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Abstract

Objective—The purpose of this study was to examine, using structural equation modeling, the 

associations between nominated friend physical activity (PA), friend social support with individual 

psychological factors, and adolescent PA.

Methods—Data were obtained from EAT 2010 (Eating and Activity Among Teens), a large 

cross-sectional study conducted in 20 middle and high schools. The sample consisted of 1951 

adolescents (mean age: 14.25 ± 1.96, 54% female, 68% ethnic minorities). PA, parent and friend 

socia l support (perceived social support for PA from parents and friends), and psychological 

measures (PA enjoyment, PA self-efficacy, and PA barriers) were assessed by self-report 

questionnaires. The SEM analysis consisted of 1 observed variable: friend PA, and 2 latent 

constructs: psychological factors, perceived social support.

Results—The model was a good fit, indicating that there were significant direct effects of both 

friend PA (P < .01) and psychological factors (P < .0001) on adolescent PA. In addition, 

psychological factors mediated the association between friend PA and adolescent PA.

Conclusion—The results of this model suggest that psychological factors and friend PA are 

associated with adolescent PA, and that psychological factors may play an important role. Future 

studies should further examine the association of both friend PA and psychological variables with 

adolescent PA.
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Keywords
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Physical activity (PA) has been shown to be associated with a variety of positive health 

outcomes in children and adolescents such as decreased risk of cardiovascular disease, 

obesity, type 2 diabetes, and improved psychological and emotional health.1–3 Despite the 

known benefits of PA, only 24.8% of adolescents (ages 12 to 19) meet the current 

recommendations of 60 minutes or more of moderate to vigorous physical activity (MVPA) 

on all days of the week.2 Furthermore, there is evidence that PA participation declines as 

children age.3 PA during adolescence is of particular importance, give that sedentary 

adolescents are more likely to remain sedentary and are at greater risk of becoming 

overweight as adults.4 Therefore, it is imperative to continue examining the multilevel 

influences on youth PA.

To guide the development of interventions and policies aimed at increasing PA during 

adolescence, it is important to identify factors associated with PA. A number of studies have 

assessed the correlates and/or determinants of youth PA, especially psychological5,6 and 

neighborhood environment factors.7 Results from these studies have reported that 

psychological variables such as PA enjoyment, PA self-efficacy, and barriers to PA were 

significantly correlated with adolescent PA.5,8,9 For example, Lubans et al10 used structural 

equation modeling (SEM) to determine the associations between Social Cognitive Theory 

(SCT)11 constructs and self-reported PA in 1518 adolescent girls, observing that self-

efficacy was most strongly associated with PA behavior. Another factor that may be 

associated with PA in adolescents is perceived social support for PA.12 Studies have 

examined both friend and family support for PA, and results have shown that some studies 

have found a positive association,12–14 while others have not.10 Lubans et al10 found that 

while social support for PA was significantly associated with self-efficacy, it was not 

correlated with PA behavior in adolescents. The researchers speculated that the lack of 

significance could be attributed to not including family support for PA in their model. 

Similarly, Beets et al8 used SEM to examine the role of social support and self-efficacy for 

PA in 259 high school girls. Interestingly, in contrast to Lubans et al,10 Beets et al8 observed 

that peer social support, but not parental social support, was directly associated with high 

school girls’ PA.

While perceived social support for PA has been shown to be associated with adolescent PA 

in some studies,12–14 relatively little is known regarding other social influences on 

adolescent PA behavior such as friend PA. A study by Jago et al15 examined whether the 

number of friends in an adolescent’s social circle was associated with PA in a sample of 10 

to 11 year old children, and found that an increase in number of friends was associated with 

an increase in adolescent PA. Similarly, a study by Salvy et al16 that had adolescents record 

their social interactions for 7 days using a 2-way pager, found that adolescents were more 

likely to have greater level of PA intensity when in the presence of friends than when 

adolescents are by themselves or with family. There is evidence that suggests friends may 

have a direct impact on adolescents’ attitudes and beliefs toward PA, and that adolescents are 
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more likely to either choose friends who have similar PA behavior or alter their PA behavior 

in response to their friends.17,18 A longitudinal study by De la Haye et al17 examined, over 

the course of a school year, whether participation in PA was relevant to the formation of 

adolescent friendships and whether adolescents were influenced by their friends’ PA in a 

sample of 378 8th-grade students. The results from this study indicated that participation in 

