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Abstract
Background
Physical inactivity is increasing among adolescents in the U.S., especially among girls. Despite growing evidence that parents are an important influence on adolescent health, few longitudinal studies have explored the causal relationship between parental influence and physical activity. This study examines how the relationships between parental influences and adolescent physical activity differ by gender and tests whether these relationships are mediated by adolescents' self-esteem and depression.

Methods
Data are from the National Longitudinal Study of Adolescent Health. The sample includes 13,246 youth, grades 7 to 12, interviewed in 1995 and again 1 year later. Logit models were used to evaluate parental influences on achieving five or more bouts of moderate to vigorous physical activity per week [MVPA] and whether the relationship between parental influence and MVPA was mediated by adolescents' level of self-esteem and depression.

Results
Family cohesion, parent-child communication and parental engagement positively predicted MVPA for both genders one year later (odds ratios and 95% confidence intervals for females, 1.09 [1.05–1.12], 1.13 [1.07–1.19], 1.25 [1.17–1.33] and males, 1.08 [1.04–1.11], 1.14 [1.07–1.23], 1.23 [1.14–1.33], respectively); however, parental monitoring did not (odds ratio and confidence intervals for females and males, 1.02 [.97–1.07]). For both females and males, self-esteem mediated the relationship between parental influence and physical activity. Depressive symptoms were only a mediator among males. Females reported higher levels of parent-child communication and lower family cohesion compared with males. There were no gender differences in levels of parental monitoring and engagement. Females had significantly lower levels of self-esteem and higher levels of depressive symptoms than males.

Conclusion
Strategies to promote physical activity among adolescents should focus on increasing levels of family cohesion, parental engagement, parent-child communication and adolescent self-esteem.
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Background
Low levels of physical activity during adolescence contribute to obesity and poor health outcomes in adulthood [1–3]. Physical inactivity is increasing among adolescents in the U.S., especially among girls [4–7]. In 2005, over 30% of adolescents failed to meet national recommendations for moderate to vigorous physical activity [8].
During childhood and adolescence, families critically influence their children's health behaviors including physical activity [6, 9–13]. Parents model behaviors for their children, engage in activities with them, monitor their children's behaviors, and provide support and encouragement that can result in behavior change and positive health outcomes [14–16]. Despite the centrality of family influences on child development, few studies have examined the causal relationship between family-related factors and adolescent physical activity [17, 18]. An understanding of these relationships is essential to the development of family-focused interventions programs that promote adolescent physical activity, and ultimately prevent overweight and obesity.
Previous research has identified parental social support and modeling as important influences on child and adolescent physical activity [6, 19–22]. Broader aspects of parental influences, such as parental engagement, monitoring, and communication remain understudied, despite significant research concerning their influences on adolescent risk behaviors such as tobacco and alcohol use [23, 24]. Several mechanisms through which parenting can influence adolescent physical activity have been proposed [25]. One potential mediator of parental influence on adolescent physical activity is adolescent emotional health [26, 27]. Parenting behaviors influence low self-esteem and depression, both of which are inversely associated with physical activity [28–33]. Finally, previous research has shown that boys engage in higher levels of physical activity and receive more parental support for physical activity than girls [21, 34, 35]. However, individuals at risk of low levels of physical activity (e.g. girls) may be more responsive to parental influences. Therefore, gender differences in the relationship between parental influences and physical activity must be critically examined.
Using longitudinal data from a large nationally representative sample, this study examined the relationship between parental influences and adolescent physical activity by gender and tested whether these relationships were mediated by adolescents' self-esteem and depression. It was hypothesized that high levels of family cohesion, parental monitoring, parent-child communication, and engagement in activities would predict higher levels of physical activity one year later and that the influence of these relationships would be mediated by adolescent self-esteem and depressive symptoms. Given inconsistent results in previous research, gender differences in the relationship between family and parental influences and physical activity were hypothesized, but it was unclear whether family and parental influences would be stronger for boys or girls.

Methods
Study design
This study used data from the first and second waves of the National Longitudinal Study of Adolescent Health (Add Health), a nationally representative study of adolescents in grades 6 through 12 in the U.S. Add Health used a multi-stage, stratified, school-based, cluster sampling design, which ensured that the sample of 80 high schools and their corresponding middle schools was representative of the U.S. population [36, 37]. Further details on the survey and sampling design have been extensively described elsewhere [36–38].
Wave I in-home interviews were conducted from April to December 1995 with a random sample of 20,745 students. The sample included approximately 200 students from each high school, middle school pair [37]. With the exception of students with disabilities or those included in a special genetic subsample, all 7th to 12th graders were re-interviewed one year later [Wave II]. A total of 14,736 adolescents participated in both Wave 1 and Wave II interviews. Response rates for Wave I and II in-home interviews were 79% and 88%, respectively.
Because the study design requires that cases be weighted to control for the sampling design, only cases with an assigned sampling weight were included in our final analytic sample (N = 13,246). Due to their small sample size, 29 female and 38 male Native Americans were excluded from this analysis. We also excluded adolescents who were currently pregnant in either Wave I or II, adolescents with serious disabilities, and those with missing data on key demographic variables. Detailed analyses of non-response bias and missing data showed that biases remaining after adjusting for sampling weights were very small (<1%) [39].

