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demographics, anthropometry, physical activity, medical his-
tory, diet, and other potential risk factors for cancer. Of the
100,303 eligible men, 48,850 (49%) completed the question-
naire. The investigation was approved by the Regional Ethical
Committee at the Karolinska Institute in Stockholm, Sweden.
For the analyses, we excluded men with incorrect or missing
national registration number and men diagnosed with cancer
(except nonmelanoma skin cancer) prior to baseline. This left
45,906 men eligible for the analyses.

2.2.  Assessment of physical activity

Participants reported their level of activity at work (mostly
sitting down; sitting down about half of the time; mostly
standing up; mostly walking, lifts, carry little; mostly walk-
ing, lifts, carry much; heavy manual labor), home/housework
(<1, 1-2, 3-4, 5-6, 7-8, or >8 h per day), walking/bicycling (al-
most never, <20 min per day, 20-40 min per day, 40-60 min
per day, 1-1.5h per day, or >1.5h per day), and exercise
(<1, 1, 2-3, 4-5, or >5h per week) in the year before study
enrollment. The questionnaire also included questions on

inactivity (watching TV/reading (<1, 1-2, 34, 5-6, or >6h -

per day) and hours per day of sleeping and sitting/lying
down (open questions). Total leisure-time physical activity
(in min per day) was calculated by adding the time spent
per day on walking/bicycling and exercising. The reported
time spent at each activity per day was multiplied by its typ-
ical energy expenditure requirements expressed in meta-
bolic equivalents (METs)'® and added together to create a
MET-hours per day (24-h) score, as described by Norman
and colleagues.*

The validity of the assessment of physical activity as used
in this cohort was tested among 111 men, aged 44-78 years,
from the study area by comparison with two 7-day activity
records, performed 6 months apart.” The Spearman correla-
tion coefficients (adjusted for within- and between-person
variation in the records) between the questionnaire and
activity records were 0.4 for leisure-time physical activity
(combined walking/bicycling and exercise), 0.6 for home/
housework, 0.4 for work/occupation, and 0.6 for total activity
score.11

2.3.  Assessment of body size and other information

We used the questionnaire to obtain self-reported information
on weight and height at age 20, and weight and waist circum-
ference at baseline. We estimated body mass index (BMI) from
weight and height (kg/height in m? as a measure of overall
obesity. High validity has been observed for self-reported
height (r = 0.9) and weight (r = 0.9) compared with actual mea-
surement among Swedish men.'* Waist circumference was
used as an estimate of abdominal adiposity.

Diet was assessed with a food-frequency questionnaire
that determined the frequency of consumption of 96 food
items during the past year; details on the validity and repro-
ducibility of this food-frequency questionnaire have been de-
scribed elsewhere.’® Information was also collected on
dietary supplement use, smoking, family history of colorectal
cancer, history of diabetes, and aspirin use.

2.4.  Case ascertainment and follow-up

Incident cases of colon and rectal cancer were identified
through computerised linkage of the study cohort to the Na-
tional and Regional Swedish Cancer registers, both of which
have been estimated to be almost 100% complete.’* Comple-
mentary data concerning localisation of colonic carcinomas
were obtained from the regional colon cancer registry of the
Uppsala-Orebro region. Only adenocarcinomas were included
in this analysis. Proximal colon cancers included tumours of
the caecum, appendix, ascending colon, hepatic flexure, and
transverse colon {codes 153.0, 153.1, and 153.4-153.6 of the
International Classification of Diseases, 9th Revision). Distal
colon cancers included tumours in the splenic flexure,
descending colon, and sigmoid colon {codes 153.2, 153.3,
and 153.7). Cancer of the rectum included tumours occurring
at the rectosigmoid junction and rectum (codes 154.0 and
154.1). Ascertainment of deaths in the cohort and dates of
migration was accomplished through linkage to the Swedish
Death and Population registers at Statistics Sweden.

'2.5.  Statistical analysis

Follow-up time for each man was accrued from baseline to the
date of diagnosis of colon or rectal cancer, death, migration, or
June 30, 2005 whichever came first. We categorised men into
five groups with BMI (kg/m?) corresponding to <23.0, 23.0-
24.9, 25.0-26.9, 27.0-29.9, and >30.0. The effect of weight
change was assessed by subtracting the weight at age 20 from
the weight at baseline. We created five categories of weight
change: loss of 5 kg or more, loss or gain of less than 5 kg (ref-
erence), gain of 5-10kg, gain of 11-20kg, and gain of more
than 20 kg. We used quintiles for weight, waist circumference,
height, and total activity, and categories for specific activities.

Hazard ratios (HRs) with 95% confidence intervals (Cls)
were estimated using Cox proportional hazards ‘models™
stratified-by age in months at baseline. All multivariate mod-
els included education, family history of colorectal cancer,
history of diabetes, smoking, and aspirin use. Multivariate
analyses of physical activity were also adjusted for BMI, and
those of BMI, waist, weight, weight changes, and height were
adjusted for leisure-time physical activity. Other variables
evaluated for potential confounding were multivitamin sup-
plement use and intakes of total energy, alcohol, dietary fiber,

_ calcium, folate, fruits, vegetables, and red meat. Inclusion of

these variables had negligible effect on the associations of
physical activity or anthropometric variables with colorectal
cancer risk, and they were not included in the final models.
We tested the proportional hazard assumption using the like-
lihood ratio test; there was no departure from the assumption
for any covariate in the final models.

Tests of linear trends across exposure categories were as-
sessed by fitting ordinal exposure variables as continuous
terms. The Wald statistic was used to test for homogeneity
of the HRs for proximal colon, distal colon, and rectal can-
cer.’® We used the likelihood ratio test to assess statistical
interaction. All analyses were performed using the statistical
software SAS (version 9.1; SAS Institute, Cary, NC). All statis-
tical tests were two-sided.
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3. Results

The distribution of potential confounders according to lei-
sure-time physical activity and BMI is shown in Table 1. Com-
pared with inactive men, men with higher levels of physical
activity had lower BMI and were less likely to smoke. Men
with low physical activity or with greater BMI were more

likely to have a history of diabetes and to use aspirin. In addi-
tion, men with high BMI were less likely to have a post-sec-
ondary education.

During a mean follow-up of 7.1 years, 496 colorectal can-
cers were diagnosed. Of these, 309 were located in the colon
(133 proximal colon, 138 distal colon, and 38 cancers at an un-
known colonic subsite) and 190 in the rectum (3 cases were

Characteristic

Leisure-time physical activity (min/day)® BMI (kg/m?)

<10 10-59 =60 <23.0 23.0-29.9 =30
Age, mean (years) 59.7 59.5 62.5 60.4 60.1 59.7
BMI, mean (kg/m?) 26.7 25.9 25.5 216 25.9 325
Waist, mean (cm) 99.7 96.7 94.8 87.1 96.5 110.9
Post-secondary education {%) 12.1 17.0 15.4 21.9 16.0 11.0
Family history of colorectal cancer (%) 6.7 7.2 6.9 7.1 7.2 6.5
History of diabetes (%) 9.0 6.0 5.9 4.0 5.6 128
Current smokers (%) 33.8 246 22.4 27.6 24.1 249
Aspirin, regular use (%) 39.1 36.8 35.0 34.0 365 411

a All variables (except age) are age-standardised to the age-distribution of the cohort. BMI = body mass index.
b Combined walking/bicycling and exercise. B

Variable Multivariate HR®

Cases® Person-years® Age-adjusted HR
Leisure-time activity (min/day)?
<10 51 23,658 1.00 1.00
10-29 100 62,006 0.73 (0.52-1.03) 0.76 (0.54-1.06)
30-59 166 117,659 0.59 (0.43-0.81) 0.64 (0.47-0.89)
=60 174 112,838 0.52 (0.38-0.71) 0.57 (0.41-0.79)
P for trend <0.0001 0.001
Home/housework (h/day)®
<1 187 122,569 1.00 1.00
1-2 205 138,084 0.84 (0.68-1.02) 0.90 (0.73-1.10)
>3 77 45,326 0.75 (0.57-0.98) 0.81 (0.62-1.07)
P for trend 0.02 0.11
Work/occupation® ,
Light 242 165,702 1.00 1.00
Moderate 164 97,039 0.93 (0.76-1.14) 0.99 (0.81-1.22)
Heavy 76 50,214 1.08 (0.83-1.39) 1.10 (0.84-1.44)
P for trend 0.85 0.58
Total activity score (MET-h/day)
<37.9 98 61,804 1.00 1.00
37.9-40.7 80 63,549 0.82 (0.61-1.10) 0.84 (0.62-1.13)
40.8-44.8 105 63,120 0.97 (0.73-1.28) 1.00 {0.76-1.33)
>44.9 82 63,505 0.79 (0.59-1.07) 0.82 (0.60-1.10)
P for trend 0.27 0.38

a Gl = confidence interval; HR = hazard ratio; MET = metabolic equivalent of energy expenditure (kcal/kg x h).

b The sum does not add up to the total owing to missing data.

