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men appears to increase levels of estrogens and decreases
levels of SHBG, and may also decrease testosterone [3,
41]. Although the dogma for several decades has been that
androgens increase prostate cancer risk [42], the epidemi-
ologic evidence has often failed to support that contention
[43]. Several recently published large and well-designed
cohort studies have found that a high androgenic environ-
ment (high testosterone and/or low estradiol/testosterone
ratio) is associated with reduced risk of high-grade prostate
cancer, while a high estrogenic environment is associated
with a decreased risk that is perhaps specific to low-grade
disease [44—46]. These associations are consistent with our
findings of an increased cancer risk associated with phys-
ical activity in obese men, because increased levels of
SHBG would reduce levels of free estrogens and counter-
acts estrogen’s protective effect on obesity. We cannot,
however, explain how increased SHBG (and perhaps lower
testosterone) among normal-weight men would decrease
risk. We speculate that among lean men, other mechanisms
related to physical activity, such as decreased levels of
insulin and insulin like growth factors or enhancement
of immune function, could explain the lower prostate
cancer risk [2, 3, 11].

Strengths of our study include assessment of duration,
frequency, type and intensity of recreational physical
activity in the 10 years before baseline, as well as fre-
quency of recreational activity at earlier ages (18, 30, and
45) using a questionnaire with good measurement prop-
erties [23]. However, our physical activity assessment was
limited to recreational activity, and we could have mis-
classified men who were very active at their jobs but who
did little recreational or household activity. Occupational
activity was relatively low in this cohort. During the
10 years before baseline, only 6% of men ever had jobs
with strenuous activity (median duration of 3 years), and
16% had ever had jobs with moderate activity (median
duration 8 years). Another limitation of our physical
activity assessment is that we only collected information
on intensity of activity for walking, while we assumed that
other activities were done at a moderate intensity and
assigned a MET-code accordingly (e.g., we assigned a
MET of 8.0 for those who reported running/jogging),
which likely led to non-differential misclassification as
men may have exercised at a higher or lower intensity.
Nevertheless, due to the prospective design of this study,
any measurement error in the assessment of physical
activity should not have been differential between men
who developed prostate cancer during follow-up and men
who did not. Finally, participants in the current study were
self-selected and predominantly Caucasian and middle-
class. These factors could affect the generalizability of our
findings.

The current study adds to the growing number of studies
that suggest that it is unlikely that physical activity plays a
strong role in reducing prostate cancer risk. Certainly, a
possible reason for the equivocal results is our limited
ability to collect accurate information on the various aspects
of physical activity in population-based studies [47, 48]. On
the other hand, our study suggests that higher levels of
physical activity may decrease prostate cancer risk in nor-
mal weight men, possibly because higher levels of activity
in normal weight men have a hormonal effect that reduces
prostate cancer risk whereas the hormonal milieu in obese
men may result in the opposite effects. Our study also
suggests that physical activity may be differentially asso-
ciated with different types of tumors and underscores the
importance of analyzing results separately by tumor grade
and stage. Replication of these subgroup findings and a
better understanding of the potential mechanisms are nee-
ded. In particular, studies that examine associations among
steroid hormone concentrations, physical activity and
obesity with prostate cancer risk will help us to better
understand these conflicting findings.
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A Prospective Study of Exercise
and Incidence of Diabetes Among

US Male Physicians

JoAnn E. Manson, MD, DrPH; David M. Nathan, MD; Andrzej S. Krolewski, MD, PhD; Meir J, Stampfer, MD, DrPH;

Walter C. Willett, MD, DrPH; Charles H. Hennekens, MD, DrPH

Objective.—To examine prospectively the association between regular exercise
and the subsequent development of non-insulin-dependent diabetes mellitus
(NIDDM).

Design.—Prospective cohort study including 5 years of follow-up.

Participanis.—21271 US male physicians participating in the Physicians’
Health Study, aged 40 to 84 years and free of diagnosed diabetes mellitus, myo-
cardial infarction, cerebrovascular disease, and cancer at baseline. Morbidity
follow-up was 99.7% complete.

Main Outcome Measure.—Incidence of NIDDM.

Results.—At baseline, information was obtained about frequency of vigorous
exercise and other risk indicators. During 105 141 person-years of follow-up, 285
new cases of NIDDM were reported. The age-adjusted incidence of NIDDM ranged
from 369 cases per 100000 person-years in men who engaged in vigorous exer-
cise less than once weekly to 214 cases per 100000 person-years in those exer-
cising at least five times per week (P, trend, <.001). Men who exercised at least
once per week had an age-adjusted relative risk (RR) of NIDDM of 0.64 (95% Cl,
0.51 to 0.82; P=.0003) compared with those who exercised less frequently. The
age-adjusted RR of NIDDM decreased with increasing frequency of exercise: 0.77
for once weekly, 0.62 for two to four times per week, and 0.58 for five or more times
per week (P, trend, .0002). A significant reduction in risk of NIDDM persisted after
adjustment for both age and body-mass index: RR, 0.71 (95% Cl, 0.56 to 0.91;
P=.0086) for at least once per week compared with less than once weekly, and P,
trend, .009, for increasing frequency of exercise. Further control for smoking, hy-
pertension, and other coronary risk factors did not materially alter these associa-
tions. The inverse relation of exercise to risk of NIDDM was particularly pronounced
among overweight men.

Conclusions.—Exercise appears o reduce the development of NIDDM even
after adjusting for body-mass index. Increased physical activity may be a promis-

ing approach to the primary prevention of NIDDM.
(TAMA. 1992,265:63-6T)
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NON-INSULIN-dependent diabetes
mellitus (NIDDM) affects more than 12
wmillion individuals in the United States
and is a major cause of cardiovagcular
disease, renal failure, and blindness.! The
potential influence of exercise in pre-
venting NIDDM is relatively unex-
plored. Although laboratory and clinical
studies have suggested which physical
training, even in the absence of weight
loss, can increase insulin sensitivity and
improve glucose tolerance,** the epi-
demiologicliterature on exercise and visk
of NIDDM has been limited. Indirect
evidence for a protective role of phys-
ical activity derives from ecological stud-
ies demonstrating a lower prevalence of
NIDDM in active rural populations than
in sedentary urban populations.’*2 Sup-
port for a benefit of exercise is also pro-
vided hy several cross-sectional stud-
ies, in whieh the prevalence of diabetes
or abnormal glucose tolerance was
grealer among sedentary than active
individuals,®" and by a retrospective
study in college alumnae.'

Only two previous prospective stud-
ies of physical activity and incidence of
NIDDM have been reported, to our
knowledge. Helmrich and colleagues™
recently published their findings that
leisure-time physical activity was in-
versely related to the development of
NIDDM among 5990 male alumni of the
University of Pennsylvania. Our re-
seareh group has recently reported re-
sults from the Nurses' Health Study, in
whieh a reduced incidence of NIDDM
was also observed among women who
engaged in regular exercise.
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Inthe present report, we provide pro-
spective data on regular vigorous exer-
¢ise and the incidence of NIDDM among
21271 US male physicians in the Phy-
siciang’ Health Study. Participants were
40 to 84 years of age at entry and were
followed up for an average of b years.

METHODS
Study Popuiation

The Physicians’ Health Study*# is a
randomized, double-blind, placebo-con-
trolled trial designed to test whether
low-dose aspirin reduces risks of car-
diovascular disease and whether B-car-
otene decreases the incidence of cancer
and cardiovascular disease. A detailed
deseription of the subjects and methods
has been previously published.® Briefly,
22071 US male physicians aged 40to 84
years at entry in 1982 and free from
prior myocardial infarction, stroke, and
transient cerebral ischemia were as-
signed at random using a 2X2 factorial
design to aspirin, B-carotene, both ac-
tive agents, or both placebos.