Measures
Physical activity
Measured at Wave II, the primary outcome of interest was total weekly bouts of moderate to vigorous physical activity [MVPA]. This outcome, examined in several previous studies [38, 40, 41], was derived using a standard seven-day physical activity recall scale similar to those used in other large-scale studies although not capturing time period [42–44]. Questions were worded, "During the past week, how many times did you...," followed by a list of activities, allowing calculation of the number of physical activity bouts per week. MVPA activities included skating, cycling, exercise and active sports, and had an estimated energy cost of five to eight METs (metabolic equivalent values; 1 MET = resting metabolic rate, or 3.5 ml 02 body weight/minute). Overall physical activity frequency was summed to obtain total weekly bouts of MVPA. Then, an indicator variable (1/0) was created based on whether the adolescent met the 1995 national recommendations for physical activity. In 1995, the Centers for Disease Control and Prevention and the American College of Sports Medicine recommended engaging in five or more weekly bouts of at least 30 minutes of MVPA [45]. Newly released recommendations for children and adolescents have increased to 60 minutes of moderate activity most days of the week [46].

Family cohesion and parenting
Four characteristics were examined: (1) family cohesion, (2) parental monitoring, (3) parent-child communication, and (4) parental engagement. All were measured at the baseline interview in Wave I and have been used in previous studies [47–51]. Family cohesion was measured by summing responses to adolescent reports for three items (ranging from 1 = low to 5 = high) on how much people in their family understand them, how much they and their family have fun together, and how much their family pays attention to them (alpha = .79). Parental monitoring was measured by a sum of seven household rules and guidelines. These included weekday and weekend curfews, monitoring friendships, limiting the amount and type of TV shows watched, controlling food choice, and setting guidelines on appropriate clothing. Higher scores indicated higher levels of parental monitoring (range 0 = low to 7 = high; alpha = .61). Parent-child communication was calculated as the sum of three types of communication that the adolescent had with his/her primary caregiver in the last four weeks (talking with them about dating, a personal problem and school work; range 0 = low to 3 = high; alpha = .54). Parental engagement was measured as a count of the number of activities that parents participated in with their adolescent over the last four weeks. Six possible activities included attendance at religious or church events, shopping, playing sports, going to movies, plays, museums, concerts or sports events, working on a school project, and eating evening meals with their child at least five days a week. For adolescents with monitoring, communication, and engagement scores for both a mother and father, the scores were averaged across the two parents. The highest correlation between these measures was .49 [see Additional file 1]. Due to the multicollinearity between family influences, we estimated their effects both independently and together.

Self-esteem and depression
Measures of self-esteem and depressive symptoms were collected during the adolescent in-home interview at Wave I. Self-esteem was measured using the 6-item personal self-image scale created by Resnick and collegues (alpha = .85) [29, 52]. Items were reverse coded and summed with possible scores ranging from 0 – 24, so that lower scores indicate lower self-esteem. Depressive symptoms were measured using a slightly modified version of the Center for Epidemiological Studies' Depression Scale (CES-D) [53, 54]. A score for this scale is created by summing responses to how often the adolescents experienced 19 different symptoms (e.g. poor appetite, feeling tired) within the past week (alpha = .87). Response categories range from 0 = never or rarely to 3 = most or all of the time. An indicator variable (1/0) was created based on whether the adolescent had a score of 16 or higher. As with the standard CES-D, a score of 16 or above is positively and strongly correlated with a diagnosis of clinical depression [55].

Other covariates
Several variables were included in our analyses as covariates, including the adolescent's age at Wave I, their self-reported racial or ethnic group (i.e., European/Canadian, African-American, Mexican, Cuban, Central and South American, Puerto Rican, Chinese, Filipino, and Other Asian), and their immigrant generation status (i.e. foreign-born [1st generation], foreign-born with at least one U.S. born parent [2nd generation], or U.S. born with U.S. born parents [3rd+ generation]). Family structure was dummy-coded based on 5 categories: two-parent family (including biological or adoptive parents), step-parent family, single-mother household, single-father household, or other (e.g., adolescents in foster families or group homes, and emancipated minors). Number of siblings living at home was also included. Parental education, which served as a proxy for the socioeconomic status of the adolescents' household, was measured as the highest level of education achieved by either parent. Adolescents' body mass index (BMI) at Wave 1 was also included as a control in the initial analyses; however, we removed it due to the number of cases with missing BMI data [see Additional file 2]. This exclusion did not change the results.


