladder cancer of 1.13 (95% CI, 1.06-1.20), 1.2 (95% CI,
1.0-1.5), and 1.2 (95% CI, 1.0-1.6), respectively. Those
studies (6-8) did not control for smoking; failure to adjust
for smoking may have resulted in an overestimation of
the positive association between BMI and bladder cancer
in those studies because most adult ever smokers are
former smokers and BMI is positively related both to
former smoking and to bladder cancer risk. In contrast,
failure to adjust for current smoking may have resulted
in an underestimation of the relation. One cohort stud
(16) noted a bladder cancer risk of 1.28 (95% (I, 0.73-2.25)
for obese versus normal weight women, whereas a
cohort study of men (9) found a RR of 23 (95% CI,
0.9-5.7) for high versus low body weight. A cohort study
(11) that used mortality from bladder cancer as an
endpoint compared obese with normal weight subjects
and published RRs of 1.14 (95% CI, 0.88-1.46) for men
and 1.34 (95% CI, 0.91-1.95) for women. In another cohort
study of bladder cancer mortality (10), a statistically
significant positive association with adiposity emerged
only after excluding the first 20 years of follow-up
(RR comparing overweight with normal weight men,

Table 4. RR of bladder cancer according to physical activity

Variable Physical activity (times a week)* Prend
0 <1 1-2 34 >5

Person-years 591,296 467,197 745,4094 929,663 671,077

No. cases 334 217 363 469 336

Age- and sex-adjusted RR (95% CI) 1.0 0.80 (0.68-0.95)  0.79 (0.68-0.91)  0.75 (0.65-0.86)  0.71 (0.61-0.82)  <0.001

Multivariate RR without BMI (95% CI) 1.0 0.85 (0.72-1.01)  0.88 (0.75-1.02)  0.89 (0.77-1.03)  0.85 (0.73-0.99)  0.188

Multivariate RR with BMI (95% CI) * 1.0 0.85 (0.72-1.02)  0.89 (0.76-1.03)  0.91 (0.78-1.05)  0.87 (0.74-1.02)  0.358

* Physical activity was defined as activities that lasted 220 min and caused either increases in breathing or heart rate or working up a sweat.

t The multivariate model used age as the underlying time metric and included the following covariates: gender (women, men), a combination of smoking
status (never, former, current), time since quitting for former smokers (=10, 5-9, 1-4, <1 y) and smoking intensity for former and current smokers (1-10, 11-20,
21-30, 31-40, 41-60, 261 cigarettes per day), race/ethnicity (White, Black, Hispanic, other race/ethnicity), education (less than high school, high school,
vocational school or some college, college graduate, postgraduate), marital status (married or living as married, other), family history of cancer (yes, no),
intakes of red meat (quintiles), fruit and vegetables combined (quintiles), nonalcoholic beverages (quintiles) and alcohol (0, <1, 1-3, >3 servings/d),
menopausal hormone therapy (current, past, never), oral contraceptive use (ever, never), and panty 0, 1-2, =3).

1 Adjustment for BMI included the following categories: 18.5-24.9, 25.0-29.9, 30.0-34.9, >35.0 kg/m>
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Table 5. Multivariate RR of bladder cancer according to physical activity in participants defined by selected

Physical activity (times a week)

12

3-4 =5

p trend p interaction

variables
Variable No. cases
0 <1

Gender

Men 1,470 1.0 0.84 (0.69-1.02)

Women 249 1.0 0.88 (0.58-1.34)
Age at baseline (y)

<65 798 1.0 0.78 (0.62-0.99)

>65 921 1.0 0.93 (0.73-1.28)
Race/ethnicity

White 1,629 1.0 0.86 (0.72-1.02)

Non-White 90 1.0 0.75 (0.35-1.60)
Education

Some college or less 1,097 1.0 0.80 (0.65-0.99)

College graduate or postgraduate 622 1.0 0.93 (0.69-1.24)
Smoking status

Current smoker 389 1.0 0.93 (0.68-1.27)

Former smoker 1,047 1.0 0.83 (0.66-1.04)

Never smoker 283 1.0 0.80 (0.50-1.29)
BMI (kg/m?)

<25.0 479 1.0 0.80(0.57-1.03)

25.0-29.9 845 1.0 0.85 (0.66-1.09)

>30.0 395 1.0 0.89 (0.65-1.25)
Fruit and vegetable intakes*

Low 998 1.0 0.88 (0.72-1.09)

High R 721 1.0 0.80 (0.59-1.08)
Red meat intake

Low 750 1.0 0.83 (0.63-1.09)

High 5 969 1.0 0.87 (0.69-1.08)
Nonalcoholic beverage intake

Low 751 1.0 0.75 (0.57-0.98)

High 968 1.0 0.94 (0.75-1.17)
Alcohol use

No 360 1.0 0.86 (0.58-1.27)

Yes 1,359 1.0 0.84 (0.69-1.02)
NSAID use?

