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Abstract

Objectives—Physical activity and sedentary behavior patterns may be differentially associated 

with socio-demographic and health measures. We explored correlates of day-to-day patterns over a 

week in accelerometer measured physical activity and sedentary behavior to inform intervention 

development.

Design—Cross-sectional study

Methods—National Health and Nutrition Examination Survey (NHANES) adult participants 

(≥20 years) in 2003–2006 wore an accelerometer for 1 week. Accelerometer data from 7236 

participants were used to derive latent classes describing day-to-day patterns over a week of 

physical activity and sedentary behavior. Correlates of each pattern were identified using 

multinomial logistic regression from 21 potential variables grouped into four domains: socio-

demographic, acculturation, cardiovascular, and health history.

Results—Older age, female sex, higher body mass index, and history of chronic disease were 

consistently associated with lower odds of being in a more active compared to the least active 

class. In contrast, being employed, speaking Spanish at home, and having better self-rated health 

were associated with higher odds of being in a more active compared to the least active class.

Conclusions—Correlates of physical activity and sedentary behavior patterns were identified 

from all domains (socio-demographic, acculturation, cardiovascular, and health history). Most 

correlates that were positively associated with physical activity were negatively associated with 

sedentary behavior. Better understanding of the correlates of physical activity and sedentary 

behavior patterns can inform interventions to promote physical activity and reduce sedentary 

behavior.
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Introduction

Physical activity is an essential component of ideal cardiovascular health and for the 

prevention of chronic disease.1 Moreover, sedentary behavior (waking time spent sitting or 

reclining) is an independent risk factor for cardiovascular disease and diabetes.2 

Understanding the importance of physical activity and sedentary behavior for health has 

increased with the development of more sophisticated measurement tools. Measures of 

physical activity and sedentary behavior have progressed from simple dichotomy (active vs. 

inactive) to self-reported frequency and duration, and more recently to accelerometer-based 

measures.3,4 Typically, accelerometer output is summarized as total time in sedentary 

behavior, light, moderate, and vigorous physical activity over the course of the monitoring 

period (usually assessed per week).4 However, in addition to the cumulative amount, the 

manner in which physical activity and sedentary behavior are accumulated may be 

important.5,6 For example, the health benefits of physical activity may differ for engaging in 

some physical activity every day compared to longer bouts of physical activity only on 

weekends.7 Also, prolonged sitting is likely to be more detrimental to health than interrupted 

bouts of sedentary behavior.8 To explore the relative health impacts of different frequencies 

and durations of physical activity and sedentary behavior we need to characterize patterns of 

physical activity and sedentary behavior.9,10

Patterns of physical activity and sedentary behavior can be explored using latent class 

analysis, which identifies subgroups within a population on the basis of some characteristic 

or set of characteristics.11 Latent class analysis has been applied to self-reported physical 

activity or sedentary behavior.12–14 Applying this approach to accelerometer data gathered 

over multiple days from the same individuals enables the use of more information from the 

accelerometer to distinguish detailed patterns of physical activity and sedentary behavior.5,11

Day-to-day patterns over a week of physical activity and sedentary behavior were derived 

for a nationally representative sample of American adults using latent class analysis of 

accelerometer data.11 Patterns of average intensity of physical activity and moderate-to-

vigorous physical activity (MVPA) were characterized by low levels of physical activity on 

all days of the week, higher levels of physical activity on most days of the week with a 

decrease on weekend days, or limited physical activity during the work week with longer 

bouts of physical activity on the weekend (Supplemental Figure 1). The latter pattern has 

been called the “weekend warrior” pattern.7,15 Sedentary behavior patterns were 

differentiated by the average daily amount of sedentary behavior, with daily averages 

remaining stable across all days of the week. This study identified a high prevalence of 

unhealthy patterns: 66% to 80% of adults were grouped into the two least active MVPA 

patterns, and 31% were grouped in the two most sedentary patterns (Supplemental Figure 

1).11
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Identifying the characteristics of individuals who engaged in different day-to-day patterns of 

behavior over the course of a week is important to understand who is at risk for adverse 

health effects associated with physical inactivity and for targeting of interventions.9,10 For 

example, interventions could be tailored to days of the week when people are most likely to 

be sedentary or to groups at highest risk for prolonged sitting to increase intervention 

effectiveness.13 Our objective was to explore correlates of previously developed latent 

classes11 describing patterns of physical activity and sedentary behavior among a nationally 

representative sample of American adults.

