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tein, fruit and vegetables, and coffee or
alcohol intakes did not alter the asso-
ciations reported in Table 2 or Table 3.

Walking or hiking outdoors ac-
counted for an average of 70% of the
METs associated with moderate activ-

ity in each cohort. In both cohorts, we
observed inverse associations be-
tween hours per week of walking or

L ]
Table 3. Relative Risk (RR) for Pancreatic Cancer in Relation to Physical Activity in the NHS and HPFS*

Quintiles
I ] P Value
1 2 3 4 5 for Trend
Total Physical Activity, MET, h/wk
1
=28 2.9-7.7 7.8-16.9 17.0-33.9 =34.0
Men
Cases/person-years 31/102 119 34/102525 29/107 012 26/107 418 19/108 111
Age-adjusted RRt 1.00 1.06 (0.65-1.72) 0.89 (0.54-1.48) 0.84 (0.50-1.42) 0.65 (0.37-1.14) .07
Multivariable RRt1 1.00 1.10 (0.68-1.80) 0.95 (0.57-1.59) 0.92 (0.54-1.55) 0.72 (0.40-1.27) .15
=2.0 2.1-4.6 4.7-10.4 10.5-21.7 =21.8
Women
Cases/person-years 24/143775 27/155886 20/150791 21/148463 18/151083
Age-adjusted RRt 1.00 1.02 (0.59-1.77) 0.79 (0.44-1.43) 0.84 (0.47-1.50) 0.70 (0.38-1.30) 21
Multivariable RRTt 1.00 1.00 (0.56-1.77) 0.84 (0.46-1.55) 0.84 (0.45-1.55) 0.78 (0.42-1.47) .40
Pooled multivariable RRt3 1.00 1.06 (0.73-1.54) 0.91 (0.61-1.34) 0.88 (0.59-1.32) 0.74 (0.49-1.14) 10
Vigorous Activity, MET, h/wk
—
0 0.1-3.4 3.5-11.9 12.0-29.9 =30.0
Men
Cases/person-years 61/191529 20/87 822 28/83 120 19/84 325 11/80389
Age-adjusted RRT 1.00 0.84 (0.51-1.39) 1.29 (0.83-2.03) 1.00 (0.59-1.67) 0.68 (0.36-1.30) .32
Muitivariable BRT$ 1.00 0.84 (0.51-1.40) 1.40 (0.89-2.20) 1.11 (0.66-1.87) 0.77 (0.40-1.48) .59
0 0.2-1.6 1.7-6.9 7.0-15.9 =16.0
Women
Cases/person-years 62/346 628 11/102 850 10/87 299 13/115069 14/98 151
Age-adjusted RRt 1.00 0.67 (0.35-1.27) 0.70 (0.36-1.36) 0.68 (0.37-1.24) 0.88 (0.49-1.56) .69
Multivariable RRt$ 1.00 0.66 (0.34-1.29) 0.64 (0.31-1.35) 0.76 (0.41-1.43) 1.06 (0.57-1.96) .80
Pooled multivariable RRT+ 1.00 0.77 (0.51-1.15) 1.00 (0.47-2.14) 0.95 (0.64-1.43) 0.91 (0.58-1.42) 74
Moderate Activity, MET, h/wk
I 1
<0.8 0.8-2.2 2.3-4.8 4.9-10.9 =11.0
Men
Cases/person-years 33/98 894 26/108 961 38/107 632 22/105927 20/105770
Age-adjusted RRt 1.00 0.74 (0.44-1.24) 0.95 (0.59-1.51) 0.58 (0.31-0.90) 0.41 (0.23-0.71) <.001
Multivariable RRT1 1.00 0.75 (0.46-1.25) 0.95 (0.60-1.52) 0.52 (0.31-0.90) 0.41(0.24-0.72) <.001
<0.9 0.9-2.6 2.7-4.4 4.5-10.7 =10.8
Women
Cases/person-years 24/124 288 26/154 031 22/164935 23/159687 15/147 057
Age-adjusted RRt 1.00 0.97 (0.56-1.70) 0.72 (0.40-1.28) 0.77 (0.43-1.36) 0.51(0.27-0.97) .03
Muitivariable RR1t 1.00 1.01 (0.56-1.81) 0.85 (0.47-1.55) 0.85 (0.46-1.57) 0.52 (0.26-1.05) .05
Pooled muttivariable RRt$ 1.00 0.85 (0.58-1.25) 0.91 (0.63-1.32) 0.65 (0.41-1.04) 0.45 (0.29-0.70) <.001
Walking or Hiking, per Week
T 1 P Value
<20 min 20-80 min 1.5-3h =4 h for Trend
Men
Age-adjusted RRt 1.00 0.93 (0.60-1.43) 0.58 (0.35-0.95) 0.43 (0.25-0.76) <.001
Multivariable RRT$ 1.00 0.96 (0.62-1.49) 0.61 (0.37-1.00) 0.45 (0.26-0.80) <.001
Women
Age-adjusted RR 1.00 0.66 (0.41-1.06) 0.57 (0.34-0.96) 0.46 (0.24-0.85) .02
Multivariable RR1$ 1.00 0.79 (0.48-1.30) 0.65 (0.38-1.13) 0.48 (0.24-0.97) .04
Pooled multivariable RRt$ 1.00 0.88 (0.64-1.22) 0.63 (0.43-0.91) 0.46 (0.30-0.72) <.001

*NHS indicates Nurses’ Health Study; HPFS, Health Professionals Follow-up Study; MET, metabolic equivalents; and Cl, confidence interval. The NHS analyses use 1986 as base-
line.

tData presented as RR (95% Cl).

IRelative risks are from a multivariable model that included height, age in 5-year categories, pack-years of smoking (past 15 years; current and past smokers separately), history of
diabetes mellitus, and history of cholecystectomy. Moderate activity was included in the vigorous activity models.
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hiking and pancreatic cancer risk.
Among men and women, walking or
hiking 4 or more hours per week was
associated with a 54% lower risk of pan-
creatic cancer when compared with less
than 20 minutes per week.

The potential inverse association be-
tween moderate activity and pancreatic
cancer risk could be the result of early
symptoms associated with the disease. To
address this question, we performed
2-year lag analyses in each cohort (start-
ing follow-up time in 1988) to avoid in-
cluding individuals who were diag-
nosed as having pancreatic cancer within
2 years of having responded to the physi-
cal activity questions. Associations in
these analyses were not substantially dif-
ferent for total physical activity, vigor-
ous activity, or moderate activity (pooled
multivariable RR, 0.48; 95% CI, 0.25-
0.92 top vs bottom quintile comparison).

To explore the possibility of an inter-
action between physical activity and BMI,
we examined the risk of pancreatic can-
cer according to both total physical ac-
tivity (in tertiles) and BMI (<(25.0, 25.0-
29.9, and =30.0 kg/m*) among men and
women combined. After adjusting for po-
tential confounders, the association be-
tween total physical activity level and the
pancreatic cancer risk was modified by
BMI (FIGURE). Among nonoverweight
participants (BMI <25 kg/m?), total
physical activity was not related to the
risk of pancreatic cancer, but total physi-
cal activity was inversely associated with
risk among overweight individuals
(pooled multivariable RR, 0.59; 95% CI,
0.37-0.94 for top vs bottom tertile of to-
tal physical activity among individuals
with BMI =25 kg/m?; P=.04 for trend).
Individuals with a BMI of 30 kg/m? or
higherin the lowest tertile of exercise had
twice the risk of pancreatic cancer com-
pared with individuals who had a BMI
of lower than 25 kg/m?” in the highest ter-
tile of total physical activity.

While the Figure presents data for the
pooled analysis, findings were homo-
geneous across the 2 cohorts with the
exception of a greater increase in risk
in the high BMI and low physical ac-
tivity category in men than women,
compared with the reference (HPFS:
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multivariable RR, 2.43; 95% CI, 1.13-
5.23; NHS: multivariable RR, 1.57; 95%
ClI, 0.65-3.82). The nature of the asso-
ciation between physical activity and
BMI appears to be an example of a “joint
exposure” in which elevated risk of pan-
creatic cancer is only apparent in indi-
viduals who have combined expo-
sures (high BMI and low physical
activity). However, the multiplicative
interaction reported in the Figure was
not statistically significant. Removing
current smokers from these analyses re-
sulted in similar findings.

COMMENT

In 2 prospective cohort studies, we found
a consistent and significant excess risk
of pancreatic cancer among obese men
and women (BMI =30 kg/m? com-
pared with <23 kg/m?). A direct asso-
ciation between height and the risk of
pancreatic cancer was also observed in
these 2 cohorts. Both cohorts demon-
strated strong inverse associations for
moderate physical activity, specifically for
walking or hiking outdoors. Although to-
tal physical activity was not signifi-
cantly related to the risk of pancreatic
cancer overall, it was inversely associ-
ated with risk among overweight indi-
viduals (BMI =25 kg/m?). Physical ac-
tivity appeared to have no effect on risk
among nonoverweight participants (<25
kg/m?). Moreover, BMI had no appar-
ent influence on risk among men and
women who were exercising (top 2 ter-
tiles of physical activity).

