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Abstract

Background: Surveillance is a core function of public health, and approaches to national 

surveillance of physical activity and sedentary behavior have evolved over the past two decades. 

The purpose of this paper is to provide an overview of surveillance of physical activity and 

sedentary behavior in the United States over the past two decades, along with related challenges 

and emerging opportunities.

Methods: We reviewed key national surveillance systems for the assessment of physical activity 

and sedentary behavior among youth and adults in the United States between 2000–2019.

Results: Over the past 20 years, eight surveillance systems have assessed physical activity 

and five of those have assessed sedentary behavior. Three of the eight originated in non-public 

health agencies. Most systems have assessed physical activity and sedentary behavior via surveys. 

However, survey questions varied over time within and also across systems, resulting in a wide 

array of available data.

Conclusions: The evolving nature of physical activity surveillance in the United States has 

resulted in both broad challenges (e.g., balancing content with survey space, providing data at the 

national, state, and local level, adapting traditional physical activity measures and survey designs, 

and addressing variation across surveillance systems) and related opportunities.

INTRODUCTION

Surveillance is a core function of public health and is the ongoing systematic collection, 

analysis, and interpretation of outcome-specific data, which can then be used for planning, 

implementation, and evaluation of public health practice.1 Once there is sufficient evidence 

that a behavior, such as physical activity, benefits health2, 3, it is important to include 
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its measurement in public health surveillance systems. Surveillance of physical activity is 

integral for monitoring physical activity trends over time, setting national goals or objectives 

regarding physical activity, and understanding which populations are most at risk because 

of low physical activity levels and related health outcomes.4 To this end, physical activity 

has been assessed in several surveillance systems in the U.S. and other countries over many 

years.

Evidence demonstrating the health benefits of physical activity has grown substantially 

over the years5, 6, and public health policies addressing physical activity have evolved 

as a result (Table 1). For example, early aerobic physical activity recommendations 

for adults (Table 1) could only consider the existing evidence at the time, which was 

primarily comprised of clinical studies that examined exercise to increase aerobic power.7 

Over time, as epidemiological studies linked moderate-intensity aerobic activity to health, 

recommendations and guidelines focused more on unstructured moderate-intensity aerobic 

activity accumulated weekly.8, 9 Likewise, more current research linking sedentary behavior 

to poor health outcomes led to a recommendation to sit less.9 Similar changes have occurred 

in national public health goals, including the Healthy People initiative, which identifies 

public health priorities each decade to help individuals, organizations, and communities 

across the United States improve health and well-being.10 For instance, in response to 

changes in recommendations from the 1995 Centers for Disease Control and Prevention 

(CDC) and the American College of Sports Medicine (ACSM) to the 2008 Physical Activity 
Guidelines for Americans (Table 1)8, 11, the Healthy People 2010 goals for adult physical 

activity no longer included a target of 30 minutes per day of aerobic physical activity (Table 

2). Opportunities and needs for data often emerge from evolving recommendations and 

Healthy People objectives, which can serve as a catalyst for change in surveillance systems 

as it is important for them to correspondingly adapt. For example, in Healthy People 2020, 

a consistent data source for monitoring the proportion of children aged 6 years and older 

meeting the physical activity guidelines was not available and so a corresponding Healthy 
People objective was not included. However, in 2016 the National Survey of Children’s 

Health modified its physical activity questions allowing for assessment of meeting the 

physical activity guidelines in this age group. Subsequently, a corresponding objective was 

added in Healthy People 2030.

Public health surveillance of physical activity behaviors has evolved to reflect updated 

evidence and guidelines, facilitating the monitoring of the proportion of the U.S. population 

who perform this important health behavior using methods most consistent with current 

knowledge. Troiano, et al. previously published a review of physical activity surveillance 

at the national and state levels through 2001, including assessment instruments used 

in population surveys.12 Since then, surveillance of physical activity has continued to 

evolve. For example, in response to the removal of the 10-minute bout recommendation 

in the Physical Activity Guidelines for Americans, 2nd edition9, the 2020 National Health 

Interview Survey (NHIS) no longer requires respondents to report only activities lasting 

at least 10 minutes.13 Such changes help keep surveillance systems current with scientific 

knowledge, but can impact estimates and complicate efforts to document trends in physical 

activity participation over time. Tracking and reporting changes to physical activity 

Omura et al. Page 2

J Phys Act Health. Author manuscript; available in PMC 2024 April 11.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



surveillance can assist in the interpretation of physical activity surveillance estimates and 

reports.

Advances in physical activity assessment and technology can also drive changes in physical 

activity surveillance. Accelerometers are frequently used to measure bodily movement, 

which can be an indicator of physical activity behavior.14 As use of accelerometers 

increased in physical activity research, they were incorporated into four 2-year cycles of 

NHANES between 2003 and 2014.15 Further, the proliferation of cellular telephones and 

the decline in land-line telephones has spurred changes in survey sampling methods to 

address decreasing response rates of traditional surveys used in several national surveillance 

systems.16 While cellphone technology may negatively impact survey response rates, data 

derived from cellphones (e.g. fitness tracking app records, activity records collected through 

passive monitoring) may provide emerging opportunities for monitoring physical activity 

behaviors.17 Understanding the impact of changes in technology is therefore an integral 

component of discussions regarding opportunities and challenges in physical activity 

surveillance.