Methods

The study population was adults aged ≥20 years in the National Health and Nutrition 

Examination Survey (NHANES) 2003–2006 (N=10,020), the most recent NHANES with 

accelerometer assessed physical activity. Participants wore an ActiGraph AM7164 

accelerometer on their right hip during waking hours for one week outside of any water-

based activities. We excluded adults who did not have accelerometer data (N=1,396), whose 

accelerometer was not in calibration on return or was found to be faulty (N=554), or who did 

not wear the accelerometer for ≥8 hours per day on ≥3 days (N=834). We excluded 

participants <20 years because they were not asked about prior diagnoses of chronic 

diseases. The total sample size for this analysis was 7,236 adults. Participants provided 

informed consent before completing any questionnaires or measurements. The consenting 

documents are available for the 2003–2004 (http://www.cdc.gov/nchs/nhanes/

nhanes2003-2004/brochures03_04.htm) and 2005–2006 (http://www.cdc.gov/nchs/nhanes/

nhanes2005-2006/brochures05_06.htm) cohorts. The protocol for our project was reviewed 

for compliance with ethical guidelines by the University of North Carolina Institutional 

Review Board and deemed exempt. Funding agencies did not have any role in data 

collection, analysis, or interpretation, or in final approval of this text.

Physical activity and sedentary behavior patterns were identified from accelerometer data 

using latent class analysis, as described previously11 and developed from work by Metzger 

et al.5 Briefly, accelerometer data was processed to exclude non-wear time, defined as ≥90 

consecutive minutes of zero counts/min allowing up to 2 minutes of nonzero counts if no 

counts were detected during the 30 minutes up and downstream from that interval.16 Four 

measures of physical activity and sedentary behavior were developed. First, average 

intensity was the average counts/min per day with a higher average reflecting a greater 

overall volume of physical activity. Second, MVPA was defined using cutpoints originally 

applied to NHANES (≥2020 counts/min).17 Third, a lower intensity threshold (≥760 counts/

min) was used to define MVPA based on studies that incorporated more lifestyle activities.18 

Finally, sedentary behavior was defined as <100 counts/min.19 Measures of MVPA and 

sedentary behavior were divided by the participant’s daily time wearing the accelerometer to 

yield measures of the percent of time wearing the accelerometer in MVPA and in sedentary 

behavior. Percentage measures were used to best control for between participant differences 

in time wearing the accelerometer.

Latent class analysis was performed using MPlus software to identify patterns of activity 

across each day of the week (Monday—Sunday). Models with three to seven classes were 
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explored for each variable (average intensity per day, percent MVPA per day, and percent 

sedentary behavior per day). The final number of classes was determined by statistical 

testing, class size, and substantive knowledge.11,20 Six classes emerged for average intensity 

and percent MVPA using the lower threshold (≥760 counts/min), while five classes were 

identified for each of percent MVPA (≥2020 counts/min) and sedentary behavior 

(Supplemental Figure 1). For each accelerometer-based measure, participants were assigned 

to the latent class for which they had the highest posterior class membership probability.11 

Latent class analysis of vigorous physical activity (>5999 counts/min) was attempted but 

daily percentages of time in vigorous physical activity were too low to yield useful classes.

Potential correlates were selected using substantive knowledge from NHANES 

variables.10,20,21 Twenty-one potential correlates were grouped into four domains: socio-

demographic, acculturation, cardiovascular, and health history variables.

Socio-demographic and acculturation characteristics were self-reported. Socio-demographic 

correlates were age, sex, race/ethnicity, education, marital and employment status. 

Categories were created for age (20–39, 40–59, ≥60 years), race/ethnicity (Hispanic, non-

Hispanic black, non-Hispanic white, other), and education (< high school, high school 

graduate/GED, > high school). Marital and employment status were dichotomized (married 

vs. not, employed vs. not). Acculturation correlates were language of NHANES interview 

(English, Spanish), language spoken at home (English, other), and time in the United States 

(born in US, <5 years, 5– <15 years, ≥15 years).

Cardiovascular correlates were body mass index (BMI), hypertension, smoking status, and 

total energy intake. BMI (kg/m2) was calculated from measured height and weight and 

categorized (<18.5, 18.5– <20, 25– <30, 30– <35, ≥35 kg/m2). Hypertension was based on 

self-reported prior diagnosis or measured blood pressure >140/90 mmHg. Smoking status 

(never, former, current) and total energy intake (<1600, 1600– <2400, ≥2400 kcal/day) were 

self-reported.