¢ Multivariate models were stratified by age (in months) at baseline and adjusted for education (less than high school, high school graduate, or
more than high school), family history of colorectal cancer (yes/no), history of diabetes (yes/no), smoking (never, past, or current smoker),
aspirin use (yes/no), and body mass index (<23.0, 23.0-24.9, 25.0-29.9, or >30.0 kg/m?). Leisure-time physical activity, home/housework, and
work/occupation were included simultaneously in the multivariate model.

d Combined walking/bicycling and exercise; the median MET values for the categories are 0.5, 1.4, 3.0, and 6.3 MET-h/day.

e The median MET values for the categories are 1, 3.8, and 8.8 MET-h/day.

f Light = mostly sitting down (7.4 MET-h/day) to sitting down half of the time (10.3 MET-h/day); moderate = mostly standing up (12.5 MET-h/
day) to mostly walking, lifts, carry little (14.8 MET-h/day); heavy = mostly walking, lifts, carry much (17.1 MET-h/day) to heavy manual work
(22.2 MET-h/day). Work/occupational activity levels were multiplied by 5.7 per day (8 h per day, 5 days per week).
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diagnosed with both colon and rectal cancer). We observed an
inverse association between leisure-time physical activity
and risk of colorectal cancer (Table 2). Men who engaged in
leisure-time physical activity for 60 min or more per day
had a multivariate HR of 0.57 {95% CI 0.41-0.79) compared to
men who engaged in leisure-time physical activity for less
than 10 min per day. Excluding cases diagnosed during the
first two years of follow-up did not change the results materi-
ally (multivariate HR = 0.56; 95% CI 0.38-0.82). The incidence
rates, age-standardised to the age distribution in the cohort,
were 246 and 134 per 100,000 persons per year in the lowest
and highest categories of leisure-time physical activity. No
significant associations were observed for home/housework,
work/occupational activity, or total activity in multivariate
analyses (Table 2).

Leisure-time physical activity was inversely associated
with risk of both colon and rectal cancer (Table 3). Although
the inverse association between leisure-time physical activity
and colon cancer risk was somewhat stronger for distal than
proximal colon cancer, the difference by subsite was not sta-

tistically significant (P for heterogeneity = 0.18). Home/house-
work was statistically significantly inversely associated with
risk of colon cancer, whereas occupational and total activity
was not associated with risk of any subsite (Table 3).

We also examined the relation between leisure-time phys-
ical activity at age 30 (reported retrospectively at baseline) and
risk of colorectal cancer. The multivariate HR of colorectal
cancer for men who engaged in leisure-time physical activity
for 60 min or more per day at age 30 was 1.08 (95% CI 0.75-
1.56) compared with those who engaged in such activity for
less than 10 min per day at age 30.

We calculated the population attributable risk, i.e. the pro-
portion of cases that would be avoided if the risk factor distri-

- bution of a high-risk group switched to that of a low-risk

group, by using the prevalence of men who engaged in lei-
sure-time physical activity for less than 30min per day
(27.4%; defined as high-risk group) and the multivariate HR
for comparison of less than 30 min per day with 30 min per
day or more (defined as low risk group). The population attrib-
utable risk was 9%.

Distal colon

Variable Colon® Proximal colon Rectum :
Cases  HR(95% CI)®  Cases® HR(95% CI¢  Cases® HR(95% CI®  Cases®  HR (95% CI)¢

Leisure-time activity (min/day)®

<10 34 1.00 12 1.00 ) 19 1.00 17 1.00

10-29 S5 0.66 (0.43-1.02) 26 0.98 (0.49-1.97) 25 0.51 (0.28-0.93) 45 0.91 {0.51~1.59)

30-59 111 0.68 {0.46-1.01) 49 0.90 (0.47-1.73) 48 0.50 (0.29-0.87) 58 0.61 (0.35-1.06)

=60 107 0.56 {0.37-0.83) 45 0.72 (0,37~1.40) 45 0.40 (0.22-0.70) 67 0.59 (0.34-1.02)
" Pfortrend 0.01 ' 0.17 0.01 0.01

Home/housework (h/day)*

<1 128 1.00 55 1.00 57 - 100 617 1000

1-2 120 0.75 (0.58-0.97) 56 0.78 (0.53-1.14) 52 0.78 (0.53-1.15) 86 1.21 (0.87-1.70)

>3 46 0.68 (0.48-0.96) 16 0.50 (0.29-0.89) 23 0.86 (0.52-1.41) 31 1.08 (0.69~1.69)

P for trend 0.01 0.02 0.39 0.62

Work/accupation®

Light 145 1.00 62 1.00 66 1.00 99 1.00

Moderate 113 1.17 (0.91-1.52) 46 1.14 (0.76~1.69) 53 1.25 (0.85-1.82) 52 0.75 (0.53-1.06)

Heavy 4 1.03 (0.72-1.47) 21 1.26 (0.75-2.11) 14 0.79 (0.43-1.42) 35 1.16 {0.78-1.74)

P for trend 0.51 0.33 0.91 0.99

Total activity score (MET-h/day)

<37.9 ) 59 1.00 ) 27 1.00 28 1.00 .39, . 1.00 o

137.9-40.7 53 0.93 (0.64-1.36) 22 0.90 (0.51~1.59) 23 0.82 (0.47-1.44) 29 0.74 (0.46-1.21)

40.8-44.8 68 1.07 (0.75-1.53) 28 0.95 (0.56-1.64) 32 1.12 (0.67-1.89) 37 0.88 {0.55-1.39)

>44.9 47 0.79 (0.53-1.17) 30 0.71 (0.39-1.29) 19 0.70 (0.38-1.27) 35 0.86 (0.53-1.37)

P for trend 0.41 0.32 0.47 0.66

a CI = confidence interval; HR = hazard ratio; MET = metabolic equivalent of energy expenditure (kcal/kg x h).

b Including 38 colon cancers at an unknown subsite in the colon.
¢ The sum does not add up to the total owing to missing data.

d Multivariate models were stratified by age (in months) at baseline and adjusted for education (less than high school, high school graduate, or
more than high school), family history of colorectal cancer (yes/no), history of diabetes (yes/no), smoking (never, past, or current smoker),
aspirin use {yes/no), and body mass index (<23.0, 23.0-24.9, 25.0-29.9, or >30.0kg/m?). Leisure-time physical activity, home/housework, and
work/occupation were included simultaneously in the multivariate model.

e Combined walking/bicycling and exercise; the median MET values for the categories are 0.5, 1.4, 3.0, and 6.3 MET-h/day.

f The median MET values for the categories are 1, 3.8, and 8.8 MET-h/day.
g Light = mostly sitting down (7.4 MET-h/day) to sitting down half of the time (10.3 MET-h/day); moderate = mostly standing up {12.5 MET-h/
day) to mostly walking, lifts, carry little (14.8 MET-h/day); heavy = mostly walking, lifts, carry much (17.1 MET-h/day) to heavy manual work

(22.2 MET-h/day). Work/occupational activity levels were multiplied by 5.7 per day (8 h per day, 5 days per week).
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There were statistically significant positive associations of
BMI and weight with risk of colorectal cancer (Table 4). When
analysed as continuous variables, the multivariate HR of colo-
rectal cancer for an increment of 1 BMI unit (1 kg/m?) was 1.04
(95% CIL: 1.01-1.07) and the multivariate HR for an increment
of 5 kg in weight was 1.05 (95% CI 1.02-1.09). Waist circumfer-
ence was weakly positively associated with the risk of colo-
rectal cancer (Table 4). Colorectal cancer risk was not
associated with height (multivariate HR = 1.03; 95% CI: 0.73-
1.44, for >183 versus <172 cm) or weight change over lifetime
(multivariate HR = 1.16; 95% CI 0.81-1.65, for gain of more
than 20kg compared with loss or gain of less than S kg).
The associations for BMI, weight, and waist did not differ sig-
nificantly by cancer site (Table 5).

To eliminate preclinical cases that might have experienced
weight loss before completing the questionnaire, we did anal-
yses that excluded the first 2 years of follow-up. Associations
of BMI and weight with risk of colorectal cancer were
strengthened in these lag analyses; the multivariate HRs for
the highest versus the lowest category were 1.65 (95% CI
1.09-2.51) for BMI and 1.65 (95% CI 1.15-2.38) for weight.

To evaluate the possibility of an interaction between phys-
ical activity and BMI in relation to colorectal cancer, we clas-
sified participants according to both leisure-time physical
activity and BMI. The decreased risk of colorectal cancer asso-
ciated with increased levels of leisure-time physical activity
was observed across all categories of BMI (P for interac-

tion = 0.33; Fig. 1). There was also no statistically significant
interaction between leisure-time physical activity and age
(<65 or 265 years; P for interaction = 0.61), smaking status
(never, past, or current; P for interaction =0.84), or aspirin
use (yes or no; P for interaction = 0.83).

4, Discussion

In this large population-based prospective cohort of Swedish
men, we observed that increased amounts of leisure-time
physical activity were associated with reduced risk of both co-
lon and rectal cancer. Findings of this study also confirm di-
rect associations of BMI and weight with colorectal cancer
risk.

The reduction in colon cancer risk associated with increas-
ing amounts of recent leisure-time physical activity in this
study is consistent with the results from the majority of pre-
vious prospective and case-control studies.>'” A meta-analy-
sis estimated an approximately 20-40% lower risk of colon
cancer for high versus low leisure-time physical activity."/

Evidence suggest that the etiologic factors for cancers of
the proximal and distal colon may differ."®*® For example,
there are various molecular and clinical differences between
the two subsites that may influence the susceptibility to envi-
ronmental factors.'® We found that the inverse relationship
between leisure-time physical activity and risk of colon can-
cer was stronger for distal colon than for proximal colon,

Variable Cases® Person-years® Age-adjusted HR Multivariate HR®
BMI (kg/m?)