This paper provides a 20-year update to the 2001 Troiano, et al. review of physical activity 

surveillance.12 This more recent time period includes critical milestones such as the release 

of both the 2008 Physical Activity Guidelines for Americans and the Physical Activity 
Guidelines for Americans, 2nd edition.8, 9 The primary purpose of this paper is to provide an 

updated historical overview of the surveillance of physical activity and sedentary behavior 

at the state and national levels in the United States over the past 20 years. A secondary 

purpose is to describe current challenges and emerging opportunities impacting physical 

activity surveillance moving into the future.

DATA SOURCES

This section provides a brief overview of national and state sources of physical activity 

and sedentary behavior surveillance data available in the United States (Table 3). Detailed 

historical and methodological information is publicly available elsewhere for many of these 

surveillance systems.18–21

American Community Survey (ACS)22

The ACS is a nationally representative survey conducted by the U.S. Census Bureau since 

2005. Data collection is continuous and data are released annually. The Census Bureau 

selects a random sample of addresses, including group quarters like college dormitories 

(since 2006), to be included in the ACS. From 2005 through 2012, the ACS collected 

data on all persons residing at a sampled address using three sequential methods, or 

“modes”: paper questionnaires through the mail, phone interviews, and personal visits with 

a Census Bureau interviewer. Starting in 2013, the Census Bureau added a fourth mode—an 

Internet response option. Starting in late 2017, the Census Bureau discontinued using phone 

interviews to follow up with non-respondents.
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American Time Use Survey (ATUS)23

The ATUS began in 2003 and provides annual, nationally representative estimates of how, 

where, and with whom Americans spend their time. The U.S. Bureau of Labor and Statistics 

selects participants for ATUS using a stratified, three-stage sample design including state, 

households, and an individual within a household. Through a guided telephone interview, 

ATUS participants give a detailed record of all their activities in the previous day.

Behavioral Risk Factor Surveillance System (BRFSS)24

The BRFSS began in 1984 and is an annual, state-based system of health surveys that 

collects information on health risk behaviors, preventive health practices, and health care 

access primarily related to chronic disease and injury. BRFSS is a random-digit-dialed 

telephone survey of the civilian, non-institutionalized U.S. adult population ≥18 years of 

age. It is conducted in all 50 states, the District of Columbia (DC), Guam, Puerto Rico, 

and the U.S. Virgin Islands. Each state works with the Centers for Disease Control and 

Prevention (CDC) to develop a sampling protocol to select households, and one adult 

is selected from each household to participate in the survey. In 2011, BRFSS added 

survey calls to cellphone numbers and modified their weighting method; due to these 

methodological changes, data from 2011 and beyond are not directly comparable to previous 

years of BRFSS data, as shifts in observed estimates are likely to reflect the new methods 

rather than true trends.25, 26

National Health and Nutrition Examination Survey (NHANES)15

The NHANES program began in 1959 and has been conducted as a series of surveys 

focusing on different population groups or health topics. In 1999, the survey became a 

continuous program. NHANES combines interviews and physical examinations and uses 

a stratified, multistage, probability cluster sample of the U.S. civilian, noninstitutionalized 

population. The NHANES sample is selected in four stages: 1) primary sampling units 

(PSUs, generally counties), 2) segments within PSUs (census blocks or combination of 

blocks), 3) dwelling units, or households, within segments, and 4) individuals within 

households.27 Nationally representative data are released for each 2-year cycle on the 

NHANES home page.15.

National Health Interview Survey (NHIS)28

The NHIS has been conducted since 1957 and collects information on a variety of health 

measures. NHIS is primarily a face-to-face household interview survey of a sample of U.S. 

households, with some interviews also performed via telephone; it is conducted continuously 

throughout the year and data are released annually. The survey utilizes a multistage stratified 

sampling design that starts by selecting PSUs from a list of geographically designed 

PSUs that cover the 50 states and DC. The next level of sampling involves selecting 

households. The sampling plan is redesigned after every decennial census. Basic health and 

demographic information are collected for all household members; additional information, 

such as physical activity, is collected on one randomly selected adult (≥18 years of age) in 

each household. Periodically, additional questions related to physical activity are collected 
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from a randomly selected adult and child. NHIS underwent a redesign in 2019, however 

physical activity assessment was not included in the 2019 cycle.29

National Household Travel Survey (NHTS)30

The NHTS is conducted by the Federal Highway Administration and provides 

comprehensive data on travel and transportation patterns in the United States. It has 

been conducted in 2001, 2009, and 2017. Prior to the NHTS, the Nationwide Personal 

Transportation Survey (NPTS) was conducted in 1969, 1977, 1983, 1990, and 1995. The 

survey includes demographic characteristics of households, people, vehicles, and detailed 

information on daily and longer-distance travel for all purposes by all modes. NHTS survey 

data are collected from all household members age 5 and older from a sample of U.S. 

households and provide national estimates of trips and miles by travel mode, trip purpose, 

and various household attributes.

