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Abstract

Background—~Previous studies have examined participation in specific leisure-time physical
activities (PA) among US adults. The purpose of this study was to identify specific activities that
contribute substantially to total volume of leisure-time PA in US adults.

Methods—~Proportion of total volume of leisure-time PA moderate-equivalent minutes
attributable to 9 specific types of activities was estimated using self-reported data from 21,685
adult participants (= 18 years) in the National Health and Nutrition Examination Survey 1999-
2006.

Results—Overall, walking (28%), sports (22%), and dancing (9%) contributed most to PA
volume. Attributable proportion was higher among men than women for sports (30% vs. 11%) and
higher among women than men for walking (36% vs. 23%), dancing (16% vs. 4%), and
conditioning exercises (10% vs. 5%). The proportion was lower for walking, but higher for sports,
among active adults than those insufficiently active and increased with age for walking. Compared
with other racial/ethnic groups, the proportion was lower for sports among non-Hispanic white
men and for dancing among non-Hispanic white women.

Conclusions—Walking, sports, and dance account for the most activity time among US adults
overall, yet some demographic variations exist. Strategies for PA promotion should be tailored to
differences across population subgroups.
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Introduction

Regular physical activity provides many health benefits.! To obtain substantial health
benefits, the 2008 Physical Activity Guidelines for Americans recommend adults should do
at least 150 minutes (2 hours and 30 minutes) a week of moderate-intensity, or 75 minutes (1
hour and 15 minutes) a week of vigorous-intensity aerobic physical activity, or an equivalent
combination of moderate- and vigorous-intensity aerobic activity.? Despite the health
benefits, only about half of US adults meet the recommended guideline for aerobic physical
activity.3

People may meet the aerobic physical activity guideline by participating in a variety of
physical activities. People may engage in aerobic physical activity for different purposes
(e.g., for work, transportation, or leisure) and they can also participate in a wide range of
moderate and vigorous-intensity activities. Although for most people, they probably have the
greatest control over which activities they choose to spend their time in during leisure.
Several studies have examined the prevalence of participation in specific types of physical
activities primarily during leisure time among US adults, overall and by demographic
subgroups.>~12 These studies show walking is the most popular leisure-time physical activity
among all adults. Bicycling, yard work, and dance are also popular activities. Most of these
studies also found differences by demographic subgroups (e.g., sex, age, and race/
ethnicity).6.8-10.12.13 For example, more men report participation in golf, basketball,
running, and yard work than women, while more women report participation in walking,
aerobics, and dance than men.8-10.13 popular activities may be more likely to be accepted:;
therefore, knowing in which activities adults participate is useful for program and
intervention efforts designed to increase physical activity.

Ranking activities by their relative contributions to the total volume of leisure time physical
activity in the population would help identity activities in which many people not only
participate but also spend more of their time. From a public health perspective, health
benefits accumulate with increasing amounts of physical activity.! Common activities
identified by the percentage of total volume attributable to the activities may be more closely
related to public health impact in the population than those by prevalence of participation
alone.

Activity rankings and patterns by demographic characteristics based on population activity
volume may differ compared with those based on prevalence of participation. To our
knowledge, only one study has reported the relative contribution in terms of volume of
specific activities and reported it by body weight status. The study reported that walking
accounted for the largest proportion of the total duration of moderate-intensity physical
activity and running accounted for the largest proportion of the vigorous-intensity activity
among normal weight adults.” This study did not examine patterns of activity by
demographic characteristics and did not compare the patterns between those not active
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enough to meet aerobic guideline and those who are active enough to meet the guideline.
This information may inform programming and planning efforts to target specific population
subgroups that are most in need of physical activity promotion.

The purpose of the current analysis is to identify specific leisure-time aerobic activities that
contribute substantially to the total volume of leisure-time physical activity in the general
population and population subgroups. Specifically, the analysis will answer the following
questions: a) What percentage of the total volume of leisure-time physical activity is
attributable to each specific type of leisure-time activity (attributable proportion) among US
adults? b) Does the attributable proportion differ among population subgroups? and c¢) Does
the attributable proportion differ by level of leisure-time physical activity?