Questionnaires

Information was collected at baseline
about previously diagnosed medical con-
ditions, including diabetes mellitus, as
well as about parental history of myo-
cardial infarction, height and weight, his-
tory of hypertension, frequency of vig-
orous exercise, cigarette smoking, aleo-
hol use, and other health variables, In-
formation about family history of
diahetes was not ascertained. The spe-
cific question about physical activity on
the baseline questionnaire was: “How
often do you exercise vigorously enough
to work up a sweat?” Response options
included “daily,” “5-6 times/week,” “2-4
times/week,” “once/week,” “1-8 times/
month,” and “rarvely/never.” Such ques-
tions about vigorous exereise have been
validated. as a measure of physical ac-
tivity in several previous studies ®* Ac-
tivity levels assessed from questions
about sweat-inducing episodes per week
have a strong correlation with scores
from the Harvard Alumni Activity Sur-
vey (r=.39 to .62)*** as well as corre-
lations with resting heart rate,® obe-
sity,®* and high-density lipoprotein cho-
lesterol level.®

Follow-up

Every 6 months for the first year and
annually thereafter, the participants
were mailed brief questionnaires asking
about their compliance with the random-
ized treatment assignment (aspirin [or
its placebo] and B-carotene [or its pla-
cebo] on alternate days) and the occur-
rence of new medical diagnoses, includ-
ing diabetes. Because the participants
were physicians, medieal records were
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Table 1.—Distribution of Baseline Variables in 1982 According to Physical Activity Level in a Cohort of US

Male Physicians 40 to 84 Years of Age

Vigorous Exercise,* No, of

" Mean (SO) Body-

Timesfwk Participanis Mass Index®
0 5826 53.7 (9.5) 25.3{3.9)
1 3031 52.5 (9.0} 25.2 (2.9)
24 8035 52.6(3.3) 24.8{2.9)
=5 3479 533 (10.1) 24.2(27)
Total 21271

*Physical activity long enough to work up a sweat.

53.1{8.4) ] 24.9 (3.0)

Weight in kilograms divided by the square of height in meters.

not requested to confirm the self-veports
of diagnosed diabetes. Due to the age
structure of the study population, all
ineident cases of diabetes were diag-
nosed atter the age of 40 years and were
thus classified as NIDDM. The aspirin
component of the study was terminated
early (Jannary 25, 1988) due primarily
to the emergence of a statistically ex-
treme 44% reduction in the risk of a first
myocardial infarction among physicians
in the aspirin group.® By this date,
participants had been followed up for an
average of 60.2 months (range, 45.8 to
77.0 months). Vital status was known
for all physicians, and follow-up data on
morbidity were 99.7% complete.

Statisticat Analyses

Incident cases of NIDDM were allo-
eated to the physical activity level de-
fined at baseline, with the follow-up pe-
riod dating from veturn of these forms
to the date of diagnosis of diabetes or to
January 25, 1988, whichever came first.
Participants were classified at baseline
into a category of vigorous exercise ei-
ther less than once weekly or at least
once weekly, as well as into one of four
categories for frequency of vigorous ex-
ercise: less than one, one, two to four,
and five or more times per week. Men
reporting diabetes mellitus, myocardial
infarction, cerebrovascular disease, or
cancer before entry were excluded from
the analyses. Incidence rates of NTDDM
were obtained by dividing incident cases
by person-years in each category of phys-
iceal activity, after adjustment for age.
Relative risks were computed as the
rate of oceurrence of NIDDM in a spe-
cific category of physical activity divided
by the corresponding rate in the lowest
category (less than once per week), af-
ter adjustment for age (1-year catego-
ries), and after further adjustment for
body-mass index (BMI) (weight in ki-
lograms divided by the square of the
height in meters [categorized by quar-
tiles and deciles]).

Multiple logistic regression models
were used to control simultaneously for
age (1-year eategories), BMI (deciles),
aspirin and B-carotene treatment assign-
ment, cigarette smoking (current,
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former, never), alechol consumption (four
eategories), reported systolic and dias-
tolic blood pressure (quartiles), history
of hypertension, high serum cholesterol
level, and pavental history of myocar-
dial infarction before age 60 years. The
Mantel-extension test (* with 1 df) was
nsed to assess the overall trend of in-
creasing exercise levelin data stratified
by age as well as by both age and BM1.%
To evaluate possible modifying effects
of BMI, analyses were performed within
quartiles of this variable (<23, 23 to
24.4,24.5 to 26.4, and >26 4 kg/m®). Mul-
tivariate analyses of BMI and history of
hypertension as predictors of NIDDM
were also performed. The population-
attributable risk percentage for physi-
cal activity in relation to NIDDM was
ealculated as the difference between the
incidence rate for NIDDM in the total
population and that in the active popu-
lation (vigorous exercise at least once
weekly), divided by the incidence rate
in the former (X100%)> We caleulated
the 95% confidence intervals (Cls) for
cach relative risk (RR)," and all P val-
ues are two-tailed.

RESULTS

The mean age and BMI of the 21271
participants ave presented in Table 1,
according to their baseline category of
physical activity. Physicians who had
higher frequencies of vigorous exercise
tended to be leaner than their more sed-
entary peers, but age did not differ ap-
preciably.

During anaverage of 5 years of follow-
up (105 141 person-years), a total of 285
incident eases of diabetes were reported.
The incidence of NIDDM was inversely
related to the frequency of vigorous ex-
ercise; incidence rates ranged from 369
cases per 100000 person-years in men
who exercised less than once weekly to
214 cases per 100000 person-years in
those who exercised at least five times
per week (P, trend, <.001) (Fig 1). Com-
pared with sedentary men (vigorous ex-
ercise less than once per week), the age-
adjusted RR of NIDDM among men ex-
ercising at least once per week was 0.64
(95% CI, .51 to 0.82; P=.0003) (Table 2).
After adjustment for both age and BMI

Exercise and Diabstes



Table 2.—-Physfcal Activity and Relative Risk of Non-insulin-Dependent Diabetes Mellitus During § Years

of Follow-up

- 400 Relative Risk (95% Confidence Interval)
< b Vigorous Person-Years No, of I Adjusted Adjusted for Aget l
Q)é 300 Exerpise™ of Follow-up Cases for Aget and Body-Mass Indext
g g Legs than weekly 28587 107 1,00 (Referent) 1.00 {Refarent)
bt S_’ 214 At least weekly 76554 178 0.64 {0.51 t0 0.82) 0.71 {0.56 10 0.91)
gg 200 Total 105141 285 P=.0003 P=.006
2 b4 Timesiwk )
E 2 100 4} 28587 107 1.00 (Referent) 1.00 (Referent}
= ‘g 1 19469 53 0.77 (0.55 10 1.07) 0.78 (0.56 to 1.08)
2-4 39887 88 0.62 (0.46 to 0.82) 0.68 {0.51 10 0.90)
o 25 =5 17198 37 0.58 (0.40 to 0.84) 0.71 {(0.49 to 1.03)
Frequency of Vigorous Exercise,

Times per Week

Fig 1—Age-adjusted incidence rates of non-
insulin-dependent diabetes mellitus (NIDDM) ac-
cording to frequency of vigorous exercise (3%, trend
[1 df]=13.1; P<.001).
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B vigorous Exercise Less 733
Than Onge per Week

800 Vigorous Exercise Once
per Week or Mare

400

200

Incidence of NIDDM,
per 100000 Person-Years

Body-Mass Index Quartile

Fig -2.—Age-adjusted incidence rates :of non-
insulin-dependent diabetes mellitus (NIDDM) ac-
cording to frequency of vigorous exercise (less than
once per week vs at least once weekly), presented
separately by quarile of body-mass index. Cut-
points for the body-mass index quartiles are <23,
23 t0 24.4, 24.5 to 26.4, and >26.4 kg/m?

(quartiles), these RRs were only slightly
attenuated and remained substantially
reduced (BR, 0.71; 95% CI, 0.56 t0 0.91;
P=.006). In a multivariate analysis in-
cluding simultaneous control for age,
BMI (categovized by deciles), aspirin and
B-carotene treatment assignment, cig-
arette smoking, aleohol consumption, re-
ported systolic and diastolic blood pres-
sure, history of hypertension, history of
high serum cholestero] level, and pa-
rental history of myocardial infarction
before age 60 years, these results were
not materially altered (RR, 0.71; 95%
C1, 0.54 to 0.94; P=.015).

In Table 2 we also present the asso-
ciation between frequency of vigorous
exercise and subsequent incidence of
NIDDM. A dose-response gradient of
increased exercigse with decreased risk
of NIDDM was cbserved. The age-ad-
justed RR of NIDDM declined from 1.0
in the referent category (less than once
per week) to 6.77 for once weekly, 0.62
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Total 105141 285

*Physical activity long enough to work up a sweat.

FAdjusted for age in 1-year categories.
$Adjusted by quartiles of bady-mass index, {kg/m?).
§1 df.

for two to four times per week, and 0.58

for five or more times per week (P, trend, .