Statistical analyses
Analyses were conducted with the statistical software package STATA, version 8.0 (Statacorp, College Station, TX, 2003) and survey estimation procedures were used to correct for the sample design and use of sampling weights. Descriptive statistics including frequencies, means and standard errors were calculated for all study variables. We tested for differences in proportions of those with 5 or more bouts of MVPA per week by gender, race-ethnicity, immigrant generation status, family structure, and parental education at Wave I.
Because our dependent variable is dichotomous, a series of logit models were estimated to identify the likelihood that adolescents engaged in 5 or more bouts of MVPA per week. We exponentiated the estimated coefficients in each model and reported odds ratios. An odds ratio greater than 1.0 indicates that the outcome is more likely in the presence of the independent variable versus in the absence of the independent variable. An odds ratio less than 1.0 indicates an outcome is less likely in the presence of the independent variable versus in the absence of the independent variable. First, models were estimated for each independent variable individually in order to observe the effects of each parental influence independently. Then models were estimated with all parental influence variables entered together. Tests for the mediation by self-esteem and depression were conducted following the criteria outlined by Barron and Kenny [56]. All analyses were stratified by gender. In addition, all analyses were adjusted for age, race-ethnicity, immigrant generation, family structure, number of siblings, and parents' level of education.
Each of the four parenting variables contained a small number (< 100) of missing values. Following Allison, we conducted analyses with missing cases excluded (analyses not shown) [57]. We then re-estimated each model with missing data replaced by mean substitution, and included an indicator variable for these cases. The results from the two estimations were similar and suggested the few cases with missing data were not particularly influential. In light of this finding and the small number of cases, more sophisticated techniques of dealing with missing data were not warranted.


Results
Table 1 shows the characteristics of the sample and the proportion of adolescents meeting 1995 national recommendations for physical activity by racial/ethnic group, immigrant generation, family structure and parent's level of education. The sample was 51% female with a mean age of 15.5 at Wave I. A higher percentage of males (72%) met the 1995 national recommendations for physical activity than females (58%). White female adolescents were significantly more likely to achieve five or more bouts of MVPA per week than females in other racial and ethnic groups (F-statistic 19.53, p ≤ .001); African-American females were significantly less likely to achieve five or more bouts than other racial and ethnic groups (14.13, p ≤
.001). No racial and ethnic differences were observed among male adolescents. Among females, first generation immigrants were less likely than second or third+ generation immigrants to achieve five or more bouts of MVPA (F-statistic 8.3, p ≤ .01). A similar trend was observed among male adolescents although the relationship was not statistically significant. There were no differences between two parent, step-parent, or single parent families. However, those in the "other" family structure were less likely to achieve recommended levels of MVPA than those in two parent, step-parent or single parent families (F-statistic for males 3.94, p ≤ .05; females 15.63, p ≤ .001). Adolescents in "other" family structures are mostly living in foster care arrangements. Having a parent with at least a college degree was significantly associated with engaging in five or more bouts of MVPA for both females and males (F-statistic for males and females 19.5, p ≤ .001).Table 1Sample characteristics and percentage of adolescents achieving recommended levels of physical activity


	 	Females (N = 6,730)
	Males (N = 6,561)

	 	N
	%
	N
	%

	
                            Race-Ethnicity
                          
	 	 	 	 
	White
	3,654
	60.8
	3,541
	72.7

	African-American
	1,485
	49.4
	1,307
	74.4

	Hispanic/Latino
	1,105
	52.8
	1,141
	70.9

	Asian-American
	486
	52.5
	527
	70.3

	
                            Immigrant Generation
                          
	 	 	 	 
	Third or More
	5,246
	58.2
	5,027
	72.5

	Second
	965
	58.9
	720
	75.1

	First
	519
	47.2
	493
	68.7

	
                            Family Structure
                          
	 	 	 	 
	Two-parent family
	3,573
	58.9
	3,516
	73.5

	Step-parent family
	1,124
	60.3
	1,177
	71.1

	Single mother
	1,538
	55.3
	1,290
	73.2

	Single father
	152
	59.7
	238
	70.2

	Other
	343
	42.9
	295
	66.4

	
                            Parent Education
                          
	 	 	 	 
	College graduate or more
	2,280
	61.6
	2,389
	77.2

	Some college
	1,354
	60.0
	1,216
	70.9

	High school graduate
	1,896
	55.4
	1,834
	71.5

	Less than high school graduate
	870
	53.7
	735
	67.4




Table 2 displays the means and standard errors for the study variables by gender. Average activity levels for the study sample met 1995 national recommendations of five or more bouts per week. In terms of parent factors, there were no gender differences for levels of parental monitoring and parental engagement. However, females reported higher levels of parent-child communication and lower levels of family cohesion compared with males. Females had significantly lower levels of self-esteem and higher levels of depressive symptoms than males.Table 2Descriptive statistics for study variables


	 	Females (N = 6,730)
	Males (N = 6,516)
	Gender Differences

	 	Mean
	(s.e.)
	Mean
	(s.e.)
	 