<23.0 70 57,097 1.00 1.00

23.0-24.9 111 79,423 ' 1.13 (0.83-1.52) 1.13 (0.84-1.53)
25.0-26.9 114 78,190 1.23 (0.91-1.65) 1.20 (0.89-1.62)
27.0-29.9 107 64,956 . 1.39 {1.03~1.89) 1.32 (0.97-1.80)
>30.0 59 30,977 1.71 (1.20-2.42) 1.54 (1.08-2.21)
P for trend 0.001 0.01

Weight (kg)®

<72 81 57,221 1.00 1.00

72-76 92 58,732 1.21 (0.90-1.63) 1.18 (0.87-1.60)
77-82 104 66,406 1.31 {0.98-1.76) 1.26 (0.93-1.70)
83-89 97 61,497 1.37 (1.02-1.84) 1.28 (0.94-1.75)
>90 114 67,396 1.65 (1.24-2.20) 1.48 (1.09-2.03)
P for trend 0.001 0.02

Waist (cm)®

<88 47 44,165 1.00 1.00

88-92 67 53,831 1.10 (0.76-1.60) 1.06 {0.73-1.55)
93-97 95 56,784 1.38 (0.97-1.96) 1.32 (0.92-1.88)
98-103 96 54,462 1.46 (1.03-2.08) 1.37 {0.96-1.96)
>104 102 52,928 1.44 (1.02-2.05) 1.29 (0.90-1.85)
P for trend 0.01 0.03

a BMI =body mass index; CI = confidence interval; HR = hazard ratio.
b The sum does not add up to the total owing to missing data.

¢ Multivariate models were stratified by age (in months) at baseline and adjusted for education (less than high school, high school graduate, or
more than high school), family history of colorectal cancer (yes/no), history of diabetes (yes/no), smoking (never, past, or current smoker),

aspirin use (yes/no), and leisure-time physical activity (<10, 10-29, 30-59, or >»60 min/day).

d Multivariate hazard ratios also adjusted for height (in quintiles).
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Variable Colon® Proximal colon Distal colon Rectum

Cases®  HR(95% CI)®  Cases®  HR(95% C))®  Cases® HR(95% CD)®  Cases®  HR (95% CI)?
BMI (kg/m?)
<23.0 47 1.00 19 1.00 23 1.00 25 1.00
23.0-24.9 72 1.11 (0.77-1.61) 29 1.09 (0.61-1.96) 29 0.92 (0.53-1.59) 39 1.08 (0.65-1.80)
25.0-26.9 65 1.07 {0.73-1.56) 30 1.19 (0.66-2.13) 31 1.09 (0.63-1.89) 49 1.35 (0.83-2.19)
27.0-29.9 61 1.15 (0.78-1.70) 27 1.19 (0.65~2.17) 29 1.18 {0.67-2.07) 46 1 53 (0.93-2.51)
>30.0 39 1.60 (1.03-2.48) 15 1.43 (0.71-2.88) 17 1.49 (0.78-2.84) 21 44 (0.79-2.61)
P for trend 0.08 0.32 0.16 0.06
Weight (kg)®
<72 49 1.00 22 1.00 21 1.00 33 1.00
72-76 70 1.50 (1.04-2.18) 22 0.98 (0.54-1.79) 38 1.99 (1.15-3.42) 23 0.71 (0.42-1.22)
77-82 61 1.22 (0.83-1.81) 29 1.20 (0.68-2.14) 23 1.11 (0.60-2.05) 43 1.29 (0.80-2.07)
83-89 54 1.19 (0.79-1.78) 22 0.94 (0.51-1.76) 27 1.51 (0.82-2.76) 43 1.40 (0.86-2.26)
90 69 1.50 (1.01-2.24) 35 1.52 (0.85-2.73) 27 1.39 (0.75-2.60) 46 1.47 (0.90-2.42)
P for trend 0.23 0.20 0.71 0.02
Waist (cm)®
<88 31 1.00 12 1.00 12 1.00 17 1.00
88-92 47 1.19 (0.75-1.87) 16 1.05 {0.49-2.23) 27 1.78 {0.90-3.54) 20 0.84 (0.44-1.61)
93-97 51 1.15 (0.73-1.80) 24 1.35 (0.67-2.73) 25 1.55 (0.77-3.12) 45 1.67 (0.95-2.95)
98-103 55 1.28 (0.82-2.00) 25 1.41 (0.70-2.85) 22 1.46 (0.71-2.98) 41 1.58 (0.89-2.81)
>104 68 1.44 (0.93-2.24) 33 1.66 (0.84-3.27) 26 1.62 (0.80-3.27) 35 1.24 (0.68-2.25)
P for trend 0.09 0.08 0.47 0.16

a BMI = body mass index; CI = confidence interval; HR = hazard ratio.

b Including 38 colon cancers at an unknown subsite in the colon.
¢ The sum does not add up to the total owing to missing data.

d Multivariate models were stratified by age (in months) at baseline and adjusted for education (less than high school, high school graduate, or
more than high school), family history of colorectal cancer (yes/no), history of diabetes (yes/no), smoking (never, past, or current smoker),
aspirin use (yes/no), and leisure-time physical activity (<10, 10-29, 30-59, or >60 min/day).

e Multivariate hazard ratios also adjusted for height (in quintiles).

which is consistent with results of most of the previous pro-
spective studies*®® but not all.”?

Our finding of a lower risk of rectal cancer associated with
increased amounts of leisure-time physical activity is in
agreement with results of a recent large prospective cohort
study.” In the Cancer Prevention Study II Nutrition Cohort
with over 150,000 women and men, 390 individuals were diag-
nosed with rectal cancer during 7 years of follow-up.” In this
cohort, a statistically significant 30% reduction in rectal can-
cer risk was observed for any recreational physical activity
compared with none.” In a cohort of male Finnish smokers,?®
a statistically significant inverse association was observed be-
tween occupational activity and risk of rectal cancer; how-
ever, leisure-time physical activity was not associated with
risk of either colon or rectal cancer. Other prospective studies
have not observed any significant association between lei-
sure-time or total physical activity and risk of rectal can-
cer,*®2921 byt were limited by a small number of cases
(ranging from 44 to 104). Results from case-control studies
of physical activity and rectal cancer have also been inconsis-
tent. In a meta-analysis of studies published through 2001,
the summary results from case-control studies showed a
nonsignificant 12-13% reduced risk of rectal cancer for high
versus low physical activity (all types combined).”” In a recent
large population-based case-control study (with 952 rectal
cancer cases) that was not included in the meta-analysis,

high levels of leisure-time physical activity was associated
with a statistically significant 30-40% lower risk of rectal
cancer.?? .

Our results related to obesity and physical activity may be
explained, biologically, within the axis of insulin resistance
and hyperinsulinemia. Obesity is a major determinant of insu-
lin resistance, and physical activity (independently of influ-
encing body mass) increases insulin sensitivity and reduces
insulin levels.?® Insulin is an important growth factor of colo-
nic epithelial cells and is a mitogen of tumour cell growth
in vitro. 2 Supporting a role of insulin in colorectal carcinogen-
esis, epidemiologic studies have shown an increased risk of
colorectal cancer associated with high circulating levels of
insulin and C-peptide (a marker of insulin secretion)*? and
chronic insulin therapy.? In addition, a recent meta-analysis
showed that diabetes was associated with a statistically signif-
icant increased risk of both colon and rectal cancer,?® suggest-
ing that hyperinsulinemia may be implicated in both colon
and rectal cancer. Other proposed mechanisms for a protec-
tive role of physical activity on colon cancer include decreased
gastrointestinal transit time, improved immune function,
changes in bile acid metabolism, and altered prostaglandin
levels.®

Findings from this study suggest that recent physical
activity may be more beneficial with regard to colorectal
cancer than physical activity early in adulthood (age 30).
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Hazard Ratio

Leisure-time activity (min/day)

Fig. 1 - Multivariate hazard ratios of colorectal cancer by
leisure-time physical activity and body mass index (BMI).
Multivariate models were stratified by age (in months) at
baseline and adjusted for education (less than high school,
high school graduate, or more than high school), family
history of colorectal cancer (yes/no), history of diabetes (yes/
no), smoking (never, past, or current smoker), and aspirin
use (yes/no). The nine hazard ratios with 95% confidence
intervals are as follows: 1.00 (reference), 0.70 (0.36-1.38), 0.56
(0.26-1.23), 0.84 (0.42-1.66), 0.62 (0.34-1.13), 0.45 (0.24-0.84),
0.75 (0.36-1.55), 0.49 (0.26-0.90), and 0.42 (0.22-0.78).

Although one case-cont¥ol study found a reduction in colon
cancer risk associated with long-term vigorous activity,®
most studies have not observed inverse associations with
early adulthood activity.”-#1:3%33

Strengths of the present study include a population-based
and prospective design, a large sample size, and validated
data on different types of physical activity, including lei-
sure-time, housework, and occupational activity. Because of
the large sample size, we could investigate associations by
subsites in the colon and with rectal cancer with reasonable
statistical power. Other strengths of the study include the vir-
tually complete cohort follow-up and the detailed informa-
tion on potential confounders. A limitation of this study is
that measures of physical activity and body size were self-re-
ported, which could lead to misclassification of exposures.
However, because information on exposures was collected be-
fore the diagnosis of colorectal cancer, any misclassification
would most likely have attenuated rather than exaggerated
any true relationships and thus is unlikely to explain the ob-
served associations.

