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Co-varying Patterns of Physical Activity and Sedentary 
Behaviors and Their Long-Term Maintenance 

Among Adolescents

Jihong Liu, Jinseok Kim, Natalie Colabianchi, Andrew Ortaglia, and Russell R. Pate

Background: We examined the covarying patterns of physical activity and sedentary behaviors among 
adolescents and their long-term maintenance. Methods: Data came from the National Longitudinal Study 
of Adolescent Health (1995–2002). We used latent class analysis to identify distinct covarying patterns in 
adolescence. Logistic regression models were used to predict odds of meeting moderate-to-vigorous physical 
activity (MVPA) recommendations (≥5 bouts/week) and exceeding screen time guidelines (>2 hours/day) 6 
years later based on their adolescent class profile. Results: Five classes for each gender were identified and 
labeled as low physical activity (PA)/low sedentary behaviors (SED), moderate (Mod) PA/high (HI) SED, 
Mod PA/low SED, HI PA/low SED, and HI PA (except skating/biking)/low SED. Compared with low PA/low 
SED, males and females in Mod PA/low SED, HI PA/low SED, and HI PA (except skating/biking)/low SED 
classes had increased odds of meeting MVPA recommendations in young adulthood. Mod PA/HI SED had 
higher odds of exceeding screen time guidelines in young adulthood (adjusted odds ratio [AOR] for females: 
1.67, 95% CI: 1.00–2.81; AOR for males: 3.31, 95% CI: 1.80–6.09). Conclusions: Findings are useful to aid 
the development of multifactorial interventions that promote physical activity and reduce screen time among 
adolescents transitioning to adulthood.

Keywords: leisure-time exercise, physical inactivity, latent class analysis
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With obesity emerging as a major public health 
crisis, physical activity and sedentary behaviors (such as 
TV or video viewing, video or computer game use) are 
key targets for altering energy balance in preventing and 
reducing obesity. To date, physical activity and sedentary 
behaviors have been studied as independent actions in 
most cases1,2 and rarely as covarying behaviors.3–5 When 
they are considered together, often investigators would 
specify covarying patterns as concordance and disconcor-
dance of a summary physical activity score and sedentary 
behaviors (eg, high physical activity/high sedentary, high 
physical activity/low sedentary). However, physical activ-
ity and sedentary behaviors are multidimensional and can 
form multiple patterns, differing in type, intensity and 
setting. For example, not all youths who watch excessive 
amounts of television are inactive,3 presumably indicat-
ing divergent behaviors can coexist. In addition, not all 
active youths participate in the same types of activities. 
Understanding natural rather than investigator-specified 
covarying patterns of health behaviors and its predictive 
power for future physical activity and sedentary behaviors 

will significantly aid the development of appropriate 
multifactorial interventions that promote tailored physical 
activity and may help to harness the obesity epidemic.

Existing studies on the multidimensional pattern-
ing of health behaviors have mainly focused on diet 
and other health behaviors.6–8 Nelson et al were among 
the first to study the covarying patterning of physical 
activity and sedentary behaviors using cluster analysis 
methods.5,9 Cluster analysis is an exploratory analysis 
tool used to group similar subjects into respective cat-
egories based on proximity measures between observa-
tions. Using the data from the National Longitudinal 
Study of Adolescent Health (Add Health), Nelson et al 
examined 16 physical activity and sedentary behavior-
related variables, including both physical activity and 
sedentary behaviors, and related alternate measures 
(such as numbers of academic clubs, sports teams, and 
individual sports in the school; frequency of physical 
activity at school; and the likelihood of making own 
TV decisions, playing sports with a parent, and using a 
recreation center). This analysis produced 7 clusters: C1, 
high TV/video, video gaming; C2, high skating, video 
gaming; C3, high sports participation with parents, high 
overall sports participations; C4, use of neighborhood 
recreational centers, high sports participation; C5, TV 
viewing limited by parents, moderate participation in 
school physical education; C6, low parental TV control, 
reporting few activities overall; and C7, active in school.5 
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The large number of clusters found by Nelson et al might 
result from the statistical method they used. Thus, in 
this study, we sought to identify the distinct covarying 
patterns of physical activity and sedentary behaviors 
using latent class analysis (LCA), a method which uses 
statistical criteria to determine class membership and 
model fit.10 The details about the differences between 
these 2 methods are discussed in the section below. We 
did not include related alternate measures because they 
are enabling factors for physical activity and sedentary 
behaviors rather than actual behaviors.

Our study had the following 3 objectives: 1) to iden-
tify distinct covarying patterns of physical activity and 
sedentary behaviors among adolescents and describe the 
characteristics of adolescents in each class profile, 2) to 
examine how the covarying patterns in adolescence can 
predict meeting moderate-to-vigorous physical activity 
(MVPA) recommendations in young adulthood, and 3) 
to examine how the covarying patterns in adolescence 
can predict exceeding screen time guidelines in young 
adulthood.