Study Sample

The National Health and Nutrition Examination Survey (NHANES) is a nationally
representative sample of the civilian, non-institutionalized US population and collects data
from survey participants via household interviews and physical examinations in mobile
examination centers. Detailed information about NHANES procedures is available
elsewhere.1* The current analysis used data from 4 NHANES survey cycles conducted from
1999-2006 in which information on specific types of leisure-time physical activities was
collected. Overall interview response rates (i.e., percentage of eligible survey participants
who were actually interviewed) ranged from 79% (the lowest) in 2003-2004 to 84% (the
highest) in 2001-2002.15 Of the 22,624 survey participants aged 18 years and older, data for
939 participants were excluded due to missing data (n=79) or because they reported they
were unable to be physically active (n=860). Therefore, data for 21,685 survey participants
were included in the current analysis. The National Center for Health Statistics (NCHS)
Research Ethics Review Board approved the survey protocols, and all adults who
participated in the survey provided their informed consent.

Physical Activity

The NHANES physical activity questionnaire used from 1999 through 200616, indirectly
validated through similar population-based surveys,” included a series of questions on
participation in leisure-time physical activities that queried the type, intensity, frequency,
and duration of activities. Survey participants were asked to identify the specific types of
vigorous- and moderate-intensity activities in which they had participated for at least 10
minutes at a time over the past 30 days and were then asked how frequently and how long
they performed each identified activity. Survey participants were instructed that vigorous-
intensity activities cause heavy sweating, or large increases in breathing or heart rate;
moderate-intensity activities cause only light sweating or a slight to moderate increase in
breathing or heart rate.

Many specific activities were included in lists of both vigorous- and moderate-intensity
activities. For these activities, the participant reported whether it was of moderate- or
vigorous-intensity. Leisure-time gardening and yard work were only included in 1999-2002
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survey cycles. Of the 48 surveyed leisure-time physical activities, 5 non-aerobic activities
(i.e., push-ups, sit-ups, stretching, weight lifting, and yoga) were excluded from the analysis.
To facilitate comparison across demographic subgroups and to account for small percentages
in participation, the resulting 43 aerobic activities were grouped into 9 activity categories
according to classifications in the 2011 Compendium of Physical Activities.1® Thus,
conditioning exercises includes stair climbing, treadmill, and jumping rope; bicycling
includes bicycling only; dancing includes aerobics and dance; fishing/hunting activities
includes fishing and hunting; running includes running and jogging; sports includes
baseball, basketball, bowling, boxing, cheerleading and gymnastics, children’s games such
as dodgeball or kickball, football, frisbee, golf, hockey, horseback riding, martial arts,
racquetball, rollerblading, skateboarding, skating, soccer, softball, tennis, trampoline
jumping, volleyball, and wrestling; walking includes hiking and walking; water activities
includes kayaking, rowing, surfing, and swimming; winter activities includes cross country
skiing and downhill skiing. Unspecified activity (reported as “other” activity) was not
grouped into an activity category. Because lawn/garden activities include gardening and yard
work and were only queried as specific activities during 1999-2002, lawn/garden activities
were also classified as other activity.

Using activity frequency and duration data, activity-specific moderate-intensity equivalent
minutes/week for each individual was calculated as the sum of the moderate-intensity
activity minutes/week and twice the vigorous-intensity activity minutes/week. Minutes for
vigorous-intensity activity were given twice the credit of moderate-intensity minutes
because energy expended through vigorous-intensity activity is roughly twice the amount
expended through moderate-intensity activity.2:2 Total minutes of moderate-intensity
equivalent physical activity per week was calculated as the sum of activity-specific
moderate-intensity equivalent minutes/week for all activities reported. Similar to national
objectives, the level of leisure-time aerobic physical activity was categorized as inactive (no
reported leisure-time physical activity of at least 10 minutes at a time in past 30 days),
insufficiently active (some activity, but not enough to meet the active definition), or active (=
150 minutes/week of total moderate-intensity equivalent physical activity — sufficient to
meet aerobic guidelines)2.

