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ABSTRACT
LEE, I-M., and P. J. SKERRETT. Physical activity and all-cause mortality: what is the dose-response réatioisei. Sports Exerc.
Vol. 33, No. 6, Suppl., 2001, pp. S459-S4Purpose: The purpose of this review is to assess the dose-response relation between
physical activity and all-cause mortality. We examined these parameters of physical activity dose: volume, intensity, duration, and
frequency Methods: We used a computer-assisted literature search to identify papers on this topic. After excluding papers examining
only two levels of physical activity or fithess, papers investigating specific causes of mortality, reviews, and those not written in
English, 44 papers satisfying all criteria were included in this reviResults: There is clear evidence of an inverse linear dose-response
relation between volume of physical activity and all-cause mortality rates in men and women, and in younger areGildgan) (
persons. Minimal adherence to current physical activity guidelines, which yield an energy expenditure of about 1000 ké20@vk
kJ-wk™), is associated with a significant 20-30% reduction in risk of all-cause mortality. Further reductions in risk are observed at higher
volumes of energy expenditure. It is unclear whether a volume 100 kcal-wk also may be associated with lower risk; there are
some data supporting this. Due to limited data, it is also unclear whether vigorous-intensity activity confers additional benefit beyond
its contribution to volume of physical activity when compared with moderate-intensity activity. No data are available on duration and
frequency of physical activity in relation to all-cause mortality rates after controlling for volume of physical ad@igitglusions:All
studies in this review are observational studies, so conclusions are based on Evidence Category C. There is an inverse linear
dose-response relation between volume of physical activity and all-cause mortality. Further research is needed to clarify the
contributions of its components—intensity, duration, and frequency—to decreased all-cause mortaligesai®ards: CARDIO-
RESPIRATORY FITNESS, DEATH, EPIDEMIOLOGY, EXERCISE, PHYSICAL FITNESS

he hypothesis that physical activity and physical fit- for the accumulation of short sessions of activity, instead of

ness promote health and longevity is not new. As far one longer, continuous session. These concessions were

back as 2500 BC in ancient China, we find records of made partly to encourage physical activity among sedentary
organized exercise for health promotion (28). Today, there individuals because the previous, more difficult prescription
is clear evidence to support this hypothesis (48). What is was believed to pose a barrier (48). With the high preva-
less clear is the shape of the dose-response relation betweence of sedentary behavior today, it is important to ascer-
physical activity or fitness and all-cause mortality rates. tain the minimum dose of physical activity required to
and heavily promoted recommendation (33,37,48) that calls herspective, advocating small (effective) doses of physical
for at least 30 min of moderate-intensity physical activity g ity is likely to be more palatable to the many physically
(e.g., brisk walking at 3—4 mph) on most days of the week. inactive persons
:Ne trefe_rt r’:o th|s_ as the currentd rtt?com{ne?dztlon. tlt g‘“?' The purpose of this review is to describe the shape of the
rasts with previous recommendations that advocate V'g'dose-response curve between physical activity or fithess and
orous-intensity exercise (e.g., jogging or running) for at all-cause mortality. Because of the large number of seden-
least 20 min continuously three times a week (1). L ' . . . o

tary individuals, we are particularly interested in the mini-

Although the volume of energy expended by minimal d f phvsical activit red to d I
adherence to current or previous recommendations is similar™ UM €OS€ of physical activity require “0 e(ireasea ~cause
mortality rates. In the broadest sense, “dose” can be defined

(on the order of 1000 kcal-wk[4200 kJ-wk']), two major , > , _
as the volume of physical activity. We also will examine the

differences exist between the current and previous recom- ) " -
mendations. They are: 1) the current emphasis on moderateparameters that characterize volume of physical activity:

rather than vigorous, activity; and 2) the current allowance Ntensity, frequency, and duration. The specific questions
we will address are:

_— 1. What are the available data for a dose-response relation
0195-9131/01/3306-0459/$3.00/0 between physical activity or fithess and all-cause mortality
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, o 2. What is the minimumvolume of physical activity
Submitted for publication January 2001, associated with decreased all-cause mortality rates? With
Accepted for publication March 2001. . . . .