No 480 1.0 0.87 (0.62-1.22)

Yes 406 1.0 0.77 (0.54-1.11)

0.86 (0.73-1.02)
0.98 (0.68-1.42)

0.83 (0.67-1.03)
0.94 (0.67-1.16)

0.88 (0.76-1.03)
0.89 (0.47-1.72)

0.92 (0.76-1.10)
0.81 (0.62-1.06)

0.93 (0.69-1.24)
0.87 (0.72-1.06)
0.84 (0.56-1.27)

0. 83 (0.62-1.11)
0.83 (0.66-1.03)
1.04 (0.78-1.39)

0.93 (0.77-1.12)
0.82 (0.63-1.05)

0.82 (0.64-1.04)
0.93 (0.77-1.13)

0.85 (0.67-1.07)
091 (0.65-1.12)

1.10 (0.79-1.53)
0.83 (0.69-0.98)

0.96 (0.72-1.28)
0.77 (0.56-1.06)

0.86 (0.73-1.01) 0.87 (0.73-1.03)
1.19 (0.84-1.69) 0.78 (0.49-1.23)

0.81 (0.66-1.01) 0.89 (0.71-1.12)
0.98 (0.81-1.19) 0.86 (0.69-1.07)

0.89 (0.77-1.04) 0.87 (0.74-1.03)
1.12 (0.62-2.01) 0.82 (0.41-1.66)

0.98 (0.83-1.17) 0.93 (0.76-1.12)
0.77 (0.59-0.99) 0.78 (0.59-1.02)

091 (0.67-1.23) 1.14 (0.83-1.58)
0.86 (0.72-1.04) 0.78 (0.64-0.96)
1.01 (0.69-1.48) 0.97 (0.65-1.45)

0.79 (0.60-1.06) 0.79 (0.59-1.06)
0.87 (0.70-1.07) 0.85 (0.68-1.07)
1.11 (0.83-1.48) 1.02 (0.73-1.44)

0.95 (0.79-1.14) 0.88 (0.72-1.09)
0.84 (0.66-1.06) 0.84 (0.65-1.07)

0.87 (0.69-1.08) 0.87 (0.67-1.09)
0.93 (0.77-1.13) 0.87 (0.69-1.07)

0.90 (0.73-1.12) 0.84 (0.66-1.06)
091 (0.75-1.11) 0.91 (0.74-1.12)

1.04 (0.76-1.42) 1.18 (0.86-1.63)
0.86 (0.73-1.02) 0.79 (0.66-0.95)

0.84 (0.63-1.12) 0.93 (0.69-1.26)
0.93 (0.69-1.25) 0.70 (0.49-0.98)

0.345
0.879

0.685
0.343

0.336
0.952

0.796
0.064

0.509
0.064
0.509

0.224
0.429
0.498

0.512
0.521

0.642
0.396

0.658
0.432

0.219
0.087

0.652
0.297

0.317

0.652

0.892

0.131

0.489

0.928

0.963

0.937

0.717

0.221

0.234

NOTE: The multivariate models were adjusted for covariates listed in Table 2 footnote. In each case, the stratification variable was excluded from the
model. Within each stratum, the category of subjects with a BMI of 18.5 to 24.9 served as the reference group.

*The strata of low and high fruit and vegetable intakes were defined based on the cut point representing the median value of 3.2 servings/1,000 kcal/d.
1 The strata of low and high red meat intakes were defined based on the cut point representing the median value of 31.4 g/1,000 kcal/d.

 The strata of low and high nonalcoholic beverage intakes were defined based on the cut point representing the median value of 1,782 mL/d.

§The analysis that was stratified by NSAID use was conducted using data from a subcohort of study participants for whom we had collected information

regarding NSAID use.

1.68; 95% CI, 1.06-2.65). A third cohort study on bladder
cancer mortality found no relation with excess weight
(13).

In contrast, two cohort studies (14, 15) documented a
statistically nonsignificant inverse association between
BMI and bladder cancer, with RRs comparing high with
low BMI of 0.74 (95% CI, 0.45-1.22) and 0.63 (95% CI,
0.33-1.19), respectively. As noted by the authors of one of
those studies (15), one plausible reason for the inverse
relation of BMI to bladder cancer is residual confounding
by smoking that may have persisted even after control
for smoking intensity and duration.

In a large cohort study (12), the initial modest
association between BMI and bladder cancer (RR
comparing high versus low BMI, 1.16; 95% CI, 0.89-
1.52) was strengthened and became statistically signifi-
cant (RR, 1.33; 95% CI, 1.01-1.76) after excluding 423
cases diagnosed in the initial years of follow-up. Other
than chance, we have no explanation for the attenuation
of the BMI and bladder cancer relation after excluding

cases diagnosed in the initial years of follow-up in our
study.

As opposed to the majority of cohort studies that
showed a positive albeit not always statistically signifi-
cant association between BMI and bladder cancer
(6-12, 16), the four available case-control investigations
of BMI and bladder cancer (17-20) produced largely
divergent findings. Only one case-control study (17)
suggested a statistically significant increased RR of
bladder cancer comparing high with low BMI of 1.27
(95% CI, 1.01-1.58). One case-control study (18) found a
statistically nonsignificant inverse association between
BMI and bladder cancer (odds ratio, 0.61; 95% CI, 0.33-
1.14), and two additional case-control studies (19, 20)
each reported a null association but did not present
actual risk estimates.