Several case-control studies have ex-
amined BMI or weight and pancreatic
cancer risk, but findings have been
inconsistent. A total of 461837 of
7183739 cage-control studies reported
no association for BMI or weight and the
risk of pancreatic cancer. The largest
study to date,*®* based only on direct
interviews with cases, showed a 50% to
60% increase in the risk of pancreatic
cancer in obese individuals that was con-
sistent by sex and race. Obesity was as-
sociated with increased risk of pancre-
atic cancer in 3 studies in which weight
was determined prior to the detection
of pancreatic cancer'""* in men, but not
women, in a recent mortality cohort

o ]
Figure. Pancreatic Cancer According to
Physical Activity and Body Mass Index From
the NHS and HPFS Cohorts
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NHS indicates Nurses' Health Study; HPFS, Health Pro-
fessionals Follow-up Study.

study.’ A prospective cohort study of
pancreatic cancer in elderly persons did
not detect any association for BML.*
There are several possible explana-
tions for the discrepancies across stud-
ies on obesity and pancreatic cancer risk.
Because pancreatic cancer is highly fa-
tal, numerous case~control studies had
to obtain information on cases through
indirect interviews'>'® or did not ob-
tain weight on deceased cases.!*®3°
These methods may have led to biased
findings, if, for example, leaner indi-
viduals had higher survival rates. In ret-
rospective studies, prediagnostic weight
loss associated with pancreatic cancer
may have biased weight recall. Among
previous studies, cutpoints for the top
categories of BMI may not have been set
high enough to detect an association
with BMI, as risk appears to be most el-
evated among men and women with a
BMI of 30 or higher. In 2 studies in
which no influence of BMI was ob-
served, the cutpoints of the top catego-
ries were relatively low: 23.2 in women,
23.9 in men,” and 26.5 in both sexes. '
Previous studies have also exam-
ined the association of height and
pancreatic cancer risk. Although
findings have not been entirely con-
sistent,'*1737 at least 2 studies re-
ported nonsignificant positive associa-
tions for height.'®!7 In a third study
conducted in the Netherlands, a sig-
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nificant positive association was
reported among wormen."” An associa-
tion between height and cancer risk at
other sites has been reported in the
HPFS cohort and in other studies.’**
Height may serve as a proxy for net
energy intake or exposure levels to
growth factors such as insulin and
insulin-like growth factor 1 during
childhood.

To our knowledge, this was the first
epidemiologic study to examine the re-
lation between physical activity and the
risk of pancreatic cancer. Thus, fur-
ther studies are needed. Nonetheless,
the consistency in the associations for
moderate physical activity observed in
2 entirely separate cohorts argues
strongly against the role of chance as
an explanation for our findings.

Our findings related to BMI and physi-
cal activity may be explained, biologi-
cally, within the axis of abnormal glu-
cose intolerance and hyperinsulinemia.
In a recent prospective study, a 2-fold
elevation in fatal pancreatic cancer was
detected among individuals with high
prediagnostic postload plasma glucose
levels (>200 mg/dL [>11.1 mmol/L])
compared with low levels (<119 mg/dL
[<6.6 mmol/L]).> Abnormal glucose
metabolism and hyperinsulinemia have
been proposed as underlying mecha-
nisms that might explain the positive as-
sociation between diabetes mellitus and
the risk of pancreatic cancer.* Hyperin-
sulinemia has been shown to increase lo-
cal blood flow and cell division within
the pancreas.**# By causing the down-
regulation of insulin-like growth factor
binding protein 1, excess insulin may
also result in an increase in exposure to
free insulin-like growth factor 1, which
has been shown to promote growth in
human pancreatic cell lines.*#

Physical activity has long been known
to reduce glucose intolerance and an el-
evated BMI is associated with an in-
crease in risk of hyperinsulinemia and
diabetes. In addition, studies have dem-
onstrated that weight loss is not neces-
sary to benefit from the effects of physi-
cal activity on glucose tolerance and
insulin clearance rates.?** Our find-
ings are consistent because we ob-
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served an inverse association between
physical activity and pancreatic cancer
risk, especially among those who were
obese. Moreover, since the obese group
is more likely to include persons with
glucose abnormalities than the over-
weight group, evidence for a stronger in-
verse association with activity in the
obese is consistent with a mechanism in-
volving glucose tolerance.

An alternative mechanism for the as-
sociation between BMI and pancreatic
cancer may be related to DNA adduct
formation.*” Comparing pancreatic tis-
sue from healthy individuals (organ
donors) and cancer patients, DNA ad-
duct levels were reported to be signifi-
cantly higher in cancer patients. Posi-
tive correlations were found between
BMI and the levels of lipid peroxida-
tion-related DNA adducts and total ad-
duct levels in cancer patients, which
persisted after controlling for age, sex,
and smoking. Thus, an increase in DNA
damage to the pancreas caused by in-
creased lipid peroxidation in individu-
als with elevated BMIs may be an al-
ternative explanation for the observed
association with BMI.

Our findings observed a strong asso-
ciation for moderate activity in both co-
horts, but not for vigorous activity. One
possible explanation is related to the
modifying effect of obesity. Because men
and women who are overweight or obese
appear to benefit the most from physi-
cal activity but are less likely to partici-
pate in vigorous exercise, the effect of
physical activity may be most apparent
for moderate activity.

An alternative explanation for our
findings is related to energy expendi-
ture vs cardiorespiratory fitness. A
recent study demonstrated that regu-
lar exercise at low intensity may be more
important than cardiorespiratory fit-
ness obtained with vigorous exercise in
reducing glucose intolerance.*® In both
our cohorts, the level of vigorous activ-
ity was much lower among those with
BMI of 30 kg/m* or higher compared
with a BMI of lower than 30 (for vig-
orous activities: 13.0 vs 6.3 METs for
BMI <30 vs BMI =30 in HPFS; 7.1 vs
4.5 METs for BMI <30 vs BMI =30 in

NHS). In contrast, the difference in
METs for moderate activity was sub-
stantially lower (7.8 vs 6.3 METs for
BMI <30 vs BMI =30 in HPFS; 7.3 vs
5.5 METs for BMI <30 vs BMI =30 in
NHS). Although the average level of
METs expended in vigorous and mod-
erate activities is similar for individu-
als with elevated BMIs, less time is spent
exercising for those performing vigor-
ous exercise, given that METs reflect
time exercising and intensity level (in-
tensity is higher). It is therefore pos-
sible that low activity exercising (mod-
erate activity) is more successful at
reducing risk in overweight individu-
als because, on average for those indi-
viduals, more time is spent exercising.

Alternatively, we cannot exclude the
possibility that vigorous and moder-
ate exercisers may have differed on
other characteristics that were not con-
sidered in this article, possibly explain-
ing the relationship reported for physi-

‘cal activity. However, certain dietary

factors are unlikely to account for the
relationships given that we observed no
association for either coffee or alcohol
intakes and pancreatic cancer risk,* and
that adjusting for total fat intake did not
change the associations.

The strengths of this study include
a prospective design, large sample size,
data from 2 completely separate co-
horts, and detailed information on po-
tential risk factors of pancreatic can-
cer. The prospective design precluded
recall bias and the need to use next-of-
kin respondents. Moreover, because ex-
posure data were collected before the
diagnosis of any cases of pancreatic can-
cer, any error in recall (nondifferen-
tial misclassification) would have at-
tenuated rather than exaggerated a true
association. Differential follow-up is un-
likely to have made a material contri-
bution to these findings, since fol-
low-up was high.*

In summary, we observed an in-
creased risk of pancreatic cancer among
obese men and women in 2 prospective
cohorts. Walking or hiking 1.5 hours or
more per week was associated with a 50%
reduction in pancreatic cancer risk in
men and women. The inverse associa-
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ton of physical activity with the risk of
pancreatic cancer was most apparent
among obese individuals who were more
likely to have glucose abnormalities and
who may thus benefit from an im-
proved glucose response associated with
exercising. While our findings require
confirmation, they provide support for
arole of insulin resistance and hyperin-
sulinemia in the pathogenesis of pancre-
atic cancer.
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BACKGROUND: The possible benefit of lifetime physical activity (PA) in reducing prostate cancer incidence and mortality is unclear.
METHODS: A prospective cohort of 45887 men aged 45-79 years was followed up from January 1998 to December 2007 for
prostate cancer incidence (n=2735) and to December 2006 for its subtypes and for fatal (n=190) prostate cancer.

RESULTS: We observed an inverse association between lifetime (average of age 30 and 50 years, and baseline age) total PA levels and
prostate cancer risk. Multivariate-adjusted incidence in the top quartile of lifetime total PA decreased by 16% (95% confidence
interval (Cl)=2-27%) compared with that in the bottom quartile. We also observed an inverse association between average
lifetime work or occupational activity and walking or bicycling duration and prostate cancer risk. Compared with men who mostly sit
during their main work or occupation, men who sit half of the time experienced a 20% lower risk (95% Cl =7-31%). The rate ratio
linearly decreased by 7% (95% Cl = | —12%) for total, 8% (95% Cl=0-16%) for localised and 12% (95% Cl =2-20%) for advanced
prostate cancer for every 30 min per day increment of lifetime walking or bicycling in the range of 30 to 120 min per day.
concLusion: Our results suggest that not sitting for most of the time during work or occupational activity and walking or bicycling
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An expert panel from the World Cancer Research Fund/American
Institute for Cancer Research has reported that physical activity
(PA) may specifically reduce the risk of advanced or aggressive
prostate cancer, but no formal judgment was made regarding the
strength of the evidence (WCRF/AICR, 2007). A review of
24 studies of PA and prostate cancer risk found the evidence to
be inconsistent, mainly because of the heterogeneous nature of
neoplasm, and urged an investigation of PA at different ages as
a potentially productive approach (Friedenreich and Thune, 2001).