National Survey of Children’s Health (NSCH)31

The NSCH provides representative health data on non-institutionalized children aged 0 

to 17 years through adult proxy reporting in the U.S. and in each state. In 2003, 2007, 

and 2011/2012, the NSCH was a national telephone survey using a list-assisted random-

digit-dial (RDD) sample of landline telephone numbers within non-overlapping areas, 

supplemented with an independent RDD sample of cellphone numbers in 2011/2012 only. 

It was conducted by the National Center for Health Statistics using the same sampling 

frame as CDC’s National Immunization Survey (NIS). If more than one child lived in the 

household, only one child was randomly selected to be the subject of the detailed interview; 

a parent or guardian respondent in the household who knows about the health and health 

care of the selected child was interviewed as an adult proxy for the child.

Starting in 2016, the NSCH transitioned to a self-administered mail- and web-based survey 

conducted annually by the U.S. Census Bureau on a random address-based sample of 

households. After stratifying by state and a child-presence indicator, strata of addresses more 

likely to have children are oversampled. A screener survey is used to determine households 

with children (0–17 years) and create rosters of these children with corresponding 

demographic information. Children with special health care needs and children aged 0–5 

years are oversampled. One child per household is then randomly selected, and a parent or 

guardian respondent in the household who knows about the health and health care of the 

selected child is given an age-specific topical survey regarding the child, to report as an adult 

proxy.

Youth Risk Behavior Survey (YRBS)32

The Youth Risk Behavior Surveillance System (YRBSS) includes ongoing national, state, 

territorial, tribal, and large urban school district surveys, of which the national Youth Risk 

Behavior Survey (YRBS) is one. The YRBS, as part of the YRBSS, has been conducted by 

the CDC every other year since its beginning in 1991. It is a self-administered school-based 

survey of a nationally representative sample of U.S. public and private school students in 

grades 9–12 in the 50 states and DC. The national survey is administered to 9th through 

12th grade students drawn from probability samples of schools and students. It uses a 
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three-stage cluster sample design, with the first-stage sampling frame of counties as PSUs. 

PSUs are categorized into 16 strata by metropolitan statistical area (MSA) status and black 

and Hispanic student percentages. Next, the second-stage sampling frame of schools with 

grades 9–12 are sampled from those PSUs. Last, the third stage randomly samples one or 

two classrooms of a required subject or period in each grade.

REPORTED AEROBIC ACTIVITY

This section presents the various assessments of aerobic activity across systems, organized 

as surveys of children and adolescents, surveys of adults, and time use or trip diary data.

Surveys of children and adolescents

The surveillance systems that collect information about physical activity in children and 

adolescents via survey questions are the NHANES, NHIS, NHTS, NSCH, and YRBSS 

(Table 4).

Questions specific to youth on NHANES have differed across the years. From 1999–2008, 

parents of children aged 2 to 11 years were asked how many days their child participated 

in vigorous physical activity (e.g., that makes them sweat and breathe hard). From 2009–

2020, NHANES assessed how many of the past 7 days youth engaged in ≥ 60 minutes of 

moderate-to-vigorous physical activity (e.g. that increases heart rate and makes breathing 

hard some of the time), although included age groups differed across the years. A proxy, 

most commonly a parent, reported for their children aged less than 12 years, and those 

aged 12 years and older self-reported. From 2013–2016, more extensive questions were 

included as part of the NHANES questionnaire that assessed physical activity outside of 

the school day (ages 3–15), vigorous activity (ages 5–15), and participation in sports or 

physical activity clubs (ages 5–15). Many NHANES questions assessing moderate- and 

vigorous-intensity activity for those aged 12 and older are the same as those asked of adults 

and are covered in the next section and in Table 4.

The NHIS has periodically included physical activity-related questions among children. For 

example, the complementary and alternative medicine supplement included child content 

on participation in yoga, tai chi, and qi chong.33, 34 However, these questions have not 

been used as part of routine national surveillance of children’s physical activity. The NHTS 

examined physical activity among children and adolescents aged 5 years and older with 

adult household members serving as proxies for those under 16 years of age. The included 

questions assessed episodes of (1) outdoor walking and (2) biking (for exercise only, 2001 

and 2009; overall and for exercise, 2017). In 2017, NHTS also asked about days engaged in 

at least 30 minutes of (1) vigorous activity and (2) moderate activity for those aged 5 years 

or older. Finally, the NHTS included questions in 2009 and 2017 about active transportation 

to school assessed as the usual mode of transportation (e.g., biking or walking) to school.

In 2003, 2007, and 2011/12, the NSCH asked parents about the number of days children 

engaged in vigorous activity for ≥ 20 minutes. Starting in 2016, this question was removed 

and replaced with a question about the number of days in the past week children engaged 

in physical activity (e.g., exercise, play a sport, or participate in physical activity) for ≥ 60 
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minutes. Parents were also queried about whether children participated in sports teams or 

lessons.