Our results showed a lack of an independent
association between physical activity and bladder cancer,
which is compatible with most (12, 15, 21-26) but not all
(27, 28) previous studies in this area. One occupational
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cohort study (27) reported an increased risk of bladder
cancer for sedentary occupations with standardized
incidence ratios ranging from 1.10 (95% CI, 1.02-1.18) to
1.33 (95% CI, 1.07-1.61). Those positive associations with
sedentary behavior may have been overestimated as a
result of confounding by BMI. We found no relation
between our measure of sedentary behavior and bladder
cancer in the AARP cohort.

In contrast, one cohort study (28) found an increased
risk of bladder cancer for high versus low levels
of recreational activity (RR, 2.06; 95% CI, 1.08-3.95),
although the test for trend did not reach statistical
significance (Pyena = 0.09). That study (28) evaluated
physical activity in relation to a large number of
individual cancer sites; multiple comparisons and a small
number of bladder cancer cases (n = 92) could have
yielded a positive finding for bladder cancer by chance.

Important strengths of our study include its prospec-
tive design, a large number of cases, a high follow-up
rate, and reasonably detailed information on potential
bladder cancer risk factors. In particular, we were able to
adjust for cigarette smoking habits, including smoking
status, intensity, and time since quitting. BMI was
positively associated with former smoking but was
inversely related to current smoking in our data, and in
analyses that were stratified by smoking status, the
relation of BMI to bladder cancer was stronger among
former than current smokers. An analysis including only
participants who never smoked (n = 283 bladder cancer
cases) yielded a stepwise positive association between
increasing BMI level and bladder cancer. This observa-
tion suggests that smoking did not substantially con-
found our findings.

Despite numerous advantageous features of our study,
one limitation is that weight and height were assessed by
self-report, a method that is subject to error; however,
self-reported weight and height have been found to be
highly accurate (38). Measurement error in assessing
physical activity is a more likely issue (39), but the
physical activity assessment in the NIH-AARP study is
very similar to an instrument with documented reason-
able validity and reproducibility (35). Moreover, our
physical activity tool predicts decreased cardiovascular
mortality in this cohort (36).

Although this study is the largest known prospective
investigation to date to examine the relations of BMI and
physical activity to bladder cancer risk, our participants
are predominantly Caucasians. Thus, we had limited
statistical power to evaluate relations among non-White
individuals, for whom bladder cancer incidence rates are
known to differ from rates among Caucasians (40).

Biological mechanisms underlying the positive associ-
ation between BMI and bladder cancer are speculative.
Excess body fat is associated with elevated production of
insulin, and insulin is a mitogenic factor that may also
enhance tumor growth by increasing free insulin-like
growth factor-I (41), which in turn stimulates cell
proliferation and suppresses apoptosis (42) and has been
linked to bladder cancer (43). Although hyperinsuline-
mia per se has not been implicated in bladder carcino-
genesis, type 2 diabetes is directly associated with
bladder cancer (44). Adiposity is also accompanied by
low-grade, systemic inflammation (45), which may play a
role in bladder carcinogenesis as suggested by positive

relations of circulating levels of inflammatory markers,
such as C-reactive protein and interleukin-6, to bladder
cancer mortality (46, 47).

We conclude that overweight and obesity are associ-
ated with a modest increase in bladder cancer risk. Thus,
bladder cancer may be added to the list of cancers
potentially related to adiposity. In contrast, physical
activity is not independently related to bladder cancer
risk.
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Table 4. RR of bladder cancer according to physical activity
Variable Physical activity (times a week)* P yrend
0 <1 12 34 25
Person-years 591,296 467,197 7454094 929,663 671,077
No. cases 334 217 363 469 336
Age- and sex-adjusted RR (95% Cf) | 10 080(0.68-0.95) 079 (0.68-091) 075(0650.86) 0.71(061-082) <0.001
Multivariate RR without BMI (95% (1) 10 0.85 (0.72-1.01) 0.88 (0.75-1.02) 0.89 (0.77-1.03) 0.85 (0.73-0.99) {.188
B * Multivariate RR with BMI (95% CI)* 10 085 (072-1.02) 089 (8.76-1.03) 091 (0.78-165) 0.87 (074102} 0358

*Physical activity was defined as activities that lasted >20 min and caused either increases in breathing or heart rate or working up a sweat.

tThe multivariate model used age as the underlying time meiric and included the following covariates: gender (women, men), a combination of smoking
status (never, former, current), time since quitting for former smokers (210,5-9, 1-4, <1y) and smoking intensity for former and current smokers (1-10, 11-20,
21-30, 31-40, 41-60, 261 cigareties per day), race/ethnicity (White, Black, Hispanic, other race/ethnicity), education (less than high school, high school,
vocational school or some college, college graduate, postgraduate), marital status (married or living as married, other), family history of cancer (yes, no),
intakes of red meat (quintiles), fruit and vegetables combined (quintiles), nonalcoholic beverages (quintiles) and alcohol (0, <1, 1-3, >3 servings/d),
menopausal hormone therapy (current, past, never), oral contraceptive use (ever, never), and parity (0, 1-2, 23).