Data and Methods

Data Source

Data were from the National Longitudinal Study of 
Adolescent Health (Add Health), the largest longitudinal 
study of a representative sample of adolescents in grades 7 
to 12 (ages 11 to 21) in the United States. The Add Health 
was designed to examine the causes of health-related 
behaviors. The Add Health included a core sample and 
additional subsamples of selected ethnic and other groups 
(more than 20,000 adolescents) in 1994 to 1995 (Wave I). 
All eligible adolescents who would have been in school 
during 1996 were reinterviewed in 1996. The follow-up 
rate was 88% (Wave II). In 2001 to 2, 15,197 participants 
who were eligible in Wave I were reinterviewed (Wave 
III). The survey design, sampling frame, and interview 
methods have been described elsewhere11 and on the study 
website (http://www.cpc.unc.edu/addhealth). This study 
was approved by the Institutional Review Board of the 
University of South Carolina.

Measures of Physical Activity  
and Sedentary Behaviors

In the in-home interviews (Waves I & II), adolescents 
were asked to report their daily physical activities and 
sedentary behaviors using a 7-day recall questionnaire, 
which was commonly used in other large-scale epidemio-
logic studies.12,13 Daily physical activities were assessed 
in 5 questions. Each was worded as such, “during the past 
week, how many times did you . . .” and followed by 5 
types of activity: 1) housework (eg, cleaning, cooking, 
laundry, yard work, or caring for a pet); 2) hobbies (eg, 
collecting baseball cards, playing a musical instrument, 
reading, or doing arts and crafts); 3) skating/biking 
(eg, roller-skating, skate-boarding, rollerblading, or 

bicycling); 4) active sports (eg, baseball, softball, bas-
ketball, soccer, swimming, or football); and 5) exercise 
(eg, jogging, walking, karate, jumping rope, gymnastics 
or dancing). The following scores were assigned to each 
category for these questions: 0 (not at all), 1.5 (1 or 2 
times), 3.5 (3 or 4 times), and 5 (5 or more times). The 
same questions for physical activities were asked in 
Waves I and II. Wave III added new activities applicable 
to young adults within different categories listed above 
(eg, drama, singing, shopping for fun in the hobby group; 
wrestling, cycle racing, martial arts for exercise group 
etc.). In addition, Wave III also asked the frequencies of 
doing new activities applicable to young adults such as 
weight lifting/strength training.

Activities were translated into metabolic equivalent 
(MET) values. One MET is defined as the energy expen-
diture associated with quiet sitting. According to the 
Compendium,14 housework (except cleaning) and hobbies 
are light activities that cost 1 to 3 METs, while skating/
biking, active sports, and exercise cost 5 to 8 METs. Add 
Health lumped activities with similar METs into 1 ques-
tion as shown above, thus in our analysis MVPA included 
activities with 5 to 8 METs, instead of ≥3 METs used in 
some publications.15

Using available information, we developed a mea-
sure of meeting the physical activity recommendations 
defined as participating in 5 or more bouts of MVPA per 
week. To better understand the usual behavior patterns 
for adolescence, we created an average of Waves I and II 
for the meeting MVPA recommendations measure (over 
99.9% of the sample). To assess the changes in physi-
cal activity and sedentary behaviors from adolescence 
(Waves I and II) to adulthood (Wave III), we also calcu-
lated a measure of meeting MVPA recommendations at 
Wave III. The definition of MVPA in Wave III was the 
same as Waves I and II except we added weight lifting (6 
METs) in Wave III. For 6 respondents who had missing 
data in Wave I but not Wave II or vice versa, data from 1 
time point was used. Similar definition or methods were 
used in other publications using Add Health data.5,16

Sedentary behaviors were assessed in all waves of 
Add Health via 3 questions. Each was worded as such 
“How many hours a week do you . . .” and followed by 
activities like watching television and videos, and play-
ing video or computer games. Wave III added additional 
questions applicable to young adults, for example, using 
a computer for surfing the Web, exchanging e-mail, or 
participating in a chat room. Answers to these questions 
were summed to create the total screen time (hours/week) 
that adolescents spent on sedentary activities. An average 
of total hours spent in sedentary activities in Waves I and 
II was calculated to assess the usual sedentary behavior 
in adolescence. The total hours in sedentary activities 
in Wave III was used to assess their level of sedentary 
behaviors in young adulthood. Four respondents who 
had impossible values (>168 hours/week) were recoded 
as 168 hours. Using national guidelines,17,18 we defined 
exceeding recommended total screen time as >2 hours 
of screen time per day.
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Measurements of Covariates
A number of sociodemographic variables were examined 
in relation to the covarying patterns of physical activi-
ties and sedentary behaviors. They were: 1) adolescents’ 
age, gender, race/ethnicity (non-Hispanic White, non-
Hispanic Black, Hispanic, Asian/Pacific-Islander, and 
others), and nativity (US-born vs. foreign-born) from the 
in-home questionnaire in Wave I; 2) the highest parental 
education (< high school, high school graduate or some 
college, college graduate or more) and household income 
from the Parental survey in Wave I; and 3) in school status 
at Wave II. In Wave I, all participants in Add Health were 
in school.