Demographics

NHANES survey participants were classified by sex, age (18-29, 30-44, 45-64, or = 65
years), and race/ethnicity (non-Hispanic white, non-Hispanic black, Mexican American, or
other). The race/ethnicity group indicated as “other” is a heterogeneous group with a limited
sample size. Although this group is included in overall estimates, estimates by race/ethnicity
for this group are not reported separately.

Statistical Analysis

Data from the 4 NHANES cycles conducted from 1999 through 2006 were combined into a
single cross-sectional dataset to obtain a large enough sample to report statistics related to
the time spent in individual activities by subgroups. Ratio estimates for the attributable
proportion of each activity to total volume of physical activity were estimated as the sum of
activity-specific moderate-intensity equivalent minutes/week divided by the sum of total
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activity moderate-intensity equivalent minutes/ week (times 100%). Because of differences
in participation between men and women,8:13 the proportion of activity attributable to each
specific activity was stratified by sex. Orthogonal polynomial contrasts and pairwise £tests
were used to identify demographic differences in the attributable proportions of leisure-time
activity categories. A Pvalue of < .05 was considered statistically significant. Participants
who reported no leisure time physical activity provide no minutes per week for the
numerator (minutes per week of the specific activity) or denominator (minutes per week of
all activities) and are, thus, inherently excluded from analyses. The sample analyzed for the
attributable proportion of specific activities included 12,277 adults. Although other, non-
specific activities were included in the total minutes of physical activity, we did not examine
differences by demographic characteristics in this category. Because lawn and garden
activities were included as additional specific activities in 1999-2002, a supplemental
analysis was performed to examine the attributable proportion for lawn and garden activities
based on those years only. SAS-callable SUDAAN, release 11.0.0 (RTI International,
Research Triangle Park, NC) was used for the analyses. A combined interview weight for
1999-2006 was created using the method specified by NCHS,19 and used in all analyses.

The sample included 21,685 participants aged 18 years or older (Table 1). When the sample
was weighted, the majority were aged 30-64 years, non-Hispanic white, and had at least
some college education. Nearly two-thirds (63%) reported at least some leisure-time
physical activity, thus providing information to address the study questions. More
participants who reported no leisure time activity were women, older adults, from minority
race/ethnic groups, and less educated compared to participants who reported at least some
physical activity.

Walking accounted for the largest proportion (28%) of the total volume of activity. Sports
(22%) and dancing (9%) followed walking in attributable proportion of total activity volume
(Table 2). Results from the supplemental analysis found, when calculated based on 1999 —
2002 data, the attributable proportion for lawn/garden activities was 14%. However, walking
(29%) and sports (21%) remained the top activities. Although the ranking for dance
changed, the attributable proportion remained at 9%)

The attributable proportion differed significantly by sex (P < .05) for all but winter activities
and other activities not specified (Table 2). Among men, sports (30%) accounted for the
largest proportion of the total volume of activity, followed by walking (23%) and bicycling
(9%). Among women, walking (36%) contributed most to the total volume followed by
dancing (16%), sports (11%), and conditioning exercises (10%).

Trends in the attributable proportion by age differed for specific activities (Figure 1). Among
men, sports and walking accounted for the largest proportion of the total volume of activity
for the 18-44 year age groups and = 45 years age groups, respectively. Among women,
walking accounted for the largest proportion of the total volume of leisure-time physical
activity in all age groups. A significant increasing linear trend by age group was observed
among men and women for walking. A decreasing linear trend by age group was observed
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among men and women for running. The attributable proportion for sports and dancing
decreased from the 18-29 year age group to the 45-64 year age group among both men and
women. The attributable proportion for bicycling and conditioning exercises initially
increased and then decreased with age.

The attributable proportion for certain activities varied significantly by race/ethnicity (Figure
2). Among men in all 3 racial/ethnic groups, sports accounted for the largest proportion of
the total volume of activity, while walking ranked 29, after sports. Among women, walking
accounted for the largest proportion of the total volume of activity in all three racial/ethnic
groups, followed by dancing. For the top two activities among men, the attributable
proportion for sports was lower among non-Hispanic whites than non-Hispanic blacks and
Mexican Americans and the attributable proportion for walking was higher among non-
Hispanic whites than non-Hispanic blacks. Among women, the attributable proportion for
walking was lower among non-Hispanic whites compared with Mexican Americans and the
attributable proportion for dancing was lower among non-Hispanic whites compared with
non-Hispanic blacks and Mexican Americans.