+ Adjustment for BMI included the following categories: 18.5-24.9, 25.0-29.9, 30.0-34.9, 2350 kg/m™.
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Few modifiable risk factors for type 2 diabetes have been documented in the high-risk population of US black
women. The authors used data from 45,668 black women aged 21-69 years, followed biennially from 1995 to 2005
in the Black Women's Health Study, to estimate incidence rate ratios for type 2 diabetes comparing various levels
of physical activity and television watching. Cox proportional hazards models were used to control confounding
factors. During 10 years of follow-up, 2,928 incident cases of type 2 diabetes were identified. Vigorous activity
was inversely associated with type 2 diabetes risk (Pyeng < 0.0001); the incidence rate ratio for >7 hours per week
was 0.43 (95% confidence interval (Cl): 0.31, 0.59) relative to no activity. Brisk walking for >5 hours per week was
associated with reduced type 2 diabetes risk (incidence rate ratio = 0.67, 95% Cl: 0.49, 0.92) relative to no walking.
Television watching was associated with an increased type 2 diabetes risk: The incidence rate ratio was 1.86 (95%
Cl: 1.54, 2.24) for >5 hours relative to <1 hour of television per day, independent of physical activity. These
observational data suggest that black women might reduce their risk of developing type 2 diabetes by increasing
their time spent walking or engaged in vigorous physical activity and by limiting television watching.

African continental ancestry group; diabetes mellitus, type 2; exercise; incidence; motor activity; television; walk-

ing; women'’s health

Abbreviations: BWHS, Black Women’s Health Study; Cl, confidence interval; MET, metabolic equivalent.

Type 2 diabetes has reached epidemic proportions in the
United States and affects an estimated 20.6 million people
(1, 2). The burden of this disease is particularly large among
African-American women, among whom the prevalence is
almost twice that of non-Hispanic whites (2). Although ep-
idemiologic studies support a role for physical activity in
preventing type 2 diabetes (3—15), there has been little at-
tention focused on the impact of this factor in the high-risk
population of African-American women. A recent random-
ized clinical trial (Diabetes Prevention Program) showed
that an intensive lifestyle modification (healthy diet and
moderate physical activity of 30 minutes a day for 5 days
a week) reduced the incidence of type 2 diabetes by 50% as
compared with placebo (10). We undertook to examine how
the actual levels of physical activity in a large population of
African-American women were related to type 2 diabetes

incidence. With detailed questionnaire data collected every
2 years from over 40,000 women in the Black Women’s
Health Study (BWHS), we were able to assess the influence
of vigorous activity, walking, and television watching on the
incidence of type 2 diabetes in black women.

MATERIALS AND METHODS

The BWHS, a collaborative project of Boston University
and Howard University, is an ongoing prospective follow-up
study of African-American women from across the United
States (16). The study began in 1995 when women aged
21-69 years were enrolled through postal questionnaires
mailed to subscribers of Essence magazine, members of
several professional organizations, and friends and relatives
of early respondents. The baseline questionnaire collected
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jpalmer@slone.bu.edu).

-540-

Am J Epidemiol 2009;169:428-434

"ol wioyy

peoy asaulyy je o

1e2IPB 4O A

1102 'L AW uo saouer



Physical Activity, Television Watching, and Diabetes 429

information on demographics, medical and reproductive his-
tory, height, weight, physical activity, and cigarette and alcohol
use, among other factors. Dietary intake was assessed by using
a modified version of the NCI [National Cancer Institute]-
Block food frequency questionnaire (17, 18).

After exclusion of 5,500 women who had completed the
questionnaire but were outside the age range 21-69 years,
who had not completed the questionnaire satisfactorily, or
whose addresses were judged to be invalid, 59,052 women
comprised the cohort that has been followed. Biennial
follow-up questionnaires collect updated information on in-
cident disease, weight, smoking, physical activity, and other
factors. Follow-up has averaged over 80% of the baseline
cohort over 5 completed questionnaire cycles.

Analyses are based on follow-up from 19935 through 2005,
with follow-up beginning at age 30 years. We excluded
women who did not reach the age of 30 years by the end
of follow-up (n = 1,330); who reported a history of diabetes

{(n = 2,930) or gestational diabetes (n = 636) at baseline;
who reported stroke (n = 359), myocardial infarction (n =
447), or cancer (n = 1,144) at baseline (whose questionnaire
assessment of physical activity and diet may not reflect long-
term patterns because these conditions may have caused
modifications of physical activity level and diet); who were
pregnant at baseline (n = 957); or who had missing data on
weight, height, or physical activity at baseline (n = 5,581).
The final analysis cohort consisted of 45,668 women.

Case definition

Each follow-up questionnaire asked about new diagnoses
of diabetes during the previous 2-year period. Incident di-
abetes was reported by 2,928 women during follow-up.

We assessed the accuracy of self-reported diabetes among
a random sample of 227 women whose physicians provided
data from their medical records. The diagnosis of type 2
diabetes was confirmed for 218 (96%) of the women. Of
the remaining 9 women, 3 did not have diabetes, 2 had type
1 diabetes, 2 had gestational diabetes, 1 had steroid-induced
diabetes, and 1 was classified as having metabolic syndrome.