Statistical Analysis
Developing Covarying Patterns Using Latent Class 
Analysis (LCA).  LCA was used to determine covarying 
patterns of usual physical activity and sedentary behav-
iors at adolescence. The mean scores of 5 physical activ-
ity variables and 1 sedentary behavior measure at Waves 
I and II were included into our LCA analysis. LCA is 
often called a person-oriented approach, as opposed to a 
variable-oriented approach, because LCA focuses on the 
relationships among individuals under the assumption 
that data were drawn from more than 1 population.19–21 
This technique uses maximum likelihood procedures to 
separate respondents into an optimal number of unob-
served (ie, latent) classes characterized by meaningful 
and mutually distinctive subgroups. Specifically, this 
analysis began with a 1-class model (ie, all adolescents 
share the same pattern of physical activity and sedentary 
behaviors) and added an extra class until the best fitting 
model was found. The Lo-Mendell-Rubin likelihood ratio 
tests22 and the Bayesian information criteria (BIC) were 
used to determine the optimal number of classes and the 
best fitting model.

Compared with traditional cluster analysis, LCA has 
2 statistical advantages. First, LCA uses model-based 
posterior membership probabilities estimated by maxi-
mum likelihood methods to determine class membership 
for each case and model fit.10 Cluster analysis does not 
use probability-based classification and assigns each 
case into only 1 cluster, which may not be conceptually 
reasonable when the clusters overlap.23,24 Second, LCA 
allows for the simultaneous modeling of covariates to 
determine the final number of classes within the data, 
which is not available in cluster analysis.23,24

The procedure for finding optimal number of 
classes was conducted on full cohort and gender-specific 
samples. Gender-specific and full cohort LCA models 
were estimated and compared against each other. The 
significant likelihood ratio test (chi-square [30, 1962.97], 
P < .001) indicated that the optimal model in terms of 
model fit for the data were gender specific, thus the results 
from gender-specific models are presented. We also 
estimated the same LCA model adjusting for covariates 
to examine the association between LCA class member-
ship and sociodemographic characteristics. If substantial 

discrepancy between the LCA models with and without 
covariates is found, the model with covariates should be 
presented.25 In this study, we found virtually no changes 
in the LCA models with and without covariates, thus we 
presented the model without covariates for simplicity.

Three analytic samples were used to complete 3 
objectives for the study (ie, examination of covarying 
patterns, longitudinal analysis on meeting MVPA recom-
mendations in young adulthood, and longitudinal analysis 
related to meeting screen time recommendations in young 
adulthood). To develop the covarying patterns of physical 
activity and sedentary behaviors at Waves I and II, we 
restricted our analysis to 13,339 adolescents (6563 boys 
and 6776 girls) who were interviewed in both Wave I and 
II after excluding 100 adolescents who had any type of 
physical disabilities and 129 females who were pregnant 
at the interview time in either Wave I or II. Details on the 
other 2 subsamples derived from these 13,339 adolescents 
are discussed in the section below.

Descriptive Analyses of Covarying Patterns.  We 
assessed the profiles that characterized and contrasted 
these subgroups by describing the distribution of physi-
cal activity and sedentary behavior variables within each 
class (subgroup). The sociodemographic characteristics 
of adolescents in each class were described and com-
pared between classes using Wald tests. All the tests 
were adjusted with Bonferroni corrections for multiple 
comparisons.

Long-Term Maintenance of Physical Activity and 
Sedentary Behaviors.  The percentages of participants 
meeting national physical activity recommendations and 
exceeding screen time guidelines by the class profiles 
were compared at adolescence (Waves I & II, 1995–96) 
and young adulthood (Wave III, 2001–02). Logistic 
regression models were used to determine the impact 
of the class profiles at adolescence on the likelihood of 
meeting national physical activity recommendations 
and exceeding screen time guidelines during the critical 
transition from adolescence to adulthood after adjusting 
for potential confounders including meeting these guide-
lines at adolescence. For the analysis of meeting MVPA 
physical activity recommendation in young adulthood, 
we restricted our sample to 8254 participants (4299 
females, 3955 males) who were interviewed in all 3 
waves of the Add Health. We excluded 2697 participants 
who were interviewed in both Wave I and II but not in 
Wave III. Other exclusions include 30 participants with 
missing values in outcome variables in Wave III and 
2358 with missing values in covariates (2353 were due to 
missing information on household income). The sample 
size for the analysis of exceeding screen time guideline 
was slightly different due to missing values in outcome 
variable (4289 females, 3956 males). Because income 
is an important characteristic to be used to characterize 
the socioeconomic background of the participants in dif-
ferent class profiles and is more sensitive than parental 
education, despite of its large missing values, we have 
kept this variable in our analyses.
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The longitudinal poststratification sampling weights 
provided with the Add Health data were used to account 
for persons who could not be located or refused to partici-
pate and for the fact that the school served as the primary 
sampling unit and US region was a stratification variable. 
Survey design effects of multiple stage cluster sampling 
were controlled in all analyses. Mplus 5.126 was used to 
determine covarying patterns and the remaining analyses 
were conducted using STATA Version 10.