In summary, results from this prospective study support
the hypothesis of a protective role of leisure-time physical
activity against colon cancer. Furthermore, our findings sug-
gest that increased amounts of time spent at leisure-time
physical activity may reduce the risk of rectal cancer.
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The Harvard Alumni Health Study

-Min Lee, MBBS, ScD; Chung-cheng Hsieh, ScD; Ralph S. Paffenbarger, Jr, MD, DrPH

Objective.~To examine the independent associations of vigorous (=6 resting
metabolic rate [MET] score) and nonvigorous (<6 MET score) physical activity with
longevity.

Design.—Prospective cohort study, following up men from 1962 or 1966 through
1988.

Setting/Participants.—Subjects were Harvard University alumni, without self-
reported, physician-diagnosed cardiovascular disease, cancer, or chronic obstruc-
tive pulmonary disease (n=17 321). Men with a mean age of 46 years reported their
physical activities on questionnaires at baseline.

Main Outcome Measure.—All-cause mortality (3728 deaths).

Results.—Total energy expenditure and energy expenditure from vigorous ac-
tivities, but not energy expenditure from nonvigorous activities, related inversely to
mortality. After adjustment for potential confounders, the relative risks of dying as-
sociated with increasing quintiles of total energy expenditure were 1.00 (referent),
0.94, 0.95, 0.91 and 0.91, respectively (P [trend]<.05). The relative risks of dying
associated with less than 630, 830 to less than 1680, 1680 1o less than 3150, 3150
to less than 6300, and 6300 or more kJ/wk expended on vigorous activities were
1.00 (referent), 0.88, 0.92, 0.87, and 0.87, respectively {P [trend}=.007). Corre-
sponding relative risks for energy expended on nonvigorous activities were 1.00
(referent), 0.89, 1.00, 0.98, and 0.92, respectively (P [trend]=.36). Analyses of vig-
orous and nonvigorous activities were mutually adjusted. Among men who reported
only vigorous activities (259 deaths), we observed decreasing age-standardized
mortality rates with increasing activity (P=.05); among men who reported only non-
vigorous activities (380 deaths), no trend was apparent (P=.99).

Conclusions.~These data demonstrate a graded inverse relationship between
iotal physical activity and mortality. Furthermore, vigorous activities but not nonvig-
orous activities were associated with longevity. These findings pertain only to all-
cause moriality; nonvigorous exercise has been shown to benefit other aspects of

healih.
(JAMA. 1995:273:1179-1134)

FEW PHYSICIANS, if any, would dis-
pute that physical activity enhances
health. Among other benefits, increased
activity is associated with decreased in-
cidence of coronary heart disease,* hy-
pertension,? non-insulin-dependent dia-
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betes mellitug,? and colon cancer,* and
inereased longevity ® What is uncertain,
however, are the kinds and intensity of
physical activity that should be pre-
seribed for health. In England, Morris
et al®” found that to reduce coronary
heart disease risk, moderately vigorous
exercise is necessary. Similarly, in a re-
cent study from Finland, Lakka et al®
reported that only more intense, condi-
tioning physical activity reduces the risk
of myocardial infarction; less intense,
nonconditioning activities have no ef-
fect. Yet others maintain that as long as
total energy output—even if amassed
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from light or moderate exercise—is
inereased; risks of coronary heart di-
sease™ and premature mortality from
any cause® 34 gre decreased. For
example, in the Multiple Risk Factor
Intervention Trial® an inverse rela-
tionship between leisure time physical
activity and risk of coronary heart dis-
ease and total mortality was observed
among men engaged predominantly in
light to moderate activities. Duteh men
and women who habitually carried out
light exercise (leisure-time walking, cy-
cling, and gardening) also enjoyed de-
creased coronary heart disease rigk.*®
Despite this lack of consensus and the
fact that few studies have compared di-
rectly the relative merits of vigorous
and nonvigorous exercise, a commonly
prescribed exercise regimen borrows
from recommendations for developing
and maintaining cardiorespiratory fit-
ness. These regimens prescribe exer-
cise intense enough to produce sweat-
ing or hard breathing (60% to 90% of

maximum heart rate), for at least 20 -

minutes, three times per week " Re-
cently, the Centers for Disease Control
and Prevention and the Ameriean Col-
lege of Sports Medicine issued a new,
less stringent recommendation'®: “Ev-
ery US adult should accumulate 30
minutes or more of moderate-intensity
physieal activity on most, preferably all,
days of the week.” This recommenda-
tion was meant to encourage more ex-
ercise among the almost 60% of US
adults who engage in little or no leisure-
time activity.®

Which is the more valid stance? To
provide further information—at least, for
total mortality—we investigated the rela-
tive merits of vigorous and nonvigoerous
exercise and their associations with pre-
mature mortality. Is, for mamph* 2100
kJ (500 keal) expended in vigorous exer-
cise associated with the same decrease in
mortalltv yisk as an oqual amount ex-
pended in nonvigoraus activity?

Loe atal 1179



SUBJECTS AND METHODS
Study Subjects

The Harvard Alumni Health Study is
an ongoing cohort study that searches
for predictors of chronic disease in men
who matriculated as undergraduates at
Harvard University, Boston, Mass, be-
tween 1916 and 1950. The cohort was
established when 21 582 alumni (68% re-
sponse) returned a mailed questionnaire
on medical history and health practices
in either 1962 or 1966. Eligible subjects
for our study were men whoreported no
physician-diagnosed eardiovascular dis-
ease, cancer, or chronie obstructive pul-
monary disease, Additionally, subjects
had to provide data on physical activity,
body weight, height, cigarette habit, phy-
sician diagnosis of hypertension and dia-
betes mellitus, vital statug of both par-
ents, and, if parents were deceased, age
at parental death. Alumni who satisfied
these eriteria numbered 17821,

Assessment of Physical Activity
and Other Predictors of Mortality

We assessed physical activity by ask-
ing alumni about flights of stairs climbed,
city blocks walked, types of sports or
recreational activities engaged in, and
the time (hours per week) spent on each
of these sports and recreational activi-
ties.?® Although we did not ask specifi-
cally about oecupational activity, alumni
were unlikely to have expended much
energy on the job apart from walking
and climbing stairs. Physical activity as-
sessment was validated by comparison
of estimates of energy expenditure ob-
tained from the guestionnaire against
the following: (1) other widely aceepted
and used physical activity question-
naires, (2) physiologic variables known
to be influenced by physical activity, (3)
total energy intake, (4) physical activity
diaries, and (5) mechanical devices that
meagure bodily movement. On the basis
of these criteria, this physical activity
questionnaire has been shown to be re-
liable and valid 2%

Climbing up and down one flight of
stairs daily rated 118 kJ/wk, and walk-
ing 1 block daily, 235 kI/wk. We assigned
a multiple of resting metabolic rate
(MET score) to every activity.® Since
resting metabolic rate is approximately
4.2 kJfkg of body weight per hour, we
estimated the energy expended on each
activity by multiplying its MET score
by 4.2, body weight in kilograms and
hours per week of participation. We then
summed kilojoules per week from flights
climbed, blocks walked, and activities
performed, to provide an index of total
energy expenditure per week.

We were interested in two compo-
nents of total energy expenditure: that

1180 JAMA, April 19, 1895—Vol 273, No. 15

derived from vigorous activities (requir-
ing =6 METs)® and that from nonvig-
orous (ie, light and moderate) activities
(requiring <6 METs).® (Examples of
vigorous activities reported by alummni
include walking briskly, running or jog-
ging, swimming laps, playing tennis, and
shoveling snow.) Thus, for each alum-
nus, we further estimated energy ex-
penditure from vigoreus and nonvigor-
ous activities separately.

Using alumni self-reports, we obtained
information on other predictors of mor-
tality: Quetelet's index (weight in kilo-
grams divided by the square of heightin
meters), cigarette habit, physician di-
agnosis of hypertension or diabetes mel-
litus, and early parental death (defined
ag death oceurring before age 65 years).

Ascertainment of Mortality

The Harvard Alumni Office maintains
weekly rosters of deceased alumni. Their
records indicate mortality follow-up data
are unavailable for fewer than 1% of
alumni® Using information from the
Alumni Office, we obtained copies of
death certificates. The end point of in-
terest for the present study was all-cause
mortality oceurring after return of the
1962 or 1966 questionnaire through 1988.

Statistical Analysis

We first compared age-standardized
mortality rates, by means of the indi-
rect method,® for increments of total,
vigorous, and nonvigorous energy ex-
penditure. To make statistical adjust-
ment for several potential confounders
simultaneously, we proceeded to use pro-
portional hazards regression to analyze
time to mortality or censoring.” Cumu-
lative hazard plots disclosed no gross
violation of proportional hazard assump-

tions. Mortality rate ratios (relative
rigsks) were modeled as a funetion of
physical activity, For total energy ex-
penditure, we categorized alumni into
quintiles (0 to <2524, 2524 to <4738,
4738 to <8001, 8001 to <13142, and
=13 142 kJ/wk). When investigating the
independent associations of vigorous and
nonvigorous energy expenditure with
longevity, instead of using terms for to-
tal energy expenditure, we included
terms for its two components. We cat-
egorized alumni according to five groups
each of vigorous (<630, 630 to <1680,
1680 to <3150, 3150 to <6300, and =6300
kJfwk) and nonvigorous (same cutoff
points) energy expenditure. Potential
confounders included in regression mod-
els were age (single years), Quetelet’s
index (<22.5,225t0<23.5,23.5t0 <24.5,
24.5 to <26.0, or =226.0 kg/m?), cigarette
habit (never, former, or current smoker),
and physician-diagnosed hypertension
or diabetes mellitus (no vs yes). Although
early parental death (neither, one, or
both parents dying early) was unlikely
to be related to physieal activity and
thus was not a confounder, it also was
included since we were interested in its
influence on mortality.