Exposure measurement

Physical activity data were obtained on each follow-up
questionnaire. Subjects were asked separate questions on
the number of hours per week spent on vigorous physical
activity (e.g., running, swimming), walking for exercise,
and walking to and from work. Response options were 0,
<1, 1-2, 34, 5-6, 7-9, and >10 hours per week. Partic-
ipants were asked on the 2003 questionnaire to classify their
usual walking pace as casual/strolling (<2 mph), average/
normal (2-<3 mph), fairly brisk (3—-<4 mph), and brisk/
striding (>4 mph) (I mile = 1.6 km). In our analysis of
walking and diabetes risk, we used data on walking pace
from the 2003 questionnaire to reflect their usual walking
pace at all time periods. We created a variable that grouped
participants into categories based on both walking pace (ca-
sual, average, or brisk (fairly brisk and brisk)) and amount
of walking, taking into account both walking for exercise
and walking to and from work. We created cumulative

Am J Epidemiol 2009;169:428-434

average variables for each individual based on activity data
from each questionnaire that preceded the occurrence of
diabetes or end of follow-up; when data are available for
a number of different time periods, cumulative averages
give a better representation of long-term exposure, as com-
pared with the standard follow-up approach of updating the
exposure variable for each time period (19). The number of
hours per day spent watching television was also assessed
in each questionnaire with possible response categories of 0,
<1, 1-2, 3-4, and >5 hours per day.

Physical activity assessment in the BWHS was validated
in a study conducted at the Howard University Cancer
Center (20). Actigraphs (activity monitors) were worn by
101 BWHS participants during their waking hours for 7
days. They also completed 7-day physical activity diaries
and completed the BWHS questions on physical activity.
Significant positive correlations were observed between
BWHS questionnaire data and actigraph measurements for
total activity (metabolic equivalent (MET)-hours/week), r =
0.28, P < 0.01; walking, r = 0.26, P < 0.01; and vigorous
activity, r = 0.40, P < 0.01. Correlations between the diary
data and the BWHS questionnaire data were significant for
total activity (MET-hours/week), r = 0.32, P < 0.01, as well
as vigorous activity, r = 0.41, P < 0.01.

Data analysis

Age- and time-stratified Cox proportional hazards models
were used to calculate incidence rate ratios, also known as
hazard ratios, and 95% confidence intervals (21). Person-
years were calculated from baseline to the year of diagnosis
of type 2 diabetes, loss to follow-up, death, or the end of
follow-up in 2005, whichever came first. Incidence rate
ratios for diabetes were calculated for the levels of each
physical activity measure relative to the lowest level.
Time-varying covariates were reassigned every 2 years by
using the Anderson-Gill data structure (22). The Anderson-
Gill data structure creates a new record for every follow-up
cycle at which the participant is at risk and assigns covariate
values reported for that specific questionnaire cycle. The
covariates included in the multivariable models were age
(continuous), questionnaire cycle, family history of diabetes
(biologic parents, siblings, or children), years of education
(£12, 13-15, 16, >17), household income in dollars
(£15,000, 15,001-25,000, 25,001-35,000, 35,001-50,000,
50,001-100,000, and >100,000), marital status (single,
married, divorced/separated/widowed), cigarettes smoked
per day (0, <15, 15-24, and >25), alcoholic drinks per
week (0, 1-6, 7-13, >14), energy intake in kilocalories
(quintiles), and coffee consumption in cups/week (<1, 1,
2-3, >4) (1 cup = 236.6 ml) . We carried out analyses with
and without terms for body mass index (weight (kg)/height
(m)?) that we hypothesized to be in the causal pathway
between physical activity and type 2 diabetes risk. Tests
for linear trend across categories of physical activity varia-
bles were carried out by including in the regression model
an ordinal term for increasing levels of exposure. Departure
from the proportional hazards assumption was tested by
using a likelihood ratio test comparing models with and
without cross-product terms between exposure and age.
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Table 1. Baseline Characteristics by Hours of Vigorous Physical Activity and Television Watching, the Black Women'’s Health Study,
1995-2005%
Vigorous Physical Activity Television Watching
0 hours/week 27 hours/week 0 or <1 hour/day 25 hours/day
No. % Mean (SD) No. % Mean (SD) No. % Mean (SD)  No. % Mean (SD)
Study participants 14,449 31.6 3,310 7.2 5,285 11.6 6,674 146
Age, years 41.4 (10.5) 36.2 (9.1) 38.4 (9.5) 37.9 (10.6)
Body mass index, kg/m? 29.2 (7.3) 25.9 (5.1) 26.5(5.8) 29.1 (7.5)
Energy intake, kcal/day 1,729 (1,038) 1,645 (952) 1,536 (845) 1,970 (1,227)
Carbohydrates, % of energy 49.7 (9.5) 53.2 (9.7) 52.3 (9.6) 49.5(9.7)
Fat, % of energy 34.5(7.9) 30.3 (8.4) 31.5(8.2) 34.6 (8.1)
Family history of diabetes 27.6 249 26.3 26.4
Education, >17 years 18.9 220 335 134
Income, >$100,000 9.3 13.7 19.5 6.2
Married/living as married 41.3 33.6 415 34.3
Cigarette use, >15/day 14.8 9.6 10.0 14.6
Alcohol use, >7 drinks/day 6.6 7.1 35 10.8
No coffee consumption 48.4 52.2 49.6 52.7
No vigorous activity 252 417
No walking for exercise 32.5 9.8 16.9 22.5
Watching television, 19.3 18.2

>5 hours/day

Abbreviation: SD, standard deviation.