	
                            Physical Activity
                          
	 	 	 	 	 
	Bouts of physical activity per week
	6.03
	(0.11)
	7.88
	(0.11)
	***

	
                            Parental Influence
                          
	 	 	 	 	 
	Family Cohesion (range 3 – 15)
	11.18
	(0.06)
	11.42
	(0.06)
	***

	Parental Monitoring (range 0 – 7)
	2.02
	(0.05)
	2.00
	(0.06)
	 
	Parent – Child Communication (range 0 – 3)
	1.90
	(0.03)
	1.65
	(0.03)
	***

	Parental Engagement (range 0 – 6)
	2.15
	(0.04)
	2.12
	(0.04)
	 
	
                            Adolescent Emotional Health
                          
	 	 	 	 	 
	Self-Esteem (range 0 – 24)
	20.83
	(0.11)
	22.32
	(0.09)
	***

	Depression (range 0 – 57)
	12.47
	(0.17)
	10.62
	(0.14)
	***


*** p ≤ .001



The partially adjusted logit models revealed that family cohesion (OR: 1.09, CI: 1.05 – 1.12), parent-child communication (OR: 1.13, CI: 1.07 – 1.19) and parental engagement (OR 1.25, CI: 1.17 – 1.33) were all independent predictors of achieving five or more bouts of MVPA at Wave II (Table 3). The strength of the relationship was similar for both males and females. Parental monitoring was not associated with physical activity for either gender. Adolescents with higher levels of self-esteem and lower levels of depressive symptoms were more likely to achieve five or more bouts of MVPA per week at Wave II. Lower levels of depressive symptoms were more strongly associated with physical activity for male adolescents.Table 3Partially Adjusted logits on moderate to vigorous physical activity, by gendera


	 	Females (N = 6,730)
	 	Males (N = 6,516)
	 
	 	OR
	95% CI
	 	OR
	95% CI
	 
	
                            Parental Influence
                          
	 	 	 	 	 	 
	Model 1: Family Cohesion
	1.09
	(1.05 – 1.12)
	***
	1.08
	(1.04 – 1.11)
	***

	Model 2: Parental Monitoring
	1.02
	(0.97 – 1.07)
	 	1.02
	(0.72 – 0.79)
	 
	Model 3: Parent-Child Communication
	1.13
	(1.07 – 1.19)
	***
	1.14
	(1.07 – 1.23)
	***

	Model 4: Parental Engagement
	1.25
	(1.17 – 1.33)
	***
	1.23
	(1.14 – 1.33)
	***

	
                            Adolescent Emotional Health
                          
	 	 	 	 	 	 
	Model 5: Self-Esteem
	1.06
	(1.04 – 1.08)
	***
	1.10
	(1.07 – 1.12)
	***

	Model 6: Depression
	0.82
	(0.70 – 0.96)
	**
	0.73
	(0.72 – 0.79)
	***


*** p ≤ .001, ** p ≤ .01
a All models are adjusted for age, race-ethnicity, immigrant generation, family structure, number of siblings, and parent education. Each parental influence and adolescent emotional health variable was entered into the model separately. In addition, models for females and males were estimated separately. Estimates were adjusted for survey design effects.



Table 4 shows results for six fully adjusted logit models constructed to test for the mediational effects of self-esteem and depressive symptoms on the relationship between parental influences and MVPA. In Models 1–6, all parent variables were entered into the model along with covariates. Although parental monitoring was not significantly associated with MVPA in our initial analyses, we included it in these analyses because it was a potential confounder. Using Baron and Kenny's criteria for mediation, we first estimated the effect of parental influences on physical activity. Higher levels of family cohesion, parent-child communication and parental engagement continued to independently predict five or more bouts of MVPA for both males and females when entered together. Parental engagement was the strongest predictor with an odds ratio of 1.19 (95% CI: 1.11, 1.27) for females and 1.18 for males (95% CI: 1.09, 1.27). Overall, we found few differences in the logit models of physical activity between the male and female samples.Table 4Fully adjusted logits on moderate to vigorous physical activity, by gendera


	 	Model 1
	 	Model 2
	 	Model 3
	 
	
                            Panel A: Female Sample
                          
	OR
	95% CI
	 	OR
	95% CI
	 	OR
	95% CI
	 
	
                            Parental Influence
                          
	 	 	 	 	 	 	 	 	 
	Family Cohesion
	1.05
	(0.00 – 1.09)
	**
	1.02
	(0.99 – 1.06)
	 	1.05
	(1.02 – 1.09)
	**

	Parental Monitoring
	1.01
	(0.96 – 1.05)
	 	1.01
	(0.97 – 1.06)
	 	1.01
	(0.96 – 1.05)
	 
	Parent-Child Communication
	1.06
	(1.00 – 1.12)
	*
	1.05
	(0.99 – 1.11)
	 	1.06
	(1.00 – 1.12)
	*

	Parental Engagement
	1.19
	(1.11 – 1.27)
	***
	1.18
	(1.10 – 1.26)
	***
	1.19
	(1.11 – 1.27)
	***