Two case-control studies have included a measure of lifetime
PA (Friedenreich et al, 2004; Wiklund et al, 2008); one found a
non-significant decrease in prostate cancer risk for lifetime
recreational activity (Friedenreich et al, 2004), whereas the
contrary was found in the other study (Wiklund et al, 2008). No
cohort study has examined detailed measures of lifetime PA in
relation to prostate cancer incidence or mortality.

To investigate lifetime total PA - and more specifically work or
occupational activity and walking or bicycling, the main component
of active living - in relation to incident and fatal prostate cancer,
we analysed data from a population-based cohort of middle-aged

*Correspondence: Dr N Orsini, Division of Nutritional Epidemiology,
The National Institute of Environmental Medicine, Karolinska Institutet,
PO Box SE-171 77, Stockholm, Sweden; E-mail: nicola.orsini@ki.se
Received 6 July 2009; revised 2 October 2009; accepted 5 October
2009; published online 27 October 2009

-371-

more than 30 min per day during adult life is associated with reduced incidence of prostate cancer.
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and elderly men who reported their usual PA in the previous year,
at age 50 and 30 years.

MATERIALS AND METHODS

The population-based cohort of Swedish men was established in
19971998, when all eligible men (n=100303) aged 45-79 years
residing in Vdstmanland and Orebro counties (central Sweden)
received an invitation to participate in the study, along with a self-
administered questionnaire. This covered walking or bicycling;
current waist, hip and height measurements; education level;
cigarette smoking; alcohol consumption; diabetes; family history
of prostate cancer; and other lifestyle factors. A total of 48 645 men
returned the questionnaire.

In this analysis, we excluded participants who returned an
incomplete questionnaire (n=92), died before 1 January 1998
(n=55), moved out of the study area (n=19) or had a previous
cancer diagnosis (n=2592); after exclusions, 45887 men were
included. This large population-based cohort is representative of
Swedish males aged 45-79 years, in terms of age distribution,
educational level and prevalence of overweight (Norman et al,
2002). Incidence rates are also comparable; for example, the
incidence rate among men aged 65-69 years is 603 in the cohort
and 595 per 100000 men in entire Sweden (NBHW, 2000).

Information on usual PA levels at different ages (current, age 50
years and age 30 years) was collected using five questions relating



to occupation, housework, walking or cycling, leisure-time exercise
and inactive leisure time (e.g., watching TV or reading). There
were six predefined activity levels for occupational activity (from
mostly sitting down to heavy manual labour) and five to six
predefined categories for time spent on different activities, such as
walking or bicycling (hardly ever to more than 90 min per day),
home or household work (less than 1h to more than 8 h per day),
inactive leisure time (from 2h per day or less to 5h per day or
more) and active leisure-time exercising (from less than 1h to
more than 5h per week). There was also an open question
regarding the number of sleeping hours per day.

Physical activity levels for specific activities were estimated by
multiplying reported duration (hours per day) by absolute
intensity. This was determined by the rate of work being
performed and does not take into account the physiological
capacity of the individual. The absolute intensity of activities,
defined in multiples of the metabolic equivalent (MET, kcal
kg™ x h) of sitting quietly for 1h, was based on a compendium of
PAs (Ainsworth et al, 2000). More details regarding the calcula-
tions and assigned intensity values used can be found elsewhere
(Norman et al, 2001). The total PA scores at age 30 and 50 years,
and at baseline age, were calculated by summing the products of
duration and intensity for each PA type. The major contributor
(60%) to active leisure time was walking or bicycling.

The PA questions were validated using two 7-day activity
records that were maintained 6 months apart in a group of Swedish
men aged 44 -78 years. The 7-day activity records were shown to
correlate well with the total PA questionnaire data, with a
Spearman correlation coefficient of 0.6. The reproducibility of
total PA, as reflected by the Spearman correlation coefficient
between the first questionnaire and that obtained 6 months later,
was 0.65 (Norman et al, 2001).

The adult lifetime average total PA (MET, h per day), work or
occupational activity level and walking or bicycling (min per day)
were estimated for each participant, with at least two observed
values as the average of the three measures of PA at ages 30 and 50
years, and at baseline age.

Incident cases of prostate cancer were ascertained by compu-
terised record linkage with the Swedish National Cancer Register
and the Regional Cancer Register covering the study area, both of
which are estimated to be almost 100% complete (Mattsson and
Wallgren, 1984). From 1 January 1998 through to 31 December
2007, during 416172 person-years, we documented 2735 newly
diagnosed cases. Information on tumour - node- metastasis stage,
the Gleason grade and the value of prostate-specific antigen (PSA)
at prostate cancer diagnosis were available from the Swedish
Prostate Cancer Quality Registry. Incident cases were classified by
subtype as localised (T1-2, NX-0, MX-0 or PSA <20 or Gleason
grade<7) and advanced (>T2, NX-1, MX-1 or PSA>100 or
Gleason grade>7). From 1 January 1998 through to 31 December
2006, during 377 904 person-years, we documented 1098 localised
and 970 advanced cancers at diagnosis, 190 of which were fatal.
Information on prostate cancer death was ascertained through
linkage to the Swedish Register of Death Causes at the National
Board of Health and Welfare. Classification of deaths was based on
International Classification of Diseases (ICD-10, code 61 for
prostate cancer).

Statistical analysis

The Cox proportional hazards model was used to estimate prostate
cancer rate ratios (RRs) and 95% confidence intervals associated
with lifetime average PA (total daily score, work or occupational
and walking or bicycling) levels.

For incidence analyses, each participant accrued follow-up time
from 1 January 1998 until the date of prostate cancer diagnosis,
death from any cause or study end (31 December 2007 for total
prostate cancer or 31 December 2006 for subtypes of prostate
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cancer), whichever came first. For fatal prostate cancer analysis,
each participant accrued follow-up time from 1 January 1998 until
the date of prostate cancer death, death from any cause or study
end (31 December 2006), whichever came first.

In all multivariate analyses, we adjusted for baseline age, waist-
to-hip ratio, height, diabetes, alcohol consumption, smoking
status, years of education, total energy intake, consumption of
dairy product and red meat and parental history with respect to
prostate cancer.

We checked whether the proportional hazard assumption was
reasonable in the multivariate models. Scaled Schoenfeld’s resi-
duals were regressed against survival time. There was no evidence
of departure from the assumption. Restricted cubic splines (three
knot positions corresponding to quartiles of observations) were
used to flexibly model and graph the multivariate-adjusted rate
ratio for lifetime average total daily PA and walking or bicycling
duration in predicting prostate cancer incidence and mortality. We
examined potential effect modification for the relationship
between lifetime total PA and total cancer incidence according to
the interval between study entry and diagnosis, baseline age (<60,
> 60 years), educational level (post-secondary education vs lower)
and waist-hip ratio (<0.95, >0.95), and tested the statistical
significance of the interactions using the Wald test.

Of the participants, 60% had complete data on lifetime PA
activity (age 30 and 50 years, and current age), 20% had one
missing value (one of three time periods not reported), 10% had
two missing values and only 10% had all three missing values. The
proportion of incomplete data was 21% for waist-hip ratio and
less than 5% for the remaining covariate data. A complete-subjects
approach reduced the analytic cohort to 28 515 men, in which there
were 1709 incidences of prostate cancer and 100 fatal prostate
cancer cases. To evaluate a potential effect of missing values on the
observed results, we used multivariate imputation by chained
equations to obtain five imputed data sets of the analytic cohort
including 45 887 men (van Buuren et al, 1999; Royston, 2004). The
rate ratios estimated on imputed data sets were pooled together
using Rubin’s rule to obtain valid statistical inferences (Rubin and
Schenker, 1986). We compared the rate ratios based on the two
approaches (complete-subjects and multiple imputation) by
calculating the relative difference defined as (RR complete
case—RR multiple imputation)/RR multiple imputation.

All reported P-values are two-sided. All statistical analyses were
performed with Stata, version 10 (StataCorp, College Station, TX, USA).

RESULTS

Baseline characteristics of the study population by quartiles of
lifetime total PA are shown in Table 1. Compared with men in the
bottom quartile of total activity, those in the higher quartiles were
more likely to avoid sitting most of the time during their main
work or occupation, more likely to walk or bike more than 60 min
per day and less likely to have post-secondary education. Prostate
cancer cases had an average age of 66 years at baseline and 72 years
at diagnosis. The majority of cases (80%) were diagnosed because
of clinical symptoms followed by health checkups (20%). Age and
multivariate-adjusted rate ratios for prostate cancer incidence
(total, localised and advanced) and mortality according to quartiles
of lifetime average total PA are shown in Table 2.