From 1993–2009, the YRBS asked high school students to report how many days in the past 

7 they engaged in ≥ 20 minutes of vigorous activity (e.g., that makes them sweat and breathe 

hard) and from 1999–2009 students also reported days engaged in ≥ 30 minutes of moderate 

activity (e.g., that does not make them sweat or breathe hard). From 2005–2019, the YRBS 

asked high school students to report how many days in the past 7 they engaged in ≥ 60 

minutes of moderate-to-vigorous physical activity (e.g., that increases heart rate and makes 

breathing hard some of the time); however, due to changes in the sequence of the survey 

questions in 2011, questionnaire changes preclude comparison of this question for 2009 and 

earlier with 2011 and later. From 1991–2019, high school students were asked about how 

many days they go to physical education (PE) classes, along with additional questions about 

minutes of exercise during PE class included from 1991–2009. From 1991–2019, students 

were also asked whether they played on sports teams during the previous 12 months.

Surveys of adults

For adults, the main surveillance systems that collect self-reported information about 

physical activity include BRFSS, NHANES, and NHIS (Table 4). ACS and NHTS contain a 

more limited number of physical activity survey questions. Each of these systems has a long 

and varied history of collecting physical activity data.

BRFSS has tracked physical activity in 2 different ways. First, a single core question about 

past-month participation (yes/no) in any non-occupational physical activities or exercises 

such as running, calisthenics, golf, gardening, or walking has the longest history on the 

BRFSS.35 In 1984, 35 states included this question on their BRFSS core. By 1996, all states 

had incorporated this question as part of the BRFSS core; this question is often referred to 

as the BRFSS Physical Activity Tracking Question. From 1984–1991, in even years from 

1992–2000, and in odd years from 2011–2019, BRFSS physical activity questions assessed 

the 2 non-occupational physical activities each adult spent the most time doing during 

the past month, including frequency and duration. The relative intensity of each reported 

activity is estimated to determine if the activity is of moderate- or vigorous-intensity for 

each respondent. Relative intensity takes into account the respondent’s maximal oxygen 

uptake, which is estimated based on their sex and age. In odd years from 2001–2009, 

BRFSS included different questions; respondents were asked to recall overall frequency and 

duration of time spent doing non-occupational physical activities of moderate intensity (e.g., 

small increases in breathing or heart rate) and of vigorous intensity (e.g., large increases in 

breathing or heart rate) in a usual week for at least 10 minutes at a time.

Prior to 1999, physical activity assessment in NHANES was of limited scope. Starting 

with the continuous NHANES that began in 1999, the physical activity section expanded. 

From 1999–2006, NHANES respondents were asked how many days in the past month 

and for how long each day they walked or biked for transportation. Frequency (e.g. how 

often) and duration (e.g. for how long each time they participated for at least 10 minutes) 

were also assessed separately for each the following types of activity: 1) moderate-intensity 

or greater household physical activity, 2) vigorous-intensity leisure-time physical activity 
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(e.g., running, lap swimming, aerobics class, fast bicycling), and 3) moderate-intensity 

leisure-time physical activity (e.g., brisk walking, bicycling for pleasure, golf, or dancing). 

Also, the type of vigorous- and moderate-intensity leisure-time activities performed over 

the past 30 days was assessed. From 2007-present, NHANES respondents have been asked 

how often in the past month and for how long each time they participated for at least 10 

minutes continuously in: 1) vigorous-intensity work- or household-related physical activity, 

whether paid or unpaid (e.g., carrying or lifting heavy loads, digging or construction work); 

2) moderate-intensity work- or household-related physical activity, whether paid or unpaid 

(e.g., brisk walking or carrying light loads); 3) transportation-related walking or biking 

(assumed moderate intensity); 4) vigorous-intensity sports, fitness, or recreational physical 

activity (e.g., running or basketball); and 5) moderate-intensity sports, fitness, or recreational 

physical activity (e.g., brisk walking, bicycling, swimming, or golf).

Prior to 1997, physical activity assessment in NHIS was inconsistent and has been 

previously described.12 In 1997, as part of the NHIS questionnaire redesign, physical 

activity questions were included in the core questionnaire for the first time. From 1998–

2018, a series of leisure-time physical activity questions assessed frequency and duration 

of physical activity that occurred for at least 10 minutes at: 1) light to moderate intensity 

and 2) vigorous intensity. A separate question was included on the frequency of muscle-

strengthening activity. In 2005, 2010, and 2015, as part of the Cancer Control Supplement, 

the NHIS also included questions on leisure and transportation walking (frequency, duration) 

that took at least 10 minutes. In addition to the questions related to walking, other 

supplements have periodically included questions to assess physical activity behavior. For 

example, supplements have included questions related to physical activity associated with 

a person’s job or main daily activity and for alternative health.36 In 2019, the NHIS 

questionnaire underwent a major redesign. This included the physical activity questions, 

which were revised slightly from the 2018 version and will appear every two years 

starting in 2020, along with a series of questions on leisure and transportation walking. 

Revisions include the removal of light-intensity activity from the questions assessing 

moderate-intensity activity and removal of the 10-minute bout requirement for physical 

activity and walking questions.

