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Abstract

Purpose: This prospective cohort study examined the association between specific leisure-time
activity and mortality risk.

Methods: Data are from 1999 to 2006 U.S. National Health and Nutrition Examination Surveys
and included adults followed through December 31, 2015 (7= 17,938, representing 191,463,892
U.S. adults). Participants reported specific leisure-time activities performed at moderate-to-
vigorous intensity. Walking, bicycling, running, dance, golf, stretching, and weightlifting were
examined. Cox proportional hazards models (adjusted hazard ratios [aHRs]; 95% confidence
intervals [Cls]) assessed the association of individual activities with the risk of all-cause mortality,
CVD mortality, and cancer mortality.

Results: Over a median follow-up of 11.9 years, 3799 deaths occurred. Any leisure-time walking
([aHR], 0.73; 95% Cl, 0.66-0.82), bicycling (aHR, 0.73, 95% CI, 0.59-0.91), and running (aHR,
0.70; 95% Cl, 0.59-0.84) were associated with lower all-cause mortality compared with no
participation in the specific activity. Dance, golf, stretching, and weightlifting were not associated
with mortality. Comparable results were observed when activities were categorized as none, less
than 60 min/wk, or 60 minutes or more/wk. Walking and running were similarly associated with
the risk of CVD mortality.

Conclusions: Participating in moderate-to-vigorous walking, bicycling, or running may be

particularly beneficial for health and longevity.
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Introduction

Methods

Physical activity is associated with lower risk of morbidity and mortality, including
cardiovascular disease (CVD) and certain cancers [1,2]. For the promotion of health and
longevity, the 2018 Physical Activity Guidelines for Americans recommends at least 150—
300 min/wk of moderate aerobic physical activity, 75-150 min/wk of vigorous, or an
equivalent combination of the two, as well as strengthening of major muscle groups [3].
Even at participation levels lower than what is recommended in the 2018 Physical Activity
Guidelines, it is evident that physical activity is a protective health behavior [4].

Physical activity is performed as specific types of activities, such as walking or bicycling.
Evidence of the protective effects of participation in specific leisure-time activities on
mortality is sparse. Studies that have examined activity types have a limited breadth of
modalities and have primarily focused on all-cause mortality. Walking, the most common
type of leisure-time activity reported by U.S. adults [5], has been the most studied and
generally been associated with reduced risk of all-cause mortality [6-9]. Other activities such
as bicycling and running have also been associated with reduced risk of all-cause mortality
[9,10]. Examinations of the association between these and other types of activities and
cause-specific mortality, such as CVD and cancer mortality, are limited [11].

The 2018 Physical Activity Guidelines call for more research on specific types of
ambulatory and nonambulatory activities to determine if they comparably contribute to
health and for a better understanding of how specific physical activities influence health
[12]. The purpose of this study was to examine the association between self-reported
participation in specific leisure-time activities and risk of all-cause mortality, CVD mortality,
and cancer mortality in a nationally representative sample of U.S. adults.

Study population

Participants from four separate waves of the U.S. National Health and Nutrition
Examination Survey (NHANES) were included (1999-2005; 7= 41,474). NHANES is a
nationally representative sample of children and adults residing in the United States. More
information on the NHANES program can be found at www.cdc.com/nchs/nhanes. A
prospective cohort study design was used, in which participants’ physical activity and
covariates were ascertained during the NHANES in-person visit with follow-up thorough
death certificate records.

Leisure-time physical activity

As part of the NHANES 1999-2006 surveys, participants were interviewed about their
physical activity. Participants were asked if they did any moderate or vigorous leisure-time
activities for at least 10 minutes over the past 30 days. Those who responded “yes” were
asked what specific leisure-time activities they performed. A wide variety of activities could
be reported, from aerobics to trampoline jumping [13]. For each reported leisure-time
activity, participants indicated how many times they did the activity in the past 30 days and
the average duration of the activity. In 2007-2008 NHANES and thereafter, the physical
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activity questionnaire was changed so that participants were no longer asked about the
specific types of leisure-time activities they performed, which, therefore, limited these
analyses to 1999-2006 data.