Results

Covarying Patterns of Physical Activity 
and Sedentary Behaviors

After we included the averages from Waves I and II of all 
5 types of physical activities (such as housework, hobbies, 
skating/biking, active sports, and exercise) and total screen 
time for sedentary activities (such as watching TV, videos, 
playing videos or computer games) into our model, the 
LCA identified 5 covarying patterns of physical activity 
and sedentary behaviors among adolescents. The covarying 
patterns looked similar for males and females (see Figures 
1 and 2) although the absolute frequencies of the behaviors 
were different. For simplicity we used the same labels to 
characterize these patterns for both males and females.

•	 Class 1: Adolescents who had lower frequencies in 
all 5 physical activities and low screen time, labeled 
as low PA/low SED

•	 Class 2: Adolescents who had moderate frequencies 
in all activities but high screen time, labeled as Mod 
PA/HI SED

•	 Class 3: Adolescents who had moderate frequencies 
in all activities and low screen time labeled as Mod 
PA/low SED

•	 Class 4: Adolescents who had high frequencies in 
all activities, low screen time, labeled as HI PA/low 
SED

•	 Class 5: Adolescents who had high frequencies in 
all activities except skating/biking, low screen time, 
labeled as HI PA (except skating/biking)/low SED.

The terminology of high, moderate, and low was 
based on the relative frequencies of specific activities 
and sedentary time across the 5 classes within each 
gender in our study population. Although the class 
profiles in each gender were very similar, the mean fre-
quencies of specific activities differed by gender. Across 
different classes, females reported higher frequencies in 
household chores than males. Males appear to have a 
higher frequency of sports participation than females, 
while females in each class appear to have a higher 
frequency of exercise than males. Finally mean daily 
screen time was higher among males than females in 
each class (Table 1).

The proportion of children classified into each class 
also varied by gender. For males, the top 3 classes were 
low PA/low SED (29.9%), HI PA (except skating/biking)/
low SED (29.2%), and Mod PA/low SED (28.3%). For 
females, more than half of them (55.7%) were in low PA/
low SED class, followed by Mod PA/Low SED (18.3%), 
and HI PA (except skating/biking)/low SED (18.2%). 
Fewer females were in HI PA/low SED (4.9%) and Mod 
PA/HI SED (3.0%) than males (8.4%, 4.2% respectively) 
(Table 1).

Figure 1 — Covarying patterns of physical activity and sedentary behaviors among adolescents, National Longitudinal Study of 
Adolescent Health (Boys).
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Table 1  Frequency of Specific Activities and Total Sedentary Time by Covarying Classes of 
Physical Activity and Sedentary Behaviors, National Longitudinal Study of Adolescent Health, 
Mean (Standard Errors) (n = 13,339)

Class 1: Low 
PA, low SED

Class 2: Mod 
PA, HI SED

Class 3: Mod 
PA, Low SED

Class 4: HI 
PA, Low SED

Class 5: HI PA 
(except skating), 

low SED Total

Males

  Total (n, %)* 1963 (29.9) 276 (4.2) 1859 (28.3) 548 (8.4) 1917 (29.2) 6563

  Housework 2.81 (0.04) 3.15b (0.08) 3.38a,b (0.04) 3.59a (0.08) 3.50a (0.04) 3.26

  Hobby 2.01 (0.05) 2.63a (0.12) 2.77a (0.06) 3.31 (0.07) 2.82a (0.06) 2.62

  Sports 1.52 (0.04) 2.98b (0.12) 3.12b (0.05) 3.17b (0.12) 3.90 (0.04) 2.87

  Exercise 1.58 (0.04) 2.25 (0.11) 2.83b (0.05) 3.00b (0.08) 3.54 (0.04) 2.66

  Skating 0.28a (0.01) 0.93 (0.07) 2.40 (0.02) 4.51 (0.03) 0.32a (0.01) 1.37

  Screen time (hrs/wk) 22.03b (0.58) 81.66 (1.65) 23.28b (0.60) 22.72b (0.98) 22.00b (0.57) 25.08