PA was found to play a significant role in friendship selection, with participants preferring 

friends whose PA levels were similar to their own. In addition, friends appeared to influence 

participants’ PA over the school year, as participants’ PA levels changed to become more 

similar to their friends.17

The majority of studies have not measured friends’ PA directly, and out of those few studies 

that have,17–19 only 1 study to our knowledge17 examined adolescent psychological 

variables in conjunction with friends’ PA. De la Haye et al17 found that adolescent PA was 

associated with attitudes toward PA, however, these attitudes did not mediate the relationship 

between friends’ PA and adolescent PA. The current study will examine chosen 

psychological variables (PA enjoyment, PA self-efficacy, PA barriers) that have been 

consistently shown to be significantly associated with adolescent PA5,21–24 to explore if they 

mediate the relationship between nominated friends’ PA and adolescent PA. The current 

study extends previous research by utilizing an SEM approach to determine the associations 

between the novel assessment of nominated friend PA and individual adolescent PA, while 

including more robust theory-derived psychosocial measures. By better understanding the 

relationship among friends’ PA, adolescent psychological variables, and adolescent PA, 

investigators will be able to identify the factors that are the driving force of adolescent PA. It 

was hypothesized that friend PA would be directly associated with individual MVPA and 

that this relationship would mediated by individual psychological variables, which is 

supported by both Baker et al25 and Voorhees et al26 who found that adolescents who had 

physically active friends, were more likely to have better attitudes about PA and to be more 

active themselves. In addition, perceived social support was hypothesized to mediate the 

relationship between the psychological variables and adolescent MVPA, an approach similar 

to Beets et al8 who found that social support mediated the relationship between self-efficacy 

for PA and individual PA behavior.

Methods

Sample

The data from this study are from the EAT-2010 (Eating and Activity among Teens) study 

which was designed to examine dietary intake, physical activity, weight control behaviors, 

weight status, and factors associated with these outcomes in adolescents. There were a total 

of 2973 7th- to 12th-grade participants in the EAT-2010 study recruited from 20 public 

schools in Minneapolis and St. Paul MN. Six schools were traditional middle schools (6th to 

8th grade), eight were traditional high schools (9th to 12th grade), 3 were K-8th grade, 1 was 

K-12th grade, 1 was 6th to10th grade, and 1 was 7th to 12th grade.

Due to missing data on key variables such as psychological variables, perceived social 

support, and nominated friends not being in the sample (18%), the current study comprised 

1951 adolescents (mean age 14.25± 1.96). The sample was fairly equally divided on gender 
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(54% girls). A majority of the sample (68%) were ethnic minorities and over half of the 

sample (55%) was of lower SES, defined by household income (low, middle-low, middle, 

middle-high, high) (Table 1). Independent sample t tests and chi-square tests examined the 

differences between those included in the sample (n = 1951), and the participants that were 

excluded (n = 629). There were no significant differences in gender or hours of MVPA per 

week. However, the included sample had a significantly lower BMI (P = .004), lower SES (P 
= .003), were significantly younger (P < .0001), and contained a higher percentage of 

Caucasians (P < .0001).

Trained research staff administered surveys and measured adolescents’ height and weight 

during physical education and science classes during the 2009–2010 academic year. All 

study procedures were approved by the University of Minnesota’s IRB Human Subjects 

Committee and by the research boards of the participating school districts. The parent/

guardian of each participant provided passive consent before the student being included in 

the investigation (parents/guardians could contact study staff if they did not want their child 

to participate), and the child provided assent.20,25,27

Measures

Friend Nominations—Before data collection, rosters of all students by grade level were 

obtained from each school. Each participant was given a unique 4-digit identification (ID) 

number. Participants nominated up to 6 of their best friends (3 male friends and 3 female 

friends) from the school roster. PA data provided by each nominated friend was linked by ID 

number back to the original nominating friend, therefore allowing for the measurement of 

mean nominated friend PA for each participant. In the EAT-2010 cohort, participants 