We tried to avoid observing an arti-
factual association between physical
inactivity and inereased mortality by
excluding alumni with cardiovascular dis-
ease, cancer, and chronie obstructive pul-
monary disease from the starting popu-
lation. To minimize further the potential
impaet of this bias, we conducted addi-
tional analyses that omitted the first 5
years (arbitrarily chosen) of follow-up,
because mortality among individuals with
other illnesses that could limit physical
activity, and also increase mortality risk,
would likely oceur-early in follow-up.

Table 1.—Characteristics of Harvard Alumni in 1862 or 1966, According to Quintiles of Total Energy

Expenditure™

Quintile of Total Energy Expenditure

) Characteristic 1 2 3 4 5
Mean age, y 468 461 458 455 464
Mean Quetelet's index, kg/ri® 2485 2431 2414 2419 2447
Cigarette habit, %
Never smokers 20.1 21.9 209 211 202
Former smokers 321 304 30 319 335
Current smokers 478 477 474 470 463

Mean No./d of cigarettes smoked by current smokers

27 27 26 26 26

% reporting physician-diagnosed hypertension or diabetes mellitus 120 102 9.2 10.1 9.6
Early parental death {<65y), %
Neither parent dying early 868 654 646 863 678
1 parent dying early 290 307 306 2985 280
Both parents dying early 4.1 3.8 4.8 4.3 4.4
% of total energy expenditure expended in vigorous activities} 417 321 822 389

*All characteristics (except mean age) were age standardized. Energy expenditure was estimated in kilojoules

435

per week from climbing stairs, wallking, and parlicipating in sports or recreational activities. Quintile 1 represents the

towest energy expendilure.

+Among alumni who did expend energy in climbing stairs, walking, or participating in sports or recreational activities
(17 Q80 of 17 321 alumni). Vigorous activities were defined as those that required 6 or more units of resting metabolic

rate {METs).
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Ninety-five percent confidence inter-
vals were calculated for estimated rela-
tive risks, and all P values were from
two-tailed tests. To assess whether vig-
orous and nonvigorous energy expen-
diture differed significantly in their in-
dependent dssociations with longevity,
we used the covariance matrix to esti-
mate variance for the difference between
the two parameter estimates.®

RESULTS

Table 1 describes alumni characteris-
tics at study entry by quintiles of total
energy expenditure, The mean age of
alumni was 46 years, with little variation
across guintiles. The mean Quetelet’s in-
dex decreased as energy expenditure in-
creased from the lowest to the third eat-
egory, then increased beyond that, Al-
most half of the alumni smoked cigarettes
in 1962 or 1966; the proportion who
smoked deelined steadily with increasing
energy expenditure. Approximately 10%
of alumni declared a physician diagnosis
of hypertension or diabetes mellitus, while
approximately 30% reported that one or
both parents had died early. Table 1 also
presents, for alumni who declared some
form of physical activity (n=17090), the
proportion of total energy expenditure
derived from vigorous activities.

We then examined age-standardized
mortality rates by level of energy ex-
penditure (Table 2). Between 1962 or
1966 and 1988, a total of 3728 deaths
oceurred in 384 681 person-years of ob-
servation. Mortality generally declined
with increasing total energy expendi-
ture (P=.001). At about 14700 kJ/wk of
total energy expenditure, mortality ap-
peared to stabilize. Mortality also de-
clined with higher levels of vigorous en-
ergy expenditure, regardless of the level
of nonvigorous activity, up to 12600 kJ/
wk. Beyond this level of vigorous en-
ergy expenditure, mortality increased
slightly. However, the overall inverse
agsociation was significant (P<.001). On

the other hand, nonvigorous energy ex-

penditure, regardless of the level of vig-
orous activity, was not associated with
mortality (P=.87).

To consider other potential confound-
ers, we proceeded to multivariate analy-
ses, adjusting additionally for Quetelet’s
index, smoking, hypertension, diabetes
mellitus, and early parental death. Total
energy expenditure, in quintiles, con-
tinued to relate significantly and in-
versely to mortality. The adjusted rela-
tive risks were 1.00 (referent), 0.94 (95%
confidence interval, 0.86 to 1.04), 0.95
(0.86 t0 1.05),0.91 (0.83 t0 1.01), and 0.91
0.82 to 1.00), respectively (P for
trend<.046), ‘

With the findings in Table 2, we could
not determine whether vigorous physi-

JAMA, April 19, 1995—Vol 273, No. 15

Table 2.—Age-Standardized Mortality Rates Among Harvard Alumni, 1962 or 1866 Through 1988, Accord-
ing to Energy Expended on All, Vigorous, and Nonvigorous Activities in 1962 or 1966*

Physical Activity

in 1962 or 19685, No. of Age-Standardized
kdfwlc Deaths Person-Years Mortality Rate/10000
Energy expended on all activities )
<2100 700 65241 103.78
2100-<4200 850 82859 102.55
4200-<6300 553 55670 89.79
6300-<8400 360 41005 92.80
8400-<10500 292 32865 92.88
10 500-<12600 222 26347 8835
12600-<14700 182 20421 88.05
214700 569 80473, 90,76
P for trend <001
Energy expended on vigorous activities
<2100 2730 250181 102.25
2100-<4200 401 44373 95.90
4200-<6300 158 24590 74.26
6300-<:8400 107 17098 76.94
8400-<10500 104 14222 88.97
10500-<12500 - 50 9389 62.00
12600-<14 700 43 6564 79.29
=14700 135 18264 86.23
P for frend <.001
Energy expended on norwvigorous activities
<2100 1276 135 930 97.81
2100-<4200 855 94574 94.92
4200-<6300 590 59321 101.63
6300-<8400 245 27100 80.40
8400-<10500 203 198620 96,98
10500-<128600 152 14779 90.38
12 600-<14 700 101 9842 89.43
=14700 306 23515 102.22
P for trend 87

*Energy expenditure was estimated from climbing stairs, walking, and participating in sports or recreational

activities. Vigorous activities were defined as those that required 6 or more units of resting metabolic rate (METs);
nonvigorous activities, those that required less than 6 METs.

cal activity, nonvigorous physical activ-
ity, or bath was responsible for the in-
verse relationship with mortality. We

* thus conducted multivariate analyses to

adjust mutually for vigorous and non-
vigorous energy expenditure, while si-
multaneously adjusting for potential con-
founders (Table 3). Vigorous energy ex-
penditure again was significantly and
inversely related to mortality (P=.007),
whereas the trend for nonvigorous
energy expenditure again was not
significant (P=.36). However, relative
risk estimates for vigorous energy
expenditure did not differ significantly
from corresponding estimates for non-
vigorous energy expenditure.

To minimize potential bias from ill
health in the starting population, we con-
ducted additional analyses that omitted
the first 5 years after physical activity
assessment (see “Statistical Analysis” sec-
tion). We analyzed 3297 deaths (Table 4).
Vigorous energy expenditure remained
significantly and inversely related tomox-
tality (P=.007), but we again abserved no
significant trend with nonvigorous energy
expenditure (P=.32). Relative risk esti-
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mates for the two kinds of energy ex-
penditure differed significantly at 1680
kJ/wk and higher. Trends for the two
types of energy expenditure also differed
significantly (P=.02).

We next tried to account for changes
in physical activity over time. In 1977,
we had sent another questionnaire to
surviving alumni that requested updated
information on medical history and
health habits, including physical activ-
ity. Seventy-six percent of surviving
alumni responded. We conducted fur-
ther analyses that updated physical ac-
tivity in 1977 for alumni who returned a
questionnaire that year and who con-
tinued to be free of self-reported, phy-
gician-diagnosed cardiovascular disease,
cancer, or chronic obstructive pulmo-
nary disease. We also built in a 5-year
lag after either physical activity assess-
ment. Relative risks of mortality for the
same five categories of vigorous energy
expenditure were 100 (referent), 0.89
(95% confidence interval, 0.79 to 1.00),
0.83 (0.71 t0 0.97), 0.76 (0.63 o 0.91), and
0.75 (0.64 to 0.8, respectively (P for
trend=.001), Corresponding relative
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Table 3—Relative Risks of All-Cause Mortality Among Harvard Alumni, 1962 or 1966 Through 1988,
According to Vigoreus and Nonvigorous Physical Activity in 1962 or 1966*

Energy Expenditure, kd/wk

{

1680~ 3150- )
Kind of Activity <630 630-<1680 <3150 <6300 26300

Vigorous activity

No. of deaths 1459 1128 428 279 439

Relative risk (B1) 1.00: 0.88 0.92 0.87 0.87

95% confidence interval Referent 0.82-0.96 0.82-1.02 0.77-0.98 0.78-0.97
Nonvigorous activity

No. of deaths 481 652 784 B804 1007

Relative risk {(B2) 1.00 0.88 1.00 0.88 092

95% confidence interval Aeferent 0.79-1.01 0.88-1.12 0.88-1,12 0.82-1.02
P {B1-B2) . .88 29 A8 53

*Relative risks are adjusted for age, Qustelel's index, cigarette habit, physician-diagnosed hyperiension or
diabetes melfitus, and early (<65 years) parental death. Relative risks for vigorous and nonvigorous energy
expenditure are mutually adjusted. Vigorous activities were defined as those that required 6 or more units of resting
metabolic rate (MET}; nonvigorous activities, those that required less than 8 METs. Pof trend across categories of
vigorous energy expenditure is ,007. P of trend across categories of nonvigorous energy expenditure is .36.