Two surveys, the ACS and the NHTS, have more limited physical activity assessments. ACS 

and NHTS query employed adults about their mode of transportation to work. Since 2005, 

the national ACS has asked employed persons aged 16 years and older about their primary 

mode of transportation in the preceding week, and response options include walking and 

biking. Similar to ACS, the 2001, 2009, and 2017 NHTS also assessed the primary mode 

of transportation to work in the preceding week for all employed persons aged 16 years 

and older, and responses included walking and biking. As highlighted in the section for 

youth, the NHTS also included questions for those aged 5 years or older about episodes of 

(1) outdoor walking and (2) biking and about days engaged in at least 30 minutes of (1) 

vigorous activity and (2) moderate activity.
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Time use or trip diary data

Two surveillance systems (ATUS and NHTS) collect diary information that permit 

assessment of different physical activity constructs. The ATUS interview records all 

activities for a respondent in the previous day and can be used to estimate time spent in 

various physical activities. The ATUS collects data in enough detail to link ATUS primary 

activity codes with metabolic equivalents (METs) cataloged in the Compendium of Physical 

Activities.37, 38 Also, there are opportunities to use multiple data elements within ATUS 

to identify different types of physical activity. For example, activities coded as travel can 

be considered as active transportation if they were reported to occur during walking or 

bicycling.39

The NHTS collects data on trips taken in a 24-hour period for a randomly assigned day 

of the week. Trip log retrieval was conducted for all household members in 2001 and 

all members aged 5 and older (adult proxy for children aged 5–15 years) in 2009 and 

2017. Information collected includes purpose of the trip (work, shopping, etc.), means of 

transportation used (car, bus, subway, walk, etc.), trip distance, and trip minutes. NHTS 

trip data can be used to examine trips that were made using active transportation (i.e., 

walking or bicycling as a means of transportation) and can also be used to examine the 

mode of transportation used to get to specific destinations, such as school for children 

and adolescents. Collection prompts and details have differed somewhat over the years, so 

differences in data collection techniques should be carefully examined when using data from 

the trip diary for examining trends. For example, the 2017 NHTS changed the definition of 

a trip to allow walk and bike trips to and from home (loop trips) that were not included in 

previous years.40

REPORTED MUSCLE-STRENGTHENING ACTIVITY

Frequency of muscle-strengthening activity is assessed via questionnaire among both 

adolescents and adults (Table 4). NHANES and YRBS have assessed muscle-strengthening 

activity in adolescents. Specifically, the NHANES questionnaire assessed muscle-

strengthening activity for those aged 12 and older from 1999–2006 and for those aged 12–15 

from 2013–2016. The YRBS asked high school students about the frequency of participation 

in muscle-strengthening activity from 1991–2003 and 2011–2019. For adults, an assessment 

of muscle-strengthening frequency is included in BRFSS for 2011–2019, NHIS for 1998–

2018, and NHANES for 1999–2006.

REPORTED SEDENTARY BEHAVIOR

Surveys of children and adolescents

The survey-based surveillance systems that collect information about sedentary behavior in 

children and adolescents include NHANES, NSCH, and YRBSS (Table 5). These systems 

mainly focus on screen time (e.g., television [TV] viewing, computer usage), with the one 

exception being NHANES that assessed sitting time among all respondents aged 12 and 

older from 2009–2016.
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Although exact questions differed over time, all three systems have a similar history of 

assessing screen time. Two systems started with one question assessing TV viewing only 

(NSCH 2003 and 2007, YRBS 1999 and 2001), and NHANES included a combined TV 

viewing and computer use question from 1999–2002 for those aged 16 years and older. 

Next, each system included separate TV and computer use questions (NHANES 1999–2018; 

NSCH 2011/12, 2016, and 2017; YRBS 2003–2019), although the examples included within 

the computer use questions have changed periodically, and the age groups assessed have 

changed for NHANES over time. Most recently, NHANES 2019–2020 and NSCH 2018–

2020 switched to a single screen time question. NHANES 2019–2020 assessed average 

hours in a typical school day spent playing with a smartphone or computer, watching TV 

or movies, or playing video games. NSCH 2018–2020 assessed average hours in a typical 

school day spent in front of a TV, computer, cellphone, or other electronic device watching 

programs, playing games, accessing the internet or using social media, not including time 

spent doing schoolwork.

Surveys of adults

Some screen time questions in NHANES have periodically included adults as well as youth, 

including the combined TV viewing and computer use question in 1999–2002 and the 

separate TV viewing and computer use questions from 2003–2006 and 2011–2016 (Table 5).

For adults, NHANES has the longest history of collecting data on sitting time. NHANES 

2007–2008 assessed time spent sitting or reclining on a typical day, then ‘reclining’ was 

removed for NHANES 2009–2020 (2009–2016, ages 12 years and older; 2017–2020, 

ages 18 years and older). Questions assessing time spent sitting during weekdays and 

weekend days among adults were also included in the 2000 and 2005 NHIS Cancer Control 

Supplement.

Time use data

Similar to using the ATUS for estimating physical activity participation, intensity (MET) 

coding of the ATUS data allows for the classification of activities and occupations as 

sedentary (1.0 to 1.5 METs).38 Examples of activities classified as sedentary are eating and 

drinking and watching television.