nominated an average of 2.1 ± 1.7 friends who had provided usable data in their own 

surveys. A sensitivity analysis was conducted, and results indicated that using all 

participants with at least 1 friend provided similar results to using more stringent inclusion 

criteria (eg, requiring at least 2 or more nominated friends to be included).27

Godin-Shephard Physical Activity Recall—The Godin-Shephard (G-S) PA recall28 

asks participants to record the number of hours in a typical week that they engaged in 

strenuous (“heart beats rapidly”), moderate (“not exhausting”), and mild exercise (“little 

effort”). The G-S recall has been previously validated in adolescent and adult populations 

using various criterion measures, such as the Caltrac accelerometer (r = .32 to 0.45),29 

aerobic fitness (r = .38 to 0.56),30 other PA questionnaires (r = .36 to 0.61),31 and a modified 

version of the G-S recall has been used in previous waves of Project EAT.27 Response 

options were “none,” “<0.5 hours/week,” “0.5–2 hours/week,” “2.5–4 hours/week,” “4.5–6 

hours/week,” and “6+ hours/week,” and were coded as 0, 0.25, 1.25, 3.25, 5.25, and 6.75 

hours/week, respectively. The sum of the responses for both strenuous and moderate PA was 

calculated to determine hours spent in moderate to vigorous PA (MVPA) per week.

Psychological Variables—Self-efficacy for PA was self-reported by adolescents using a 

modification of a previously validated scale.32 This scale consisted of questions that 

measured children’s confidence in their ability to overcome barriers and engage in PA. The 

questionnaire started “I can be physically active during my free time on most days …” 
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followed by the statements “no matter how busy my day is,” “even if it is very hot or cold 

outside,” and “even if I have to stay home.” Response options for this 4-point scale ranged 

from 1 (“Disagree a lot”) to 4 (“Agree a lot”). Internal consistency for this scale was α = 

0.76.

PA enjoyment was measured using a modification of a previously validated scale33 that 

asked 3 questions that started “When I am active …” followed by the items “I feel bored,” “I 

dislike it,” and “It frustrates me.” The 4-point scale contained responses that ranged from 1 

(“Agree a lot”) to 4 (“Disagree a lot”), with a higher score indicative of more enjoyment 

related to PA. Internal consistency for this scale was α = 0.82.

Perceived barriers to PA were measured with 4 items adapted from a validated scale by 

Dishman et al34 which asked “How often do these things keep you from being physically 

active?” Items included “The weather is bad,” “I don’t have time to do physical activity,” “It 

would take time away from my school work,” and “I’m embarrassed about how I look when 

I’m active.” The 5-point scale ranged from 1 (“very often”) to 5 (“never”), with a higher 

score indicative of fewer barriers. Internal consistency for this scale was α = 0.49.

Social Support (Family and Friend)—Perceived family and friend support for PA, 

adapted from Davison et al,35 asked the participants to record “How strongly do you agree 

with the following statements?” For family support, items included “My family and I do 

active things together” and “My family supports me in being physically active.” For friend 

support, items included “My friends often play sports or do something active,” “My friends 

think it is important to be physically active,” and “My friends and I like to do active things 

together.” Scales contained 4-point response options that ranged from 1 (“Disagree a lot”) to 

4 (“Agree a lot”), with a higher score indicative of more social support for PA. Internal 

consistencies for both family and friend scales were α = 0.67.

Statistical Analysis

Descriptive statistics were performed using SAS statistical software, version 9.2. 

Independent sample t tests and chi-square tests were performed to examine possible 

differences in demographic variables between the included (n = 1951) and excluded (n = 

629) participants. Given the wide age range of the sample and the possibility of differences 

in correlates of PA with age, t tests were conducted to examine differences in MVPA 

between younger (12 years and under) and older adolescents (13 to 19 years of age). If 

differences existed, further analyses were conducted to examine the associations with 

psychological factors, social support, and nominated friends’ PA.