Females

  Total (n, %)* 3775 (55.7) 202 (3.0) 1237 (18.3) 332 (4.9) 1230 (18.2) 6776

  Housework 3.43b,c (0.03) 3.76a,b (0.12) 3.76c (0.05) 4.05a (0.08) 3.97a (0.05) 3.63

  Hobby 1.86b (0.03) 1.88b (0.13) 2.67 (0.06) 3.23a (0.10) 3.39a (0.06) 2.38

  Sports 1.11 (0.03) 1.47 (0.12) 2.47 (0.07) 3.16a (0.12) 3.28a (0.06) 1.90

  Exercise 2.19a (0.04) 2.46a (0.12) 3.03 (0.05) 3.52 (0.08) 3.92 (0.04) 2.75

  Skating 0.24 (0.01) 0.60 (0.09) 1.99 (0.02) 3.75 (0.04) 0.35 (0.02) 0.80
  Screen time (hrs/wk) 17.82b (0.49) 76.95 (2.08) 17.50b (0.52) 19.20b (1.18) 17.01b (0.65) 19.28

* Unweighted sample sizes and weighted percentages were presented.
a,b,c In each row, means with the same letter were not significantly different from each other at the 0.05 level. Italicized and boldface numbers were 
significantly the highest among the classes. Those in boldface only were significantly the lowest.

Figure 2 — Covarying patterns of physical activity and sedentary behaviors among adolescents, National Longitudinal Study of 
Adolescent Health (Girls).
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These classes varied by sociodemographic charac-
teristics (Table 2). Adolescents in low PA/low SED class 
were older. Females in low PA/low SED were more likely 
to be Hispanics than females in Mod PA/low SED and 
HI PA/low SED classes. Adolescents in Mod PA/HI SED 
class were more likely to be black (35% for males, 50% 
for females), come from low income families, and almost 
all of them were born in the US. Adolescents in Mod 
PA/low SED class were mainly white (68% for males, 
72% for females). In the female sample, the Mod PA/low 
SED class had a lower proportion born in the US (93%) 
as compared with the Mod PA/HI SED and HI PA/low 
SED. Adolescents in HI PA/low SED class were younger 
(males only) and mainly white (78% for males, 83% for 
females). Adolescents in HI PA (except skating)/low SED 
class were almost all in school.

Likelihood of Meeting MVPA Recommendations.  In 
adolescence, the proportion of boys who met MVPA 
recommendations was lowest among low PA/low SED 
(21%) and highest in HI PA/low SED Class (99%) and 
HI PA (except skating/biking)/low SED Class (99%). 
At young adulthood, the proportion of boys meeting 
MVPA recommendations decreased in 4 classes except 
low PA/low SED. The magnitude of reduction was larger 
among the boys who had the highest proportion of meet-
ing MVPA recommendations in adolescence (Table 3). 
Similar patterns were found among females. Females in 
HI PA classes (classes 4 and 5) were almost all meeting 
MVPA recommendations in adolescence. Females in low 
PA/low SED class had the lowest percentage of meeting 
MVPA recommendations (26%) followed by females 
in Mod PA/HI SED class (45%). From adolescence to 

Table 2  Sociodemographic Characteristics of Covarying Classes, by Gender, Mean 
(Standard Errors).

Class 1: Low 
PA, low SED

Class 2: Mod 
PA, HI SED

Class 3: Mod 
PA, low SED

Class 4: HI 
PA, low SED

Class 5: HI PA 
(except skating), 

low SED Total

Males

  Age 16.32 (0.11) 15.29a (0.18) 15.17a (0.12) 14.67 (0.11) 15.84 (0.11) 15.64

  % White 0.63a (0.04) 0.45 (0.06) 0.68a (0.03) 0.78 (0.03) 0.62a (0.03) 0.70

  % Black 0.14a (0.02) 0.35 (0.06) 0.13a (0.02) 0.04 (0.01) 0.17a (0.03) 0.15

  % Hispanic 0.15a (0.02) 0.12a (0.03) 0.11a (0.02) 0.09a (0.02) 0.12a (0.02) 0.12

  % Asian 0.04a (0.01) 0.02a (0.01) 0.04a (0.01) 0.04a (0.01) 0.04a (0.01) 0.04

  % parental education  
  ≥ college 0.38a (0.02) 0.32a (0.04) 0.35a (0.02) 0.44a (0.03) 0.40a (0.03) 0.38

  % parental education  
  < high school 0.12a (0.02) 0.11a (0.03) 0.11a (0.02) 0.07a (0.02) 0.09a (0.02) 0.11

  Household income  
  (in $1K) 42.13a (2.12) 33.01 (2.35) 45.17a (2.08) 52.25a (3.97) 48.87a (2.95) 45.56

  % born in US 0.92a (0.02) 0.99 (0.01) 0.95a (0.01) 0.95a (0.01) 0.94a (0.01) 0.94