DEVICE-COLLECTED HUMAN MOVEMENT

NHANES is the only national surveillance system that has periodically included measures 

of human movement assessed via a device (Table 6). In 2003–2006, all ambulatory 

examination participants aged 6 years and older were asked to wear the ActiGraph 7164 

device on a waist belt during waking hours for 7 days, and to remove the device only for 

water-based activities.15 In 2011–2014, all examination participants aged 6 years and older 

(ages 3–5 years were added in 2012) were asked to wear the water-resistant ActiGraph 

GT3X+ on a wrist band at all times for seven days and eight nights.15 Most commonly, 

accelerometer output has been translated into categories of activity intensity based on 

predicted energy expenditure, which are then used to create national estimates of time spent 

in light-, moderate-, and vigorous-intensity physical activity and sedentary behaviors.14, 41 
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However, accepted standardized thresholds for classifying activity intensity using wrist-worn 

accelerometers do not currently exist; thus, activity intensity categories are not provided for 

the 2011–2014 NHANES accelerometer data.42

TEST-BASED FITNESS AND STRENGTH ASSESSMENTS

Though not direct measures of physical activity behaviors or movement, cardiovascular 

fitness and muscular strength are physiological parameters that are related to physical 

activity. NHANES has periodically included testing related to fitness and muscle strength 

(Table 6). Cardiovascular fitness testing via submaximal exercise testing was conducted as 

part of NHANES 1999–2004 for respondents aged 12–49 years and in 2012 among youth 

aged 6–15 years. Muscle strength has been tested periodically in NHANES via different 

procedures (Table 6). This testing was done for those aged 50 years and older in each cycle 

from 1999–2004 and for those 6 years and older in each cycle from 2011–2014, although 

the types of assessments differed slightly. In addition, the NHANES National Youth Fitness 

Survey was conducted in 2012 and included multiple additional tests of cardiovascular 

capacity, performance endurance, core strength, and upper and lower body strength for 

youth aged 3–15 years.

DISCUSSION

Over the past 20 years, national and state surveillance systems have used a variety of 

measures to monitor physical activity and sedentary behaviors among children, adolescents, 

and adults, resulting in a wide array of available data. This evolving nature of physical 

activity surveillance in the United States has resulted in data that can be used for a variety of 

public health purposes, as well as broad challenges and related opportunities.

Data Availability and Uses

Data from surveillance systems that measure and track changes in physical activity 

behavior can be used for many purposes. These include setting health goals or objectives, 

monitoring trends in physical activity over time, creating public awareness of physical 

activity as an important health behavior, identifying populations at high risk and related 

health disparities, developing and evaluating programs, supporting health-related policy or 

legislation, and examining relationships of interest (e.g., relationships between behavior 

and health outcomes or between policy changes and changes in behavior).4 Making 

physical activity surveillance data and related estimates easily accessible for researchers 

and practitioners can facilitate data use. All data systems highlighted in this manuscript 

provide public-use datasets. Further, several of the surveillance systems offer summary 

reports (e.g., NHIS, YRBSS)43–45 or have related web-enabled tools (e.g., ACS, BRFSS, 

NHTS, NSCH, YRBSS)46–50 that provide estimates for various indicators, including those 

related to physical activity, by selected demographic and geographic characteristics. In 

addition, these surveillance systems and their resulting data can help inform global efforts. 

In particular, NHANES’ physical activity questions are based on the International Physical 

Activity Questionnaire (IPAQ). This facilitates international comparisons as the IPAQ is the 

basis for physical activity estimates in many countries.51
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Most available physical activity estimates focus on current physical activity guidelines 

(Table 1) or Healthy People objectives (Table 2). The Healthy People 2020 data portal 

and the CDC Division of Nutrition, Physical Activity, and Obesity’s (DNPAO) “Nutrition, 

Physical Activity, and Obesity: Data, Trends, and Maps” interactive database provide 

estimates across different physical activity surveillance systems, as well as estimates 

stratified by select demographic and geographic characteristics and year.52, 53 In addition, 

many journal articles provide an in-depth examination of long-term trends in physical 

activity, correlates of physical activity, and associations between these physical activity 

variables and health.35, 39, 54–68 For example, a number of articles have examined trends and 

correlates of walking for leisure and transportation using the NHIS walking questions.63–68

The limited assessment of sedentary behavior, device-collected human movement, and 

fitness testing across surveillance systems has led to less widely available estimates than 

those of aerobic and muscle-strengthening activity. For sedentary behavior, estimates of 

self-reported sitting time among adults can be found in published literature.38, 54, 69–71 For 

example, Ussery et al found that self-reported sitting time among US adults increased from 

5.5 hours per day in 2007/2008 to 5.9 hours per day in 2017/2018.71 Screen time estimates 

as a proxy for sedentary behavior for children and adolescents are more readily available on 

several data portals, including the Healthy People 2020 data portal and CDC’s Youth Online 

portal.52, 72 A number of studies have used device-collected human movement data, such 

as accelerometer-based measures from the 2003–2006 NHANES, to assess physical activity 

levels and sedentary time among youth and adults in the U.S., although more recent national 

estimates are lacking.14, 73–75 In addition, estimates regarding fitness testing are similarly 

limited. For example, only a few publications have examined cardiorespiratory fitness levels 

among youth, muscular strength in children and youth, and cardiorespiratory fitness levels 

among U.S. adults 20–49 years of age.76–82 A single previous study also combined aerobic 

activity, sedentary behavior, and fitness assessments by examining the associations of youth 

physical activity and screen time with fatness and fitness in children and adolescents.83

Challenges and Related Opportunities

The challenges and related opportunities for physical activity and sedentary behavior 

surveillance have been highlighted in previous publications, which include recommendations 

and suggestions for enhancing national physical activity surveillance.12, 84 However, these 

papers do not fully capture the past two decades. Given that the current review provides an 

update to cover the past 20 years of physical activity surveillance in the United States, we 

highlight current challenges and related opportunities.