Health history correlates included prior diagnosis of six health conditions: diabetes, 

cardiovascular disease, cancer, emphysema, arthritis, and asthma. Diabetes was defined as 

self-reported diagnosis, glycated hemoglobin ≥6.5%, or fasting plasma glucose ≥126 mg/dL 

at NHANES exam. Cardiovascular disease included angina, coronary heart disease, heart 

failure, myocardial infarction, and stroke. Cancer included all cancers except skin cancer. 

Health conditions were dichotomized (yes/no). Additional health history correlates were 

self-rated health (poor/fair, good, very good/excellent) and difficulty walking without special 

equipment (yes/no).

Correlates of physical activity and sedentary behavior latent classes were identified using 

multinomial logistic regression. Initial models included all potential correlates, and then a 

backward elimination strategy was applied. Variables were evaluated by overall correlate 

group (socio-demographic, acculturation, cardiovascular, health history) to test for statistical 

significance. Next, variables within statistically significant groups were dropped individually 

from the model using backward selection, until all remaining variables were statistically 

significant predictors (p < 0.05). Variables that were statistically significant were retained 
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even if zero counts in some latent classes resulted in instability of some odds ratio estimates 

(e.g., emphysema). Unstable estimates are not reported in tables. Odds ratios were 

interpreted as the relative odds of being in a more active compared to the least active latent 

class (referent) for individuals in the index (e.g., female) versus referent (e.g., male) level of 

each correlate. For example, an odds ratio of 0.5 would mean that the odds of a woman 

being in the weekend warrior latent class was half the odds of a man being in the least active 

latent class (referent).

Percentages and means were weighted to the 2000 census using the 4-year sample weights 

provided by NHANES to account for the differential probability of selection. The data were 

nested (i.e., screener, household interview, examination), such that non-response and post-

stratification adjustments were applied. Analyses were performed in SAS, version 9.3 (Cary, 

NC).

Results

Participants (N=7,236) had a mean age of 47, were 53% female, and were likely to be non-

Hispanic white (73%), married (60%), have more than a high school education (58%), and 

be employed (67%, Supplemental Table 1). Most participants completed the NHANES 

interview in English (95%), spoke English at home (88%), and were born in the US (85%). 

Half of participants (50%) were never smokers, 33% were obese, and 39% had hypertension. 

Mean total energy intake was 2,197 kcal/day. The prevalence of chronic disease ranged from 

2% (emphysema) to 26% (arthritis) with 17% of participants reporting fair or poor health.

Participants averaged a median of 285 counts/min per day, and engaged in a median of 14 

min/day of MVPA (≥2020 counts/min) and 451 min/day (7.5 hours/day) of sedentary 

behavior (<100 counts/min). Latent class patterns are illustrated in Supplemental Figure 1.

For latent classes based on average intensity of physical activity, 14 of 21 variables were 

statistically significant correlates of class membership (Figure 1, Supplemental Table 2). 

Lower odds of being in more active compared to the least active latent class (referent) were 

associated with female sex, older age, higher BMI, hypertension, diabetes, cardiovascular 

disease, emphysema, and needing special equipment to walk. Higher odds of being in more 

active compared to the least active latent class (referent) were associated with non-Hispanic 

black race, Hispanic ethnicity, being married, employed, greater energy intake, and better 

self-rated health.

For latent classes based on MVPA (≥2020 counts/min), there were 14 statistically significant 

correlates (Figure 2, Supplemental Table 3). Lower odds of being in more active compared 

to the least active latent class (referent) were associated with female sex, older age, current 

smoking, higher BMI, hypertension, diabetes, cardiovascular disease, emphysema, and 

needing special equipment to walk. Higher odds of being in more active compared to the 

least active class (referent) were associated with Non-Hispanic black race, Hispanic 

ethnicity, being employed, having been born outside of the US, and better self-rated health. 

However, non-Hispanic black race and Hispanic ethnicity were associated with lower odds 
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of being in the “weekend warrior” class (class 3) compared to the least active class 

(referent).

Using a lower cutpoint of ≥760 counts/min to define MVPA to allow for more lifestyle 

activities, 17 correlates were statistically significant (Supplemental Figure 2, Supplemental 

Table 4). Among the 14 correlates also identified using the higher MVPA threshold (≥2020 

counts/min), associations were similar and consistent in direction. The three additional 

statistically significant correlates of MVPA latent classes based on the lower threshold were 

education, marital status, and energy intake. Being married and greater energy intake were 

associated with higher odds of being in more active latent classes while greater education 

was associated with lower odds of being in more active compared to the least active latent 

class (referent).