  % in school 0.97b (0.01) 0.99a,b (0.01) 0.99a (0.00) 1.00a (0.00) 0.99a,b (0.00) 0.99

Females

  Age 15.87a (0.10) 15.42a,b (0.25) 14.93b,c (0.13) 14.66c (0.15) 15.08b (0.11) 15.46

  % White 0.61 (0.03) 0.40 (0.07) 0.72a (0.03) 0.83 (0.03) 0.72a (0.03) 0.66

  % Black 0.17 (0.02) 0.50 (0.07) 0.11a (0.02) 0.07a (0.02) 0.10a (0.02) 0.15

  % Hispanic 0.14a (0.02) 0.08a,b (0.03) 0.09 b (0.02) 0.06 b (0.02) 0.11a,b (0.02) 0.12

  % Asian 0.04a (0.01) 0.01a (0.01) 0.05a (0.01) 0.02a (0.01) 0.03a (0.01) 0.04

  % parental education  
  ≥ college 0.36b (0.02) 0.33a,b (0.05) 0.40a,b (0.03) 0.48a (0.04) 0.39a,b (0.03) 0.38

  % parental education  
  < high school 0.12a (0.1) 0.18a,b (0.04) 0.10a,b (0.02) 0.04c (0.01) 0.07b,c (0.01) 0.11

  Household income  
  (in $1K) 42.84a (1.72) 26.59 (2.66) 47.25a (2.41) 54.95a (4.61) 49.05a (2.64) 45.18

  % born in US 0.92c (0.01) 1.00a (0.00) 0.93c (0.01) 0.98a,b (0.01) 0.95a,b,c (0.01) 0.93
  % in school 0.97b (0.00) 0.97a,b (0.01) 0.99a,b (0.00) 0.97a,b (0.02) 0.99a (0.00) 0.98

a,b,c In each row, means with the same letter were not different from each other at the 0.05 level. Those italicized and in boldface were the highest 
for the row, while those in boldface only were the lowest.
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young adulthood, females in all classes experienced 
large reductions in the percentages of meeting MVPA, 
range 17% to 44%.

For males, the odds of meeting MVPA recom-
mendations were not different for those in Mod PA/
HI SED class compared with those in low PA/low SED 
after adjusting for covariates in adolescence (model 1) 
while this class was significant for females. However, 
for both males and females, those in Mod PA/low SED, 
HI PA/low SED, HI PA (except skating/biking)/low 
SED all had 2 to 3 times higher odds of meeting MVPA 
recommendations in young adulthood compared with 
those in low PA/low SED class. Additional adjustment 
of meeting MVPA recommendation in adolescence 
attenuated the relationship but the findings remained 
significant (Table 3).

Likelihood of Exceeding Screen Time Guidelines.  At 
adolescence (Waves I & II), the percentage exceeding 
screen time guidelines reached 100% for those in Mod 
PA/HI SED class. In the other classes, the percentages 
were similar (range for males: 62% to 65%, for females: 
47% to 54%). In young adulthood, these percentages 
were reduced slightly for Mod PA/HI SED class (89% 
for males, 75% for females) but did not change much 
in other classes (Table 4).

For both males and females, Mod PA/HI SED was 
the only significant predictor of exceeding screen time 
guidelines in young adulthood. The relationship remained 
even after adjusting for not meeting screen time guide-
lines in adolescence (adjusted odds ratios (AOR) for 
males: 3.31, 95% confidence interval (CI): 1.80–6.09; 
AOR for females: 1.67, 95% CI: 1.00–2.81) (Table 4).

Discussion and Conclusions
Existing studies examining the multidimensional nature 
of physical activity and sedentary behaviors in adoles-
cents have used cluster analysis only.4,5,27 We used an 
alternative technique—latent class analysis—to identify 
unobserved homogenous groups based on physical activ-
ity and sedentary behaviors for adolescents. Different 
from investigator-specified patterns, this approach has 
provided a rich profile on the types of activities that 
each class participates in. To our knowledge, this is the 
first analysis using LCA to examine these behaviors in a 
large, nationally representative cohort. We believe this is 
a promising technique that could lead to the development 
of multicomponent interventions.

We found 5 covarying classes among adolescent 
males and females, a small number of meaningful classes 
than what Nelson found.5 Findings from this person-
oriented LCA approach28 reaffirm that physical activities 
and sedentary behaviors should be explored as a holistic 
profile rather than separate variables.5,29–31 For example, 
our results showed that compared with those groups with 
a high level of physical activity (HI PA/low SED; HI 
PA (except skating/biking)/low SED), adolescents who 
reported the lowest level of overall physical activities 
(low PA/low SED) were not spending any more hours 
on screen while they were less likely to meet the MVPA 
recommendations. Furthermore, those in the Mod PA/
low SED group were more likely to meet physical activ-
ity recommendations compared with those in the low 
PA/low SED group, but those in the Mod PA/HI SED 
group were not. To our surprise, we only found 1 high 
sedentary subgroup with moderate physical activity. We 