Identifying and Filling Assessment Gaps—Public health surveillance systems (e.g., 

NHIS, NHANES) generally include physical activity questions that allow analysts to 

categorize individuals into groups based on physical activity guidelines and Healthy People 
objectives. As outlined previously, the main components of the physical activity guidelines 

(i.e., frequency, duration, and intensity) are captured in multiple systems with a few notable 

exceptions where additional assessment is needed. For example, there is currently a lack 

of data on muscle-strengthening activity among children younger than high school age, 

muscle-strengthening duration and volume in general, bone-strengthening activity among 
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children and adolescents, vigorous-intensity activity among children and adolescents, and 

multi-component activity that includes balance training along with aerobic and muscle-

strengthening activity among older adults.9 Additionally, assessment of specific activity 

types, such as balance training, is rare in existing surveillance systems and activity across 

multiple domains, such as occupational physical activity, is limited. A better understanding 

of these components can provide useful information to examine the role of occupational 

physical activity on health and for designing and monitoring the impact of physical 

activity promotion programs such as group exercise and falls prevention programs for 

older adults that include aerobic exercise, strength training, and balance training.85 For 

sedentary behavior, current assessment is mainly limited to a single question assessing 

total sitting time in adults and various questions assessing screen time, usually in youth. 

More detailed information about various domains in which sedentary behavior occurs 

(e.g. occupational, transportation-related) may inform strategies to reduce sedentary time. 

Filling these identified gaps would help public health professionals and researchers more 

completely describe physical activity participation and sedentary behavior in the U.S. and 

design related interventions.

When designing and refining questions for surveillance systems that might address these 

gaps, it is necessary to balance the level of detail needed with questionnaire brevity. When 

preference is given to brevity, opportunities may exist to supplement data with periodic 

survey supplements. For example, the 2010 National Youth Physical Activity and Nutrition 

Study was a cross-sectional, school-based study conducted by the CDC that included a 

survey collecting information on behaviors and behavioral determinants related to nutrition 

and physical activity among high school students.86 In addition, the NHANES National 

Youth Fitness Survey was conducted in 2012 to collect data on physical activity and fitness 

levels, providing an evaluation of the health and fitness of children in the U.S. aged 3 to 15 

years.87

Providing Data at the National, State, and Local Level—Local level data can help 

local policy makers and public health professionals plan, monitor, and evaluate physical 

activity programs. Although many systems provide estimates at the state level (e.g., ACS, 

ATUS, BRFSS, NHTS, NSCH, YRBSS), these existing systems do not have sufficient 

sample sizes to produce direct estimates for most areas below the state level (e.g., county, 

city, place, or in the case of YRBSS, the school district) with the exception of the ACS. 

While local level data are important, sufficiently increasing sample sizes to produce local 

level estimates within systems may be challenging.

In the absence of producing direct estimates, small area estimation techniques, especially the 

statistical model-based approaches, have been applied to national or state health surveys 

to generate reliable small area estimates.88–90 For example, the PLACES project is a 

collaboration between the CDC, the Robert Wood Johnson Foundation, and the CDC 

Foundation.91 The purpose of the PLACES project is to provide model-based estimates 

at the county, place (incorporated and census designated places), census tract, and ZIP Code 

Tabulation Area level for 27 chronic disease risk factors, health outcomes, and clinical 

preventive service use for the entire United States.91 The PLACES project includes small 

area estimates of the prevalence of adults who report no leisure-time physical activity.91 
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These estimates can help with public health planning, although they are not currently useful 

for evaluation or tracking changes at the local level over time.88–90

Traditional Physical Activity Measures—In general, the estimates reviewed in this 

report are based on surveys that collect physical activity data using self-report or proxy-

report methods. However, such self-reported data have several limitations, including recall 

and social desirability biases.92 These biases have been shown to result in overestimates 

of physical activity behavior and underestimates of sedentary behavior.84, 92–96 Additional 

challenges are related to questions assessing screen time and sedentary behavior.97–99 For 

example, screen time questions, often used as a proxy for sedentary behavior, do not account 

for sedentary behaviors that occur outside time spent using screens; may measure TV, new 

technologies, and interactive or social media use together or separately, and only outside 

the scope of schoolwork for youth; and may not measure media multitasking (e.g. screen 

time during physical activity or using multiple media simultaneously).97–100 Single-item, 

self-reported measures of sitting time among adults have been shown to underestimate total 

sedentary time and aggregate measures may not reflect true population estimates.101