For the purposes of this project, the seven most commonly reported leisure-time activities
were examined, chosen because they had at least five events per predictor variable in the
final adjusted all-cause mortality models (a cut point determined a priori) [14]. These
activities included walking, bicycling, running (combined running, jogging, and treadmill),
dance, golf, stretching, and weightlifting. Participants were categorized in two ways: (1) two
levels for participation in each activity—any versus none; and (2) average reported time per
week spent in each activity as none, less than 60 min/wk, or 60 minutes or more per week.

Deaths were ascertained by linkage with the National Death Index (NDI). The leading
causes of death were identified using the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems (ICD-10) guidelines and grouped
into nine categories in the public use data file [15]. In this project, three mortality outcomes
were examined: all-cause (mortality from any cause other than accidents), CVD (ICD-10
codes 100-109, 111, 113, and 120-151), and cancer (ICD-10 codes C00-C97) [16]. Follow-up
was through December 31, 2015.

Potential covariates were selected a priori based on previous literature [7,17]. The following
characteristics, measured at baseline, were used to describe the population and included as
covariates in multivariable models: age in years, gender (male and female), race/ethnicity
(non-Hispanic White, non-Hispanic Black, Mexican American, other Hispanic, or other
race), education (less than high school diploma, high school graduate, and post-high school),
cigarette use (never [smoked fewer than 100 cigarettes in one's life], former [smoked at least
100 cigarettes in one's life but stopped], or current [smoked at least 100 cigarettes in one's
life and still smoking]), heavy alcohol consumption (having an average of >2 drinks per day
in men and >1 drink per day in women during the previous 12 months—yes, no, or missing
[categorized as missing]), and body mass index (calculated from measured weight and
height). Self-reported history of pre-existing conditions, including diabetes (no, yes, and
borderline [glucose levels are higher than normal but not high enough to be diabetes]),
arthritis (no, yes), cancer (no, yes), disability (no, yes), and CVD (no, yes), were also
included. Cancer was defined as any reported history of cancer or other malignancy of any
kind. Disability was defined as any reported functional limitations because of long-term
physical, mental, or emotional problems, such as limitations that prevent working or the
amount of work, requiring special equipment to walk, or confusion/memory problems. C\VD
was defined as reported history of angina/angina pectoris, heart attack, or stroke.

The goal for these analyses was to examine the independent association of each type of
leisure-time activity with mortality outcomes; to accomplish this, we controlled for all other
activity not under examination operationalized as metabolic equivalent of task (MET) x
minutes/week. The control variable for other leisure-time activity was total leisure-time
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activity MET x minutes/week minus the MET x minutes/week spent in the specific activity
under study. Household physical activity was reported as the number of times in the past 30
days and average length of time in minutes that the participant did any tasks around the
home or yard for at least 10 minutes that required moderate or greater physical effort.
Similarly, transportation physical activity was reported as the number of times and average
length of time in minutes that the participant walked or bicycled as part of getting to and
from work, school, or to do errands in the past 30 days. Leisure-time, household, and
transportation activities were assigned MET scores as recommended by the NHANES
Physical Activity Codebook (Supplemental Table 1) [18]. For descriptive purposes, total
physical activity MET X hours/week was also calculated as the summed leisure-time,
household, and transportation MET x minutes/week divided by 60.

Statistical analyses

Analyses were limited to adults aged 20 years or older at the time of screening. Women who
were pregnant at the time of the assessment, and those with missing data for any variables
other than heavy alcohol consumption were excluded. To help account for reverse causality,
individuals with less than 13 months of follow-up were also excluded [19]. Survey sample
weights combined across survey cycles (1999-2006) were used for all analyses, accounting
for the complex survey design. Descriptive characteristics of the study population were
examined using weighted mean and SD or median and interquartile range for continuous
variables, whereas counts and weighted percentages were used for categorical variables.

Poisson regression models were used to estimate the age-adjusted all-cause and cause-
specific mortality rate per 1000 person-years for participation in each leisure-time activity
examined. Multivariable weighted Cox proportional hazard models were used to estimate
the association of the seven leisure-time activities with mortality. First, for each of the
leisure-time activities operationalized as none versus any activity, hazard ratios with 95%
confidence intervals (Cls) for all-cause mortality, CVD mortality, and cancer mortality were
estimated. Second, for each of the leisure-time activities operationalized as none, less than
60 min/wk, and 60 minutes or more per week, hazard ratios with 95% CI for all-cause
mortality were estimated. All models were first adjusted for leisure-time MET x minutes/
week minus the MET x minutes/week spent in the specific activity under examination
(model 1). This was used as model 1 under the assumption that all types of activity will be
associated with reduced risk of mortality because they provide physical activity generally.
Adjusting for all other activity would, therefore, establish a baseline estimate of the
association between participation in each specific activity and mortality. Models were then
further adjusted for the aforementioned covariates (model 2). Proportional hazard
assumptions were checked by examining log-minus-log plots in the multivariable models; all
models were satisfactorily proportional.