For classes based on sedentary behavior, 15 of 21 potential correlates were statistically 

significant (Figure 3, Supplemental Table 5). Lower odds of being in less sedentary 

compared to the most sedentary latent class (referent) were associated with older age, higher 

education, BMI ≥35 kg/m2, diabetes, cardiovascular disease, cancer, emphysema, and 

needing special equipment to walk. Higher odds of being in less sedentary compared to the 

most sedentary latent class (referent) were associated with female sex, non-Hispanic black 

race, Hispanic ethnicity, being married, employed, higher energy intake, and better self-rated 

health.

Sensitivity analyses using alternative categorizations of marital status (living with a partner 

vs. not), employment (not working, retired, working), language spoken at home (English, 

Spanish, English and Spanish, other), hypertension (no hypertension, pre-hypertensive, 

hypertensive), and diabetes (non-diabetic, pre-diabetic, diabetic) did not substantially change 

results (data not shown). Including angina, coronary heart disease, congestive heart failure, 

myocardial infarction, and stroke separately in the model instead of a single term for 

cardiovascular disease did not substantially change results and reduced precision (data not 

shown).

Discussion

Correlates of day-to-day patterns of physical activity and sedentary behavior over a week 

were identified in multiple domains. Older age, female sex, higher BMI, and a history of 

chronic disease were consistently associated with lower odds of being in more active 

compared to the least active latent class. In contrast, being employed and having better self-

rated health were consistently associated with higher odds of being in more active compared 

to the least active latent class.

Correlates associated with being in more active classes also were associated with being in 

less sedentary classes, except for female sex. Compared to men, women were less likely to 

be in more active compared to the least active latent class, but more likely to be in less 

sedentary compared to the most sedentary latent class. While MVPA prevalence is lower 

among women compared to men,10 women may be less sedentary because of participation in 

light physical activities such as household chores and caregiving.22 However, the overall 
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pattern that most correlates were positively associated with MVPA and negatively associated 

with sedentary behavior suggests that interventions that seek both to promote physical 

activity and to reduce sedentary behavior may be appropriate.

The “weekend warrior” pattern of physical activity was differently associated with education 

and race/ethnicity compared to other more active latent classes. These findings underscore 

the importance of understanding patterns in physical activity in addition to a summary of 

time in a given intensity. Greater education was associated with lower odds of being in the 

two most active relative to the least active latent class based on average intensity of physical 

activity (average counts/min per day). The non-statistically significant positive association 

with the “weekend warrior” class may be consistent with positive associations between 

education and self-reported leisure time physical activity.20 Meanwhile, workplace sedentary 

behavior may explain lower odds of being in less sedentary latent classes among more 

educated participants.23,24 In contrast, greater occupational physical activity may explain the 

higher odds of people with less education belonging to latent classes representing more 

physical activity on most days of the week.

Occupational activity also likely contributes to observed racial/ethnic differences in physical 

activity patterns. Hispanics were more likely to engage in more physical activity across all 

days of the week but as or less likely than non-Hispanic whites to be in the “weekend 

warrior” pattern for MVPA. Almost all Hispanic participants grouped into more active latent 

classes were employed. Hispanic participants in NHANES 2003–2004 also were employed 

in more active occupations and had higher mean activity counts compared to non-Hispanic 

whites, particularly among people with low incomes.25 However, minority race/ethnicity 

was negatively associated with self-reported leisure time physical activity20 and a “weekend 

warrior” pattern based on self-reported data.4,15,24

Occupational and leisure time physical activity may have different health impacts due to 

differences in duration, repetitiveness, and the environmental and psychological context in 

which activity occurs.26 However, NHANES data did not allow us to distinguish 

accelerometer-recorded activity occurring in occupational versus leisure settings when 

assigning participants to latent classes. Addressing occupational and leisure time behavior 

patterns will require different strategies. Modification of the office environment may be one 

approach to successfully reducing prolonged and overall sitting time.27 Incorporation of 

regular, short physical activity bouts into organizational culture also may help to promote 

physical activity.28 Meanwhile, environmental and policy interventions to increase access to 

recreational resources may promote leisure time physical activity.29

Strengths of this analysis include participation of a nationally representative sample of 

adults, identification of behavioral patterns beyond cumulative time, and sensitivity analyses 

to further explore correlates. For example, latent classes were derived using two MVPA 

cutpoints (≥760 and ≥2020 counts/min). Also, we created latent classes separately from the 

identification of correlates to facilitate cross-study comparisons. An alternative approach is 

to include correlates in latent class analysis models.14 While that approach may identify 

unique patterns for specific subgroups (e.g., women), the resulting classes cannot be 

compared across studies. Using our approach, no participants were grouped into the most 
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active or least sedentary latent classes for some correlate values, including prior diagnosis of 

emphysema, cancer, or cardiovascular disease, requiring special equipment to walk, and 

BMI <18.5 kg/m2. In these cases, we could not estimate stable odds ratios due to zero 

counts. However, given physical limitations associated with diseases such as emphysema it 

is reasonable to expect that few if anyone with these conditions would achieve high patterns 

of physical activity.