Lifetime total PA was significantly inversely associated with
rates of total prostate cancer incidence. The age-adjusted rate ratio
for the top quartile of lifetime total PA was associated with 17%
lower risk of total prostate cancer compared with the bottom
quartile. Further adjustment for waist-hip ratio, height, history of
diabetes, alcohol consumption, smoking status, educational level,
total energy intake, consumption of dairy product and meat and
parental history of prostate cancer did not substantially change the
estimate; incidence in the top quartile of lifetime total PA

British Journal of Cancer (2009) 101(!1), 1932-1938

-372-

1933




@

Lifetime PA and prostate cancer incidence and mortality
N Orsini et al

1934

Table | Age-standardized baseline characteristics by quartiles of lifetime (age 30 and 50 years, and current age) average total physical activity in the
cohort of 45 887 Swedish men aged 45-79 years followed-up from (998 to 2007

Quartiles of total physical activity, range (median), MET-h per day®

Ql, Q2, Q3, Q4,

Characteristics® <39 (37) 39-42.4 (41) 42.5-46 (44) >46 (48) Missing
No. of individuals 9143 9143 9143 9143 9315
Not mostly sitting at work or occupation (%) 48 97 99 100 91
Walking or bicycling > 60min per day (%) 3 I 20 40 23
Age (mean, years) 57 60 60 6l 64
Body mass index (kgm™2) 26 26 26 26 26
Height (cm) 178 178 177 177 176
Waist-hip ratio >0.95 (%) 42 40 41 40 45
Prostate diagnosis by symptoms (%) 71 76 79 68 82
History of diabetes (%) 8 8 8 8 13
Family history of prostate cancer (%) 6 7 7 9 I
Alcohol consumption (never, %) 4 4 5 6 7
Smoking (never, %) 39 38 35 35 33
Education (> 12 years, %) 32 21 H 5 il
Intake (mean)

Calories per day 2609 2670 2746 2923 2611

Dairy product (times per day)* 53 54 57 62 54

Red meat (times per day)? 1.3 13 13 13 1.2

2All factors, except age, were directly standardized to the age distribution of the study participants. ®Lifetime total physical activity (home or household work, work or accupation,
walking or bicycling, exercise, and watching TV or reading) is the average of daily activities at age 30 and 50 years, and current (baseline) age, and it is expressed in metabolic
equivalents (METs). “Dairy products indicates milk, cheese, yogurt, cream, and créme fraiche. 9Red meat indicates meatballs, pork, veal, sausage, and black pudding.

Table 2 Age-adjusted and multivariate rate ratios for total, localised, advanced and fatal prostate cancer according to quartiles of lifetime (age 30 and 50
years, and current age) average total physical activity levels

Lifetime average total physical activity, MET-hours/day

Ql, Q2, Q3, Q4,
<39 (37) 39-42.4 (41) 42.5-46 (44) >46 (48) P-trend

Total-incidence prostate cancer

No. of cases 419 414 447 429

Age-adjusted RR (5% Cl) | 0.86 (0.75-0.98) 091 (0.79-1.04) 0.83 (0.73-0.9¢) 0.030

Multivariate RR (95% CI)* | 0.86 (0.75-099) 091 (0.79-1.05) 0.84 (0.73-0.98) 0.065
Localised

No. of cases 188 162 156 182

Age-adjusted RR (95% Cl) ! 0.74 (0.60-091) 0.70 (0.56-0.86) 0.78 (0.64-0.96) 0.045

Multivariate RR (95% Ch* | 0.75 (0.61~093) 0.73 (0.58-091) 0.82 (0.66-1.03) 0.184
Advanced

No. of cases 133 155 172 126

Age-adjusted RR (95% CI) | 0.97 (0.77~1.23) 1.05 (0.84-1.32) 0.73 (057-094) 0014

Multivariate RR (95% Ch* | 0.98 (0.78-1.25) 1.07 (0.84-1.36) 0.75 (0.58-0.98) 0.035
Fatal prostate cancer

No. of cases 20 25 27 28

Age-adjusted RR (95% Cl) | 0.97 (0.54-1.75) 1.02 (0.57-1.82) 099 (0.56-1.78) 0989

Multivariate RR (95% Ch? | 0.96 (0.53-1.75) 1.02 (0.55-1.87) 0.98 (0.53-1.83) 0.999

Abbreviations: Cl, confidence interval; RR, rate ratio. *Multivariate RRs were adjusted for age (years, continuous), waist—hip ratio (quartiles), height (continuous), diabetes (yes or
no), alcohol consumption (current drinker, former drinker and never drinker), smoking status (current smoker, former smoker and never smoked), years of education (| -9 years,
9~ |2 years, more than 12 years), total energy intake (calories, continuous), consumption of dairy product (times per day, continuous) and red meat (times per day, continuous)
and parental history with respect to prostate cancer (yes, no or not known). A complete-subjects analysis automatically discarded missing values on any covariate.

decreased by 16% (95% CI=2-27%) compared with the bottom.
The inverse relationship between lifetime total PA modelled as a
continuous variable and total prostate cancer risk is presented
graphically in Figure 1. Excluding the first 4 years of follow-up did
not change this association with' PA; the multivariate-adjusted rate
ratio in the top quartile of total PA significantly decreased by 17%
(95% CI=1-30%) compared with the bottom.

The magnitude and direction of the estimates based on
complete subjects and multiple imputation were overall similar.

British Journal of Cancer (2009) 101(11), 19321938

The multivariate-adjusted rate ratio based on five imputed data
sets in the top quartile of total PA significantly decreased by 14%
(95% CI =2-25%) compared with the bottom. The averages of the
relative differences were 0.7% for the incidence of total prostate
cancer, 0.2% for localised, 1.1% for advanced and 13.5% for fatal.
In addition, we examined whether the influence of lifetime total PA
on incidence differed according to the interval between study entry
and diagnosis; no significant effect modification was observed
(Pinteraction = 0.30). Furthermore, there was no evidence of a

© 2009 Cancer Research UK

-373-



significant interaction between lifetime total PA and age
(P;nteraction = 0.61), educational level (Pi,seraction =0.28) or waist—
hlP ratio (Pintemction =0.80).

For subtypes (Table 2), the multivariate-adjusted rate ratio in the
top quartile of lifetime total PA was 18% lower (95% CI=0.66-1.03)
for localised and 25% lower (95% CI=0.58-0.98) for advanced
prostate cancer compared with the bottom quartile.

We then investigated the mutually adjusted effect of lifetime
work or occupational activity and leisure-time walking or bicycling

Incidence of total prostate cancer

0.9

0.8 -

Rate ratio

0.7 A

0.6 A

0.4

T T T T T T T T T T T T
30 32 34 36 38 40 42 44 46 48 50 52 54
Lifetime total physical activity, MET-hours day™

Figure | Multivariate rate ratio for lifetime average total physical activity
(average of age 30 and 50 years, and baseline age) as predictor of total
incidence of prostate cancer rates. Data were fitted using a Cox regression
model with restricted cubic splines. Data were adjusted for baseline age,
waist—hip ratio, height, diabetes, alcohol consumption, smoking status,
years of education, total energy intake, consumption of dairy product and
red meat and parental history with respect to prostate cancer. Dotted lines
represent 95% confidence limits.
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~ the main determinants of the total PA score - on prostate cancer
risk. Compared with men who mostly sit during their main work
or occupation and controlling for walking or bicycling levels, men
who sit half of the time experienced a 20% lower risk (95% Cl=
7-31%) of prostate cancer (Table 3). Heavy manual occupations
were associated with a significantly lower risk of 28% (95%
CI=10~43%) compared with sedentary work or occupation. The
multivariate-adjusted (including work or occupation activity)
incidence for those men walking or bicycling a lifetime average
duration of over 60 min per day was 14% (95% CI = 2-24%) lower
than in those who walked or biked 20-40 min per day (Table 4).
Advanced prostate cancer incidence decreased by 26% (95%
Cl=8-41%) for men walking or bicycling more than 60 min per
day compared with those who walked or biked 20-40 min per day.

Examining the associations with lifetime average walking or
bicycling duration as a continuous variable, and using a reference
value of 30 min per day, the adjusted rate ratio for total prostate
cancer decreased linearly by 7% (95% CI=1-12%) for every
30 min per day increment in the range of 30-120 min per day. No
significant trend was observed in the incidence of total prostate
cancer below a lifetime average walking or bicycling of 30 min per
day (Figure 2A).

Compared with men who walked or biked a lifetime average of
30 min per day, the adjusted rate ratio for localised prostate cancer
linearly decreased by a marginally significant 8% (95% Cl=
0-16%) for every 30 min per day increment of lifetime average
walking or bicycling in the range of 30-120min per day. The
adjusted rate ratio for advanced disease linearly decreased by 12%
(95% CI =2-20%) for every 30 min per day increment in the range
of 30120 min per day (Figure 2B). For fatal prostate cancer, apart
from the greater uncertainty of estimates due to the smaller
number of cases, the results were similar to those for advanced
disease (Figure 3). The fatality rate among those men who hardly
ever walked or biked increased by about two-fold (rate ratio was
1.85; 95% CI=0.89~3.86) compared with men in the highest
average lifetime walking or bicycling of 120 min per day, although
this increased rate was not significant.

Table 3 Age-adjusted and multivariate rate ratios for total, localised, advanced and fatal prostate cancer according to lifetime (age 30 and 50 years and

current age) work or occupational activity levels

Lifetime average work or occupational activity levels

Mostly sitting Sitting half of the time Mostly standing Heavy manual labour P-trend

Total-incidence prostate cancer

No. of cases 291 405 1141 H

Age-adjusted RR (95% Cf) | 081 (0.69-0.94) 0.80 (0.70-091) 0.72 (0.58-0.89) 0.003

Multivariate RR (95% CI)? | 0.80 (0.69-0.93) 0.79 (0.69-091) 0.72 (0.57-050) 0.007
Localised

No. of cases 123 184 439 36

Age-adjusted RR (95% CI) | 0.86 (0.68-1.08) 0.71 (0.58-0.87) 0.55 (0.38-0.79) <0.00!