For a sensitivity analysis, participants with pre-existing conditions were excluded rather than
using pre-existing conditions as a covariate. As such, individuals with pre-existing CVD
were excluded in CVD mortality models, whereas individuals with a history of cancer were
excluded in cancer mortality models. Data were analyzed in 2019 using STATA 15.1
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(College Station, TX). This study was deemed exempt from review by the University of
Southern Mississippi Institutional Review Board.

Study population

After excluding participants with missing mortality status (7= 21), women pregnant at
baseline (n=1168), individuals with less than 13 months of follow-up (7= 274), and those
with missing data for covariates (/7= 910), the final sample was 17,938, representing
191,463,892 U.S. adults aged 20 years or older. Compared with those in the final analytic
sample, excluded participants were similarly aged but proportionally more female, less
Mexican American or other race, and less educated (data not shown). The median time of
follow-up was 11.9 years (range: 1.1-16.75 years). A total of 3799 deaths were recorded
over the follow-up period for any cause other than unintentional injuries; 688 were recorded
CVD as the underlying cause of death and 815 were recorded malignant neoplasms.

At baseline, the population average age was 46.3 years (SE = 0.27). The majority were
female (51%), White (72%), and had a post-high school education (55%; Table 1). In the
U.S. population, a median of 17 MET x hours/week of total physical activity was reported
(combined leisure-time, household, and transportation METS); participants who were alive
at the end of the NDI follow-up period reported a median of 18 MET x hours/week of total
physical activity, compared with 5 MET x hours/week among those who died before the end
of the NDI follow-up period. Almost two-thirds of the population reported any leisure-time
activity. The most commonly reported activity was walking, followed by running and
bicycling. Those who were alive at the end of follow-up more commonly reported baseline
participation in any leisure-time activity, compared with those who were deceased (67.7%
vs. 42.1%, respectively). Each specific leisure-time activity examined was also more
commonly reported at baseline among those who were alive at the end of follow-up,
compared with those who were deceased. Across leisure-time activities and mortality, the
age-adjusted mortality rate was lower for those who participated in the activity compared
with those who did not participate (Table 2).

All-cause mortality

Participation in each type of leisure-time activity was associated with a lower risk of death in
minimally adjusted models (Model 1; Table 2). Once models were adjusted for other
covariates (Model 2), walking, bicycling, and running remained associated with a lower risk
of all-cause mortality. When specific leisure-time activities were categorized as none, less
than 60 min/wk, or 60 minutes or more per week, mortality risk was lower for walking at
both levels of participation compared with no participation, whereas bicycling was
associated with lower mortality risk for participation less than 60 minutes, and running was
associated with lower mortality risk for participation greater than 60 minutes (Fig. 1,
Supplemental Table 2). For walking and bicycling, there was no evidence that participating
in 60 minutes or more per week of any type of activity provided a lower risk compared with
participating in less than 60 min/wk of said activity. For running, the estimate was lower for
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less than 60-minute category, but the Cls overlapped for both the less than 60-minute and
60-minute or more categories.

CVD mortality

All activities examined, other than golf, were associated with a reduced risk of CVD
mortality in minimally adjusted models (Model 1; Table 2). After further adjustment for
covariates (Model 2), participation in walking and running remained associated with a lower
risk of CVD mortality. Lower CVD mortality risk was observed but not statistically
significant for those who bicycled (HR, 0.78; 95% CI, 0.55-1.11), as well as for stretching
(HR, 0.53; 95% Cl, 0.25-1.12) and weightlifting (HR, 0.53; 95% CI, 0.21-1.29). When
individuals with a history of CVVD were excluded rather than adjusting for history of CVD,
walking was similarly associated with reduced risk of CVD mortality, whereas the
association between running and CVD mortality was attenuated (Supplemental Table 3).