Device-based assessment methods can measure human movement, an important component 

of physical activity behavior, and help reduce the previously described challenges of 

reported active and sedentary behaviors. However, incorporating device-based measurement 

into a surveillance framework presents several challenges itself, including the cost along 

with the complexity of the devices and analyzing the data they provide.84 In addition, 

the evolving technology makes it difficult to consistently measure and track changes over 

time. For example, although accelerometers were incorporated into NHANES twice, the 

different devices and protocols used (e.g., waist-worn versus wrist-worn) make it difficult 

to compare these data.84, 102 An additional challenge of wearable devices for physical 

activity surveillance is the lack of standard metrics or cut points for defining participation 

in moderate- and vigorous-intensity activity.84 Device-based measures alone are also unable 

to provide information on the context or purpose of activity recorded. Finally, current 

physical activity guidelines were based largely on the associations between reported physical 

activity and health, not human movement data and health.3, 84 Guidelines based on human 

movement data have not been established, making standardized reporting device-based data 

assessing movement more challenging.84 Despite these limitations, device-based assessment 

methods offer an important opportunity for physical activity surveillance. Expanded use 

can help clarify and resolve outstanding questions, along with efforts to establish physical 

activity guidelines based on human movement data.

Traditional Survey Designs—Surveillance relies on the ongoing systematic collection 

of data. Some national surveillance systems that measure physical activity have revised their 

methods and measures over time which limits the ability to make comparisons before and 

after the changes occurred. Traditional survey-based surveillance systems also take time 

to collect, process, and report data, which can limit their timeliness. Moreover, all of the 

surveillance systems described here depend upon their ability to reach and engage potential 

survey respondents.16 Declining response rates present a challenge to the viability of such 

surveys. Response rates over the past 20 years have declined, including the NHIS sample 
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adult section (response rate: 72.6% in 1998 to 63.4% in 2018) and the BRFSS (median 

state-level response rate: 59.2% in 1998 and 49.9% in 2018).103–106 The pervasiveness of 

cellphones and lack of landlines is especially problematic for surveys that rely on lists 

of telephone numbers for sampling, although many systems have updated their sampling 

methods to address these issues.16, 25 For example, in 2011, BRFSS added new procedures 

to include cellular telephone households and modified their weighting method to adjust 

survey data for differences between the demographic characteristics of respondents and 

the target population.25, 107 Other strategies to maximize response rates include incentives, 

address-based sampling, utilizing multiple modes, two phase sampling, responsive design, 

and retaining respondents in panel surveys.16

New assessment methods and technologies may provide alternative data sources that 

can complement traditional physical activity and sedentary behavior data sources.84, 108 

These types of emerging data are being explored across multiple sectors. For example, 

a 2020 study reviewed emerging data sources for pedestrian and bicycle monitoring and 

categorized them based on whether the mode used can be detected with no or little effort.17 

Examples identified in this review included those with mode-unspecified data (e.g., cell-

tower mobile phone positioning, multi-app location-based service, Wi-Fi/Bluetooth) and 

mode-specified data (e.g., regional bicycle-tracking app, fitness-tracking app, bike-share 

program).17 Moving forward, sectors can work together to better understand how these 

emerging data are captured, explore the validity of measures and the representativeness 

of data, develop solutions to data access and privacy concerns, and further explore the 

feasibility of using these sources for public health surveillance purposes.84

Crowd-sourced human movement data using wearable activity monitors, such as smartphone 

apps and wearable devices, is another possible source for national physical activity 

surveillance.84, 108–111 Previous studies in this area have generally found that users of 

wearable activity monitors are not representative of the overall U.S. population, and are 

notably more active than the general population.109–111 Ownership and sharing of data 

from commercial wearable activity monitors pose additional challenges. Future research 

examining methods to overcome such limitations may help improve the potential application 

of these data for national physical activity surveillance.

The healthcare sector also holds potential as an emerging source of physical activity 

surveillance data. An expert panel convened by the National Academies of Science 

recommended several sector-specific strategies, including those in the healthcare sector, to 

enhance public health surveillance of physical activity.112 Strategies recommended included 

developing surveillance systems to monitor the prevalence of physical activity assessment 

in health care delivery through expanded integration of a standard physical activity vital 

sign (PAVS) and expanding the use of data from wearable devices for monitoring physical 

activity in at-risk patients.112 The latter recommendation may be particularly useful, since 

users of wearable devices are most willing to share their data with their healthcare 

provider.109–111, 113

Communicating Variation Across Surveillance Systems—Given the number of 

surveillance systems that measure physical activity using various measures and survey 
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designs, it is not surprising that variation exists in physical activity estimates across 

surveillance systems.60, 84, 114 However, this presents a challenge in interpreting and 

communicating these differing estimates.84 Experts have previously recommended methods 

to improve communication, translation, and dissemination of information about estimates 

of physical activity from surveillance systems.84 For example, future communication efforts 

can provide explanations for the differences in prevalence estimates across measures by 

incorporating this information into widely accessed materials, such as codebooks and 

manuals for national datasets.60, 84

CONCLUSION

Over the past 20 years, national and state surveillance systems have used a variety of 

measures to monitor physical activity and sedentary behaviors among children, adolescents, 

and adults, resulting in a wide array of available data. The evolving landscape of physical 

activity surveillance in the United States has resulted in both broad challenges and emerging 

opportunities, including balancing content and survey space; providing data at the national, 

state, and local level; adapting traditional physical activity measures and survey designs; and 

addressing variation across surveillance systems.
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