Table 3  Meeting Moderate-to-Vigorous Physical Activity Recommendations in Adolescence
(Wave I & II) and Young Adulthood (Wave III) by Covarying Classes

Class

Wave I & II Wave III Wave III

Proportion (s.e.) Proportion (s.e.)
Model 1* AOR 

(95% CI)
Model 2** AOR 

(95% CI)

Males n = 5059 n = 5044 n = 3955 n = 3955

  Class 1: low PA, low SED 0.21 (0.02) 0.30 (0.02) 1.00 1.00

  Class 2: Mod PA, HI SED 0.76 (0.05) 0.39 (0.05) 1.34 (0.86, 2.09) 0.97 (0.61, 1.53)

  Class 3: Mod PA, Low SED 0.92 (0.01) 0.48 (0.02) 2.05 (1.62, 2.60) 1.37 (0.99, 1.89)

  Class 4: HI PA, Low SED 0.99 (0.01) 0.55 (0.03) 2.61 (1.87, 3.64) 1.66 (1.13, 2.45)

  Class 5: HI PA (except skating), Low SED 0.99 (0.00) 0.53 (0.02) 2.40 (1.93, 2.99) 1.53 (1.11, 2.11)

Females n = 5583 n = 5568 n = 4299 n = 4299

  Class 1: low PA, low SED 0.26 (0.01) 0.17 (0.01) 1.00 1.00

  Class 2: Mod PA, HI SED 0.45 (0.06) 0.19 (0.04) 1.93 (1.08, 3.43) 1.79 (1.00, 3.22)

  Class 3: Mod PA, Low SED 0.87 (0.01) 0.31 (0.02) 2.37 (1.84, 3.05) 1.87 (1.41, 2.47)

  Class 4: HI PA, Low SED 0.99 (0.01) 0.44 (0.05) 3.89 (2.59, 5.85) 2.93 (1.90, 4.52)
  Class 5: HI PA (except skating), Low SED 0.99 (0.00) 0.35 (0.02) 2.53 (1.98, 3.24) 1.90 (1.41, 2.56)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; s.e., standard error.
* Model 1 adjusted for age, race/ethnicity, parent education level, household income, child’s nativity (born in U.S or not), in-school status.
** Based on Model 1, Model 2 additionally adjusted for meeting physical activity recommendations in adolescence.
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did not find other highly sedentary patterns such as low 
PA/HI SED or HI PA/HI SED which were found in a 
British study3 and would likely be defined as groups in 
investigator-specified patterns.

Although the same labels were used to describe the 
classes for males and females, it should be noted that the 
corresponding classes for males and females may not be 
identical. The frequencies of behaviors varied between 
males and females. The most prevalent classes were low 
PA/low SED (29.9%) and HI PA (except skating)/low 
SED (29.2%) for males and low PA/low SED for females 
(55.7%). Mod PA/HI SED had the lowest percentages for 
males (4.2%) and females (3.0%).

The low PA/low SED group was the most prevalent 
class especially among females in our data. As compared 
with other classes, this group was older and had a higher 
percentage of Hispanics (for females only). Adolescents 
in this class had the lowest percentages of meeting MVPA 
recommendations both at adolescence and young adult-
hood, suggesting that special attention toward this sub-
group is needed since low physical activity in adolescence 
will track until adulthood32 and may prevent them from 
developing active lifestyles later in life.

Although the Mod PA/HI SED class only accounts 
for 3% to 4% of males and females in our sample, they 
formed a distinctive class. The adolescents in this class 
spent an excessive amount of time watching TV/video 
and video gaming. Their sedentary behavior persisted 
in young adulthood. They were also less likely to meet 
MVPA recommendations in young adulthood, which 
was not seen in participants in the Mod PA/Low SED 
group. Thus, the Mod PA/HI SED subgroup should also 

be targeted in the interventions focusing on reducing 
sedentary behaviors and improving physical activity. This 
class was characterized as having a large proportion of 
African Americans and low socioeconomic status, which 
is consistent with prior findings regarding who were most 
sedentary.12,33

Adolescents in highly active classes such as HI PA 
(except skating/biking)/low SED, HI PA/low SED, or 
those in moderately active class (Mod PA/low SED) 
had higher odds of meeting MVPA recommendations 
in young adulthood as compared with those in low PA/
low SED class. This provides some evidence about the 
validity of the covarying patterns. However children 
especially girls in these classes experienced the largest 
reduction in MVPA while transitioning into adulthood. 
This result is not a surprising since those who were more 
active in the past had more room for the reduction over 
time. Because all these children were enrolled in school, 
perhaps novel school-based interventions are needed to 
help them to prevent the physical activity decline during 
the transition from adolescence to adulthood.