Cancer mortality

All activities examined, other than golf and stretching, were associated with a reduced risk
of cancer mortality in minimally adjusted models (Model 1; Table 2). After further
adjustment for covariates (Model 2), none of the activities examined remained associated
with a lower risk of cancer mortality. When individuals with a history of cancer were
excluded rather than adjusting for history of cancer, similar results were observed
(Supplemental Table 3).

Discussion

In U.S. adults, evidence suggests that participation in walking, bicycling, or running for at
least 10 minutes in the past 30 days is associated with a reduced risk of all-cause mortality
(excluding injury), whereas walking and running are associated with a reduced risk of CVD
mortality. Other activities examined, including dance, golf, stretching, and weightlifting,
were not independently associated with the risk of mortality after adjustment for
sociodemographic characteristics, history of pre-existing conditions, and other physical
activity. This association is evident for walking, regardless of the reported amount of time
spent in the activity, but for bicycling and running, time spent in the activity modified the
association.

Walking was the most commonly reported type of leisure-time activity and was consistently
associated with reduced risk of all-cause mortality and CVVD mortality, but not cancer
mortality. Walking has previously been examined in association with all-cause and CVD
mortality using a smaller sample of the NHANES linked-mortality dataset, with similar
findings [7]. Another study using a large U.S. cohort of older adults also found consistent
association between walking and all-cause mortality, CVD mortality, and cancer mortality
[6]. However, the results from the Whitehall 11 study found no significant association
between walking and mortality after adjusting for covariates [20]. Notable differences
between this and the Whitehall 11 study are the population (London civil servants vs.
representative U.S. population) and their inclusion of mortality caused by accidents, which
were excluded in the present analysis. In the present study, the estimated risk reduction was
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comparable with other activities studied, such as bicycling and running, indicating that
walking at a moderate-to-vigorous pace may provide similar health benefits compared with
other activities that may be considered “more” active or rigorous and less approachable
because of physical limitations or equipment requirements.

Running was also consistently associated with reduced risk of all-cause and CVD mortality,
but not with cancer mortality. Previous studies have shown mixed results. Lee et al [21].
found that running was associated with a lower risk of both all-cause mortality and CVD
mortality, whereas another study using the UK Biobank found running was not associated
with all-cause mortality and CVD mortality [10]. Running has been less studied in relation
to cancer, but one previous study found no association between jogging and cancer [22],
whereas another observed an association between running and reduced risk of brain cancer
[23]. A recent meta-analysis indicated that running was associated with lower risk of all-
cause, cardiovascular, and cancer mortality [24].

Leisure-time bicycling was associated with reduced risk of all-cause mortality, and similar
effect sizes were observed for CVD mortality and cancer mortality. This is in contrast to
previous studies that have found no association between recreational bicycling and mortality
[10,25]. One study using the UK Biobank examined active commuting by bicycle and the
risk of CVD mortality, cancer mortality, and all-cause mortality and found significantly
lower risk for all outcomes [26]. However, although the physical activity itself may be
similar, other lifestyle factors that contribute to this relationship may differ substantially for
active commuting compared with leisure-time bicycling.

Other activities, including dance, golf, stretching, and weightlifting, were not found to be
associated with reduced risk of mortality in this study, although there was a suggestion of an
association with the risk of CVD for weightlifting and stretching. Few of these activities
have previously been examined in relation to mortality risk in cohort studies. Participation in
moderate-intensity dancing has previously been found to be associated with lower CVD
mortality in a population-based British cohort [27]. One study of Swedish golf club
members found that being a member was associated with reduced all-cause mortality
compared with non-members [28]. There are numerous differences between the Swedish
study and the present study to explain these differing results, including very different
populations and unmeasured confounding. The findings of the present study regarding
weightlifting are most readily compared with previous findings on strength training.
Strength training has been associated with reduced risk of all-cause mortality, but there is
limited evidence for reducing the risk for CVD or cancer mortality [29]. Weightlifting is a
strength training activity, although how weightlifting was defined in NHANES is unclear—
individuals who did participate in strength training exercises may not have reported that
activity specifically as weightlifting.