.0002). After adjustment for both age
and BMI (quartiles), a significant inverse
trend persisted, and the corresponding
RRs were 1.0, 0.78, 0.68, and 0.71, re-
spectively (P, trend, .009). Further ad-
Jjustment for BMI categorized by de-
ciles did not appreciably alter these re-
sults (P, trend, .016).

We next examined the modifying ef-
fect of BMI on the association between
exercise and incidence of NIDDM (Fig
2), Increased BMI was a strong deter-
minant of risk of NIDDM (138 cases of
NIDDM in the highest quartile com-
pared with 32 cases in the lowest quar-
tile of BMI). Comparing incidence rates
of NIDDM in men exercising less than
pnee per week with those exercising at
least once weekly, reduced rates of
NIDDM were observed among exercis-
ers in all but the leanest quartile of BMI
(<23 kg/m®. The small number of
NIDDM cases in the leanest quartile,
however, may have impaired the ability
to detect an exercise effect in that sub-
group. Riskreductions were particularly
pronounced in obese men (BMI >26.4
kg/m?), among whom the incidence vate
was 448 cases per 100 000 person-years
in exercisers and 733 in their sedentary
counterparts (RR, 0.61; P=.005).

The relative contributions of vigorous
exercise, BMI, and history of hyperten-
sion as predictors of NIDDM rigk are
presented in Table 3. Even mild over-
weight (BMI, 24.5 to 264 kg/m®) was as-
sociated with a significant elevation in
the risk of NIDDM, and the incidence
was tripled among those in the highest
quartile of BMI (>26.4 kg/m*). History of
hypertension was also a strong predictor
of subsequent diagnosis of NIDDM (RR,
2.03; 95% CI, 147 to 2.80).

COMMENT

In this prospective study of US male
physicians, vegular vigorous exercise
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¥ trend=13.7§; P=.0002

x4 trend=6.8§; F=.009

was associated with a decreased inci-
dence of NIDDM. A dose-response gra-
dient of increased frequency of exercise
and reduced visk was observed, and vig-
orous exercise five or more times per
week was associated with a 42% reduc-
tion in the age-adjusted visk of NIDDM
compared with those who exercised less
than once weekly. Apparent benefits of
exercise persisted after adjustment for
BMI as well as after simultaneous con-
trol for all available coronary risk fac-
tors and health habits. Risk reduetions
related to exercise weve particularly pro-
nounced among the obese. These data
suggest that, in the general US popu-
lation, in which more than 60% of adults
do not exercise regularly,* at least 25%
of the incidence of NIDDM may be at-
tributable to sedentary life-style. Ele-
vated BMI and history of hypertension
were also predictors of NIDDM ind-
dence in the cohort.

The prospective design of this study
minimizes the possibility that the re-
porting of physical activity is biased by
the diagnosis of diabetes. Because phys-
ical activity level was recorded before
the diagnosis of NIDDM, it is unlikely
that exercise habits or recall of activity
was altered due to disease status. It is
possible, however, that men at high risk
of diabetes due to family history of the
disorder or to subcelinical chemical glu-
cose intolerance may have increased
their physieal activity to reduce their
body weight and decrease their subse-
quent risk of developing NIDDM, This
would have led, however, to an under-
estimation of the benefits of exereise in
relation to NIDDM. The follow-up rate
of the study population was extremely
high and comparable across categories
of physical activity; thus, these results
cannot be biased by losses to follow-up,
Some limitations of this study, however,
deserve comment. Our “nondiabetie” co-
hort was not screened for glucose intol-
erance, and nearly half of NIDDM cases
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Table 3.—Physical Activity, Body-Mass Index, and History of Hypattension as independant Pradictors of

Variable

Non-insulin-Dependent Diabstes Mellitus During 5 Years of Fallow-up

- Mvarbate
Reiative Risk

{85% Confldence Interval) P

Vigorous exerciset
Less than weekly

1.00 {Referent)

0.70 (0.583 10 0.92) .01

At least weekly
Body-mass Index quartile, kg/m?
<23 1.00 (Referent) e
23-24.4 1.07 {0.64 t0 1.79) 78
24.5-26.4 1.73 (11010 2,74} 02
>26.4 3.09 (20210 4.72) <.001
History of hypertensiont
No 1.00 (Rsferent) vie
Yes

*The multivariate odei included simultaneous control fo the variables lised above as well as age (years),

2.03 (1,47 to 2.80) <.001

clgarelts smoking (surrent, former, never), history of high serum cholestsrol lavel (yes, no), parental infarction before
age 60 years (yes, no), alcohol consumption {dally or more often, weakly, monthly, less than monthly}, and
randomized treatment assignment to aspirln and B-carotens (active agent or placeho).

+Physical activity long enough to work up a sweat.

$Deflned as seff-reported systolic blood pressure of 160 mm Hg or greater and/or diastolic blood pressure of
95 mm Hg or greater, or taking antihypsrtensive medication.

may be undiagnosed, based on national
survey rates.* However, the prevalence
of undiagnosed diabetes is likely to be
substantiaily lower in this cohort of phy-
sicians. Moreover, such misclassification
should not produce any important al-
teration in RRs. In our earlier analyses
in the Nurses' Health Study, the find-
ings were not appreciably altered when
the analyses were restricted to symp-
tomatic NIDDM cases, suggesting that

surveillance bias according to activity

level is unlikely® Although medieal
records were not obtained to confirm
diagnoses, clinical diabetes would be ex-
pected to be reliably reported by the
physician participants in this study; a
validation study of self-reported diabe-
tes in registered nurses suggested a high
rate of corroboration by medical record
review.® Information about family his-
tory of diabetes was not available, but
control for this variable in the Nurses’
Health Study analyses did not materi-
ally alter the vesults.® Although it is
plausible that certain antihypertensive
medications that reduce glucose toler-
ance (such as thiazides and 8-blockers)
may be associated with lower activity
levels, our results were not materially
altered after excluding men reporting a
history of hypertension or those taking
antihypertensive medication (data not
shown). Further limitations include the
imprecise assessment of physical activ-
ity and the absence of updated data on
exercise throughout the follow-up pe-
riod. Both of these, however, would tend
to underestimate the benefits of exer-
cise. Men who exercise vigorously may
also be move likely to have regular mild-
to-moderate physical activity. Although
less strenuous types of activity were
not assessed at baseline, a correlation
between vigorous and more moderate
activities may at least partially explain
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the apparent benefit observed among
men reporting vigorous exercise only
onee per week.

Previous studies of physical activity
and risk of digbetes have been predom-
inantly cross-sectional investigations in
high-risk populations. Indirect evidence
from descriptive comparisons of NIDDM
prevalence inrural vs urban populations
in Western Samoa!'*? and the South Pa-
cific’ have supported the hypothesis that
higher levels of physical activity may be
protective against NIDDM. However,
other aspects of urban living, including
differences in diet, could have accounted
for the variation in diabetes risk. Cross-
sectional studies among Polynesians,™®
Melanesian and Indian Fijians, % Mi-
cronesians,’® Swedes,'® and Mauritians'?
have also proposed an association of
physical activity with reduced preva-
lence of NIDDM. The absence of an as-
sociation between physical activity and
glucose intolerance, however, also has
been observed.®* In one retrospective
study, a reduced risk of diabetes was
observed among women who engaged
in regular sports in college compared
with those who did not, but obesity was
not controlled in the analysis.”® To our
knowledge, only two previous prospec-
tive studies of physical activity and in-
cidence of NIDDM have been reported,
both supporting a protective effect of
exercise.® Our results in male physi-
cians are similar fo our earlier findings
in female murses,” suggesting that gen-
dex does not appreciably modify the re-
lation between physical activity and
NIDDM incidence.

Several known biological mechanisms
could explain a benefit of physical ac-
tivity in reducing the risk of NIDDM.
Skeletal musele is a prineipal site of in-
sulin resistance in NIDDM,’ which may
be ameliorated by exercise training.’®
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Exercise can improve glycemic control
and insulin sensitivity in both patients
with preexisting NIDDM and nondia-
betic individuals, an effect that can per-
sist up to 72 hours after cessation of
exercise.* Buch improvements in insu-
lin sensitivity may require intensive and
sustained physical training,® however,
and may not explain benefits cbserved
with more modest levels of activity. In
addition to independent effects of exer-
cise on insulin resistance, studies in non-
diabetic individuals suggest that the ad-
dition of exercise to caloric restriction
will facilitate weight loss, particularly
of adipose mass, and will assist in the
maintainance of reduced body weight®
In conclusion, these prospective data
from the Physicians’ Health Study sup-
port the hypothesis that regular vigor-
ous exercise reduces the incidence of
NIDDM. Benefits of exercise were in-
dependent of BMI and were most pro-
nounced among the obese, who have the
highest risk of NIDDM. Physical activ-
ity appears to be a promising approach
to the primary prevention of NIDDM
further research is needed to assess the
intensity, duration, and frequency of ex-
ercise that will be most effective in re-
ducing the incidence of NIDDM.