Multivariate RR (95% CI)? ! 0.87 (0.69-1.09) 0.72 (0.58-0.90) 0.55 (0.38~0.82) <0.001
Advanced

No. of cases 96 129 422 39

Age-adjusted RR (95% CI) I 0.75 (0.57-097) 0.85 (0.68—1.07) 0.75 (0.52~1.10) 0.546

Multivariate RR (95% CI)* | 0.74 (0.56-0.97) 0.88 (0.69-1.12) 0.79 (054-1.18) 0.853
Fatal prostate cancer

No. of cases 16 21 82 8

Age-adjusted RR (95% CI) | 0.65 (0.34~1.25) 0.86 (0.50-1.48) 0.84 (0.36-1.97) 0.814

Multivariate RR (95% CI)* | 0.64 (0.33-1.23) 0.88 (0.49-1.58) 0.89 (0.36-2.17) 0.679

Abbreviations: Cl, confidence interval; RR, rate ratio. *Multivariate RRs were adjusted for lifetime average walking or bicycling levels (hardly ever, <20, 20-40, 4| -60 and
> 60 min per day), age (years, continuous), waist—hip ratio (quartiles), height (continuous), diabetes (yes or no), alcohol consumption (current drinker, former drinker and never
drinker), smoking status (current smoker, former smoker and never smoked), years of education (I -9 years, 9— 12 years, more than |2 years), total energy intake (calories,
continuous), consumption of dairy product (times per day, continuous) and red meat (times per day, continuous) and parental history with respect to prostate cancer (yes, no or
not known). A complete-subjects analysis automatically discarded missing values on any covariate.
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Table 4 Age-adjusted and multivariate rate ratios for total, localised, advanced and fatal prostate cancer according to lifetime (age 30 and 50 years, and

current age) walking or bicycling levels

Lifetime average walking or bicycling, min per day

Hardly ever <20 20-40 41-60 >60 P-trend

Total-incidence prostate cancer

No. of cases 55 391 706 411 403

Age-adjusted RR (95% Cl) 099 (0.75-1.30) 097 (0.86-1.10) | 0.96 (0.85-1.09) 0.87 (0.77-0.98) 0.049

Multivariate RR (95% CI)* 1.03 (0.78-1.36) 097 (0.86—1.10) | 0.96 (0.85-1.08) 0.86 (0.76-098) 0.028
Localised

No. of cases 21 142 293 179 161

Age-adjusted RR (95% Cl) 092 (0.59-1.43) 0.86 (0.70-1.05) ! 1.01 (0.84-1.22) 0.84 (0.69-1.02) 0447

Multivariate RR (95% Cl)* 0.98 (0.63~1.53) 0.86 (0.70-1.05) | 1.00 (0.83~1.21) 0.84 (0.69-1.02) 0.393
Advanced

No. of cases 15 149 248 148 128

Age-adjusted RR (95% Cl) 0.85 (0.50-1.44) 1.09 (0.89-1.34) | 094 (0.77-1.16) 0.74 (0.60-0.92) 0.002

Multivariate RR (95% CI)* 0.88 (0.52-1.49) 110 (0.89-1.35) | 094 (0.76-1.15) 0.74 (0.59-092) 0001
Fatal prostate cancer

No. of cases 4 26 44 28 25

Age-adjusted RR (95% CI) .71 (0.61-4.81) 1.19 (0.73-1.93) | 093 (0.58-1.49) 0.73 (0.45-1.20) 0.062

Multivariate RR (95% CIy* 1.81 (0.64-5.12) 121 (0.74-1.97) [ 090 (056~ 1.46) 0.72 (0.44-1.18) 0044

Abbreviations: Cl, confidence interval; RR, rate ratio. *Multivariate RRs were adjusted for lifetime work or occupational activity levels (mostly sitting, sitting half of the time, mostly
standing and heavy manual labour), age (years, continuous), waist—hip ratio (quartiles), height (continuous), diabetes (yes or no), alcohol consumption (current drinker, former
drinker and never drinker), smoking status (current smoker, former smoker and never smoked), years of education (I —9 years, 9— 12 years, more than |2 years), total energy
intake (calories, continuous), consumption of dairy product (times per day, continuous) and red meat (times per day, continuous) and parental history with respect to prostate
cancer (yes, no or not known). A complete-subjects analysis automatically discarded missing values on any covariate.

DISCUSSION

In this large population-based prospective cohort study of middle-
aged and elderly men, we observed a significant inverse dose-
response association between adult lifetime total PA and occupa-
tional and leisure-time walking or bicycling with prostate cancer
incidence. Compared with those who mostly sit during their main
work or occupation, men who sit half of the time or even less
experienced a 20% lower risk of prostate cancer. Compared with
men who walked or biked an average of 30 min per day, every
increment of 30 min per day was associated with an incidence
reduction of 7% for total, 8% for localised and 12% for advanced
disease. No significant changes in incidence were observed below
the lifetime walking or bicycling average duration of 30 min per
day. Fatal prostate cancer rate was about two-fold higher among
men who hardly ever walked or biked compared with those men
who maintained the highest lifetime average of 120 min per day,
although this increase was not statistically significant.

Our finding that the highest level of lifetime walking or
bicycling, averaged approximately more than 40 years before
diagnosis, was associated with 16% reduced risk is consistent with
a previous Canadian case-control study that reported a non-
significant 20% reduced risk of all prostate cancer for the top
lifetime recreational level (Friedenreich ef al, 2004). Our finding of
an inverse association between lifetime walking or bicycling for 1h
per day or more and prostate cancer incidence supports the PA
recommendation of the World Cancer Research Fund/American
Institute for Cancer Research, which calls for a moderate activity of
longer duration, namely, 60 min per day or more (WCRF/AICR,
2007). Furthermore, our finding of a strong inverse association
(26% risk reduction) between lifetime walking or bicycling for an
average of more than 1h per day and advanced prostate cancer
supports the findings of a previous large prospective cohort study
of American men (Patel et al, 2005). In the American Cancer
Society Cancer Prevention Study II Nutrition Cohort, baseline
recreational PA (recent-past only) corresponding to 35 MET-hours
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per week or more (roughly corresponding to 1h of walking or
bicycling per day or more) was associated with a significant 31%
risk reduction for aggressive prostate cancer (Patel et al, 2005).

In the Health Professional follow-up study, a strong inverse
association (around 70% risk reduction) between recent-past
vigorous PA and metastatic prostate cancer was observed only in
men aged 65 years or older, with an evidence of effect modification
by age (Giovannucci et al, 2005). In our analysis, we found no
evidence of heterogeneity in the relationship across subgroups
defined by age, educational level and waist-hip ratio.

The biological mechanisms by which PA may decrease prostate
cancer risk are unknown, but PA may affect certain hormones
hypothesised to be associated with prostate carcinogenesis, including
insulin resistance (Goodyear and Kahn, 1998), adiponectin levels
(Kelesidis et al, 2006; Bluher et al, 2007), insulin-like growth
factors (Chan et al, 1998) and testosterone (Eaton et al, 1999).

Major strengths of our study include the large size of the cohort,
its population-based and prospective design, the relatively large
number of incident prostate cancers and the completeness of case
ascertainment through the Regional and National Cancer Register.
These features of the study substantially reduce the potential risk
of recall and selection biases, and, importantly, increase the
generalisability of the study findings. According to the National
Prostate Cancer Register data, the most common cause of dia-
gnosis in Sweden was clinical symptom (about 80% in our data),
followed by health checkup (Adolfsson et al, 2007). Prostate-speci-
fic antigen testing may be considered to introduce bias, as this
screening technique may only detect certain types of tumour.
There is no official recommendation in Sweden on PSA testing as
part of health checkups or for screening purposes in men without
lower urinary tract symptoms (Adolfsson et al, 2007), hence any bias
that may be introduced by PSA is of limited relevance in our data.

A potential limitation of this study is that PA was assessed
through a self-administered questionnaire, which could lead to
classification errors. Although our earlier validation study had
indicated an overall good validity and reproducibility, there were
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Figure 2 Multivariate rate ratio for lifetime average walking or bicycling
duration (average of age 30 and 50 years, and baseline age) as predictor of
total (A) and advanced (B) prostate cancer rates. Data were fitted using a
Cox regression model with restricted cubic splines (reference value at
30min per day). Data were adjusted for baseline age, lifetime work or
occupational activity, waist—hip ratio, height, diabetes, alcohol consump-
tion, smoking status, years of education, total energy intake, consumption of
dairy product and red meat and parental history with respect to prostate
cancer. Dotted lines represent 95% confidence limits.

some differences in measurement error that were dependent on
individual characteristics such as body mass index (Norman et al,
2001). We found that the reliability of the historical PA
questionnaire was relatively high (Spearman-Brown reliability
were 0.7 at both age 50 and 30 years) (Orsini et al, 2007). Validity
measures of recalled PA in the distant past were not available.
However, a study on the quality of recall of PA in the distant past
(32-35 years) found that about 70% of the participants (mean age
58 vs 60 years in our study) were good recallers, and quality was
not significantly associated with age or body weight (Falkner et al,
2001).

As information on exposures was collected prospectively, any
non-differential misclassification would probably have attenuated
rather than exaggerated any true relationships, it is unlikely to
explain the significant associations observed. Our study was
observational, hence we cannot entirely rule out the possibility of
residual confounding. Nevertheless, age-adjusted and multivariate-
adjusted analyses provided overall similar results, suggesting that
this is unlikely to explain our findings.