	
                            Adolescent Emotional Health
                          
	 	 	 	 	 	 	 	 	 
	Self-Esteem
	---
	---
	---
	1.04
	(1.02 – 1.06)
	***
	---
	---
	---

	Depression
	---
	---
	---
	---
	---
	---
	0.94
	(0.80 – 1.10)
	 
	N =
	6,730
	 	 	6,730
	 	 	6,730
	 	 
	F(29, 99)
	10.48
	 	 	10.38
	 	 	10.10
	 	 
	
                            Panel B: Male Sample
                          
	
                            Model 4
                          
	 	
                            Model 5
                          
	 	
                            Model 6
                          
	 
	
                            Parental Influence
                          
	 	 	 	 	 	 	 	 	 
	Family Cohesion
	1.05
	(1.02 – 1.09)
	**
	1.01
	(0.97 – 1.04)
	 	1.04
	(1.01 – 1.08)
	*

	Parental Monitoring
	1.01
	(0.95 – 1.06)
	 	1.02
	(0.96 – 1.08)
	 	1.01
	(0.95 – 1.07)
	 
	Parent-Child Communication
	1.08
	(1.01 – 1.16)
	*
	1.07
	(0.99 – 1.14)
	 	1.08
	(1.01 – 1.17)
	*

	Parental Engagement
	1.18
	(1.09 – 1.27)
	***
	1.16
	(1.07 – 1.25)
	***
	1.17
	(1.09 – 1.27)
	***

	
                            Adolescent Emotional Health
                          
	 	 	 	 	 	 	 	 	 
	Self-Esteem
	---
	---
	---
	1.09
	(1.06 – 1.11)
	***
	---
	---
	---

	Depression
	---
	---
	---
	---
	---
	---
	0.79
	(0.64 – 0.95)
	*

	N =
	6,516
	 	 	6,516
	 	 	6,516
	 	 
	F(29, 100)
	7.62
	 	 	9.18
	 	 	7.59
	 	 

*** p ≤ .001, ** p ≤ .01, * p ≤ .05
a All models are adjusted for age, race-ethnicity, immigrant generation, family structure, number of siblings, and parent education. In addition, models for females and males were estimated separately. Estimates were adjusted for survey design effects.



Second, we tested for the effect of parental influences on the hypothesized mediators, self-esteem and depression. As shown in Table 5, family cohesion, parent-child communication and parental engagement were significantly associated with increased adolescent self-esteem at the p ≤ .05 level when entered into self-esteem models. Family cohesion, parental monitoring and parental engagement were also significantly associated with lower levels of depressive symptoms at the p ≤ .05 level for models of depressive symptoms.Table 5Regression coefficients for family environment variables on self-esteem and depression, by gender


	 	Females
	 	Males
	 
	 	Coefficient
	95% CI
	 	Coefficient
	95% CI
	 
	
                            Self-Esteem
                          
	 	 	 	 	 	 
	Model 1: Family Cohesion
	0.75
	(0.70 – 0.81)
	***
	0.58
	(0.53 – 0.64)
	***

	Model 2: Parental Monitoring
	-0.05
	(-0.15 – 0.04)
	 	-0.10
	(-0.18 – -0.02)
	*

	Model 3: Parent-child Communication
	0.49
	(0.37 – 0.61)
	***
	0.43
	(0.32 – 0.55)
	***

	Model 4: Parental Engagement
	0.77
	(0.65 – 0.88)
	***
	0.57
	(0.46 – 0.68)
	***

	
                            Depression
                          
	 	 	 	 	 	 
	Model 5: Family Cohesion
	-0.27
	(-0.31 – -0.24)
	***
	-0.21
	(-0.25 – -0.17)
	***

	Model 6: Parental Monitoring
	0.06
	(0.02 – 0.08)
	*
	0.09
	(0.03 – 0.15)
	***

	Model 7: Parent-child Communication
	0.07
	(-0.13 – 0.00)
	*
	0.03
	(-0.04 – 0.11)
	 
	Model 8: Parental Engagement
	-0.08
	(-0.31 – -0.17)
	*
	-0.14
	(0.22 – 0.06)
	***


*** p ≤ .001, ** p ≤ .01, * p ≤ .05



Finally, we estimated separate logit models on physical activity controlling for self-esteem and depression (Models 2, 3, 5, and 6). In Models 2 and 5, parental engagement and self-esteem significantly predicted five or more bouts of MVPA at Wave II and the effect of family cohesion and parent-child communication became non-significant for both male and female panels. When depression was added to the original model (Models 1 and 4), family cohesion, parent-child communication and parental engagement remained significant predictors of MVPA at the levels present in the original models (Models 3 and 6). According to the criteria, the effect of family cohesion and parent-child communication on physical activity was mediated by self-esteem for both males and females and the effect of family cohesion was mediated by depression for males.