This study was supported by research grants
DK 36798 and CA 40356 from the National Insti-
tutes of Health, Bethesda, Md.

We are grateful to the Steering Committee and
staff of the Physicians’ Health Study, and, in par-
ticular, to the 22071 dedicated and conscientious
physicians who are participating in this ongoing
trial.
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Physical activity and incidence of non-insuiin-dependem
diabetes mellitus in women

JOANN E. MANSON
GRAHAM A. COLDITZ
BERNARD ROSNER

The potential role of physical activity in the primary
prevention of non-insulin-dependent diabetes
mellitus (NIDDM) is largely unknown. We examined
the association between regular vigorous exercise
and the subsequent incidence of NIDDM in a
prospective cohort of 87 253 US women aged
34-89 vears and free of diagnosed diabetes,
cardiovascular disease, and cancer in 1980.

During 8 years of follow-up, we confirmed 1303
cases of NIDDM. Women who engaged in vigorous
exercise at least once per week had an age-adjusted
relative risk (RR) of NIDDM of 0-67 {p<0-0001)
compared with women who did not exercise weekly.
After adjustment for body-mass index, the reduction
in risk was attenuated but remained statistically
significant (RR=0-84, p=0-005). When analysis
was restricted to the first 2 years after ascertainment
of physical activity level and to symptomatic NIDDM
as the outcome, age-adjusted RR of those who
exercised was 0-5, and age and body-mass index
adjusted RR was 0-69. Among women who
exercised at least once per week, there was no clear
dose-response gradient according to frequency of
exercise. Family history of diabetes did not modify
the effect of exercise, and risk reduction with exercise
was evident among both obese and nonobese
women. Multivariate adjustments for age, body-
mass index, family history of diabetes, and other
variables did not alter the reduced risk found with
exercise.

Our results indicate that physical activity may be a
promising approach to the primary prevention of
NIDDM.

Lancet 1991; 338: 774 78.
Introduction

The porendal role of physical activity in preventing
non-insulin-dependent diabetes mellicus (INIDDM) has not
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been widely investigated, Laboratory and clinical studies
provide a ratonale for a possible benefit of exercise in
reducing risk of NIDIDM, because physical training, even in
the absence of weight loss, can increase insulin sensitivity
and improve glucose tolerance.’ 7 Excrcise can improve
glycacmic control and insulin sensitivity in patients with
pre-existing NIDDM and in nondiabetic individuals, un
effect thar can persist for up to 72 h after cessation of
exercise.” * Furthermore, studies in nondiabutic individuals
suggest that the addidon of exercise to diet therapy will
facilitate, and assist in the maintenance of, weight loss,
particularly of adipose tissuc®

Despite the biologic plawsibility of a benefir of physical
activity in preventing NIDDM, epidemiologic evidence is
limited. Indircct cvidence is provided by descriptive
comparisons of the prevalence of NIDDM in active yural
and inactive urban populations.”* Support for a benelit of
exercise also comes from cross-sectional studics, which
showed the prevalence of diabetes o abnormal glucose
tolerance 1o be greater among sedentary individuads than
among their more active counterparts, independent of age
and body-mass index.t* ¥ However, in other studies,
physical activity was not independently associated with
2 h post-load plasma glucose concentrations.” ™ A
retrogpeetive longitudinal study suggested that women who
participated regularly in sports as college students had
reduced risks of subsequent diabetes,*® and a recent
prospective study in men also suggested a protective role of
excreise in relation o NIDDM.7
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Prof C. H. Hennekens, MD, Prof F. E. Speizer, MD): Department of
Epideniology (E. 8. Rimm, ScD, M. J. Stampler, G. A. Colditz, Prof W €
Willett) and Department of Nutrition (Prof W. C. Willett), Harvard
School of Public Health, Boston; Joslin Diabetes Center, Bos‘ioﬂ
(A. S. Krolowski, MD); and Department of Preventive Medicine.
Harvard Medical School, Boston {Prof B. Rosner. Prof C H
Hennekens), Carrespondence to Dr JoAnn E. Manson, 180 Lung;wm)d
Avenue, Boston, MA 02115, USA.
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NIDDM, which affects 12 million peoplein the USAand
is pandemniic in several other populations, is 2 major cause of
cardiovascular morbidity and mortality, particularly among
women. Although obesity is a dominant determinant of
NIDDM, efforts to prevent obesity through diet therapy
have been disappointing.” Family history of diabetes, the
other major known risk factor for NIDDM is, of course, not
modifiable, The role of physical acivity in prevention of
NIDIDM deserves closer examination. We have examined
prospectively the association between physical activity and
subsequent incidence of clinical NIDDM among 87 253
women aged 34 1o 59 years who were followed for up to 8
years in the Nurses’ Health Study.

Subjects and methods
Subjects

The Nurses' Health Study cohort was established in 1976 when
121 700 female registered nurses aged 30 1 55 years and residing in
one of cleven US states responded to mailed questionnaires
regarding their medical history and health practices; details have
been published elsewhere!® The subjects for the present
investigation were 87 253 women from this cohort who were free
from diagnosed diabetes mellitus, coronary heart disease, stroke,
and cancer, and completed questions about exercise frequency in
1980, Based on a subsample of 249 subjects, we estimate that 98% of
the cohort is white,

Risk factors

Questionnaires muailed in 1976 asked about a previous diagnosis
of diabetes mellitus and other major illnesses, und about age, height,
and weight. Biennial follow-up questionnaires from 1976 w 1988
provided updated information on weight and dingnoses of dinbetes
mellitus and other conditions. On the 1982 questionnaire, we
inquired about a2 family history of diabetes in the mother, father,
sisters or brothers of pardcipants.

Assessment of physical activity

The 1980 questionnaire included the questions: “At least once a
week, do you engage nany regular acrivity similar 1o brisk walking,
jogging, bicycling, ete, long enough o work up a sweat?” “If yes,
bow many times per week?" *“Whar activity is this?”, These
questions about vigorous exercise have been validated as a measure
of physical activity. ™ # Activity level assessed from questions about
sweat-inducing episodes per week is strongly correlated with scores
from the Harvard Alumni Activity Survey,® and also correlates
with resting heart rate,!! obesity,*H* and high-density lipoprotein
cholesterol level *?

Diagnosis of diabetes

We mailed a supplementary questionnaire regarding symptoms,
dingnostic tests, and hypoglycaemic therapy o women whao
responded  positively on any follow-up  questionsaire o the
guestion, “Have you had digbetes mellitus diagnosed?”. The
supplementary  questionnaire was mailed in 1984 0. women
reporting disberes between 1976 and 1984, und subsequentdy in
1986 and 1988 wo women reporting diabetes on the biennial
questionnaire in those years. Women reporting a diagnosis of
ciiabetes before 1980 (n = 2263) were excluded from these analyses,
A case of diabetes was considered confirmed if at least one of the
{ollowing was reported on the supplementary questionnaive: (1jone
o more classic symptoms (thirst, polyuria, weight loss, hunger,
proritis) plus fasting plasma glucose at least 140 mg/dlH(7-8 mol/D or
random plasma glucose at least 200 mg/d! (1 1-1 mmol/1); (2) at least
two elevated plasima glucose concentrations on different oceasions
ffasting at least 140 mg/dl and/or random at least 200 mg/di and/or
concentration at least 200 mg/dl after 2 b or more on oral glucose
toleranee testing) in the absence of symptoms; or (3) treatment with
hypoglycaernic medication (insufin or oral hypoglycaemic agent).
All women with diabetes in these analyses were at feast 34 years old

TABLE I—DISTRIBUTION OF BASELINE VARIABLES IN 1980
ACCORDING TO PHYSICAL ACTIVITY LEVEL

Frequency % with
of vigorous Mean (SD) family
exercise No of Mean (S body-mass | history of
per week subjects age (yr} index diabetes*
0 48530 465 (7-1) 247 (&) 189
1 8291 #5:3(7-2} 24141 178
2 DOBY 455 (73 23839 18-2
3 8236 456 (7-2) 23839 180
4+ 12499 401 (7% 237 (40 176
‘Total 87253 461 (7-2) 243 (b 184

*Ascertained on the 1882 questionnaire.

at the vime of diagnosis. We excluded 63 cases of insulin-dependent
(type 1) diabetes, and also excluded 7 women classified as having
gestational diabetes only. The remaining women (n= 1303) were
classitied as having NIDDM and included in the present analyses.
Because of potential associations between weight and physical
activity, no weight criteria were used in the classificaton of type of
diabetes for these analyses. Our criteria for diabetes classification are
consistent with those proposed by the National Diabetes Data
Group.**

To document the validity of the confirmution of diabetes by the
supplementary questionnaire, we examined medical records in a
random sample of 84 participants classified as having NIDDM. 71
of these women gave permission for their medical records to be
veviewed and records were available for 62. An endocrinologist
(J. E. M), blinded to the informadon reported on the
supplementary questionnaire, reviewed the records according to
recomnmended criteria, ™ The diagnosis of NIDIDM was confirmed
in 61 of the 62 women.