The inverse relation with PA might be the result of reverse
causation if low PA was a result of an undiagnosed prostate cancer.
If this were true, we might expect the effect of PA on prostate
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Figure 3 Multivariate rate ratios for lifetime average walking or bicycling
duration (average of age 30 and 50 years, and baseline age) as predictor of
fatal prostate cancer. Data were fitted using a Cox regression mode! with
restricted cubic splines (reference value at 30 min per day). Data were
adjusted for baseline age, lifetime work or occupational activity, waist—hip
ratio, height, diabetes, alcohol consumption, smoking status, years of
education, total energy intake, consumption of dairy product and red meat
and parental history with respect to prostate cancer. Dotted lines represent
95% confidence limits.

cancer risk to change after excluding the first 4 years of follow-up,
but it did not.

Missing data related to prostate cancer or both PA and prostate
cancer may lead to biased estimates (Demissie ef al, 2003).
However, we observed only relatively small differences when
comparing complete-subject and multiple imputation approaches,
suggesting that the subsample with complete data was a random
subset of the entire sample.

Findings from this population-based prospective cohort study
show that not sitting for most of the time during work or occu-
pational activity and longer daily durations of the main component
of active living (walking or bicycling) may be associated with
reduced prostate cancer incidence. Our findings, which may have
major public health implications in the prevention of prostate
cancer, require confirmation by other well-designed studies.
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The obésity epidemic is attributed in part to reduced physical activity. Evidence supports that reducing time spent
sitting, regardless of activity, may improve the metabolic consequences of obesity. Analyses were conducted in
a large prospective study of US adults enrolled by the American Cancer Society to examine leisure time spent
sitting and physical activity in relation to mortality. Time spent sitting and physical activity were queried by ques-
tionnaire on 53,440 men and 69,776 women who were disease free at enrollment. The authors identified 11,307
deaths in men and 7,923 deaths in women during the 14-year follow-up. After adjustment for smoking, body mass
index, and other factors, time spent sitting (>6 vs. <3 hours/day) was associated with mortality in both women
(relative risk = 1.34, 95% confidence interval (Cl): 1.25, 1.44) and men (relative risk = 1.17, 95% CI: 1.11, 1.24).
Relative risks for sitting (>6 hours/day) and physical activity (<24.5 metabolic equivalent (MET)-hours/week)
combined were 1.94 (95% Cl: 1.70, 2.20) for women and 1.48 (95% CI: 1.33, 1.65) for men, compared with those
with the least time sitting and most activity. Associations were strongest for cardiovascular disease mortality. The
time spent sitting was independently associated with total mortality, regardless of physical activity level. Public

health messages should include both being physically active and reducing time spent sitting.

mortality; motor activity; prospective studies; sedentary lifestyle

Abbreviations: Cl, confidence interval; CPS-ll, Cancer Prevention Study I}; ICD, International Classification of Diseases; MET,

metabolic equivalent.

It is now well established that the US obesity epidemic
will have major public health consequences. This epidemic
is attributed, at least in part, to reduced overall physical
activity expenditure. It has long been recognized that phys-
ical activity has a beneficial impact on the incidence and
mortality of many chronic diseases, including cardiovascu-
lar disease, diabetes, stroke, and various types of cancer
including colon and postmenopausal breast cancer (1-5).
Dose-response relations between physical activity and im-
proved health outcomes have been reported, and substantial
evidence supports health benefits even with physical activity
below recommended levels (1, 3, 6, 7).

There is a growing body of evidence showing that reduc-
ing the amount of time spent sitting, regardless of the
amount of physical activity, may improve the metabolic

419

consequences of obesity (8—11). However, current public
health guidelines focus largely on increasing physical activ-
ity with little or no reference to reducing time spent sitting
(12-15). Numerous studies support an association with sit-
ting time and endpoints such as obesity, type 2 diabetes,
cardiovascular disease (11, 16, 17), and unhealthy dietary
patterns in children and adults (18-20). However, to our
knowledge, few studies have examined time spent sitting
in relation to total mortality (21-23), but they were limited
by sample size (21, 22) or qualitatively assessed time spent
sitting (21).

To better assess the relation between time spent sitting
and total mortality, both independent of and in combination
with physical activity, we conducted a detailed analysis in
the American Cancer Society’s Cancer Prevention Study IT
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(CPS-II) Nutrition Cohort. This cohort has the advantage of
being very large with approximately 184,000 US adults and
over 19,000 deaths for whom detailed information on time
spent sitting and physical activity was collected at baseline.

MATERIALS AND METHODS
Study population

Men and women in this analysis were drawn from the
184,190 participants in the CPS-II Nutrition Cohort (here-
after referred to as the ““Nutrition Cohort”), a prospective
study of cancer incidence and mortality begun by the Amer-
ican Cancer Society in 1992 (24). The Nutrition Cohort is
a subgroup of approximately 1.2 million participants in the
baseline CPS-II cohort, a prospective mortality study estab-
lished by the American Cancer Society in 1982 (25). Mem-
bers of the CPS-II cohort who resided in 21 states with
population-based state cancer registries and were 50-74
years of age in 1992 were invited to participate by complet-
ing a mailed questionnaire. The 10-page mailed question-
naire included questions on demographic, reproductive,
medical, behavioral, and lifestyle factors. The recruitment
and characteristics of the Nutrition Cohort are described in
detail elsewhere (24).

We excluded sequentially from this analysis men and
women who reported a personal history of cancer (n =
21,785), heart attack (n = 11,560), stroke (n = 2,513), or
emphysema/other lung disease (n = 9,321) at the time of
enrollment. We also excluded individuals with missing data
on physical activity (n = 4,240), missing sitting time (n =
2,954), missing or extreme (top and bottom 0.1%) values of
body mass index (n = 2,121), or missing smoking status (n =
1,347) at baseline. Finally, to reduce the possibility of un-
diagnosed serious illness at baseline that would preclude or
interfere with physical activity, we excluded individuals who
reported both no daily life activities and no light housekeep-
ing (n = 4,730), as well as those who died from any cause
within the first year of follow-up (n = 403). After exclusions,
the analytical cohort consisted of 123,216 individuals (53,440
men and 69,776 women) with a mean age of 63.6 (standard
deviation, 6.0) years in men and 61.9 (standard deviation, 6.5)
years in women when enrolled in the study in 1992.

Mortality endpoints

The primary endpoint was death from any cause occur-
ring between 1 year after the time of enrollment and De-
cember 31, 2006. Deaths were identified through biennial
automated linkage of the entire cohort with the National
Death Index (26). Death certificates or codes for cause of
death have been obtained for 98.7% of all known deaths.
Causes of death were classified by using the International
Classification of Diseases (ICD), Ninth Revision (27), for
deaths occurring from 1992 to 1998 and the Tenth Revision
(28) for deaths from 1999 to 2006. Specific causes of death
were grouped into 3 broad categories: cardiovascular dis-
ease (ICD, Ninth Revision, codes 390459 and ICD, Tenth
Revision, codes 100-199); cancer (ICD, Ninth Revision,
codes 140-195 and 199208 and ICD, Tenth Revision,
codes C00-C76 and C80-C97); and all other causes.

Measures of time spent sitting and physical activity

Time spent sitting was assessed by using the question,
“During the past year, on an average day (not counting time
spent at your job), how many hours per day did you spend
sitting (watching television, reading, etc.)?”” Responses in-
cluded “none, <3, 3-5, 6-8, >8 hours per day.” Time spent
sitting was categorized as 0—<3, 3-5, or >6 hours/day.

Information on recreational physical activity was collected
by using the question, “During the past year, what was the
average time per week you spent at the following kinds of
activities: walking, jogging/running, lap swimming, tennis or
racquetball, bicycling or stationary biking, aerobics/calis-
thenics, and dancing?”” Responses to each individual activity
included “none,” “1-3 hours/week,” “4—6 hours/week,” or
“>7 hours/week.” The summary metabolic equivalent of
energy expenditure (MET)-hours/week was calculated for
each participant. A MET is estimated by dividing the energy
cost of a given activity by resting energy expenditure (29).
The summary MET score for each participant was calculated
by multiplying the lowest number of hours within each cat-
egory by the general MET level of each activity according to
the Compendium of Physical Activities (29) to provide con-
servatively estimated summary measures because of the like-
lihood of overreporting physical activity and the older age of
study participants. MET scores assigned for various activities
include the following: 3.5 for walking, 7.0 for jogging/run-
ning, 7.0 for lap swimming, 6.0 for tennis or racquetball, 4.0
for bicycling/stationary biking, 4.5 for aerobics/calisthenics,
and 3.5 for dancing.

We also assessed daily life physical activities with the
question, “During the past year, what was the average time
per week you spent at the following kinds of activities:
gardening/mowing/planting, heavy housework/vacuuming,
heavy home repair/painting, and shopping?”’ We calculated
MET-hours/week from these activities using the following
values (29): 3.0 for gardening/mowing/planting, 2.5 for
heavy housework/vacuuming, 3.0 for heavy home repair/
painting, and 2.5 for shopping.

The primary purpose in this analysis was to examine the
relation of leisure-time sitting to all-cause death rates.
Therefore, we combined recreational and daily life activity
into total leisure-time physical activity at baseline, because
the relation between regular physical activity and all-cause
mortality has been well documented. Total leisure-time
activity was categorized in MET-hours/week as <17.5,
17.5-<245, 245-<315, 31.5-<42.0, 42.0-<525,
52.5-<63.0, or >63.0. The lowest cutpoint corresponds
with approximately the 10th percentile of activity level in
our population, and each subsequent category increases by
the metabolic equivalent of approximately 3 hours of light-
intensity daily life activities per week.