Previous models have placed psychological variables with social support, but to further 

explore the social environment for PA, our approach was one that separated perceived 

support from the psychological variables, an approach similar to Heitzler et al36 and Beets et 

al.7 Friend PA was kept as a separate construct from social support because friend PA was 

measured directly from the nominated friends, while social support was the individual’s 

perception of support from family and friends.
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The measurement model is represented in Figure 1. This measurement model consisted of 2 

measured variables (friend PA, individual PA), and 2 latent constructs (psychological factors 

and perceived social support). Psychological factors consisted of PA self-efficacy, PA 

enjoyment, and PA barriers. Perceived social support consisted of the measured variables: 

friend support for PA, and family support for PA. The following covariates were also added 

to the model: age, gender, race, BMI, and SES.

Structural Equation Model

Structural equation models (SEM) were examined using MPLUS 6 statistical software with 

maximum likelihood estimation. Model fit was evaluated based on the following fit indices: 

the model chi-square statistic, the root mean square error of approximation (RMSEA) and its 

90% confidence interval, the Bentler comparative fit index (CFI), and the Tucker-Lewis 

Index (TLI). These indices reflect current standards and recommendations for reporting in 

SEM analyses.37 All indices, however, are affected by multiple design factors and the 

interpretation of what constitutes good fit varies across studies.37 In particular, the chi-

square statistic is sensitive to sample size and often prone to type 1 error and, for this study, 

the chi-square results were interpreted in the context of the other model fit measures. It is 

generally accepted that an RMSEA less than .05 corresponds to a “good” fit and an RMSEA 

less than .08 corresponds to an “acceptable” fit.38 For the CFI and TLI scores, a number 

greater than .9 indicates a good model fit.38

Results

Structural Equation Model

Results showed good convergent validity of the factors as each indicator’s factor loading 

was significant (P < .0001) on its respective latent variable. All correlations among the 

psychosocial factors were statistically significant (P < .05), but none of the estimated 

correlations were excessively high (ie, ≥ 0.85). The strongest correlations were between the 

psychological variables and both forms of social support for adolescent PA (r = .68) and 

adolescent MVPA (r = .56) (Table 2).

Hypothesized paths and standardized parameter estimates are shown in Figure 2. The fit 

indices suggest that the model was a good fit (TLI = 0.90, CFI = 0.93 and RMSEA = .041, 

90% confidence interval = 0.034 to 0.049). There were statistically significant direct effects 

between the psychological variables and MVPA (β = 0.530, P < .0001), and friend PA and 

MVPA (β = 0.058, P = .008). For the direct effect between psychological variables and 

MVPA, this standardized beta weight, for example, can be interpreted as a .53 standard 

deviation unit increase in the level of MVPA for a 1 standard deviation unit increase in the 

level of psychological variables. Friend PA was associated with the psychological variables 

(β = 0.125, P < .0001) and the psychological variables were associated with social support 

(β = 0.688, P < .0001), which suggests that these 2 mediator influence each other as well. 

However, social support was not directly associated with MVPA. Overall, the model 

accounted for approximately 23% of the variance in adolescent MVPA.
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Exploratory Analyses

Regression analyses stratified by age (older and younger adolescents) indicate that 

psychological and social correlates associated with MVPA differed according to age. In 

addition to friends’ PA, number of friends was added to the model to explore if increased 

number of friends was associated with MVPA. For younger participants (12 and under), all 

of the psychological factors, decreased PA barriers (β = −.16, SE = .06, P = .005), increased 

PA self-efficacy (β =.27, SE = .05, P < .0001) and greater enjoyment of PA (β = .15, SE = .

06, P = .008), were associated with increased levels of MVPA. For older participants (13 to 

19 years), increased PA self-efficacy (β = .28, SE = .1, P = .006) and increased enjoyment of 

PA (β = .19, SE = .09, P = .002) were associated with increased levels of MVPA. For social 

support and friend PA, family support for PA (β = .16, SE = .06, P = .009) and friend PA (β 
= .04, SE = .02, P = .05) were associated with increased MVPA in younger adolescents, 

however, only friend PA (β = .1, SE = .05, P = .04) was associated with increased MVPA in 

older adolescents.