Statistical analysis

Incidence rates for NIDDM between 1980 and (988 were
computed according ro physical activity level at bascline in 1980,
with the follow-up period extending from the date of return of the
1980 guestionnaire to the date of diagnosis of diabetes or June 1,
1988, whichever came first. Participants were classificd as engaging
in vigorous exercise less than once per week or at least once per
week; they were also classified into one of five caregories for
frequency of vigorous exercise: 0 (less than once per week), 1,72, 3,
and 4 or more times per week, Women reporting diabetes mellitus,
coronary heart disease, stroke, or cancer before 1980 were excluded
from the analysis, and those with such reports during the 19801988
interval contributed 1o the follow-up only undl the time of
diagnosis. Rates of NIDDM were obtained by dividing number of
cases by person-years in each category of physical activity.
Follow-up rate was 92% of twtal potendal pérson-years of
follow-up. Rate ratios {referred to hereafter as relative risks [RRs])
were computed as the mate of accurrence of NIDDM in a specific
category of physical activity divided by the incidence rate in the
lowest category (less than once per week), after adjustment for age
(5-year categories) and body-niass index (weight in kg divided by
the square of the height in metres) categorised by deciles,
Body-mass index was updated every 2 years in these analyses, We
also examined the modifying effect of family history of diabetes.
Proportional hazards models were used in a multivarire analysis to
evaluate simultaneously the effects of physical activity, age,
body-mass index, and family history of diabetes, and cigarete
smoking, alcohol consumption, history of hypertension, high serum
cholesterol, and parental history of myocardial infarction before age
60, We calculated the 95% CI for cach RR* and all p values are
two-tailed.

Results

Table 1 shows mean age, body-mass index, and proportion
of women with a family history of diabetes according to
category of physical activity at baseline in 1980, Wornen with
high levels of physical activity were leaner than sedentary
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TABLE - PHYSICAL ACTIVITY AND RR OF NIDDM
Age and body-mass
Total person No cases Age-adjusted RR index adjusted RR Multivariate RR*
Weelly vigorous exercise years of NIDDM (95% CH) {85% Cl) (95% CI)

1980-88

No 362 784 844 10 10 10

Yes 307613 459 0-67 (0-6-0-753F -84 (0-75-0-95)1 083 (0-74-093%

Total 670 307 1303 N .. . .
198082

No 499 895 155 10 10

Yes 84428 7 057 (0-43-0-75)% 0-76{0-57-1-0)%*

Total 184 323 226 .. .
1980-82)

{Symptomatic cases of diabetes)

No 99 895 98 10 10

Yus Bt 428 41 050 (0-35-0-71) 0-69 (0-48-1-0y%*

Total 184 323 139 .- o

*Variables included in the multivariate model were age (5-year categuries), body-mass indes (deciles), family history of diabetes (yes, no}, and time period (198082, 1982-84,

1984-86, and 1966-88).
< 06001, tp = 0-005, §p = 0-002, %p < 0-001, *p = D-06.

iPerson-years are ogual in these two analyses because the same cohart of individuals a1 risk of NIDDM are being considered in each case.

women. Validation studies in our cohort show that seif-
reported weights were highly correlated with measured values
(Spearman r=096), although the self-reported weights
averaged 145 kg less. 2% This difference is compatible with that
between a random casual weight measured with clothing and a
morning  weight measwred without clothing and  after
urination. Age and family history of diabetes did not differ
appreciably by level of acdvity.

During 670 397 person-years of follow-up between 1980
and 1988, we confirmed 1303 cases of NIDDM. Compared
with sedentary women (vigorous exercise less than once per
week), age-adjusted RR of NIDIDM among women exercising
at least once per week was (0-67 (95% CI = 0-6-0:75, p <0-001)
(mble 11). After adjusting for age and body-mass index, RR for
women who had weekly vigorous exercise was attenuated but
remained statistically significantly reduced (RR =0-84, 95%
CI =075-0-95, p=0-005). In a multvariate analysis including
simultaneous control for age, body-mass index, family history
of diabetes, and time perdod, RR was not materially altered
(RR =083, 95% CI=0-74-0-93, p = 0:002) (table 11); further
adjustment for cigarette smoking, alcohol consumption,
history of hypertension, high serum cholesterol, and parental
history of myocardial infarction before age 60 alse did not
alter the associations (RR=0-84, 95% CI=075-09%,
p=0003).

Because of the potential for misclassification caused by not
having updated data on physical acdvity throughout the
follow-up period, we examined the association of physical
activity and risk of NIDDM between 1980 and 1982, the
period immediately after collection of data on physical activity.
Phiysical activity was associated with a greater reduction in risk

TABLE {(IJ-PHYSICAL ACTIVITY LEVEL AND RR OF NIDDM
DURING 8 YEARS OF FOLLOW-UP

Frequency Age and
of vigorous Total No body-mass
exercise person- | cases of | Age-adjusted | index adjusted

{per week) years NIDDM | RR{95% Cl) | RR (95% ChH
4] 362 784 /44 10 10
i 62 740 100 OTH0-6-0-91) | OB (0-72-1-11)
2 73242 88 | (155 (0-d-0-68) | 071 {(+56-0-89)
3 62 139 100 O73(0-59-09) 1093 (075-1-16)
4+ 44 200 135 063 (053-475) | O-BO (O-71-1-04)

Total 655 195 1267 P ‘e

Differences in numbers of persan-years and cases from table n are due 1o exclusion of
women with missing information on frequency of exercise.

of NIDDM during this period for women exercising at
least once per week compared with sedentary women
(table 11); however, the small number of endpoints (n = 226) in
this short period of follow-up limits the statistical power of
these analyses.

To address the possibility that surveillance for diabetes
varfed according to physical activity, we did an analysis
restricted to sympromatic cases of NIDDM (report of at least
one symptom at diagnosis). 910 of the 1303 cases of NIDDM
(70%:) were symptomatic at diagnosis. Results for this
subgroup were not appreciably different from those for the
entire cohort between 1980 and 1988 (age-adjusted RR =069,
95% Cl=06-0-78; and age and body-mass index adjusted
RR =085,95% CI =074-0-98), or for the period restricted to
1980 to 1982 (1able 11).

The association between frequency of vigorous exercise and
subsequent incidence of NIDDM is shown in table 111. Among
waomen who exercised at least once per week, there was no clear
dose-response gradient according o frequency of exercise.
There was no notable modifying effect of family history of
diabetes on the association between physical activity and
NIDDM (table rv)y—reductions in risk of NIDDM were seen
among women who exercised irrespective of family history of
diabetes. In addition, age did not materially change the
asociations {data not shown). T'o assess whether exercise would

TABLE IV PHYSICAL ACTIVITY, FAMILY HISTORY OF DIABETES,
OBESITY, AND RR OF NIDDM DURING 8 YEARS OF FOLLOW-UP

Weekly vigorous exercise
- No Yes

Family history of diabetes

Person-yenrs 67943 54470

N cases of NIDDM 320 183

Age-adjusted RR (95% CU 10 074 {61-0-88)*
No family history of diabetes

Person-yeary 294 84 53143

No cases of NIDIDM 524 276

Age-adjusted RR (95% CI) 10 64 (0-56-0240)1
Nonabese women

Purson-vears 277 309 251 203

No cses of N1IDDM 241 150 )

Age-adjusted RR (95% CI o 73 (059089
Obese women

Person-years 83475 56410

Mo cases NIDDM 603 309

Age-adjusted RR (95% C1) 10 079 (069097

001, tp<0-001.
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reduce the risk of N1IDIDIM for both nonobese (body-mass
index less than 27) and obese (body-mass index 27 or greater)
women we analysed physical activity and incidence of
NIDDM separately for thetwogroups (table1v). A reduction
in risk among women who exercised regularly was
observed for nunobese and obese women.