Table 4—Relative Risks of All-Cause Mortality Among Harvard Alumni, 1967 or 1971 Through 1988,

Aceording to Vigorous and Nonvigorous Physical Activily in 1962 or 1986%

Energy Expenditure, kd/wk

1680~ 3150-
Kind of Activity <630 630-<1680 <3150 <6300 6300+

Vigorous activity

No. of deaths 1282 898 379 250 388

Relative risk (B1) 1.00 (.88 .61 0.87 - 0.86

95% confidence intetval Refarent 0.81-0.96 0.81-1.02 0.76-1.00 0.76-0.96
Nonvigorous activity )

No. of deaths 386 579 691 713 928

Relative risk (82) 1.00 0.88 1.09 1.08 1.05

95% confidence interval Referent 0.86-1.11 0.96-1.23 0.96-1.23 0.93-1.18
P (B1-B2) ’ 19 <.044 02 v

*Relative risks are adjusted for age, Quetelel’'s index, cigarette habit, physician-diagnosed hypertension or

diabetes mellitus, and early (<65 years) parental death. Relative risks for vigorous and nonvigorous energy
expenditure are mutually adjusted. Vigorous activities were defined as those that required 6 or more units of resting
metabolic rate (METs); nonvigorous activities, those that required less than 8 METSs. P of frend across categories
of vigorous energy expenditure is 001, P of frend across categories of nonvigorous energy expenditure is .32,
Analyses exclude first five years after physical activity assessment.

risks for nonvigorous energy expendi-
ture were 1.00 (referent), 0.94 (0.79 to
1.12), 0.97 (0.82 to 1.15), 0.96 (0.81 to
1.14), and 0.89 (0.75 t0 1.04), respectively
(P for trend=.18). The trend across cat-
egories of vigorous energy expenditure
differed significantly from that across
categories of nonvigorous energy expen-
diture (P=.001).

We observed similar findings among
men younger than 55 years and among
older men. There also was no interac-
tion by Quetelet’s index; findings did
not differ between leaner (<24.5 kg/m?)
and heavier (=24.5) men. -

In a final effort to disentangle the
independent associations of the two
kinds of energy expenditure with mor-
tality, we examined alummni who reported
only one kind of activity in 1962 or 1966.
Alumni who performed only vigorous
activities (and no nonvigorous exercise)
numbered 919; of these, 259 died during
follow-up. On the basis of this small num-
ber, we observed a marginally signifi-
cant trend (P=.05) of decreasing age-
standardized mortality with increasing
vigorous energy expenditure (data not
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shown, but available from the authors
on request). Among 1195 alummni who
reported only nonvigorous activity (and
no vigorous exercise) in 1962 or 1966,
380 died during follow-up. In age-stan-
dardized analysis, we found nonvigor-
ous energy expenditure and mortality
to be unrelated (P=.99) (data not shown,
but available from the authors on re-
quest).

COMMENT

These prospective data demonstrate
a graded, inverse relationship between
an index of total physical activity and
mortality in middle-aged men, con-
curring with most other investiga-
tions WM Of the components of total
physical activity, we found vigorous (ac-
tivities at =6 METs) but not nonvigor-
ous (<6 METs) exercise to be associ-
ated with decreased mortality, Men who
expended 6300 kJ/wk or more in vigor-
ous exercise had 0.75 to 0.87 times the
risk of dying during follow-up, compared
with those who expended less than 630
kJfwk. This difference in mortality risk
is of approximately the same magnitude
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as that between alumni 20% or more
overweight™ and those of ideal weight,?
or that between alumni who smoked one
pack of cigarettes or less daily and non-
smokers.®

These data also suggest that the de-
crease in mortality associated with
higherlevels of energy expenditure may
taper off after approximately 14 700 kJ/
wk of total energy expenditure or 12 600
kJfwk of vigorous energy expenditure
(Table 2). In .a Britich study, investiga-
tors noted a similar finding among
younger men, ie, declining rates of coro-
nary heart disease with increasing physi-
cal activity levels until the most active.
category (“very frequent sporting ex-
ercise or frequent sporting exercise plus
other reereational activities”), in which
rates began to increase. Some investi-
gators have postulated that this phe-
nomenon may be explained by the in-
ereased oxidative stress associated with
prolonged physical exertion.® However,
when we classified alumni according to
their total energy expenditure in 1977
(instead of 1962 or 1966, as in the pres-
ent analyses), we observed that mor-
tality continued to decline at 14700
kJiwk.®

It is unclear to us why vigorous, but
not nonvigorous, physical activity is as-
sociated with greater longevity. A re-
centreport suggested that for favorable
changes in high-density lipoprotein ¢ho-
lesterol and triglyceride levels, a thresh-
old intensity of 5 to 6 METs of condi-
tioning exercise is needed.® However,
exercise intensity appears unrelated to
the magnitude of decrease in blood pres-
sure levels.® Perhaps the inverse asso-
ciation between physical activity and
mortality is related not so much to ex-
ercise itself, but to the improved car-

" diorespiratory fitness thatis induced 3%

Vigorous exercise is more effective than
nonvigorous activity for cardiorespira-
tory conditioning. The kind of vigorous
activity also may be relevant; for ex-
ample, jogging, which is sustained and
dynamic, is effective for such condition-
ing, whereas heavy yardwork is unlikely
to be as sustained and thus would be
less effective in conditioning.

Several previous studies also have ex-
amined the association of vigorous and
nonvigorous exercise with health. Mor-
ris et al%’ found an inverse relationship
between physical activity and coronary
heart disease incidence only among Brit-
ish men who reported vigorous sports.
A similar observation was made among
Finnish men by Lakka et al.® However,
Shaper et al* reported that even among
British men with little vigorous (“sport-
ing”) exercise, myoeardial infarction
rates apparently decreased (not formally
tested) with increasing physical activ-
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ity. Slattery et al' also observed ap-
parent decreases in age-adjusted death
rates (not formally tested) with increas-
inglight to moderate activity among US
railroad workers who reported no vig-
orous activity. Among men whoreported
some vigorous activity, the trend with
increasing light to moderate activity was
unclear. In multivariate analyses adjust-
ing for age, smoking, blood pressure,
and serum cholesterol level, the esti-
mated coefficient for vigorous activity
was significant, and that for light to mod-
erate activity, nonsignificant. However,
investigators did not examine whether
the coefficients for the two kinds of ac-
tivity differed significantly.
Ininvestigating the independent, rela-
tive merits of vigorous and nonvigorous
activity, the issues involved are analo-
gous to those in epidemiologic studies of
diet. We wished to investigate the in-
dependent associations of vigorous and
nonvigorous physieal activity with mor-
tality, apart from their contributions to
total energy expenditure, and theirrela-
tive merits, In studies of dietary fat and
coronary heart disease, investigators are
interested in the effect of fat that is
independent of other nutrients, and of
total energy intake.® To separate this

effect, various analytic strategies have

been proposed.® £ We have adapted one
of these strategies” to achieve our end.
As noted by Willett® and restated re-
cently by Wacholder et al# it ig not
adequate merely to note that the coef-
ficient of one kind of energy expendi-
ture (nutrient) is significant, and the
coefficient of the other, nonsignificant.
The appropriate focus should be the dif-
ference in coefficients (ie, [B1—-B2] in
Tables 8 and 4),

The most plausible alternate expla-
nation for our findings is that alumni
reported light and moderate activities
with greater imprecision than vigorous
activities, resulting in greater misclas-
sification of the former. We had no data
to test this hypothesis. In a separate
validation study of our physical activity
questionnaire, Ainsworth et al” reported
that in men aged 21 to 59 years, the
correlation between energy expenditure
estimated from the questionnaire and
that estimated from physical activity dia-
ries was .69 for activities of 6 METs or
more. Forlower-intensity activities, the
correlations were less than .35. How-
ever, among healthy alumni in the pres-
ent study, the correlation between non-
vigorous energy expenditure in 1962 or
1966 and 1977 was comparable with that
for vigorous energy expenditure (r=.35
and .40, respectively). These low corre-
lations imply that during the long follow-
up, patterns of physical activity had
changed. In further analyses that did
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account for changes in physical activity
in 1977, we arrived at similar conclu-
sions.

We could not determine whether our
findings resulted from differencesin diet,
blood pressure levels, glucose tolerance,
or serum lipid levels. We were unable to
make statistical adjustment for dietary
differences because we did not have de-
tailed dietary information for alurnni be-
fore 1988. According to the dietary data
0f'1988, estimated total energy consumed
increased with increasing total, vigor-
ous, and nonvigorous energy expendi-
ture. However, the proportion of total
energy consumed as fat or saturated fat
did not vary across activity categories.
Thus, confounding by fat intake was un-
likely, with the caveat that diet in 1988
may not refleét earlier diet adequately.
Some investigators argue that differ-
ences in blood pressure levels, glucose
tolerance, and serum lipid levels should
not be controlled for. Physical training
lowers blood pressure levels,? increases
ingulin sensitivity,® and favorably in-
fluences lipid profiles.® Therefore, these
variables may represent some of the
mechanisms through which physical ac-
tivity modifies mortality risk. Rather
than being true confounders, then, they
may represent eventsin the causal path-
way and thus should not be controlled
for® We did not have data on serum
lipid levels, but we took into account
physician-diagnosed hypertension and
diabetes mellitus. Self-reported physi-
cian-diagnosed disease among these
alumni is believed to be valid.**** Not
adjusting for these diseases did not ma-
terially alter findings.