2 The data shown are for extreme categories of vigorous activity and television watching.

RESULTS

Table 1 shows the baseline characteristics of the study
population by vigorous physical activity and television
watching. At baseline, 31.6% of the cohort reported no vig-
orous physical activity. Compared with women who exer-
cised >7 hours per week, women who reported no vigorous
activity were older, had a higher mean body mass index,
smoked more, had a higher percentage of energy from fat,
and were less likely to walk for exercise. At baseline, 14.6%
of the population watched >5 hours of television per day.
Compared with women who watched <1 hour per day of
television, those who watched >5 hours per day were less
educated; had a higher mean body mass index, higher energy
intake, higher percentage of energy from fat, and greater use
of cigarettes and alcohol; and were less likely to participate
in vigorous physical activity or to walk for exercise. The
correlation coefficient for the relation between vigorous ac-
tivity and television watching was —0.035 (P < 0.0001).

There were 2,928 incident cases of type 2 diabetes ascer-
tained during 182,994 person-years of follow-up. In the
multivariable model, vigorous physical activity was in-
versely associated with the risk of type 2 diabetes (Table 2).
The incidence rate ratio for >7 hours per week of vigorous
activity relative to 0 hours was 0.43 (95% confidence inter-
val (CD): 0.31, 0.59) (Pyena < 0.0001). When body mass
index was added to the model, the incidence rate ratio was
0.57 (95% CI: 0.41, 0.79) (data not shown). Brisk walking
was also associated with a reduced risk: The incidence rate
ratio for walking at a brisk pace for >5 hours per week

-542-

relative to no walking was 0.67 (95% CI: 0.49, 0.92). With
inclusion of terms for body mass index in the regression
model, the incidence rate ratio was 0.87 (95% CI. 0.64,
1.19) (data not shown).

Television watching was positively associated with the
risk of type 2 diabetes (Table 2). The incidence rate ratio
was 1.86 (95% CI. 1.54, 2.24) for watching >S5 hours per day
relative to <1 hour per day (Pyenq < 0.0001). In a multivari-
able model that included body mass index, the incidence rate
ratio was 1.56 (95% CI: 1.29, 1.89) (data not shown).

The inverse association between vigorous physical activ-
ity and type 2 diabetes risk was present at all levels of body
mass index (Table 3), even among those with a body mass
index of >30, the World Health Organization definition of
obesity (23). The positive association of television watching
and risk of type 2 diabetes was also present at all levels of
body mass index. The association was strongest in those
with a body mass index of <25, among whom the incidence
rate ratio for watching >5 hours per day of television
was 2.49 (95% CI: 1.24, 5.02) relative to <1 hour per day
(Pyena = 0.01). The associations for vigorous activity and
television watching were similar among premenopausal and
postmenopausal women (data not shown).

Figure 1 shows the combined effect of vigorous physical
activity and television watching. The reference group was
those women who reported >3 hours per week of vigorous
activity and <1 hour per day of television watching. Type 2
diabetes risk increased with decreasing physical activity in
each category of television watching and increased with
increased television watching in each category of physical

Am J Epidemiol 2009;169:428-434
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Table 2.

Incidence Rate Ratios for the Association of Physical Activity, Television Watching,

and Risk of Type 2 Diabetes, the Black Women’s Health Study, 1995-2005

Multivariable®

Cases, oo A ee.  ncidence  95%
ho. no. Rate Ratio Rate Confidence
Ratio Interval
Vigorous physical activity,
hours/week
0 994 42,665 1.0 1.0
<1 994 51,646 0.79 0.90 0.82, 0.99
1-2 668 51,057 0.62 0.77 0.69, 0.85
3-4 170 21,368 0.41 0.53 0.45, 0.63
5-6 63 9,101 0.38 0.49 0.38, 0.64
>7 39 7,157 0.33 0.43 0.31,0.59
Prend < 0.0001 Prrend < 0.0001
Walking for exercise or
transport, pace®
No walking 69 5,375 1.0 1.0
Casual, hours/week
<1 182 8,598 1.06 1.04 0.78, 1.37
1-2 310 14,097 1.06 1.09 0.84, 1.42
3-4 113 4,726 1.15 1.21 0.89, 1.65
>5 106 4,459 117 1.21 0.89, 1.65
Average, hours/week
<1 176 10,386 0.92 1.02 0.77,1.35
1-2 404 25,439 0.81 0.96 0.74,1.24
3-4 198 11,242 0.84 1.04 0.78, 1.37
>5 178 11,347 0.78 0.95 0.71,1.26
Brisk, hours/week
<1 67 5,432 0.73 0.91 0.64, 1.27
1-2 192 17,582 0.59 0.78 0.59, 1.03
3-4 107 10,735 0.49 0.69 0.51,0.95
>5 115 12,417 0.46 0.67 0.49, 0.92
Television watching,
hours/day
0-<1 135 16,390 1.0 1.0
1-2 935 68,284 1.51 1.43 1.19,1.71
3-4 1,146 67,901 1.77 1.53 1.28,1.83
>5 712 30,419 2.38 1.86 1.54,2.24