Discussion

We observed a reduced incidence of NIDDM among
women who exercised regularly compared with their
sedentary peers. The full benefit of exercise is best seen in
analyses not adjusted for obesity, but a significandy reduced
risk of NIDDM persisted after adjusanent for age and
body-mass index, and after adjustment for family history of
diabetes and other variables. Benefits of exercise were
observed for obese and nonobese women.

The prospective design of this study minimises the
possibilivy that the reporting of physical actvity was biased
by diagnosis of diabetes. Tris possible, however, that women
at increased risk of diaberes due to subclinical glucose
intolerance may have increased their physical activity o
reduce subsequent risk of NIDIDM. This would have led o
an underestimation of the benefits of exercise in relation to
NIDDM. The follow-up rate of our cohort was high and
comparable across categories of physical activity; thus, study
results are unlikely o be biased by losses 1o follow-up.
Information relating w diabetes diagnosis, although based
on scli~report by a guestionnaire, was corroborated by
review of medical records in a random sample of
participants. To assess a potential surveillance bias for
diabetes screening according 1o level of physical activity, a
separate analysis was done restricted to the 910 women with
at least one symptom at the time of diabetes diagnosis. The
absence of any notable change in results suggests that
potential variations in medical surveillance are unlikely 1o
have introduced any serious bias in these analyses.

Some limitatons of this study deserve comment. Our
“nondiabetic™ partcipants were not screened for glucose
intolerance, and about 2% of women in the age groups
represented  in our cohort may  have  undiagnosed
NIDDM However, the prevalence of undiagnosed
diabetes is likely o be lower in this cohort of nurses with a
high degree of access 1o, and contact with, medical facilities.
Moreover, such misclassification would not produce any
important alteration in RRs. Since our analysis was
restricted to clinical diabetes mellitus, we were unable o
assess a possible relation of physical activity with conditions
involving lesser degrees of glucose intolerance, such as
impaired glucose tolerance; bur it is unlikely that the
association between physical activity and subclinical glucose
mnwwlerance would differ materially from that for overt
clabetes. The absence of any appreciable alteration in our
findings when we restricted the analysis to symptomatic
NIDIDM cases suggests that surveillance bias is unlikely. A
further lmitation is the imprecise assessment of physical
getivity and the absence of updated data on exercise
throughout the follow-up period. This imprecision may
have contributed o the absence of a clear wend in risk
reductions according to frequency of exercise. Although the
exercise gquestions have been validated in previous studies, a
more detailed assessment of physical activity, with regular
updares, might have disclosed a stronger benefit of exercise
in relation to NIDDM.

Several biological mechanisms could explain the benefit
of physical activity in reducing risk of NIDIDM, Skeletal
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muscle is a principal site of insulin resistance in NIDDM;S
this resistance may be attenuated by exercise training. In
addition 1o the independent effects of egercise on insulin
resistance, studies n nondiabetic individuals suggest that
the addition of exercise to diet therapy will enhance weight
loss, particulasly of adiposc tissue mass, and will assist in the
maintenance of reduced body weight.® Bfforts to prevent
obesity thmugh diet a’kme haVc: hecn gemmlly

ac.hxwement and mdmtmmce of wughr rudmtmn. Our
finding of a marked reduction of incidence of NIDDM
among the physically active in age-adjusted analyses are
congistent with such benefits.

Physical activity appears to have an important role in the
prevention of NIDDM through its association with reduced
body weight and through independent effeets on insulin
resistance and glueose telerance, Further research is needed
to assess the magnitude of the benefits of exercise and to
determine the most effective exercise programmes for
reducing the incidence of NIDIDM.
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and Ms Manreen Trelund, Ms Barbara Hgan, Ms Donna Vineent, Mr Gary
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Differential phenotypic expression by three mutant
alleles in familial lecithin:cholesterol acyltransferase
deficiency
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NOBUHIRO YAMADA
NAOKT MURAYAMA
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TOSHIO MURASE
HITOSHI SHIMANO
YOSHIO YAZAKI

YASUO AKANUMA

Familial deficiency  of lecithin.cholesterol
acyltransferase (LCAT) is an autosomal recessive
disorder characterised by abnormalities of all plasma
lipoprotein classes and by abnormal deposition of
unesterified cholesterol in tissues. To elucidate the
molecular basis of the disease, the LCAT genes of
three unrelated Japanese patients were amplified by
means of the polymerase chain reaction. Direct
sequencing of the amplified fragments covering all
exons and junctions showed that the patients are
homozygotes for separate gene mutations. In one
patient a 3 bp insertion, which should cause a
substantial change in the enzyme structure, was
found in exon 4; he had near absence of LCAT mass
and activity. Two separate missense mutations were
identified in exon 6 of the other two patients, who
produced functionally defective enzymes that
differed widely in specific activity. The replacement
of asparagine™® with positively charged lysine
completely abolished enzyme activity, whereas the
other, conservative, aminoacid  substitution
(methionine®®—isoleucine) gave rise to a partially
defective enzyme. These results show that distingct
mutations cause differences in plasma LCAT activity
and LCAT mass, ulimately leading to differential
phenotypic expression of familial LCAT deficiency.
Lancet 19971; 338: 778-81.

introduction
Lecithinicholesterol  acylransferase (LCAT;  EC
2.3.1.43) Is a glycoprotein synthesised by hepatocyies and
secreted into the plasma. Tt forms g complex with high
deasity lipoprotetn (HIDL) pardcles thar conuain high
amounts of unesterified free cholesterol derived  from

peripheral cell membranes. Within this complex, LLCAT
catalyses the rranster of a fatty acyl residue from lecithin to
cholesterol o form most of e cholestery! esters in plasma
poproteins. This enzyme therefore brings about the
maturation of the HIDL particles; it mediates an essential
step in the reverse cholesterol transport process which
facilitates the net movement of cholestero! from peripheral
tissues o the lver,!

Familial LCAT deficiency has been reported in at least 27
familics.*? Most of the cases have been from Buropean
countrics, but three independent families have been
discovered in Japan.*® The padents have many plasma
lipoprotein abnormalities affecting all Hpoprotein classes,
such as greatly reduced concentrarions of plasma esterified

cholesterol and  HDIL-cholesterol. The  clinical
manifestations  include  corneal  opacitics,  haemolytic

anaemia, proteinuria, and preroature atherosclerosis, which
all result from the detrimental accurmulation of cholesterol in
tigsues.* Renal failure can bealife-threatening complication.

Although muny findings from clinical and immunological
studies have suggested heterogeneity of familial LCAT
deficiency,” the maolecular basis has not been fully
elucidated. Cloning of ¢DNAY and genomic DNA?® for
human LOCAT showed that the gene consists of six exons
encoding a mature protein of 416 aminoacids. A missense
rautation i exon 4 has heen reported inan halian patient.’®

ADDORESSES: Third Department of Internal Medicine, University
of Tokyo (T Gotoda, MD, N. Yamada, My, H. Shimano, M0, K, Kozaki,
MD, Prof Y. Yazaki, MB); Toranomon Hospital, Tokyo (T. Murage,
MB): Sakuma Hospital, Hokkaido (M Sakuma, MD); Jichi Medical
School, Tochigi, Jepan (M Muravama, MDY, University of
Washington, Seattle, USA (Frof J J. Albers, PhD); and Institute for
Diabetes Care and Research, Asahi Life Foundation, Tokyo,
Japan (Y Akanuma, MD) Conespondence to Dr Nobubive Yamada,
Third Departmont of nternal Medicine, Faculty of Madicine, University of
Tokyo, 7-3-1 Hongo, Tokyo 113, Japan
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Evidence for a relation between physical activity and renal cell cancer has been inconsistent. The authors

examined physical activity in relation to renal cell cancer in a large, prospective US cohort study of 482,386
participants (289,503 men and 192,883 women) aged 50-71 years at baseline (1995-1996). At baseline, partic-
ipants reported their frequency of exercise of at least 20 minutes’ duration, intensity of daily routine activity, and
frequency of physical activity during adolescence. During 8.2 years of follow-up (through December 2003), 1,238
cases of renal cell cancer were ascertained. In multivariate Cox regression models adjusted for renal cell cancer
risk factors, the authors observed that current exercise, routine physical activity, and activity during adolescence
were associated with a reduced risk of renal cell cancer. The multivariate relative risks for the highest activity level
as compared with the lowest were 0.77 (95% confidence interval (Cl): 0.64, 0.92; py.nq = 0.10) for current exercise,
0.84 (95% Cl: 0.57, 1.22; pyeng = 0.03) for routine physical activity, and 0.82 (95% Cl: 0.68, 1.00; pyeng = 0.05) for
activity during adolescence. The authors conclude that increased physical activity, including activity during ado-
lescence, is associated with reduced risk of renal cell cancer.

adolescent; exercise; kidney; kidney neoplasms; motor activity; neoplasms

Abbreviation: NIH, National Institutes of Health.