Discussion

The current study examined the direct and indirect pathways of both individual and social-

level associations with adolescent MVPA. The results showed an overall good fit between 

the proposed model and the data. Before the final model, a previous model had been tested 

which proposed that friends’ PA mediated the relationship between psychological variables 

and adolescent MVPA. However, the model fit was unacceptable (TLI < .90, CFI < .90, 

RMSEA > .05), and the model was greatly improved when friend PA was proposed to have 

direct and indirect effects on adolescent MVPA. Friend PA was directly associated with 

adolescent MVPA, and, in addition, the psychological variables mediated the pathway 

between friend PA and adolescent MVPA. Interestingly, there were no significant direct 

effects from social support to adolescent MVPA. Therefore, nominated friend PA and 

psychological factors were most strongly associated with adolescent MVPA, while perceived 

social support was not.

Among all variables, the psychological factors were the strongest correlates of adolescent 

MVPA. This finding is in agreement with Lubans et al10 who found individual psychological 

variables such as self-efficacy to have the strongest association with adolescent MVPA. The 

majority of studies have reported that psychological variables are associated with MVPA in 

adolescents,7,10,21,23 and adult populations.39 A new finding of this study was that these 

variables mediated the relationship between friend PA and adolescent MVPA.

In the current study, social support for PA was not associated with adolescent MVPA. This 

finding was surprising given that other studies, including the previous Project EAT cohort, 

have found social support for PA to be associated with adolescent MVPA.40 However, our 

current findings are supported by Heiztler et al34 who found that parental support was not 

associated with MVPA, and Lubans et al10 who reported no significant associations between 

peer social support and adolescent MVPA. However, our study differs from several of these 

studies in that we also examined hypothesized psychological variables, which appeared to be 

the driving force in the model. Interestingly, significant associations existed between 

psychological factors and social support suggesting there may be a reciprocal relationship 
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between those variables. Evidence does suggest that increased support for PA by family in 

younger children, is associated with more positive feelings toward PA.33 In addition, our 

regression models revealed that younger participants’ MVPA was associated with family 

support for PA, although neither friends nor parent support for PA was associated with 

MVPA in older adolescents. This is partially supported by Sirard et al,20 who suggested that 

younger children may be more influenced by parents than older adolescents. Our overall 

findings are in contrast to Springer et al12 who found that both family and friend social 

support were significantly correlated with PA in a sample of 718 6th-grade girls. However, 

rather than using a composite variable for social support, Springer et al12 examined the mean 

values of varying types of social support (friend participation vs friend encouragement), 

which may account for the difference in findings. Therefore, it is possible that different 

aspects of social support may be more strongly associated with MVPA in adolescents.

There are several limitations of this study. First, is that the variables in this study were 

derived through self-report measures which are prone to recall error. Secondly, participants 

could only nominate friends who were attending the same school, and those friends could 

only be included in the data set if they, too had completed a EAT 2010 survey. Therefore, it 

is possible that adolescents had additional friends whose PA behavior was not examined in 

the study. Excluded participants had a significantly lower BMI than included participants 

which may have altered results. The use of self-reported PA questionnaires over objective 

measures is also a limitation. In addition, participants who reported no nominated friends 

were excluded from the study, which serves as a limitation since there is evidence that 

adolescents who spend more time alone have lower levels of PA.16,18 Finally, these data are 

cross-sectional, and therefore, temporality of relationships cannot be established. Though the 

results of this analysis cannot provide causality, this model does provide support for friend 

and individual level associations with adolescent MVPA. There are several implications 

based on the results of this study. It appears that PA behavior in adolescents may be more 

associated with the behavior of their friends rather than the combined perceived social 

support for PA from parents and friends. In addition, it corroborates with previous research 

indicating that individual beliefs about PA behavior, as the most proximal level of influence, 

remains a critically important correlate of adolescent MVPA. This finding is supported by 

several studies that have found psychological variables such as self-efficacy to be the 

strongest correlate of PA behavior.12,21 However, there is still a large proportion of variance 

in MVPA among adolescents that is not explained by the current, and previous, models. It is 

also likely that there are built environmental and additional social variables that are 

influencing these individual-level variables. Future studies should consider the association of 

built environment characteristics with PA (eg, street network, proximity to parks and 

schools) in addition to the social environment to better understand the socioenvironmental 

contexts that promote PA in youth.