Proceedings for this symposium held October 11-15, 2000, Ontario, INCreasing dose, do mortality rates decline commensurately,
Canada. or is there a threshold effect (i.e., an L-shaped curve)?
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3. What is the minimumintensity of physical activity conducted in only 17 studies, with 15 reporting a statisti-
associated with decreased all-cause mortality rates? Holdingcally significant inverse linear trend in at least one subgroup
the volume of physical activity constant, do mortality rates of subjects (Table 1).
decline commensurately with increasing intensity, or is  Volume of physical activity. All 44 papers assessed
there a threshold effect? the relation between volume of physical activity (or fitness)

4. Holding the volume of physical activity constant, what and all-cause mortality rates. Several investigators estimated
is the minimurmdurationof physical activity associated with  energy expenditure, whereas others used proxies of energy
decreased all-cause mortality rates? With increasing dura-expenditure (Table 1). These proxies included ordinal
tion, do mortality rates decline commensurately, or is there groupings, quantiles of physical activity, frequency of phys-
a threshold effect? ical activity, and duration of physical activity.

5. Holding the volume of physical activity constant, what ~ As described above, 34 of the 44 studies reviewed
is the minimumfrequencyof physical activity associated showed an apparent inverse linear dose-response relation
with decreased all-cause mortality rates? With increasing between volume of physical activity and all-cause mortality
frequency, do mortality rates decline commensurately, or is rates in at least one subgroup of subjects (Table 1). Of the
there a threshold effect? remaining 10 studies, five noted a threshold effect, with a
decline in all-cause mortality rates between the least active
METHODS a_nd second least actiye group but_ no diminution of rates at

higher levels of physical activity (i.e., an L-shaped curve)

We used a computer-assisted literature search to identify(9,25,26,40,49). The other five reported no significant as-
papers published between 1966 and July 2000 by using thesociation between physical activity and all-cause mortality
National Library of Medicine’s Medical Subject Heading rates (15,19,20,29,52).

(MeSH) keywords related to physical activity (physical fit- For a more stringent evaluation of the dose-response
ness, exercise, physical education and training, exertion,relation, we examined only studies that formally tested for
sports, running, walking, recreation, and leisure activities) a significant linear trend of declining all-cause mortality
and all-cause mortality (mortality and death). We excluded rates with increasing volume of physical activity (or fitness).
papers examining only two levels of physical activity or This formal test was carried out in 17 studies; 15 observed
fithess, because this would not allow assessment of a dosesignificant, inverse linear trends in at least one subgroup
response relation, papers investigating only specific causey3,4,6,8,11-14,17,18,21,22,34,35,39), whereas two reported
of mortality, review papers, and papers not written in En- no significant trend (15,20).
glish, because we did not have the means to translate them. An inverse linear dose-response relation between volume
We also checked the reference list of papers for additional of physical activity and all-cause mortality rates was ob-
papers not identified by the computerized literature search.served in both men and women. Of the 44 studies, 20
By these means, we identified 44 papers. Both authorsincluded men and women, 20 included men only, and 4
reviewed each of these papers, which are summarized inincluded women only. Of the 24 that included female sub-
Table 1. jects, 20 presented findings specifically for women
(2,4,6,8,14-19,27,30,31,38,39,42,43,49,51,52).  Findings
RESULTS for women generally paralleled those for men (Table 1).
The ages of subjects in most of the studies spanned a wide