Renal cell carcinoma is the seventh-leading incident can-
cer among US men and the 12th-leading cancer among US
women (1). The incidence rates of renal cell cancer increase
with age and are higher among men than among women (1).
Established risk factors for renal cell cancer include smok-
ing, high body weight, and high blood pressure (2).

Physical activity has been hypothesized to decrease the risk
of renal cell cancer through reductions in body fat, blood
pressure (3, 4), and concentrations of circulating growth fac-
tors (S). However, evidence that physical activity, or lack
thereof, is related to renal cell cancer is inconclusive (6-17).
Reasons for the inconsistent findings may include the rela-
tively small sample sizes in existing prospective cohort studies

and potential selection and recall bias in case-control studies.
In addition, the inverse relation may be strongest for physical
activity performed at younger ages (11), which few investi-
gators have been able to examine. In order to address these
issues, we examined renal cell cancer risk in a large, prospec-
tive cohort study of 482,386 AARP (formerly the American
Association of Retired Persons) members with available data
on physical activity at cohort entry and during adolescence.

MATERIALS AND METHODS

Men and women in this study were enrolled in the
National Institutes of Health (NIH)-AARP Diet and Health

Correspondence to Dr. Steven C. Moore, Division of Cancer Epidemiology and Genetics, National Cancer Institute, 6120 Executive Boulevard,
Executive Plaza South, MSC 7232, Bethesda, MD 20892 (e-mail: moorest@ mail.nih.gov).

-624-

Am J Epidemiol 2008;168:149-157

otz wou

v @sauiy) 18 &:o's

108 [e9lpapy jo A

1102 't Ae uo



150 Moore et al.

Study, the design of which has been previously described
(18). Briefly, the cohort study was initiated in 1995-1996
when a baseline questionnaire eliciting information on usual
dietary intake, physical activity, and other health-related
behaviors was sent to 3.5 million AARP members aged
50~71 years who resided in one of six US states (California,
Florida, Pennsylvania, New Jersey, North Carolina, and
Louisiana) or two US metropolitan areas (Atlanta, Georgia,
and Detroit, Michigan). A total of 617,119 persons re-
sponded, among whom 567,169 persons completed the
questionnaire to a satisfactory degree. In late 1996, a supple-
mentary questionnaire was mailed to participants who sat-
isfactorily completed the baseline questionnaire, who still
lived in the study area, and who did not have prevalent
cancer of the colon, breast, or prostate. The supplementary
questionnaire inquired about history of hypertension and
weight at age 18 years, among other health-related ques-
tions. In total, 334,908 participants responded to the supple-
mentary questionnaire.

Of the 567,169 respondents to the baseline questionnaire,
we excluded participants who returned duplicate question-
naires (n = 179), who had died or moved out of the study
area prior to baseline (n = 582), who withdrew from the
study (n = 6), who had questionnaires completed by proxy
respondents (n = 15,760), who had a previous diagnosis of
cancer (n = 51,205) or end-stage renal disease (n = 985), or
who were missing information on physical activity (n =
16,066). After these exclusions, data for 482,386 partici-
pants (289,503 men and 192,883 women) were available
for analysis, including 298,246 persons who completed
the supplemental questionnaire.

The NIH-AARP Diet and Health Study was approved
by the Special Studies Institutional Review Board of the
National Cancer Institute. All participants provided written
informed consent.

Assessment of physical activity

Our exercise/sports assessment was based upon the 1990
recommendation by the American College of Sports Medi-
cine that all persons engage in the equivalent of at least 20
minutes of vigorous exercise three times per week (19). On
the baseline questionnaire, participants were asked to report
the number of bouts of exercise and/or sports they had en-
gaged in per month during the past year (i.e., current activ-
ity) that had lasted at least 20 minutes and had caused
sweating or increased breathing or heart rate. Study mem-
bers were also asked about the frequency of sports and/or
exercise they had engaged in when they were 15-18 years of
age. Participants selected their level of activity from six
preestablished response options (never, rarely, 1-3 times
per month, 1-2 times per week, 3—4 times per week, and
five or more times per week). Participants in our cohort were
also asked to select their level of activity during their current
daily routine (including work routine) from five options
(sitting; sitting and walking; standing or walking but not
lifting or carrying things; carrying light loads or climbing
stairs; or doing heavy work).

Our assessment of current exercise was similar to that of
a previous questionnaire with demonstrated validity (per-

centage of agreement = (0.71; kappa = 0.40) based upon
comparison with an objective measure (i.e., a computer sci-
ence and applications activity monitor) (20). Our routine
exercise measure resembled questions from the Baecke
questionnaire that had previously been validated (21).

Identification of cases and follow-up

Incident cases of first primary renal cell cancer were iden-
tified by linkage of the NIH-AARP cohort database with the
state cancer registries. In order to ascertain cases among
AARP members who changed residence during the follow-
up period, we also included linkage to three additional state
cancer registries (Arizona, Texas, and Nevada) with large
numbers of AARP members. Renal cell cancers were in-
dicated by an International Classification of Diseases for
Oncology code of C649 with a histology code consistent
with renal cell cancer (8010, 8032, 8140, 8211, 8246,
8260, 8310, 8312, or 8320). Participants were followed from
the date of scanning of the baseline questionnaire to the date
of diagnosis of first cancer, death, moving out of the cancer
registry ascertainment area, or the end of follow-up (December
31, 2003). In a previous validation study, the estimated sensi-
tivity of cancer identification was approximately 90 percent
and the specificity was 99.5 percent (22).

Statistical analysis

Relative risks and 95 percent confidence intervals were
estimated using Cox proportional hazards regression mod-
els. We collapsed the bottom two categories of exercise and/
or sports and activity during adolescence to ensure sufficient
numbers of cases in the reference category. For tests of
trend, each category was assigned a single value indicating
the approximate frequency of physical activity per week
(never/rarely = 0.125, 1-3 times per month = 0.5, 1-2 times
per week = 1.5, 3-4 times per week = 3.5, and >5 times per
week = 5.5). For routine activity, the five ordered categories
were assigned values of 1, 2, 3, 4, and 5. We constructed
linear trend variables based upon the assigned values for
each variable and tested their statistical significance in re-
gression models.