In addition to social and physical environmental variables, obtaining qualitative data in the 

form of interviews or focus groups would provide deeper insight into peer influence on 

adolescent PA. Rich qualitative data may help to provide some additional focus to future 

studies. For example, results from qualitative studies may suggest that there should be a 

focus on types of friends (sports team friends, neighborhood friends), as well as a focus on 

number of friends, the emotional closeness of the friend (eg, best friends), and the position 
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or status of the individual and those close friends within the adolescent’s social network. In 

addition, there were differences in the correlates associated with MVPA in older and 

younger participants, although friend PA remained and psychological variables appeared 

important for both groups. Parental support may influence younger adolescents, but this 

association may weaken as children age, and therefore, future qualitative and quantitative 

research should further explore how the social dynamic changes as children go through their 

adolescent years.

A novel finding of the current study was that nominated friend PA was directly and 

indirectly associated with adolescent MVPA. Only a few studies have examined this 

relationship between measured friend MVPA and individual MVPA. The direct association 

of friend PA and adolescent PA is supported by the results of Sirard et al.,20 who found, in a 

sample of 2126 adolescents from the EAT 2010 study, a significant correlation between 

adolescents’ PA and their friends’ PA. This current study, however, also found that 

psychological factors (PA enjoyment, PA self-efficacy, PA barriers) mediate the relationship 

between adolescent MVPA and friends’ MVPA which suggests that adolescents’ attitudes 

toward PA may be influenced by the PA behavior of his/her friends. This finding is 

supported by a qualitative study conducted by Jago et al,15 with participants reporting that 

friends influenced their PA behavior and were a key factor influencing enjoyment 

(enjoyment of PA was the most important factor in maintaining activity participation). De la 

Haye et al17 found that adolescents’ self-reported PA tended to become more similar to that 

of their friends over a 1-year period, in addition to being friends with others who already had 

similar PA levels. These findings imply that adolescents may be influenced by their friends’ 

activity levels, and that a change in friends’ PA behavior may be associated with a change in 

the individual-level psychological variables associated with PA (eg, PA self-efficacy and 

enjoyment), and thus, the individual’s PA behavior. Additional longitudinal data are needed 

to identify the mechanisms regarding the transmission of attitudes, beliefs, and actual PA 

behavior within and among adolescent social networks.

In summary, nominated friend MVPA was directly associated with adolescent MVPA, but 

was also mediated through PA psychological constructs (PA self-efficacy, PA enjoyment, 

and PA barriers). Further investigation of the direct and mediating mechanisms underlying 

the social influences on adolescent PA is warranted, taking into account the strong 

association of the psychological constructs. By understanding the social influences on PA, 

effective PA interventions that may not only directly increase MVPA in adolescents, but also 

have an impact on the social network, thereby, improving how adolescents in the network 

think and feel about PA as well as their actual PA behavior.
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Figure 1. 
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Figure 2. 
Hypothesized paths and standardized parameter estimates

*p<.01, **p<.0001
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Table 1

Descriptive Statistics for Sample (n = 1951)

Variable n (%) Mean (SD) Range

Male 897 (46)

Caucasian 627 (32)

SES (Total income)

 Low (<$20,000) 576 (29.5)

 Low-middle ($20,000–34,999) 500 (25.6)

 Middle ($35,000–74,999) 677 (34.7)

 Upper-middle ($75,000–99,999) 136 (6.9)

 High ($100,000+) 62 (3.2)

Age (yrs) 14.3 (2.0) 10–20

BMI (kg/m2) 23.6 (5.7) 13.6–55.6

MVPA (hrs/wk) 5.9 (4.7) 0–16

Number of nominated friends in sample 2.08 (1.7) 0–6

Abbreviations: SES, XXX; BMI, body mass index; MVPA, moderate-to-vigorous physical activity.

J Phys Act Health. Author manuscript; available in PMC 2018 January 03.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Garcia et al. Page 16

Table 2

Correlations Among Variables

Variables Friend PA Psychological Factors Social Support Adolescent MVPA

Friend PA 1.00 .11* .13* .13*

Psychological Factors .11* 1.00 .68* .56*

Social Support .13* .68* 1.00 .40*

Adolescent MVPA .13* .56* .40* 1.00

Abbreviations: PA, physical activity; MVPA, moderate-to-vigorous physical activity.

*
P < .05.
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