Of the 44 papers identified, the majority investigated phys- range, from young adulthood to old age. In 10 studies,
ical activity. Five studies assessed physical fitness results for adults aged 60 yr and older were presented
(6,10,39,41,45), whereas two assessed both activity and fitnesseparately (2,3,13,19,20,26,31,38,43,47). All but two
(14,49). For this review, we have assumed equivalence be-(19,20) showed apparent linear inverse dose-response asso-
tween physical activity and physical fithess, because regularciations (i.e., formal statistical tests for trend were not al-
physical activity improves physical fitness. Moreover, from a ways carried out) between volume of physical activity and
practical perspective, public health recommendations targetall-cause mortality rates. In the Seventh-day Adventist
physical activity, a behavior, rather than physical fitness, an Study, a significant benefit of physical activity was ob-
attained physiologic condition. Of the 38 papers examining served up to attained age of 80 yr (26).
physical activity, most assessed only leisure-time physical ac- Few studies quantified volume of physical activity in a
tivity (LTPA), three assessed only occupational physical ac- manner that allows for direct translation to public health
tivity (OPA) (7,29,32), and nine assessed both LTPA and OPA recommendations. Statistically significant decreased all-
(2,3,8,15,31,40,42,43,51). cause mortality rates occurred during follow-up among sub-

Evidence for a dose-response relation. The pri- jects who expended>1000 kcal-wk* (22,34), >980
mary parameter analyzed in the 44 studies was volume ofkcal-wk (11), an average of 518 kcal-Wk(25), >500
physical activity (see below). There was evidence of an kcal-wk* (35); walked 1-2 miles:8(13); or who exercised
inverse linear dose-response relation between physical acimoderately or vigorously at least a few times a month to
tivity (or fitness) and all-cause mortality rates: 34 of the 44 once a week (18). Risk reductions on the order of 20—-30%
studies showed an apparent dose-response relation in at leastere observed. This suggests that minimal adherence to
one subgroup (Table 1). A formal test of linear trend was either the current or previous physical activity guidelines,
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both of which will generate a volume of energy expenditure
on the order of 1000 kcal-wk is likely to decrease all-cause
mortality rates. However, we cannot rule out that a lesser
volume of physical activity may be associated with benefit
for all-cause mortality (18,25,35).

Intensity of physical activity. To ascertain the dose
response between intensity of physical activity and all-cause
mortality, activities of different intensity must be simulta-
neously considered to prevent confounding by volume of phys-
ical activity. As discussed earlier, a larger volume of physical
activity is clearly associated with decreased all-cause mortality
rates, and vigorous-intensity activities generate higher levels of
energy expenditure than moderate-intensity activities when
time is held constant. Alternately, investigators can examine
select populations that engage only (or primarily) in moderate-
intensity or vigorous-intensity activity. Although such studies
can answer the question of whether moderate-intensity or vig-
orous-intensity physical activity is associated with decreased
all-cause mortality rates, they do not allow direct comparison
of the merits of moderate-intensity activity with vigorous-
intensity activity; i.e., dose-response with intensity.

Only four studies examined intensity of physical activity,
simultaneously considering physical activity of other inten-
sities; one reported that moderately vigoroegt(5 METS)
activities were beneficial compared with activities of lesser
intensity (35), whereas three noted that only vigorous phys-
ical activity (=6 METS), but not less-intense physical ac-
tivity, predicted lower all-cause mortality rates (21,22,46).

Some of the studies examined intensity of physical ac-
tivity in relation to all-cause mortality rates but did not
simultaneously adjust for activities of different intensities.
Among Danish subjects with any LTPA, participation in
sports conferred further risk reduction for all-cause mortal-
ity (2). Participation in vigorous activities at 6 METs was
associated with a lower risk of all-cause mortality in Finnish
subjects (17). In German subjects, participation in sports but
not other activities reduced rates of all-cause mortality (30).
In all three of these studies, it is unclear whether the findings
reflect additional benefit with greater volume of physical
activity from participation in sports or vigorous activities. In
three other studies where subjects engaged primarily in
moderate-intensity physical activity, investigators did ob-
serve a benefit for all-cause mortality with increasing levels
of participation in these activities (13,18,25).

Duration and frequency of physical activity. To
isolate the effect of duration or frequency of physical ac-
tivity on all-cause mortality rates, it is imperative to hold
volume of physical activity constant to prevent confounding
by volume of activity. In other words, if two individuals
expend the same volume of energy, does it matter whether
one expends this volume in several, shorter bouts of phys-
ical activity or in fewer, longer bouts?