Discussion
Parents play an important role in the development of healthy lifestyle behaviors in their children. The results of our study show that parents have a significant influence on adolescent physical activity. Family cohesion, parent-child communication and parental engagement were significant predictors of adolescents meeting recommended MVPA guidelines one year later; however, parental monitoring was not. We also found that the relationships between physical activity and both family cohesion and parent-child communication were mediated by adolescent self-esteem.
Our results are consistent with previous studies demonstrating a direct effect of parenting on children's physical activity. In this study, family cohesion, parental engagement and parent-child communication may reflect one dimension of an authoritative parenting style, which in general includes both responsiveness (provision of emotional support and involvement) and demandingness (provision of appropriate levels of parental control) [23, 58]. Schmitz and colleagues found that adolescent girls whose mothers demonstrated an authoritative parenting style reported higher levels of physical activity and lower levels of sedentary behavior [17]. Research on parental influences in tobacco use follows a similar pattern. Parents with authoritative parenting styles, who have household rules against smoking, and who do not smoke are more likely to have adolescents who do not smoke [59]. More cohesive families are also less likely to have adolescents who smoke [60–64]. The lack of association between parental monitoring and physical activity, although inconsistent with studies examining the effects of parental monitoring on other children's health behaviors [65], may reflect other evidence that parenting behaviors which are too directive or restrict children's autonomy are associated with lower levels of child physical activity [25, 58]. We also know that parental modeling of physical activity is positively associated with a child's physical activity [6]. Although the Add Health data do not contain information on parental physical activity behaviors, our measure of parental engagement included activities such as playing sports together, providing partial support for the effect of parental physical activity on the child's physical activity. Taken together, these findings suggest the need for additional research on parent influences to design more effective family-focused interventions.
We sought to identify differences in male and female adolescents' reported parenting characteristics and their influence on meeting physical activity guidelines. Overall, there were more similarities than there were differences in regards to predicting MVPA. However, we did find significant gender differences in levels of family cohesion and parent-child communication. Although a higher level of parent-child communication among females is consistent with the literature on adolescent development and family relationships, it is not clear why boys would report higher levels of family cohesion than girls [66]. Despite these differences, we found few gender differences in the influence of parenting characteristics on physical activity. This may be because one of the strongest predictors of physical activity in the logit analysis, parental engagement, did not differ among males and females in the univariate analyses.
Few studies have assessed mediators of parenting influence on adolescent physical activity [67]. Our results provide support for the hypothesis that family cohesion and parent-child communication influence physical activity through their effect on adolescents' emotional health. In both the male and female panels, positive parental relationships were associated with adolescent self-esteem which led to increased physical activity after one year. However, contrary to our hypothesis, we did not observe this same relationship with depression among females. When depressive symptoms were added, family cohesion, parent-child communication and parental engagement remained significant and the strength of the relationship between depressive symptoms and MVPA weakened. The relationship between parental engagement and physical activity, however, was not mediated by self-esteem or depression. Along the continuum of mechanisms of social support and social influences [68], parental engagement may reflect a form of instrumental versus emotional support, the latter of which is likely to have a more direct influence on adolescent's emotional health.
Overall, adolescents in this sample reported having relatively cohesive family relations and moderate levels of parent-child communication, yet very low levels of parental engagement and parental monitoring. This suggests that the adolescents are being raised in a warm household environment with a great deal of autonomy with regards to household rules and guidelines. Therefore, when adolescents are given appropriate levels of autonomy for their developmental stage, they may be better at regulating their own physical activity, as has been suggested by other studies on childhood eating behaviors [69].
Our conclusions must be considered within the context of study limitations. Measures of physical activity, emotional health, and parenting behaviors were all based on adolescent self reports. Given the time period during which these data were collected, an older recommendation for physical activity was used. The use of the 1995 recommendation is likely to overestimate the number of adolescents meeting current physical activity recommendations. The measures of family cohesion and parent-child communication had only moderate levels of internal consistency. The independent and mediating variables were both measured at Wave I, therefore we were not able to establish the temporal relationship between parenting and adolescent emotional health. In addition, one year may be too short a time period to see a causal effect of parenting behaviors on adolescent physical activity. Because physical activity at Wave I was not included as a covariate, we are unable to assess whether previous physical activity levels confounded our results. Despite these limitations, parenting behaviors are likely to be stable over time, suggesting that behaviors reported at Wave I were probably similar to those occurring prior to data collection. Recent studies have shown that peers and the built environment also influence adolescent physical activity [6, 70, 71]. Our study was not able to control for these factors in our analyses. Further studies should assess the comparative influence of parent support within the context of peer and environmental influences.

Conclusion
Our findings suggest that a parenting style characterized by warmth and support, while providing adolescents with appropriate levels of autonomy, may be important for achieving recommended levels of physical activity. Together with the results of other studies, our results indicate that an essential component of a health promoting household environment is a well-functioning family system [61–64]. Thus, efforts to engage families to spend time together, communicate with each other, and develop strong family bonds are likely to promote self-esteem and, thereby, physical activity among adolescents.