Trends in the attributable proportion by education differed for specific activities (Figure 3).
Among men, sports and walking accounted for the largest proportion of the total volume of
activity for all education groups, respectively. Among women, walking and dancing
accounted for the largest proportion of the total volume of leisure-time physical activity in
all education groups. Although a significant increasing linear trend by education group was
observed among men and women for condition exercises, the trends in other activities were
different between men and women. For women, a significant increasing linear trend was also
observed for bicycling and running, whereas for men, the quadratic trend decreased before
increasing by education. For women, a significant decreasing linear trend was observed for
walking. Among men, and not women, there was a significant linear and quadratic trend for
fishing and hunting with men who were a high school graduate having the highest
attributable proportion.

The attributable proportion for many activities differed significantly by leisure-time physical
activity level (Table 3). Compared with men who were active, men who were insufficiently
active reported higher attributable proportions for walking and dancing, and lower
attributable proportions for sports. Similar patterns were observed among women for
walking and sports. However, women who were insufficiently active reported similar
attributable proportion for dancing, but lower attributable proportions for running,
conditioning exercises, fishing and hunting, and water activities, compared with women who
were active.

Discussion

The current analysis examined the attributable proportion of specific leisure-time physical

activities to the volume of leisure-time physical activity in the US. We found walking (28%),
sports (22%), and dance (9%) had the largest attributable proportions. Substantial variations,
however, exist by demographic subgroups and among adults with different levels of physical
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activity. Tailoring strategies for physical activity promotion to account for these differences
may help to maximize the success of these efforts.

Our findings for what activities had the largest attributable proportion to the volume of
physical activity obtained by subgroup can be used to inform programs being promoted
within different demographic groups. For example, walking and gardening may be activities
to consider when developing programs to promote physical activity among older adults.
Mall walking programs, in particular, help to reduce some of the barriers to being active
among older adults by offering the following: climate controlled areas to walk, on-site
security personnel, flat and well-lit paths, and social support through the presence of other
walkers.29 Gardening programs provide opportunities for older adults to be active.?!

Our findings of attributable proportions are generally consistent with patterns observed in
studies of the prevalence of participation alone.8-11.13.22.23 Many studies have identified
walking, bicycling, and dance/aerobics as the most common activities based on prevalence
of participation.8-11.13.22.23 gy dies have also reported differences in prevalence across
demographic groups, such as an age-related decline in vigorous or contact sports,®10.13.24
and a higher popularity of dancing/aerobics in non-Hispanic blacks and Mexican Americans
compared with non-Hispanic whites.® We identified similar top activities and demographic
patterns based on attributable proportion. For example, walking ranked first overall and the
attributable proportion for walking was even higher among women of all racial/ethnic
groups, the elderly, and those who were insufficiently active.

It is not unexpected that our findings based on activity volume are similar to those based on
the prevalence of participation. Existing reports with estimates on frequency and duration for
specific activities also suggest that activities with relatively high prevalence of participation
are often those in which participants engage for a substantial amount of time.”-10:11.23 Thjs
may suggest that prevalence of participation may be an acceptable proxy for determining the
contribution of a specific activity to total volume of activity and for identifying which
physical activities to promote.

Our findings are also generally consistent with those reported from the only study we
identified that estimated the relative contribution of individual activities to the total duration
of activity by intensity of activity among normal weight, overweight, and obese adults using
the same data as the current analysis.” In the study, walking accounted for about 40% of the
total duration of all moderately intense physical activity, the most among all activities, and
golf, weightlifting, and dance ranked among the top 5 activities for duration of moderately
intense physical activity, across all levels of obesity status.” In our study, however, golf was
included in sports and weightlifting was excluded as we only looked at aerobic physical
activity.