None of the 44 studies addressed this question in relation
to all-cause mortality. One recent study did examine this
issue in relation to coronary heart disease (CHD) (23). The
investigators concluded that duration (examined in 15-min
intervals) and frequency did not predict CHD rates once
volume of physical activity was accounted for. That is,

http://www.acsm-msse.org



shorter sessions of exercise had similar effects on CHD risk increasing physical activity or fitness is associated with benefit
compared with longer sessions, as long as the total energy(3,10,35), whereas decreasing levels is associated with harm
expended was similar. (27). Two other studies that did not satisfy the criteria for this
Four of the studies in Table 1 examined duration (19) or review also support the benefit of increasing physical activity
frequency (18,30,38) of physical activity in relation to all- or fitness levels (5,36).
cause mortality rates. However, because the analyses did not Evidence category. All studies investigating dose-
control for volume of physical activity, the findings essen- response associations between physical activity and all-
tially reflect the association between volume of physical cause mortality have been observational studies. No ran-

activity and all-cause mortality. domized clinical trial data are available. Therefore, the
above conclusions are based on Evidence Category C.
DISCUSSION Because the conclusions are based on observational stud-

ies, two potential limitations need to be considered. First,

There is a sufficient body of evidence to evaluate the are the observed associations the result of bias? If poor
dose-response relation between physical activity and all- health caused subjects to decrease their physical activity
cause mortality rates. We identified 44 studies conducted in |evel before the start of the study, this would cause inves-
Canada, Denmark, Finland, Germany, Israel, Italy, the tigators to observe a spurious inverse relation between
Netherlands, Norway, Sweden, the United Kingdom, and higher levels of physical activity and lower all-cause mor-
United States that addressed this issue. Based on thesgality rates. Such a bias is unlikely to account for the results
studies, there is clear evidence of an inverse dose-respons@ecause the inverse associations have been noted in studies
relation between volume of physical activity (or level of that included only healthy subjects. It is also possible that
physical fitness) and all-cause mortality rates. The prepon- apparently healthy subjects with undiagnosed, serious ill-
derance of evidence suggests that risk of dying during a nesses (who are likely to die in the early years of follow-up)
given period continues to decline with increasing levels of may have decreased their physical activity before study
physical activity rather than displaying a threshold or L- entry. Employing a built-in lag period minimizes this bias.
shaped relation. This inverse dose-response relation hasseveral studies that considered a lag period observed an
been shown in men and women, and in younger and olderinyerse association between physical activity and all-cause
(=60 yr) subjects. mortality rates. Finally, the effect of this bias is diluted with

Fewer data are available regarding the volume of physical |onger follow-up periods; many of the studies that reported
activity needed to reduce all-cause mortality rates. It appearsyp inverse association had periods of follow-up lasting 10 or
that minimal adherence to current or previous physical ac- yore yr.
tivity recommendations, which will generate energy expen- A second potential limitation is confounding by other
diture on the order of 1000 kc_:al-\?\’/k results in decreased ealth habits. Individuals who are physically active are
all-cause mortality rates with risk reductions on the order of likely to be health conscious in other ways as well, such as
20-30%. In addition, three studies suggest that an even,; smoking, eating a healthier diet, and maintaining a
lower volume of physical activity may be associated With peaithy weight. However, the inverse association between

benefit (18,25,35). _ _ physical activity level and all-cause mortality rates are un-
Sparse data exist regarding the components that contribute iy ey to be due to these other health habits, because studies

the volume of physical activity: intensity, duration, and fré- yna"controlled for these potential confounders continued to
quency. Studies conducted in populations engaged primarily in jp<arve an inverse association.