Although these observational data
prectude z conclusion of causality,® sev-
eral highly plausible mechanisms exist
that link increased physical activity to
decreased mortality. In addition to those
deseribed previously, physical training
also Improves cardiac mechanical and
metabolic funetion,” reduces platelet ag-
gregation, and increases fibrinolytic ac-
tivity.® Our findings indicate that sed-
entary individuals should increase their
activity level to enhance longevity. Spe-
cifically, vigorous activities were asso-
ciated with greater longevity. However,
we strongly believe that even nonvig-
orous exercise is preferable to seden-
tariness. Our findings pertain only to
all-cause mortality; meanwhile, even
modest exercise has been shown to im-
prove, for example, Ypid and glucose
profiles. 950

This study was supported by research grants HL
34174 from the National Heart, Lung, and Blood
Institute and CA 44854 from the National Cancer
Institute; Public Health Servies, and in part by In-
stitutional National Research Service Award CA
09001 from the National Cancer Institate, through
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ORIGINAL INVESTIGATION

Physical Activity Recommendations
and Decreased Risk of Mortality

Michael F. Leitzmann, MD, DrPH; Yikyung Park, ScD; Aaron Blair, PhD; Rachel Ballard-Barbash, MD;
Traci Mouw, MPH; Albert R. Hollenbeck, PhD; Arthur Schatzkin, MD, DrPH

Background: Whether national physical activity rec-
ommendations are related to mortality benefit is incom-
pletely understood.

Methods: We prospectively examined physical activ-
ity guidelines in relation to mortality among 252 925
women and men aged 50 to 71 years in the National In-
stitutes of Health~American Association of Retired Per-
sons (NIH-AARP) Diet and Health Study. Physical ac-
tivity was assessed using 2 self-administered baseline
questionnaires.

Results: During 1265347 person-years of follow-up,
7900 participants died. Compared with being inactive,
achievement of activity levels that approximate the rec-
ommendations for moderate activity (at least 30 min-
utes on most days of the week) or vigorous exercise (at
least 20 minutes 3 times per week) was associated with
a 27% (relative risk [RR], 0.73; 95% confidence interval
[CI], 0.68-0.78) and 32% (RR, 0.68; 95% CI, 0.64-0.73)

decreased mortality risk, respectively. Physical activity
reflective of meeting both recommendations was re-
lated to substantially decreased mortality risk overall (RR,
0.50; 95% CI, 0.46-0.54) and in subgroups, including
smokers (RR, 0.48; 95% CI, 0.44-0.53) and nonsmok-
ers (RR, 0.54; 95% CI, 0.45-0.64), normal weight (RR,
0.45; 95% CI, 0.39-0.52) and overweight or obese indi-
viduals (RR, 0.48; 95% CI, 0.44-0.54), and those with 2
h/d (RR, 0.53; 95% CI, 0.44-0.63) and more than 2 h/d
of television or video watching (RR, 0.50; 95% CI, 0.45-
0.55). Engaging in physical activity at less than recom-
mended levels was also related to reduced mortality risk
(RR, 0.81;95% CI, 0.76-0.86).

Conclusions: Following physical activity guidelines is
associated with lower risk of death. Mortality benefit may
also be achieved by engaging in less than recommended
activity levels.
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HYSICAL ACTIVITY PROMOTES
health and longevity,'? and in-
creasing participation in regu-
lar exercise has been a major
public health goal in the
United States for decades.* The Office of the
US Surgeon General (OSG), the Centers for
Disease Control and Prevention (CDC), and
the American College of Sports Medicine
(ACSM) all endorse a minimum of 30 min-
utes of moderate activity on most days of
the week, an amount and intensity of ac-
tivity that is feasible for most Americans.**
Recent nationally representative survey
data® indicate that more than 50% of the
adult US population do not meet the lower
bound of the physical activity recommen-
dations,*® a proportion that has remained
essentially unchanged throughout the last
decade.” Commonly reported barriers to ac-
tivity participation include lack of time and
the perceived effort of exercise.?
Given the potential mortality benefit
from achieving the physical activity guide-

lines, surprisingly little is known about
current physical activity recommenda-
tions as they relate to mortality. The sparse
epidemiologic data available suggest a 20%
to 30% decreased mortality risk for sub-
jects expending approximately 1000 kcal/
wk—the equivalent of minimal adher-
ence to the recommendations.’ Moreover,
the specific role of activity of at least mod-
erate intensity is poorly understood.!®12
Several investigations found an inverse as-
sociation only for vigorous activity**'® or
noted strong inverse relations with fit-
ness,'*?! whereas other studies?*?® re-
ported that moderate activity was also suf-
ficient to decrease mortality risk.

We examined physical activity recom-
mendations in relation to mortality in a
large prospective cohort with comprehen-
sive physical activity data. Our study dif-
fers from most previous investigations*?
in quantifying the dose-response associa-
tions in a manner that facilitates an appli-
cation to the current guidelines.*’
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STUDY POPULATION

The National Institutes of Health-AARP (formerly known as
the American Association of Retired Persons) (NIH-AARP) Diet
and Health Study was established in 1995-1996, when 566 407
AARP members 50 to 71 years old who were residing in one of
6 US states (California, Florida, Louisiana, New Jersey, North
Carolina, and Pennsylvania) or 2 metropolitan areas (Atlanta,
Georgia, and Detroit, Michigan) responded to a baseline ques-
tionnaire requesting information on medical history, diet, and
structured exercise.” Within 6 months of the baseline ques-
tionnaire, subjects were asked to complete a second question-
naire that collected additional exposure information, includ-
ing lifestyle activity. Eligible subjects for the present study were
participants who responded to both questionnaires and who
were alive and had not moved out of the study area before re-
turning the second questionnaire (n=334905). Of these, we
excluded individuals who reported a previous diagnosis of can-
cer (n=19479), cardiovascular disease (n=45 621), or emphy-
sema (n=8123) and individuals with missing information on
physical activity (n=8757). After these exclusions, the ana-
lytic cohort comprised 252 925 subjects (142828 men and
110 097 women). The study was approved by the Special Stud-
ies Institutional Review Board of the US National Cancer In-
stitute. Completion of the self-administered baseline question-
naire was considered to imply informed consent.

COHORT FOLLOW-UP AND END POINT
ASCERTAINMENT

Cohort members were followed up by annual linkage of the co-
hort to the National Change of Address database maintained
by the US Postal Service, through processing undeliverable mail,
by using other address change update services, and directly from
cohort members’ notifications. For matching purposes, we have
virtually complete data on first and last name, address history,
sex, and date of birth. Social security numbers are available for
85% of our cohort. Follow-up for vital status is performed by
annual linkage of the cohort to the Social Security Adminis-
tration Death Master File.* Verification of vital status and cause
of death is provided by searches of the National Death Index
(NDI) Plus.*! We estimate that follow-up for deaths in our co-
hort is more than 93% complete.?**! Maintenance of the co-
hort also involves periodic linkage to the 8 state cancer regis-
tries serving our cohort.* The primary end point in the present
analysis was mortality from any cause. We also investigated the
2 main causes of death: mortality from cardiovascular disease
(International Classification of Diseases, Ninth Revision [ICD-9]
codes 390.0-448.9) and mortality from cancer (ICD-9 codes
140.0-208.9). In further analyses, we considered mortality from
stroke and from a combination of cancers considered a priori
to be associated with physical activity (ie, cancers of the co-
lon, breast, prostate, lung, and endometrium).*

ASSESSMENT OF PHYSICAL ACTIVITY

The baseline questionnaire inquired about structured vigor-
ous exercise during the previous year, defined as the fre-
quency each week spent at activities such as exercise and sports
that lasted 20 minutes or more and caused either increases in
breathing or heart rate or working up a sweat. There were 6
possible response options: never; rarely; 1 to 3 times per month;
1 to 2 times per week; 3 to 4 times per week; and 5 or more
times per week. We used that assessment to examine the ACSM
physical activity guidelines that recommend at least 20 min-

utes of continuous vigorous exercise 3 times per week™ as a
means of improving cardiorespiratory fitness.

The second questionnaire requested information on the av-
erage time spent each week at activities of at least moderate in-
tensity using categories of never; rarely; weekly, but less than
1 h/wk; 1 to 3 /wk; 4 to 7 h/wk; and more than 7 h/wk. Spe-
cific examples included brisk walking/fast dancing, walking dur-
ing golf, hiking/mountain climbing, cheerleading/drill team, ten-
nis, biking, swimming, aerobics, jogging/running, rowing,
basketball/baseball, football/soccer, handball/racquetball, weight
lifting, heavy gardening, and heavy housework. We used 3 hours
of activity of at least moderate intensity per week as a cut point
to approximate the current OSG/CDC/ACSM physical activity
recommendations*® that emphasize the overall health benefits
of 30 minutes of activity of moderate intensity on most days of
the week.