Acknowledgements
This study was supported in part by the UNC Lineberger Cancer Control Education Program (R25 CA057726) and Carolina Population Center training program. This research uses data from Add Health, a program project designed by J. Richard Udry, Peter S. Bearman, and Kathleen Mullan Harris, and funded by a grant P01-HD31921 from the National Institute of Child Health and Human Development, with cooperative funding from 17 other agencies. Special acknowledgment is due Ronald R. Rindfuss and Barbara Entwisle for assistance in the original design. Persons interested in obtaining data files from Add Health should contact Add Health, Carolina Population Center, 123 W. Franklin Street, Chapel Hill, NC 27516-2524.

References
1.
Gordon-Larsen P, Adair L, Nelson M, Popkin B: Five-year obesity incidence in the transition period between adolescence and adulthood: the National Longitudinal Study of Adolescent Health. American Journal of Clinical Nutrition. 2004, 80: 569-575.

2.
Jones D, Ainsworth B, Croft J, Macera C, Lloyd E, Yusuf H: Moderate leisure-time physical activity: who is meeting the public health recommendations? A national cross-sectional study. Archives of Family Medicine. 1998, 285-289. 10.1001/archfami.7.3.285.

3.
Patrick K, Norman G, Calfas K, Sallis J, Zabinski M, Rupp J, Cella J: Diet, physical activity, and sedentary behaviors as risk factors for overweight in adolescence. Archives in Pediatric and Adolescent Medicine. 2004, 158: 385-390. 10.1001/archpedi.158.4.385.CrossRef

4.
Allison K, Dwyer J, Makin S: Self-efficacy and participation in vigorous physical activity by high school students. Health Education and Behavior. 1999, 26: 12-24.CrossRef

5.
Garcia A, Pender N, Antonakos C, Ronis D: Changes in physical activity beliefs and behaviors of boys and girls across the transition to junior high school. Journal of Adolescent Health. 1998, 22: 394-402. 10.1016/S1054-139X(97)00259-0.CrossRef

6.
Sallis J, Prochaska J, Taylor W: A review of correlates of physical activity of children and adolescents. Medicine and Science in Sports and Exercise. 2000, 32: 963-975.CrossRef

7.
Trost S, Pate R, Sallis J, Freedson P, Taylor W, Dowda M: Age and gender differences in objectively measured physical activity in youth. Medicine and Science in Sports and Exercise. 2002, 34: 350-355. 10.1097/00005768-200202000-00025.CrossRef

8.
Eaton D, Kann L, Kinchen S, Ross J, Hawkins J, Harris W, Lowry R, McManus T, Chyen D, Shanklin S, et al: Youth Risk Behavior Surveillance – United States, 2005. Morbidity and Mortality Weekly Report Surveilleance Summaries. 2006, 55: 1-108.

9.
Davison K, Cutting T, Birch L: Parents' activity-related parenting practices predict girls' physical activity. Medicine and Science in Sports and Exercise. 2003, 35: 1589-1595. 10.1249/01.MSS.0000084524.19408.0C.CrossRef

10.
McGuire M, Hannan P, Neumark-Szainer D, Falkner Cossrow N, Story M: Parental correlates of physical activity in a racially/ethnically diverse adolescent sample. Journal of Adolescent Health. 2002, 30: 253-261. 10.1016/S1054-139X(01)00392-5.CrossRef

11.
Neumark-Szainer D: The social environments of adolescents: Associations between socioenvironmental factors and health behaviors during adolescence. Adolescent Medicine. 1999, 10: 41-55.

12.
Sallis J, Prochaska J, Taylor W, Hill J, Geraci J: Correlates of physical activity in a national sample in girls and boys in grades 4 through 12. Health Psychology. 1999, 18: 410-415. 10.1037/0278-6133.18.4.410.CrossRef

13.
Trost S, Sallis J, Pate R, Freedson P, Taylor W, Dowda M: Evaluating a model of parental influence on youth physical activity. American Journal of Preventive Medicine. 2003, 25: 277-282. 10.1016/S0749-3797(03)00217-4.CrossRef

14.
Bettinger J, Celentano D, Curriero F, Adler N, Millstein S, Ellen J: Does parental involvement predict new sexually transmitted diseases in female adolescents?. Archives in Pediatric and Adolescent Medicine. 2004, 158: 666-670. 10.1001/archpedi.158.7.666.CrossRef

15.
Simons-Morton B, Chen R: Latent growth curve analyses of parent influences on drinking progression among early adolescents. Journal of the Study of Alcohol. 2005, 1.