To mobilize people who are inactive to do some activity or people who are insufficiently
active to do more activity, it is important to know what activities they prefer to do. Using
participation as a proxy for preference, in this respect, it is interesting to note that adults who
are active tend to spend a higher proportion of their time in sports activity, especially among
men, while adults who are not active enough tend to focus their limited activity more on
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walking and dancing than their active counterparts. Although we do not have participation
for adults who are inactive, findings of older adults” preferences indicated similar findings as
participation where walking/jogging was the most preferred activity, followed by outdoor
maintenance (including lawn and garden) and sports.2

There are several limitations to this study. First, the current analysis used data from the
1999-2006 NHANES cycles when data on specific types of leisure-time physical activities
were collected. Inferences based on the findings for contemporary physical activity patterns
should be made with caution. Second, leisure-time physical activity was assessed by self-
report, which may be subject to recall and social desirability biases, potentially resulting in
overestimation of frequency and duration of activity.26 However, self-report continues to be
the most widely used type of physical activity assessment, especially in large population-
based surveys.28 One of the benefits of the self-report instrument used in this study was the
ability to assess participation and duration in specific types of physical activity. In addition,
validation studies of similar population-based surveys!’ provide indirect support for the
validity of the NHANES survey data used in the current analysis. Third, season-specific
variations in physical activity may not be fully captured in the NHANES, because
participants are asked about their activities in the past 30 days and it is a “fair weather”
survey that avoids extreme hot/cold weather.2” For example, states with a lot of snow are not
surveyed in winter and states with extreme heat are not surveyed in the summer. Thus, there
may be a seasonal aspect to the findings; for example, some cold weather activities (like
skiing) might be underrepresented and, therefore, underestimated. Fourth, lawn and garden
activities were not queried under specific activities in all years. However, our supplemental
analysis restricted to years when lawn and garden activities were included as a specific
activity did not substantially change the ranking of most popular activities. Fifth, only
activities done during leisure-time were included and this may have resulted in an
underestimate of physical activity levels when individuals’ transportation activity and work
hours are considered. Last, participants who were inactive, and maybe the most important
people to reach, inherently provided no information on which activities were the most
common. Future studies may want to identify which activities are most preferred in this
subgroup. However, because walking had the largest attributable proportion, walking is the
most common form of activity across the nation, walking is an easy way to start and
maintain a physically active lifestyle, and walking can serve many purposes,28 walking may
be a good activity to recommend for this subgroup.

There are several strengths to this study. NHANES has relatively high response rates (79%
to 84%)1° that may limit the likelihood of bias because of low participation. The availability
of nationally representative data on specific types of leisure-time aerobic activities makes it
possible for the current analysis to include most activities in which US adults participate. In
addition, although results may not generalize to other countries, this study provides national
comparison data for observational studies in communities.

Conclusions

Identifying leisure-time popular activities in the US population is important for developing
effective interventions to promote physical activity. Our findings suggest, based on the
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attributable proportion, walking, sports, dancing and lawn/garden activities were most
popular among US adults. Attributable proportions for specific activities varied across
subgroups Walking has broad appeal to the US general population and may be especially
useful for physical activity promotion in population subgroups with low physical activity
levels. It is important to take the differences across population subgroups into account when
designing programs and implementing strategies to promote physical activity in the US.
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Figurel.
Proportion of Total Volume of Leisure-Time Physical Activity Attributable to Specific Types

of Activities, by Sex and Age, NHANES 1999 - 2006

Note: Error bars represent lower and upper bounds of the 95% confidence interval; activities
with total proportion < 1% (winter activities and other activities not specified) are not
presented.

a. Linear trend of attributable proportion by age significant (P < .05).

b. Quadratic trend of attributable proportion by age significant (P < .05).
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Proportion of Total Volume of Leisure-Time Physical Activity Attributable to Specific Types
of Activities, by Sex and Race/Ethnicity, NHANES 1999 — 2006.

Note: Error bars represent lower and upper bounds of the 95% confidence interval; activities
with total proportion < 1% (winter activities and other activities not specified) are not
presented; heterogeneous groups (other race or multi-racial) are not presented.
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Estimates significantly different (P < .05) between: a) non-Hispanic whites and non-
Hispanic blacks; b) non-Hispanic whites and Mexican Americans; and ¢) non-Hispanic
blacks and Mexican Americans.
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Figure 3.
Proportion of Total Volume of Leisure-Time Physical Activity Attributable to Specific Types

of Activities, by Sex and Education, NHANES 1999 — 2006.