It is unclear why leisure-time walking, bicycling, and running may be associated with
reduced risk of mortality above other types of aerobic activity examined here. One
explanation is selection bias, in that individuals who are physically able to participate in
aerobic activities are more likely to, whereas individuals with limited mobility and
associated morbidities may be more likely to report activities such as golf or stretching.
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Another explanation is that it is plausible that the activities not found to be associated with
mortality risk, that is, golfing, dance, and stretching, provide less aerobic activity. In the
measurement of golfing cart use was not specified, so it is plausible that the majority of
golfers were using a cart and not engaging in consistent aerobic activity. Similarly, dance
and stretching may not be as clearly defined to individuals as walking, bicycling, and
running might be, so that participation is less straightforward and possibly less consistent in
terms of aerobic activity. Finally, it is evident that analyses were underpowered for these
other activities, as indicated by the smaller sample sizes.

This study examined specific types of leisure-time activities individually to assess their
association with mortality outcomes. However, 67% of this population reported more than
one activity, and one participant reported 31 different activities that they engaged in (data not
shown). Therefore, for most of the sample, any one activity would not necessarily contribute
to their total volume of leisure-time activity, and for this reason, the analyses controlled for
all other reported leisure-time activities (Table 3). In some cases, the activity being
examined may have contributed a small percentage toward the total leisure-time activity.
This may be cause for concern, in that the time participants spent in these activities may not
have been sufficient to produce a health benefit. Yet, these activities may by their nature or
by the nature of those participating, demand less time. Therefore, we do not think this is a
limitation of the study, but rather may be a limitation of the activities themselves.

The strengths of this study include the use of a large sample representative of the U.S. adult
population, which allowed for examination of specific activities not previously explored, and
further allowed for examination of the association of these activities with all-cause and
cause-specific mortality. This study also has limitations. Physical activity was assessed in
NHANES in bouts of 10 minutes or more, as was recommended in the 2008 Physical
Activity Guidelines for Americans [30]. This bout requirement may have led to
underreporting of moderate-to-vigorous leisure-time activity. The 2018 guidelines have
removed the bout recommendation, in recognition that any length of moderate-to-vigorous
activity can provide health benefits [3]. The leisure-time activities examined were chosen a
priorito provide sufficient sample size for hazard models of all-cause mortality events with
activities categorized as yes/no. Other analyses may have small sample size for some
models, producing imprecise estimates. Furthermore, the possibility remains that the sample
size for some activities was insufficient to detect a difference in the mortality models. Larger
sample sizes are needed to further elucidate the association between different types of
leisure-time activity and morbidity and mortality risks.

There is a risk of residual confounding from not having complete information about specific
leisure-time activity participation over the lifespan, particularly for individuals who may
have taken up or stopped participation after the NHANES physical activity assessment. Over
adjustment is an additional concern because prevalent conditions that may be on the causal
pathway were controlled for in multivariable models. There is also the possibility of reverse
causality, in that individuals who engage in specific types of physical activity may be
healthier than those who do not. In an attempt to address this, we excluded participants with
less than 13 months of follow-up, but exclusion of longer follow-up times may have been
needed to fully account for the potential bias.
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Conclusions

Participating in moderate-to-vigorous walking, bicycling, and running showed an inverse
association with the risk of all-cause mortality, whereas walking and running were inversely
associated with CVD mortality. Participation in other activities examined here, including
dance, golf, stretching, and weightlifting, did not show a significant association with
mortality risk, but we cannot rule out the lack of association because of the small number of
events. Longer follow-up time of this cohort will allow more precision and greater insight
into the association between types of activities and mortality risk, as well as allow for
stratification by sociodemographic variables. Studies in large and diverse populations should
consider measuring physical activity by activity type to fully understand how specific types
of physical activity influence health and to explore these activities in relation to incident
health events.
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Fig. 1.

Aéqsociations of participating in <60 min/wk or =60 min/wk compared with no leisure-time
activities with all-cause mortality (7= 17,938)3 NHANES 1999-2006. 2Average reported
time spent in each leisure-time activity <60 min/wk or =60 min/wk compared with no
participation in the activity. Death from any cause other than accidents (unintentional
injuries). Weighted estimates, adjusted for age, gender, race, education, cigarette use, heavy
alcohol consumption, body mass index, leisure-time MET x minutes/week minus the MET x
minutes/week spent in the specific activity under study, household MET x minutes/week and
transportation MET x minutes/week, and history of pre-existing conditions including
diabetes, arthritis, cancer, disability, and CVD.
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