Our physical activity assessment contains important ele-
ments of the Physical Activity Scale for the Elderly (PASE), which
showed an intraclass correlation coefficient of 0.84 for 2 ad-
ministrations of the questionnaire mailed 3 to 7 weeks apart®
and a correlation coefficient of 0.58 comparing activity energy
expenditure as assessed by the questionnaire with that using
the doubly labeled water method.

STATISTICAL ANALYSIS

Cox proportional hazards regression® with age as the time scale
was used to estimate relative risks (RRs) and 95% confidence
intervals (Cls) of mortality. Follow-up time was calculated from
the scan date of the second questionnaire until death from any
cause or the end of study on December 31, 2001. Terms for
activity of at least moderate intensity and vigorous exercise were
entered into the models simultaneously to assess their inde-
pendent effects. The models were adjusted for age, sex, race/
ethnicity, marital status, family history of cancer, education,
smoking status, menopausal hormone therapy, aspirin, and in-
takes of multivitamins, vegetables, fruit, red meat, and alco-
hol. Information on family history of cardiovascular disease was
unavailable. Because body mass index (BMI) and smoking>®
could be intermediate steps in the causal pathways linking physi-
cal activity to decreased mortality, we analyzed the data with
and without inclusion of those variables in the model.

— TR

During 1265347 person-years of follow-up, we docu-
mented 7900 deaths. At baseline, half of the cohort
(50.4%) reported engaging in activity of at least moder-
ate intensity for more than 3 h/wk, and slightly less than
half (47.8%) reported engaging in a minimum of 20 min-
utes of vigorous exercise 3 times per week. Subjects with
increased levels of activity of at least moderate intensity
or vigorous exercise tended to have a higher education
level and, as expected, were leaner, showed less adult-
hood weight gain, and had greater intakes of total en-
ergy compared with less active subjects (Table 1).
Increased physical activity was associated with a clear
decrease in risk of mortality from any cause (Table 2).
Compared with the lowest category of no activity of at
least moderate intensity, participants in the highest cat-
egory of more than 7 h/wk had a multivariate RR of 0.68
(95% CI,0.63-0.74). For vigorous exercise, any level above
the inactive category was related to decreased mortality
risk. Compared with no vigorous exercise, the multivar-
iate RR was 0.71 (95% CI, 0.66-0.77) for the highest cat-
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Abbreviation: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared).

aAll values (except age) were directly standardized to the age distribution of the cohort.

b Activity of at least moderate intensity is defined as activities with an estimated energy expenditure of greater than 3 metabolic equivalents (METs). The MET is
defined as the ratio of work to resting energy expenditure (1 MET =1 kcal/kg/h or 3.5-mL oxygen uptake/kg/min). Resting energy expenditure is assumed to be 1 MET.

CVigorous exercise is defined as activities that lasted 20 minutes or more and caused either increases in breathing or heart rate or working up a sweat.

4 Among postmenopausal women.

€Regular aspirin use is defined as use of aspirin or aspirin products once per week or more.

egory of at least 20 continuous minutes of vigorous ex-
ercise 5 or more times per week.

Adjustment for BMI had no appreciable effect on the
risk estimates (Table 2). However, adjustment for smok-
ing accounted for a considerable difference between the
age- and sex-adjusted and multivariate findings for vig-
orous exercise. Inclusion of biological intermediary co-
variates that may mediate the effect of physical activity
(hypertension, high cholesterol level, and diabetes) had
no impact (data not shown).

To determine whether undiagnosed chronic disease
may have caused a decrease in physical activity levels,
thereby biasing our results, we excluded all deaths that
occurred during the first 1, 2, and 3 years of follow-up
and limited our analysis to subjects who reported un-
dergoing regular cancer screening examinations at en-
try. Results were virtually unchanged (data not shown).

Much of the strong inverse association between physi-
cal activity and mortality was because of mortality from
cardiovascular disease (Table 2). In contrast, physical ac-
tivity was less strongly related to cancer mortality, but the
decrease in risk was statistically significant. Compared with

the lowest category of no activity of at least moderate in-
tensity, amounts of more than 7 h/wk were related to sig-
nificantly decreased risk of cancer mortality (RR, 0.83;95%
CI, 0.74-0.93). Compared with no vigorous exercise, the
multivariate RR of cancer mortality for at least 20 min-
utes of vigorous exercise 3 to 4 times per week was 0.82
(95% CI,0.74-0.92), and 5 or more times per week of vig-
orous exercise provided no additional benefit.

We next investigated the effects of activity of at least
moderate intensity at levels that approximate the OSG/
CDC/ACSM consensus guidelines for moderate activity
(30 minutes on most days of the week)*® and vigorous
exercise as encouraged by the ACSM (20 minutes 3 or
more times per week).** Activity levels reflective of meet-
ing the recommendations of moderate activity and vig-
orous exercise both showed significant benefits for mor-
tality (Table 3). Associations for mortality from
cardiovascular disease were of comparable magnitude as
those seen for mortality from any cause. Relations were
weaker but evident for mortality from cancer.

We evaluated higher levels of physical activity by ex-
amining the effects of activity reflective of meeting both
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Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); Cl, confidence interval.

Activity of at least moderate intensity is defined as activities with an estimated energy expenditure of greater than 3 metabolic equivalents (METs). The MET is defined
as the ratio of work to resting energy expenditure (1 MET=1 kcal/kg/h or 3.5-mL oxygen uptake/kg/min). Resting energy expenditure is assumed to be 1 MET. Vigorous
exercise is defined as activities that lasted 20 minutes or more and caused either increases in breathing or heart rate or working up a sweat.

9The multivariate models used age as the underlying time metric and included the following covariates: sex (women; men), body mass index (< 18.5; 18.5-24.9;
25.0-29.9; 30.0-34.9; 35.0-39.9; and =40.0), smoking (never smoking; past smoking of 1-19 cigarettes per day; past smoking of =20 cigarettes per day; current
smoking of 1-19 cigarettes per day; and current smoking of =20 cigarettes per day), race/ethnicity (white; black; Hispanic; and Asian/Pacific Islander/Native American
combined), education (<high school; high school; vocational school or some college; and college graduate), marital status (married or living as married; and divorced,
separated, widowed, or never married), family history of cancer (yes; no), menopausal hormone therapy (never; current or former user of estrogen only; current user of
estrogen and progestin combined; former user of estrogen and progestin combined; and not applicable), aspirin use (yes; no), multivitamin use (yes; no), intakes of
vegetables (quintiles), fruit (quintiles), red meat (quintiles), and alcohol (0; 0.01-4.9; 5.0-14.9; 15.0-29.9; 30.0-49.9; and =50.0 g/d). The multivariate analyses of
activity of at least moderate intensity and vigorous exercise were mutually adjusted.

recommendations for moderate activity and vigorous ex- cardiovascular disease (multivariate RR, 0.48; 95% CI,
ercise (Table 4). Compared with subjects who were 0.41-0.55) and mortality from stroke (multivariate RR,
physically inactive, those with activity levels equivalent 0.40;95% CI, 0.26-0.61), and a weaker relation was seen
to meeting both recommendations showed a strong re- for mortality from cancer (multivariate RR, 0.74; 95% CI,
duction in risk for mortality from any cause (multivar- 0.65-0.85) and mortality from physical activity—related
iate RR, 0.50; 95% CI, 0.46-0.54). A similarly strong in- cancers (multivariate RR, 0.73;95% CI, 0.60-0.89). Those
verse association was noted for mortality from who reported doing some activity at less than recom-

(REPRINTED) ARCH INTERN MED/VOL 167 (NO. 22), DEC 10/24, 2007 WWW.ARCHINTERNMED.COM
2456

-324-



Abbreviation: Cl, confidence interval; MPA, moderate physical activity; VPA, vigorous physical activity.

#Recommendation for MPA: more than 3 hours of activity per week of at least moderate intensity corresponding to 30 minutes of activity of moderate intensity
on most days of the week.

bRecommendation for VPA: 20 minutes of continuous vigorous exercise 3 or more times per week.

CAdjusted for the covariates listed in a footnote in Table 2. The multivariate analyses of recommendation for MPA and recommendation for VPA were mutually
adjusted.

Abbreviations: Cl, confidence interval; MPA, moderate physical activity; VPA, vigorous physical activity.

2Recommendation for MPA: more than 3 hours of activity of at least moderate intensity per week corresponding to 30 minutes of activity of moderate intensity
on most days of the week.

b Recommendation for VPA: 20 minutes of continuous vigorous exercise 3 times per waek.

C Adjusted for the covariates listed in a footnote in Table 2.

mended levels showed modest but significantly de- duction in mortality risk among individuals with high
creased risk of mortality from any cause, cardiovascular (>2 h/d) television or video watching.
disease, and cancer.
Achievement of activity levels corresponding to the
guidelines for either moderate activity or vigorous exer- m

cise or the combination of guidelines for moderate ac-

tivity and vigorous exercise was inversely associated with In this large prospective study, engaging in physical ac-
mortality in subgroups defined by sex, age, race/ tivity of at least moderate intensity for more than 3 h/wk
ethnicity, education, smoking status, BMI, and televi- was associated with a 27% decreased risk of mortality.
sion or video watching (Table 5), indicating no impor- Following the recommendation for vigorous exercise of
tant effect modification (P value for interaction, >.05 for 20 minutes 3 or more times per week was related to a
all). Vigorous exercise showed a particularly strong re- 32% reduction in mortality risk. These data lend strong
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