A limitation of this work is the reliance on cross-sectional data. A longitudinal design with 

regular monitoring of physical activity and sedentary behavior would help to determine 

whether maintaining one compared to another pattern was more beneficial to health. 

Moreover, the NHANES data represent a single moment in time. Thus, we were unable to 

explore the potential impact of technological changes (e.g., increased prevalence of 

smartphones) or cultural differences between age cohorts on physical activity and sedentary 

behavior patterns. Also, some potentially important correlates were not available in 

NHANES such as history of neuromuscular conditions or chronic obstructive pulmonary 

disease, and characteristics of the social and physical environment.10,21

An additional limitation is the extent of data gathered from this specific hip-worn 

accelerometer. Hip-worn uniaxial accelerometers under count some activities (e.g., cycling, 

lifting), and the protocol indicated that the accelerometer should not be worn during water 

activities. The ActiGraph AM7164 did not allow access to the raw accelerometer data to 

attempt to distinguish broad types of physical activities (e.g., walking vs. household 

activities) or body position (sitting vs. standing). However, understanding both patterns of 

physical activity and sedentary behavior and specific activities has the potential to further 

inform intervention development and supports the use of self-report measures of physical 

activity in tandem with accelerometer data.12

Conclusion

Physical activity and sedentary behavior are modifiable risk factors for chronic disease that 

can be addressed outside of the medical system, making them an important public health 

priority.30 Identifying correlates of physical activity and sedentary behavior patterns can 

inform interventions to promote public health. Common behavior patterns included little 

physical activity and large amounts of sedentary behavior on most days of the week. Thus, 

while identification of correlates of specific patterns may help to inform targeting of 

interventions, an important message from these data is the overwhelming need to increase 

physical activity and reduce sedentary behavior among most Americans.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Practical Implications

• Older age, female sex, higher body mass index, and a history of chronic 

disease were associated with patterns characterized by low levels of 

physical activity on all days of the week underscoring the need for 

physical activity promotion among many population groups

• Most characteristics that were positively associated with physical 

activity were negatively associated with sedentary behavior, suggesting 

that interventions that seek both to increase physical activity and to 

reduce sedentary behavior are appropriate.

• A “weekend warrior” pattern of limited physical activity during the 

week and higher activity on the weekend was differently associated 

with some correlates compared to patterns of higher physical activity 

on most days of the week.
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Figure 1. 
Relative odds (OR, 95% CI) of being in latent class 2–6 compared to latent class 1 based on 

average intensity of physical activity (average counts/min per day), NHANES 2003–2006 

(N=6,804). Odds ratios are interpreted as the relative odds of being in a more active 

compared to the least active latent class (referent) for individuals in the index (e.g., female) 

versus referent (e.g., male) level of each correlate. Abbreviations: BMI body mass index, 

CVD cardiovascular disease, GED general equivalency diploma
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Figure 2. 
Relative odds (OR, 95% CI) of being in a more active latent class 2–5 compared to the least 

active latent class 1 based on percentage of wear time in moderate to vigorous physical 

activity (≥2020 counts/min),17 NHANES 2003–2006 (N=7,016). Odds ratios are interpreted 

as the relative odds of being in a more active compared to the least active latent class 

(referent) for individuals in the index (e.g., female) versus referent (e.g., male) level of each 

correlate. Abbreviations: BMI body mass index, CVD cardiovascular disease, US United 

States

Jones et al. Page 13

J Sci Med Sport. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 3. 
Relative odds (OR, 95% CI) of being in a less sedentary latent class 2–5 compared to the 

most sedentary latent class 1 based on percentage of wear time in sedentary behavior (<100 

counts/min), NHANES 2003–2006 (N=6,792). Odds ratios are interpreted as the relative 

odds of being in a less sedentary compared to the most sedentary latent class (referent) for 

individuals in the index (e.g., female) versus referent (e.g., male) level of each correlate. 
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Abbreviations: BMI body mass index, CVD cardiovascular disease, GED general 

equivalency diploma
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