Consistent with prior literature,34 we found that 
screen time tracked better than physical activity from 
adolescence to adulthood. Overall, it is discouraging that 
at least 60% of males and 45% of females exceeded the 
screen time guidelines and 1 class (Mod PA/HI SED) 
reached 100%. A small reduction was observed in the 
Mod PA/HI SED class in young adulthood but little 
change was observed in other classes. Because seden-
tary behaviors are independent risk factors for obesity 
and chronic diseases,12,35 it is important to design more 
programs to reduce screen time for all adolescents.

Table 4  Exceeding Screen Time Guidelines in Adolescence (Wave I & II) and Young Adulthood 
(Wave III) by Covarying Classes

Class

Wave I & II Wave III Wave III

Proportion (s.e) Proportion (s.e.)
Model 1* AOR 

(95% CI)
Model 2**AOR 

(95% CI)

Males n = 5059 n = 5044 n = 3956 n = 3956

  Class 1: low PA, low SED 0.65 (0.02) 0.67 (0.02) 1.00 1.00

  Class 2: Mod PA, HI SED 1.00 (0.00) 0.89 (0.02) 4.69 (2.56, 8.59) 3.31 (1.80, 6.09)

  Class 3: Mod PA, Low SED 0.64 (0.02) 0.66 (0.01) 0.93 (0.73, 1.19) 0.97 (0.75, 1.24)

  Class 4: HI PA, Low SED 0.62 (0.03) 0.61 (0.03) 0.71 (0.51, 0.97) 0.76 (0.54, 1.05)

  Class 5: HI PA (except skating), Low SED 0.64 (0.02) 0.64 (0.02) 0.92 (0.72, 1.17) 0.92 (0.71, 1.19)

Females n = 5583 n = 5556 n = 4289 n = 4289

  Class 1: low PA, low SED 0.52 (0.02) 0.54 (0.01) 1.00 1.00

  Class 2: Mod PA, HI SED 1.00 (0.00) 0.75 (0.04) 2.35 (1.40, 3.96) 1.67 (1.00, 2.81)

  Class 3: Mod PA, Low SED 0.48 (0.02) 0.49 (0.02) 0.88 (0.72, 1.08) 0.92 (0.75, 1.12)

  Class 4: HI PA, Low SED 0.54 (0.04) 0.47 (0.04) 0.77 (0.55, 1.08) 0.75 (0.54, 1.04)
  Class 5: HI PA (except skating), Low SED 0.47 (0.03) 0.50 (0.02) 0.93 (0.75, 1.15) 0.97 (0.78, 1.21)

Abbreviations: AOR, adjusted odds ratio; CI, confidence interval; s.e., standard error.
* Model 1 adjusted for age, race/ethnicity, parent education level, household income, child’s nativity (born in U.S or not), in-school status.
** Based on Model 1, Model 2 additionally adjusted for exceeding screen time guidelines in adolescence.
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This study is unique in terms of using LCA to identify 
covarying patterns of physical activity and sedentary behav-
iors. Compared with Nelson and colleagues,5 this study 
used a LCA and found a smaller number of gender spe-
cific covarying patterns of physical activity and sedentary 
behaviors. However, some limitations of this study warrant 
consideration: the use of self-reported measures in activity 
and sedentary behaviors on a limited set of activities and 
limited data to quantify meeting MVPA recommendations 
(ie, lack of data on the length of bouts, inability to dif-
ferentiate moderate and light intensity physical activities 
with METs score less than 5). Although Add Health was 
designed to be a representative sample of adolescents at 
baseline in the US, due to the sample attrition from Wave 
I to Wave III and additional deletion because of missing 
values, we noticed that the observations excluded from our 
longitudinal analysis were more likely to be non-Hispanic 
black and Hispanic children, came from families with lower 
household income, and were less likely to meet MVPA 
recommendations in adolescence. Thus, this might have 
created a potential selection bias in our analyses of long-
term maintenance of health behaviors. It is necessary for 
future studies to confirm the utility of LCA to identify 
covarying patterns using different datasets and from differ-
ent populations. More in-depth analysis of the psychosocial 
correlates (such as perceived benefits and barriers, attitudes, 
social support, and self-efficacy) especially as they relate 
to demographic differences in each class would be very 
useful for the design of effective interventions.

In brief, the majority of findings were consistent with 
prevailing literature to date, thereby lending support for 
the LCA approach. Our findings suggest that different 
types of interventions may be warranted for adolescents 
in different classes. The sociodemographic characteristics 
of each class can provide initial ideas on target popula-
tions. Successful interventions and policies to promote 
active lifestyles, reduce sedentary behaviors, and therefore 
prevent obesity among adolescents who are transitioning 
to young adulthood are greatly needed. Future research 
should determine whether segmenting target populations 
into homogeneous groups can help to improve the reach, 
utilization, and effectiveness of health interventions.
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