Pyeng < 0.0001 Pyeng < 0.0001

2 The multivariable incidence rate ratio included terms for age, time period, family history of
diabetes, years of education, family income, marital status, cigarette use, alcohol use, energy
intake, coffee consumption, vigorous activity, television watching, and walking.

® The pace of walking was reported on only 1 foliow-up questionnaire, and values are missing

for those who did not fill out that questionnai

activity. The incidence rate ratio for no vigorous physical
activity and watching >5 hours per day of television was
3.64 (95% CI: 2.23, 5.92).

DISCUSSION

In this large prospective study of black women, vigorous
physical activity was associated with a reduced risk of type
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2 diabetes. Walking at a brisk pace, but not slow walking,
was also associated with a reduction in risk. The risk of type
2 diabetes was increased among women who spent an ap-
preciable amount of time watching television, and this in-
crease was apparent at every level of physical activity.
The present findings on vigorous physical activity in
black women are consistent with those reported for white
women in previous studies (4, 5, 7, 9, 12-14). Results from
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Table 3. Incidence Rate Ratios for the Association of Vigorous Physical Activity and Television Watching With Risk of Type 2 Diabetes, Stratified

by Body Mass Index, the Black Women’s Health Study, 1995-2005

Vigorous Physical Activity

Television Watching

133::3', ?(/l;fnsz Hw°;'eri/ g:;:sf Incli?i?: o Con?ﬁﬁnce Hg:;s/ g:é:; Incéc;ig ° Con?isél’/;nce
(N = 2,928) Ratio® Interval (N = 2,928) Ratio® Interval
<25 0 57 1.0 0-<1 10 1.0
<1 58 0.97 0.65, 1.43 1-2 67 1.64 0.84, 3.19
1-2 50 0.89 0.59, 1.36 3-4 69 1.71 0.87,3.34
>3 32 0.74 0.46, 1.19 >5 51 2.49 1.24,5.02
Pyena = 0.08 Pyeng = 0.01
25-29 0 236 1.0 0-<1 38 1.0
<1 236 0.92 0.76, 1.12 1-2 270 1.42 1.01, 2.00
1-2 186 0.84 0.68, 1.04 3-4 297 1.41 1.00, 1.98
>3 90 0.65 0.50, 0.85 >5 143 1.57 1.09, 2.25
Pirena = 0.001 Pyena = 0.07
30-34 0 250 1.0 0-<1 44 1.0
<1 268 0.95 0.79, 1.14 1-2 249 1.08 0.78, 1.49
1-2 173 0.81 0.65, 0.99 3-4 300 1.10 0.80, 1.52
>3 83 0.75 0.57, 0.98 >5 181 1.29 0.92, 1.81
Prrena = 0.01 Prena = 0.07
>35 0 451 1.0 0-<1 43 1.0
<1 432 0.93 0.81, 1.07 1-2 349 1.37 1.00, 1.89
1-2 259 0.93 0.79, 1.11 3-4 480 1.35 0.99, 1.86
>3 67 0.57 0.43, 0.74 >5 337 1.59 1.15,2.19
Pirend = 0.002 Prreng = 0.01

2 Adjusted for age, time period, family history of diabetes, years of education, family income, marital status, cigarette use, alcohol use, energy
intake, coffee consumption, vigorous activity, television watching, and walking.

the Diabetes Prevention Program trial showed that a lifestyle
intervention consisting of diet and physical activity was
effective in reducing the incidence of diabetes among all
racial subgroups, including African Americans (10). In the
Women’s Health Initiative observational cohort, there was
no significant association among African-American women,
but statistical power was limited because there were only
395 diabetic cases among the black women (13). The Wom-
en’s Health Initiative cohort included only postmenopausal
women, but this does not explain the difference between
their results and ours. We found an inverse association of
physical activity with diabetes in both pre- and postmeno-
pausal women. The other epidemiologic studies that have
included an appreciable number of black women have been
cross-sectional in design (5, 6).

‘We had enough statistical power to assess the association
of physical activity and type 2 diabetes within strata of body
mass index, and we found that physical activity is beneficial
regardless of body mass index. Previous studies of physical
activity and diabetes that have assessed physical activity
within strata of body mass index have provided inconsistent
results (3, 4, 9, 12).

Qur results showing that walking at a brisk pace is asso-
ciated with a reduction in risk of type 2 diabetes are consis-
tent with findings on white women from the Nurses’ Health
Study (7). The Women’s Health Initiative did not find a sig-
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nificant association of walking with diabetes risk in black
women, but statistical power was limited (13).