Statistical analysis

Cox proportional hazards modeling (30) was used to
compute relative risk, with follow-up time in days as the
time axis. All Cox models were stratified on exact year of
age. For each exposure variable, we assessed risk in 3
models: 1) adjusted only for age, 2) adjusted for age and
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other potential confounding factors, and 3) mutually adjust-
ing for both physical activity and time spent sitting in addi-
tion to all potential confounders. The potential confounders
included were race (white, black, other), smoking status
(never, current, former), duration (<35, >35 years) and
frequency (<20, >20 cigarettes/day) of smoking among
current smokers, years since quitting among former smokers
(<5, 6-10, 11-15, 16-20, 21-25, >25 years), body mass
index (weight (kg)/height (m)?) (<18.5, 18.5-22.4, 22.5—
24.9,25.0-27.4, 27.5-29.9, >30.0), marital status (married,
widowed, divorced, separated, never married), education
(less than high school, high school graduate, some college,
college graduate, graduate school or higher), alcohol con-
sumption (0, <1, 1, >1 drink/day), total caloric intake
(quartiles), and comorbidity score (0, 1, >2). Dietary intake
was assessed by using a 68-item modified brief food fre-
quency questionnaire by Block et al. (31) and validated in
a subset of cohort members (32). The comorbidities score
included high blood pressure, diabetes, and high cholesterol.
Other potential confounders assessed were fruit and vegeta-
ble intake, fat intake, red meat intake, and occupational
status (employed, retired, homemaker), but these factors
were not included in the model as they had no impact on
any risk estimates for physical activity or time spent sitting.

Tests of linear trend for sitting time and physical activity
measures were calculated by assigning the median value
within each category to that category. We also examined
the combined effects of physical activity and time spent
sitting. For these models, the number of categories of total
daily physical activity was reduced from 7 to 5 (<24.5,
24.5-<31.5, 31.5-<42.0, 42.0-<52.5, >52.5 MET-hours/
week). Men and women who were most physically active
and spent the least time sitting (>52.5 MET-hours/week
and <3 hours/day sitting) served as the referent group.

Secondary analyses also examined the associations be-
tween body mass index and mortality from all cardiovascu-
lar diseases, all cancers, and all other causes of death among
men and women separately. We also tested for effect mod-
ification by gender, body mass index, smoking status, at-
tained age, and follow-up time. Because there was no
statistically significant effect modification by gender, all
other factors were tested for effect modification in both
sexes combined to maximize statistical power.

We also conducted a sensitivity analysis to further exam-
ine whether the amount of time spent sitting at baseline was
a result of undiagnosed illness that was not accounted for
through exclusions for prevalent disease or excluding the
first year of follow-up. Using data on physical activity and
time spent sitting in 1992, as well as our first follow-up
survey in 1997, we examined long-term (5-year) sitting time
and physical activity in relation to subsequent mortality
rates. Finally, we conducted a sensitivity analysis among
men and women who were either retired or homemakers
to eliminate the potential impact of occupational time spent
sitting or in physical activity.

RESULTS

We observed 11,307 deaths in men and 7,923 in women
over the 1,610,728 person-years of follow-up. Men and
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women who spent the least leisure time sitting were leaner,
more likely to have never smoked cigarettes, more likely to
be employed, and had lower total energy intake (Table 1).
Leisure time spent sitting was not associated with physical
activity (r = —0.03). Study participants generally engaged
in light- to moderate-intensity activities, such as walking for
exercise, gardening, shopping, and housework. Moderate- to
vigorous-intensity activities were relatively uncommon in
this older population; 83% of men and 87% of women re-
ported walking for exercise, and 37% of men and 36% of
women listed walking as their only form of recreational
physical activity.

Associations of leisure time spent sitting, physical activ-
ity, and their combined effects with mortality are shown in
Table 2. After multivariate adjustment, leisure time spent
sitting was positively associated with all-cause mortality
rates in both women and men; however, associations ap-
peared stronger in women (for >6 vs. <3 hours/day, relative
risk = 1.37, 95% confidence interval (CI): 1.27, 1.47) than
men (relative risk = 1.18, 95% CI: 1.12, 1.25) (Ppeterogencity =
0.003). After further adjustment for physical activity, these
associations remained virtually unchanged. There was a dose-
related, inverse relation between physical activity and mor-
tality rates in women and in men beginning at relatively low
levels of activity (Table 2). Risk estimates for physical activ-
ity similarly were virtually unchanged after further adjust-
ment for time spent sitting.

When examining the combined effects of time spent sit-
ting and physical activity on all-cause death rates, time spent
sitting was associated with increased risk regardless of level
of physical activity (Figures 1 and 2). The relative risks for
the joint effects of sitting and physical activity (>6 hours/
day sitting and <24.5 MET-hours/week activity) were 1.94
(95% CI: 1.70, 2.20) and 1.48 (95% CI: 1.33, 1.65), for
women and men respectively, compared with women and
men who reported both sitting the least (<3 hours/day) and
being the most physically active (>52.5 MET-hours/week).

We examined the association between time spent sitting
and total mortality in men and women combined, stratified
by body mass index (Table 3). Although time spent sitting
and physical activity were more strongly associated
with mortality among lean persons (for time spent sitting,
Pinteraction = 0.06; for physical activity, Pigeraction = 0.002),
both measures were significantly associated with risk of
total mortality regardless of body mass index. No other fac-
tors examined, including smoking status or attained age, ap-
peared to modify the associations between time spent sitting
and physical activity in relation to total mortality (data not
shown). Results from the sensitivity analysis among partici-
pants who are retired or homemakers also did not differ from
those in the overall cohort (data not shown).

Although we excluded the first year of follow-up and
prevalent disease, we further examined whether observed
associations were a result of unidentified prevalent illness
in 2 ways. First, we examined the associations between
baseline exposures stratified by follow-up time. Although
associations were slightly attenuated, they persisted and re-
mained statistically significant over the 14-year follow-up
(data not shown). Second, we conducted a sensitivity anal-
ysis combining questions about sitting time and physical
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Table 1. Age-adjusted Percentages and Means of Selected Baseline Characteristics in 1992, by Hours of Leisure Time Spent Sitting for Women and Men, Cancer Prevention Study [l

Nutrition Cohort

Sitting in 1992
Women Men
<3 hours/day 3-5 hours/day 26 hours/day <3 hours/day 3-5 hours/day 26 hours/day
(n = 34,075) (n = 29,335) (n = 6,366) (n = 22,876) (n = 23,723) (n = 6,841)
Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) % Mean (SE) %
Age at baseline, 60.7 (0.04) 62.8 (0.04) 63.4 (0.08) 62.6 (0.04) 64.1 (0.04) 64.8 (0.07)
years
Body mass index 24.9 (0.02) 25.9 (0.03) 26.8 (0.06) 26.1 (0.02) 26.6 (0.02) 27.0 (0.04)
in 1992, kg/m?

Total MET-hours/week 42.8 (0.12) 40.7 (0.13) 39.9 (0.29) 46.1 (0.16) 44.4 (0.16) 44.5 (0.29)
Retired/homemaker 61.6 69.9 73.1 50.0 61.0 64.7
Race

White 97.4 974 96.9 97.3 97.4 97.5

Black 1.4 1.5 1.6 1.2 1.3 1.2

Other 1.2 1.1 1.5 1.4 14 1.3
Educational level

Less than high school 47 47 5.5 7.8 7.2 7.2

High school graduate 30.5 33.9 33.0 18.8 19.5 16.9

Some college 31.1 31.3 31.1 24.3 27.3 25.1

College graduate 19.9 18.2 17.3 222 217 225

Graduate school 13.2 112 12.3 26.3 23.7 27.8
Smoking status

Never 60.1 53.8 48.7 395 31.7 30.8

Current 6.7 9.9 134 7.4 9.7 12.7

Former 324 357 37.0 52.1 57.4 55.1
Alcohol use

Never 45.3 445 47.7 325 313 31.8

<1 drink/day 38.8 39.2 35.2 39.2 39.5 38.1

1 drink/day 7.7 7.9 7.4 12.9 13.1 12.1

>1 drink/day 4.3 5.0 5.7 11.3 12.9 14.4
Calo;:lc i'r)gake, 1,326.69 (2.7) 1,383.78 (2.9) 1,455.24 (6.2) 1,770.64 (4.3) 1,839.98 (4.1) 1,923.58 (7.8)

cal/day

Abbreviations: MET, metabolic equivalent; SE, standard error.
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Table 2. Relative Risk of Death From All Causes According to Leisure Time Sitting and Physical Activity Among Women and Men, Cancer Prevention Study Il Nutrition Cohort, 1993-2006

Women Men

No. of Deaths Person-Years Relative Risk® 95% Cl  Relative Risk® 95% ClI No. of Deaths Person-Years Relative Risk® 95% Cl  Relative Risk®?  95% Cl