Note: Error bars represent lower and upper bounds of the 95% confidence interval; activities
with total proportion < 1% (winter activities and other activities not specified) not presented.
a. Linear trend of attributable proportion by age significant (P < .05).

b. Quadratic trend of attributable proportion by age significant (P < .05).
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Proportion of Population Leisure-Time Physical Activity Volume Attributable? to Specific Types of Activities,
Overall and by Sex, NHANES 1999 — 2006.

Activity Category Total Men Women
(n=12277) (n=6169) (n=6108)
% (SE)2 % (SE)2 % (SE)?
Bicycling® 7.7(04) 86(05)  6.4(0.5)
Conditioning exercises® ~ 73(05)  5.4(06)  102(0.7)
Dancing? 89(04) 44(03) 155(0.8)
Fishing/hunting? 39(04) 56(06) 13(03)
Running? 78(04) 85(05)  6.6(0.5)
Sports? 22.4(0.7) 30.0(10) 11.4(0.7)
Walking? 281(0.8) 23.0(08) 355(1.4)
Water activitiesd 44(04) 40(05) 5.1(05)
Winter activities 0.9(0.2) 1.0 (0.3) 0.8(0.2)
Other activities? 86(08) 95(0.8) 7.2(10

The proportion of total volume (moderate-equivalent minutes) attributable to specific activities is defined as the population ratio of time spent in
the specific activity divided by the time spent in all activities; inactive group (n=9408) is excluded from the table as it has no activities to report and
contributes no minutes to the numerator or denominator; Inactive indicates no reported leisure-time physical activity of at least 10 minutes in past

30 days

ZStandard error.

3Significantly different (p<0.05) between men and women.

Other activities is not a defined activity category; estimates are only shown as is included because it contributes to the total leisure-time physical
activity volume; differences between men and women were not examined
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Table 3

Proportion of Population Leisure-Time Physical Activity Volume Attributable to Specific Types of Activities,
by Sex and Leisure-Time Physical Activity Level, NHANES 1999 — 2006.

Sex Insufficiently Activel  Activel
Activity Category % (SE)2 % (SE)2
Men (n=6169)
Bicycling 9.7 (0.9) 8.5(0.6)
Conditioning exercises 6.9 (0.9) 5.4 (0.6)
Dancing * 6.3(0.7) 43(04)
Fishing/hunting 4.6 (0.6) 5.7 (0.6)
Running 8.1(0.9) 8.6 (0.5)
Sports™* 19.7 (1.3) 30.5 (1.0)
Walking * 34.5 (1.6) 22.4(0.8)
Water activities 3.9(0.6) 4.0 (0.5)
Winter activities 0.4 (0.2) 1.0(0.3)
Other activities® 59(0.9) 9.7(0.9)
Women (n=6108)
Bicycling 5.5(0.5) 6.4 (0.6)
Conditioning exercises * 6.7(08) 105(0.7)
Dancing 14.2 (1.0) 15.6 (0.8)
Fishing/hunting * 05(0.1) 1403
Running ™ 2.8(0.4) 7.0 (0.5)
Sports ™ 6.7 (0.6) 11.8(0.8)
Walking * 54.2 (1.4) 33.9 (1.6)
Water activities ™ 35(09) 52(05)
Winter activities 0.9 (0.3) 0.8(0.2)
Other activities? 50(07) 74(L1)

Inactive group (n=9408) is excluded from the table as it has no activities to report and contributes no minutes to the numerator or denominator;
inactive indicates no reported leisure-time physical activity of at least 10 minutes in past 30 days ; insufficiently active indicates some activity, but
<150 minutes/week; and active indicates activity = 150 minutes/week

ZStandard error.

Other activities is not a defined activity category and includes lawn and garden specific activities from 1999-2002; other activities are included
because they contributes to the total leisure-time physical activity volume

*
Significantly different (p<0.05) between those who were insufficiently active and those who were active.
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