Covariates were included in multivariate models if pre-
vious studies consistently indicated an association with re-
nal cell cancer or if the covariate was a statistically
significant predictor of renal cell cancer in the NIH-AARP
Diet and Health cohort. All multivariate models were ad-
justed for age, sex, body mass index (weight (kg)/height
(m)z), height, race/ethnicity, smoking, history of diabetes,
protein intake, and history of hypertension. For covariates
for which data were missing, we used missing indicator
variables. For participants who did not complete the supple-
mentary questionnaire, history of hypertension was modeled
as a missing indicator variable. In analyses of the subset of
participants who completed the supplementary question-
naire, neither hypertension nor body mass index at age 18
years was a confounder of the relation between physical
activity and renal cell cancer. Further adjustment for educa-
tion, number of children, intakes of red meat, fat, and alco-
hol, and use of multivitamins did not alter the relation of

Am J Epidemiol 2008;168:149-157
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TABLE 1. Selected demographic and lifestyle characteristics of study subjects
according to frequency of engaging in exercise/sports, routine activity, and activity
during adolescence, NIH-AARP Diet and Health Study, 19951996+

Current exercise/ Daily routine Physical activity
sports activity during adolescence
Characteristic
Never/ >5times/ Mostly Heavy Never/ >S5 times/
rarely week sitting work  rarely week
No. of participants 87,732 93,412 39,075 14,307 50,635 208,176
Male sex (%) 50.0 66.4 58.1 75.8 3741 69.9
Age (years) 62.8 62.5 605 605 623 62.1
Race/ethnicity (%)
White 91.1 93.8 925 93.0 923 92.6
Black 4.9 3.0 3.3 3.2 3.4 4.0
Other 4.0 3.2 4.2 37 4.3 3.4
Smoking status (%)
Never smoker 33.6 37.3 32.0 337 409 35.2
Former smoker 47.2 54.6 545 505 474 52.6
Current smoker 19.1 8.1 136 159 118 12.2
Baseline body mass indext 28.5 26.0 293 268 27.0 27.3
Baseline height (m) 1.70 1.73 172 175 1.68 1.74
History of diabetes mellitus (%) 13.2 7.3 149 6.6 8.7 9.3
Energy-adjusted protein intake (g/day) 68.1 70.5 709 67.8 682 70.6
History of hypertension (%)# 49.3 40.0 499 39.1 427 43.9

* Distributions of characteristics (except for number of participants and age) were age-

standardized using direct adjustment.
+ Weight (kg)/height (m)2

} Data were available only for those participants who answered the supplemental question-

naire (~60% of the cohort).

physical activity to renal cell cancer. All multivariate mod-
els met the proportional hazards assumption.

We formally tested for potential interactions with the as-
sociation between physical activity and renal cell cancer
using the likelihood ratio test—that is, comparing the likeli-
hood of models with and without multiplicative interaction
terms. Interaction terms were calculated using the cross-
product of the physical activity categories and the factor
of interest (e.g., sex).

Statistical analyses were performed using the Statistical
Analysis System, release 9.1.3 (SAS Institute, Inc., Cary,
North Carolina). All p values were based upon two-sided
tests.

RESULTS

During up to 8.2 years of follow-up, we ascertained 1,238
cases of renal cell cancer (929 in men and 309 in women).
As compared with participants who never/rarely engaged in
physical activity, participants who engaged in high levels of
physical activity were more likely to be male, to be of White
race/ethnicity, to have a lower body mass index, and to be
free from diabetes (table 1). These findings were generally.
similar regardless of whether we were examining exercise/
sports, routine activity, or activity during adolescence. How-

Am J Epidemiol 2008;168:149—-157

ever, the pattern of participant characteristics differed in
certain respects between exercise/sports and routine activity.
Frequent exercisers were more likely to be White and to be
never or former smokers than persons who never/rarely en-
gaged in exercise or sports. In contrast, participants whose
routine activity involved heavy work were more likely to be
current smokers but not more likely to be White than per-
sons whose routine involved mostly sitting. The pairwise
correlation coefficients of the three activity measures were
0.24 (exercise/sports and routine activity), 0.19 (exercise/
sports and activity during adolescence), and 0.06 (routine
activity and activity during adolescence).

Study members who engaged in a greater amount of phys-
ical activity had a reduced risk of developing renal cell
cancer. Persons who engaged in exercise/sports five or more
times per week had a 23 percent reduced risk (multivariate
relative risk (RR) = 0.77, 95 percent confidence interval
(CI): 0.64, 0.92; p for trend = 0.10) as compared with par-
ticipants who never or rarely engaged in exercise/sports
(table 2). Participants who engaged in heavy work during
their daily routine had an approximately 16 percent reduced
risk (multivariate RR = 0.84, 95 percent CI: 0.57, 1.22; p for
trend = 0.03) as compared with those who sat most of the
day. Cohort members who had engaged in physical activity
five or more times per week during adolescence had an
18 percent reduced risk (multivariate RR = 0.82, 95 percent

-626-

ol wouy

asauyn e &o's

U3IOS [eIPaN JO Aw

1102 1 Aepy uo



152 Moore et al.

TABLE 2. Relative risk of renal cell cancer in relation to level of physical activity, NIH-AARP Diet and

Health Study, 1995-2003

Person- Age- and sex- Multivariate Mutually adjusted
';; epth;Z?ggl ‘;fc :iev\i/t?/' zla‘)éeosf years of adjusted estimate estimate* estimatet
follow-up  "RRr:  95%Cl¥  RR 95% Cl AR 95% Cl
Current exercise/sports
Never/rarely 265 587,749 1.00 Referent  1.00 Referent 1.00 Referent
1-3 times/month 153 455,651 073 060,089 077 063,095 079 0.65, 0.97
1-2 times/week 266 723,952 0.77 065,091 085 0.72,1.01 0.89 0.74,1.06
3-4 times/week 343 898,825 0.76 0.65,0.89 089 0.751.05 094 079 1.11
>5 times/week 211 644,770 0.63 053,076 077 0.64,0.92 0.81 0.67,0.98
p for trend <0.01 0.10 0.31
Daily routine activity
Mostly sitting 113 261,331  1.00 Referent  1.00 Referent 1.00 Referent
Sitting and walking 428 1,087,126 085 069,1.05 095 0.77,1.17 097 0.79,1.20
Walking and standing 471 1,278,083 0.75 0.61,092 088 071,109 091 0.74,1.13
Climbing stairs or hills
or light lifting 191 584,431 0.66 0.52,0.83 0.80 0.63,61.02 084 0.66, 1.07
Heavy work 35 99,978 0.72 049,105 084 057,122 089 0.60, 1.31
p for trend <0.01 0.03 0.09
Physical activity during
adolescence
Never/rarely 129 351,281  1.00 Referent 1.00 Referent 1.00 Referent
1-3 times/month 82 225,991 093 071,128 093 071,123 095 0.72,1.26
1-2 times/week 184 497,491 090 071,112 090 072,113 092 0.74,1.16
3-4 times/week 277 814,691 0.78 063,09 077 062,095 079 0.64,0.98
>5 times/week 566 1,421,493 0.86 0.70,1.04 082 0.68,1.00 086 0.70,1.04
p for trend 0.16 0.05 0.11

* Multivariate models included adjustment for age, sex, body mass index (weight (kg)/height (m)?) at baseline
(<25, 25-29.9, 30.0-34.9, 35.0-39.9, or >40), current height (m), race/ethnicity (White, Black, or other), smoking
status (never smoker, current smoker of 1—10, 11-20, 21-30, 31-40, 41-60, or >60 cigarettes/day, or former
smoker of 1-10, 11-20, 21-30, 3140, 41-60, or >60 cigarettes/day), history of diabetes (yes/no), energy-adjusted
protein intake (quintiles), and history of hypertension (yes/no).

1 Mutually adjusted for current exercise/sports, routine physical activity, and physical activity during adolescence,
in addition to the covariates included in the multivariate models.

1 RR, relative risk; Cl, confidence interval.

CL 0.68, 1.00; p for trend = 0.05) of renal cell cancer in
comparison with study members who were inactive as ado-
lescents. In multivariate models, adjusting for body mass
index modestly attenuated the relative risks, but no other
adjustments substantially affected the estimated relation be-
tween physical activity and renal cell cancer (i.e., no other
adjustments resulted in a change in beta coefficients of 10
percent or more). Mutual adjustment for baseline exercise/
sports, daily routine activity, and activity during adoles-
cence modestly attenuated the observed associations for
each measure of activity (e.g., for current exercise/sports,
the 23 percent risk reduction became a 19 percent risk re-
duction and the p value for trend increased from 0.10 to
0.31), indicating some interdependence between activity
measures.

In a secondary analysis, we examined the relation be-
tween physical activity and renal cell cancer among only

those participants who completed the supplementary ques-
tionnaire and reported their history of hypertension (approx-
imately 60 percent of the overall cohort). In this subcohort,
we observed similar associations between physical activity
and renal cell cancer risk, although reductions in risk were
of slightly greater magnitude than the reduction observed in
the entire cohort. In this subcohort, the multivariate relative
risks for frequent exercise/sports (five or more times per
week), a high level of routine activity (heavy work), and
frequent activity during adolescence (five or more times
per week) were 0.74, 0.73, and 0.80, respectively, as com-
pared with 0.77, 0.84, and 0.82 in the entire cohort.

We also conducted analyses stratified according to
whether or not participants were overweight (body mass
index > 25.0) but did not find that the relation between
physical activity and renal cell cancer varied by baseline
body mass index (all p’s for interaction > 0.05; table 3).

Am J Epidemiol 2008;168:149-157
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