Sitting in 1992, hours/

day
0-<3 3,038 456,987 1.00 Referent 1.00 Referent 4,030 298,227 1.00 Referent 1.00 Referent
3-5 3,781 386,736 1.14 1.08, 1.19 1.13 1.07,1.18 5,413 301,973 1.08 1.038, 1.12 1.07 1.08, 1.12
>6 1,104 81,963 1.37 1.27,1.47 1.34 1.25, 1.44 1,864 84,842 1.18 1.12,1.25 1.17 1.11,1.24
Prrend <0.0001 <0.0001 <0.0001 <0.0001
Total physical activity
in 1992, MET-
hours/week
<17.5 1,157 107,418 1.00 Referent 1.00 Referent 1,186 63,336 1.00 Referent 1.00 Referent
17.5-<24.5 699 63,751 0.98 0.89, 1.07 0.98 0.89, 1.07 991 59,365 0.89 0.82, 0.97 0.90 0.82, 0.97
24.5-<31.5 1,382 159,718 0.81 0.75, 0.88 0.82 0.75, 0.88 1,397 86,898 0.84 0.78, 0.91 0.85 0.78, 0.92
31.5-<42 1,588 195,423 0.78 0.72,0.84 0.78 0.73,0.85 2,284 133,341 0.88 0.82, 0.94 0.88 0.82,0.95
42-<52.5 1,255 157,978 0.76 0.70, 0.82 0.76 0.70, 0.83 1,857 115,894 0.81 0.75, 0.87 0.81 0.75, 0.87
52.5-<63 772 99,477 0.75 0.68, 0.82 0.76 0.69, 0.83 1,453 88,468 0.79 0.73, 0.85 0.79 0.74,0.86
>63 1,070 141,921 0.73 0.67, 0.80 0.74 0.68, 0.81 2,139 137,740 0.79 0.74, 0.85 0.80 0.74, 0.86
Pirend <0.0001 <0.0001 <0.0001 <0.0001
Physical activity, MET-
hours/week,
and sitting,
sitting-hours/
day, in 1992
>52.5, <3 788 126,961 1.00 Referent 1,401 100,780 1.00 Referent
>52.5, 3-5 831 94,582 1.12 1.02, 1.24 1,640 96,805 1.02 0.95, 1.09
>52.5, >6 223 19,854 1.25 1.07,1.45 551 26,623 1.07 0.97,1.18
42—-<52.5, <3 490 77,704 1.01 0.90, 1.13 656 50,122 0.98 0.89, 1.07
42—-<52.5, 3-5 596 66,885 1.14 1.03, 1.27 903 52,499 1.04 0.95, 1.13
42—-<52.5, >6 169 13,389 1.31 1.10, 1.54 298 13,274 1.20 1.06, 1.36
31.5-<42, <3 603 96,191 1.00 0.90, 1.11 806 57,814 1.08 0.99, 1.18
31.5-<42, 3-5 797 83,531 1.20 1.09, 1.33 1,131 59,678 1.13 1.05, 1.23
31.5-<42, >6 188 15,701 1.35 1.15, 1.58 347 15,849 1.23 1.09, 1.38
24.5-<31.5, <3 525 76,992 1.10 0.98, 1.23 467 38,048 0.96 0.86, 1.06
24.5-<31.5, 3-5 682 68,555 1.20 1.09, 1.34 699 37,945 1.18 1.07, 1.29
24.5-<31.5, >6 175 14,171 1.39 1.18, 1.64 231 10,905 1.13 0.99, 1.31
<245, <3 632 79,138 1.30 1.17,1.44 700 51,464 1.09 0.99, 1.19
<24.5, 3-5 875 73,184 1.42 1.29, 1.57 1,040 55,045 1.23 1.13, 1.33
<24.5, >6 349 18,847 1.94 1.70, 2.20 437 16,192 1.48 1.33, 1.65

Abbreviations: Cl, confidence interval; MET, metabolic equivalent.
2 Adjusted for age at interview, race, marital status, education, smoking status, body mass index in 1992, alcohol use, total caloric intake, and comorbidities score.
b Adjusted for all of the above plus total physical activity (for sitting) and hours sitting (for total physical activity).
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Multivariate Rate Ratio

Time spent sitting, hours per day
m <3

3-5

=6

42-<52.5
Total Physical Activity, MET-hours/week

Figure 1.

31.

5-<42 24.5-<31.5

Combined multivariate-adjusted rate ratios (P < 0.05) for leisure time spent sitting and physical activity in relation to all-cause mortality,

women only, in the Cancer Prevention Study |l Nutrition Cohort, 1993-2006. MET, metabolic equivalent.

activity at baseline with those from our first follow-up sur-
vey in 1997 to examine sustained (5-year) measures. Results
from these analyses did not differ from those presented for
baseline alone (data not shown).

Associations between time spent sitting and physical ac-
tivity were stronger for cardiovascular disease mortality
than for cancer (Table 4). Time spent sitting was associated
with an increased risk of cardiovascular disease mortality in
both men and women, whereas it was associated with in-
creased cancer mortality only among women. There was
a statistically significant inverse relation between physical

2.0
1.9 4
1.8
1.7 4
1.6

Muitivariate Rate Ratio

activity and cardiovascular disease mortality beginning at
relatively low levels of activity in both men (Pyena =
0.0001) and women (Pgeng < 0.0001). In contrast, total
physical activity was not significantly associated with lower
cancer mortality among men and only modestly associated
with lower cancer mortality in women. Longer time spent
sitting was associated with higher death rates from all other
causes, and physical activity was inversely associated with
death rates from other causes. The most common conditions
in this category were respiratory diseases (22.7% in men,
20.4% in women), central nervous system diseases (20.3%

Time spent sitting, hours per day
3 <3
3-5
3 26

31.5~<42

T

24.5-<31.5
Total Physical Activity, MET-hours/week

Figure2. Combined multivariate-adjusted rate ratios (P < 0.05) for leisure time spent sitting and physical activity in relation to all-cause mortality,
men only, in the Cancer Prevention Study 1l Nutrition Cohort, 1993-2006. MET, metabolic equivalent.
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Table 3. Relative Risk of Death From All Causes According to Leisure Time Spent Sitting and Physical Activity,
Stratified by Body Mass Index, Among Women and Men, Cancer Prevention Study Il Nutrition Cohort, 1993-2006

Body Mass Index, kg/m?
<25.0 25.0-<30.0 230.0

No. of Relative No. of Relative No. of Relative

Deaths Risk® 9% %  peaths Risk®  °% ¢  peaths Riske 9% C!
Sitting in 1992,
hours/day
0-<3 3,278 1.00 Referent 2,768 1.00 Referent 1,022 1.00 Referent
3-5 3,768 110 1.05,1.15 3,852 111 1.05,1.16 1,574 1.05 097,114
>6 1,119 1.28 1.20,1.37 1,220 121 112,129 629 1.19 1.08,1.32
Pirend <0.0001 <0.0001 0.001

Pinteraction = 0.06

Total physical
activity in 1992,

MET-hours/

week
<17.5 866 1.00 Referent 935 1.00 Referent 542  1.00 Referent
17.5-<24.5 669 094 0.85,1.04 668 0.90 081,099 353 094 0.82,1.08
24.5-<315 1,202 086 0.79,0.94 1,054 079 0.72,086 523 0.86 0.76,0.97
31.5-<42 1,605 080 0.73,0.87 1,622 086 0.80,094 645 0.86 0.76,0.96
42—-<52.5 1,380 0.77 0.70,0.83 1,250 0.78 0.72,0.85 482 0.86 0.76,0.98
52.5-<63 : 996 0.76 0.69,0.83 937 079 072,087 292 0.79 0.69,0.92
>63 1,447 072 0.66,0.79 1374 082 0.76,0.89 388 0.78 0.69, 0.89

Prrend <0.0001 0.0003 0.0001

Pinteraction = 0.002

Abbreviations: Cl, confidence interval; MET, metabolic equivalent.
& Adjusted for age at interview, race, marital status, education, smoking status, body mass index in 1992, alcohol
use, total caloric intake, comorbidities score, and total physical activity (for sitting) and hours sitting (for total physical

activity).

in men, 19.8% in women), digestive diseases (9.6% in men,
10.4% in women), and diabetes (7.8% in men, 6.3% in
women).

DISCUSSION

In this large prospective cohort, women who reported
sitting for more than 6 hours during their leisure time versus
less than 3 hours a day had an approximately 40% higher
all-cause death rate, and men had an approximately 20%
higher death rate. This association was independent of the
amount of physical activity. The combination of both sitting
more and being less physically active (>6 hours/day sitting
and <24.5 MET-hours/week physical activity) was associ-
ated with a 94% and a 48% increase in all-cause death rates
in women and men, respectively, compared with those who
reported sitting the least and being most active (<3 hours/
day sitting and >52 MET-hours/week physical activity).

Our findings for time spent sitting are consistent with
those from the 3 other studies that have previously examined
the association between time spent sitting and mortality
(21-23). One study included approximately 17,000 Cana-
dian adults with 1,832 deaths, and the authors reported a sig-
nificant dose-response relation between a qualitative
measure of time spent sitting (almost none of the time,
one fourth of the time, half of the time, three fourths of
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the time, almost all of the time) and total mortality (21).
The second study, which included 8,800 Australian adults
and 284 deaths, found an almost 50% increase in total mor-
tality with 4 or more hours of television viewing compared
with less than 2 hours per day (22). In both of these studies,
associations were strongest for cardiovascular disease mor-
tality (21, 22). The third study included approximately
83,000 Japanese adults and reported a positive association
with sedentary behavior and total mortality among men, but
not women (23). .

Our physical activity findings were similar to those re-
ported from the majority of other studies (1, 2, 33). Mortal-
ity rates were approximately 25% lower among men and
women who reported the most versus the least daily phys-
ical activity. Although optimal health benefits are achieved
at a much higher level of physical activity, death rates were
substantially lower even in the second lowest category com-
pared with the lowest category, suggesting a benefit from
even relatively light levels of physical activity. As men-
tioned, the participants in our study were older and engaged
in primarily light-intensity activities, such as walking for
exercise and gardening. It should be noted that no previous
study has examined the combined effects of sitting time and
physical activity.

Several factors could explain the positive association be-
tween time spent sitting and higher all-cause death rates.
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