The positive association between television watching and
type 2 diabetes risk in our study of black women is similar to
that found in 2 previous studies of white women (24) and
men (25). Importantly, this association was independent of
physical activity and other known risk factors for type 2
diabetes.

B No Television
1-2 hours/day
3-4 hours/day
[ =5 hours/day 3.25 3.64

—_
o o
)

Incidence Rate Ratio

>3 12 <1
Vigorous Physical Activity, hours/week

Figure 1. Incidence rate ratios for type 2 diabetes by levels of vig-
orous physical activity and television watching, the Black Women’s
Health Study, 1995-2005. The reference category for all other strata
is no television watching and >3 hours/week of physical activity (Ref).
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Body mass index, which is influenced in part by levels of
physical activity and is a strong independent risk factor for
type 2 diabetes, may be an intermediate in the association of
physical activity and diabetes or a confounder of the asso-
ciation. When we controlled for body mass index in multi-
variable analyses, the association between physical activity
and type 2 diabetes was reduced slightly, but a strong in-
verse association still remained. In addition, the inverse
association of physical activity with diabetes risk was pres-
ent at all levels of body mass index, including the <25
category of body mass index where confounding from body
mass index would be smallest. The latter 2 observations
suggest that confounding, if present, played a minor role
in the present study and that mechanisms other than body
mass index may also play a role in the reduction in risk.

The relation between type 2 diabetes and physical activity
may be mediated through increased insulin sensitivity due to
increases in levels of the glucose transporter protein GLUT-4
and muscle glycogen synthase activity, a decrease in serum
triglyceride concentration, and an increase in muscle capillary
network (15, 26). Physical activity can also lead to weight loss
or maintenance of a healthy weight (27), which in turn can
lead to a lower risk of type 2 diabetes.

The positive association between television watching and
type 2 diabetes might be explained by 2 mechanisms (28).
First, television watching is related to a lower expenditure of
energy, which in turn can lead to obesity, weight gain, and
increased risk of diabetes. Adjustment for body mass index
attenuated the incidence rate ratios in our study; this is
compatible with the association of television watching with
type 2 diabetes being at least partially mediated through
obesity. Another possible mechanism is that television
watching leads to a higher caloric intake and a relatively
unhealthy dietary pattern. Participants in our study who
watched more television had a higher energy intake and
a higher fat and carbohydrate intake as compared with those
who watched no television.

One of the main strengths of our study is the prospective
study design, which reduces the potential of recall bias. In
addition, the BWHS has high follow-up rates that reduce the
possibility of bias resulting from selective losses. The sam-
ple size was large, providing excellent statistical power to
assess effects overall and in subgroups. We were able to
adjust for a large number of possible confounding variables.

Physical activity was self-reported. Because we had re-
peated measures of physical activity, we were able to get
a better representation of long-term physical activity. Our
validation study showed significant correlations of question-
naire responses with diary and actigraph measurement of
physical activity. Nonetheless, measurement errors are
likely but should be nondifferential, which would move
estimates for the highest exposure categories toward the
null. To the extent that there was misclassification of expo-
sure, the true association of activity with diabetes risk may
be even stronger than shown here.

Identification of type 2 diabetes cases was based on self-
report. A validation study indicated that type 2 diabetes was
reported with a high degree of accuracy. Some women with
undiagnosed type 2 diabetes were undoubtedly misclassified
as noncases, but the prevalence of undiagnosed disease was
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likely to be low (29). Physicians are well aware of the high risk
of diabetes among African-American women, and it seems
likely that BWHS participants were screened for the disease
during the course of regular check-ups. Access to health care is
quite good among BWHS participants: 93% reported that they
had health insurance in 1997, and 98% reported that they had
visited a physician/hospital in the past 2 years.

The BWHS participants were from 17 states across the
United States with approximately equal numbers living in
the Northeast, South, West, and Midwest. In addition, 97%
of the participants have completed high school or a higher
level of education. Among the US black female population
of the same ages, 83% have at least a high school education
(30). In this respect, our results should be applicable to most
US black women, except possibly the approximately 17%
who have not completed high school.

The present observational findings suggest that physical
activity may reduce the risk of type 2 diabetes in African-
American women, a population at high risk of the disease.
Recent recommendations for physical activity for adults in-
clude ““moderate-intensity physical activities for at least 30
minutes on 5 or more days of the week” (Centers for Dis-
ease Control and Prevention) and *‘vigorous-intensity phys-
ical activity 3 or more days per week for 20 or more minutes
per occasion” (Healthy People 2010) (31). Like the majority
of adults in the United States, most African-American
women do not meet recommended levels of physical activ-
ity. Our results for vigorous activity and brisk walking sug-
gest that levels approximating those recommended might
indeed be protective against type 2 diabetes. Regular brisk
walking may be easier to implement than vigorous physical
activity. Reducing sedentary behaviors, such as television
watching, or at least reducing the excess eating that often
accompanies it, might also be effective. A necessary first
step for the translation of scientific findings into behavioral
change is dissemination of the health information to those
affected, and the current results provide the basis for edu-
cating African-American women about the benefits of phys-
ical activity in preventing type 2 diabetes.
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