moderate-intensity physical activity show that higher levels of

moderate-intensity physical activity are associated with lower

aII—caus_e mortgli_ty rates, presumably because of highe_r VOIumeRESE ARCH RECOMMENDATIONS

of physical activity. However, hardly any data are available to

determine for two individuals expending the same volume of ~ Although the most rigorous data for a cause-and-effect

physical activity whether there is additional benefit for the one relation come from well-designed and conducted random-

who expends all of it in vigorous-intensity physical activity ized clinical trials, it is simply not feasible to conduct such

compared with the other who expends all of it in moderate- trials in the context of examining the dose-response relation

intensity activity. between physical activity and all-cause mortality. Thus,
No data are available to answer the questions on durationanswers concerning this relation must come from observa-

and frequency. That is, it is unknown whether a given volume tional epidemiologic studies. These observational data will

of physical activity expended in shorter, more frequent bouts be strengthened by data from randomized clinical trials of

has different effects on all-cause mortality rates than that samephysical activity and short-term health outcomes that in

volume expended in longer, less frequent bouts. themselves predict mortality (e.g., blood pressure, lipid pro-
Although not directly relevant to the issue of dose response, file, glucose tolerance), as well as by data from laboratory

an important public health issue is determining whether chang-studies on plausible biologic mechanisms linking physical

ing from a sedentary lifestyle to an active one (or from an unfit activity with decreased mortality rates.

cardiorespiratory profile to a fit one) is associated with lower ~ With regard to observational epidemiologic studies that

all-cause mortality rates. The studies reviewed suggest thatdirectly assess the dose-response relation between physical
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activity and all-cause mortality rates, we propose the fol- public, recommendations for higher-intensity activity may
lowing areas for future research: be more attractive to busy individuals because they deliver
1. Studies must assess physical activity in sufficient detail greater volume of activity in shorter time periods. They may
to permit translation of findings to public health recommen- be even more attractive if they engender additional benefit
dations. For example, studies asking subjects whether theyfor all-cause mortality.
get none, some, or a lot of physical activity during work or 4, There are no data on whether duration and frequency of
leisure-time are difficult to interpret with respect to the dose physical activity are important to all-cause mortality be-
of physical activity. Assessment of the kinds of activity, the yond their contribution to volume of physical activity.
intensity (both on an absolute scale and relative to the This area has direct bearing on the current physical ac-
capacity of the individual subject, the latter being especially tivity recommendation that allows for accumulation of
relevant for older persons), duration, and frequency are short bouts of physical activity. Future studies should
desirable. analyze the associations of duration and frequency with
2. The existing data suggest that current and previousall-cause mortality rate, controlling for the volume of
physical activity recommendations will generate sufficient energy expended.
volume of physical activity to decrease all-cause mortality 5. There are no data on whether patterns of physical activity
rates. However, there are some provocative, but not defin-conforming to previous physical activity recommendations
itive, data suggesting that an even lower volume of physical (“structured exercise”) offer commensurate benefit for all-
activity—perhaps half of what is currently recommended— cause mortality rates as patterns of physical activity conform-
may be all that is needed. This is important to ascertain jng to current physical activity guidelines (“lifestyle physical
because recommending an even lower volume of physical activity”), when the same volume of physical activity is gen-
activity for health surely will be more palatable to the many  erated. Studies that satisfy research recommendation (1) should
sedentary individuals in the world. have adequate information to classify subjects according to

3. Itis unclear whether there is a dose-response relationpoth patterns of physical activity and be capable of examining
between intensity of physical activity and all-cause mortal- mortality rates in both groups.
ity rates above the contribution of intensity to volume of
Phy5|c_a| aC“V't)/_- FUture_ StUd!es Shou'q analyze data on  This work was supported by grants from the National Institutes of
intensity of physical activity while controlling for volume of  Health (CA-81611 and CA-82990).

hysical activity. Although expending the minimum volume  Address for correspondence: I-Min Lee, MBBS, ScD, Brigham
phy Y 9 p 9 . and Women’s Hospital, Harvard Medical School, 900 Common-
of energy for health, whether from moderate- or vigorous- wealth Avenue East, Boston, MA 02215; E-mail: i-min.lee@

intensity physical activity, may be all that is relevant to the channing.harvard.edu.
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