16.
Sieverding J, Adler N, Witt S, Ellen J: The influence of parental monitoring on adolescent sexual initiation. Arch Pediatr Adolesc Med. 2005, 159: 724-729. 10.1001/archpedi.159.8.724.CrossRef

17.
Schmitz K, Lytle L, Phillips G, Murray D, Birnbaum A, Kubik M: Psychosocial correlates of physical activity and sedentary leisure habits in young adolescents: The Teens Eating for Energy and Nutrition at School Study. Preventive Medicine. 2002, 34: 266-278. 10.1006/pmed.2001.0982.CrossRef

18.
Neumark-Sztainer D, Story M, Hannan P, Tharp T, Rex J: Factors associated with changes in physical activity. Arch Pediatr Adolesc Med. 2003, 157: 803-810. 10.1001/archpedi.157.8.803.CrossRef

19.
Strauss R, Rodzilsky D, Burack G, Colin M: Psychosocial correlates of physical activity in healthy children. Arch Pediatr Adolesc Med. 2001, 155: 897-902.CrossRef

20.
Davison KK, Schmalz DL: Youth at risk of physical inactivity may benefit more from activity-related support than youth not at risk. Int J Behav Nutr Phys Act. 2006, 3: 5-10.1186/1479-5868-3-5.CrossRef

21.
Gustafson S, Rhodes R: Parental correlates of physical activity in children and early adolescents. Sports Medicine. 2006, 36: 79-97. 10.2165/00007256-200636010-00006.CrossRef

22.
Springer A, Kelder S, Hoelscher D: Social support, physical activity and sedentary behavior among 6th grade girls: a cross-sectional study. Int J Behav Nutr Phys Act. 2006, 3: 8-10.1186/1479-5868-3-8.CrossRef

23.
Jackson C, Henriksen L, Foshee V: The Authoritative Parenting Index: Predicting Health Risk Behaviors Among Children and Adolescents. Health Education and Behavior. 1998, 25: 319-337.CrossRef

24.
Litrownik A, Elder J, Campbell N, Ayala G, Slymen D, Parra-Medina D, et al: Evaluation of tobacco and alcohol use prevention program for Hispanic migrant adolescents: Promoting the protective factor of parent-child communication. Prev Med. 2000, 31: 124-133. 10.1006/pmed.2000.0698.CrossRef

25.
Woolger C, Power T: Parent and sport socialization: Views from the achievement literature. Journal of Sport Behavior. 1993, 16: 171.

26.
Parker J, Benson M: Parent-adolescent relations and adolescent functioning: Self-esteem, substance abuse and delinquency. Adolescence. 2004, 39: 519-530.

27.
Eisenberg M, Olson R, Neumark-Sztainer D, Story M, Bearinger L: Correlations between family meals and psychosocial well-being among adolescents. Archives of Pediatrics and Adolescent Medicine. 2004, 158: 792-796. 10.1001/archpedi.158.8.792.CrossRef

28.
Neumark-Szainer D: Preventing the broad spectrum of weight-related problems: working with parents to help teens achieve a healthy weight and positive body image. Journal of Nutrition Education and Behavior. 2005, 37: S133-139. 10.1016/S1499-4046(06)60214-5.CrossRef

29.
Goodman E, Whitaker R: A Prospective study of the role of depression in the development and persistence of adolescent obesity. Pediatrics. 2002, 110: 497-504. 10.1542/peds.110.3.497.CrossRef

30.
Nelson M, Gordon-Larsen P: Physical activity and sedentary behavior patterns are associated with selected adolescent health risk behaviors. Pediatrics. 2006, 117: 1281-1692. 10.1542/peds.2005-1692.CrossRef

31.
Maccoby E, Martin J: Socialization in the context of the family: Parent-child interaction. Socialization, Personality, and Social Development. Edited by: Hetherington E. 1983, New York, NY: John Wiley, 1983: 1-101.

32.
Olsson G, Nordstrom M, Arinell H, von Knorring A: Adolescent depression: Social network and family climate – A case-control study. Journal of Child Psychology and Psychiatry. 1999, 40: 227-237. 10.1017/S0021963098003412.CrossRef

33.
Sargrestano L, Paikoff R, Holmbeck G, Fendrich M: A Longitudinal Examination of Familial Risk Factors for Depression Among Inner-City African American Adolescents. Journal of Family Psychology. 2003, 17: 108-120. 10.1037/0893-3200.17.1.108.CrossRef

34.
Trost S, Pate R, Ward D, Saunders R, Riner W: Correlates of objectively measured physical activity in preadolescent youth. American Journal of Preventive Medicine. 1999, 17: 120-126. 10.1016/S0749-3797(99)00056-2.CrossRef

35.
Raudsepp L: The relationship between socio-economic status, parental support and adolescent physical activity. Acta Paediactrica. 2006, 95: 93-98. 10.1080/08035250500323772.CrossRef

36.
The National Longitudinal Study of Adolescent Health: Research Design. [http://​www.​cpc.​unc.​edu/​projects/​addhealth/​design]

37.
Popkin B, Udry J: Adolescent obesity increase significantly in second and third generation US immigrants: The National Longitudinal Study of Adolescent Health. Journal of Nutrition. 1998, 128: 701-706.

38.
Gordon-Larsen P, McMurray R, Popkin B: Adolescent physical activity and inactivity vary by ethnicity: The National Longitudinal Study of Adolescent Health. Journal of Pediatrics. 1999, 135: 301-306. 10.1016/S0022-3476(99)70124-1.CrossRef

39.
Chantala K, Kalsbeek W, Andraca E: Non-response in Wave III of the Add Health Study. 2004, University of North Carolina at Chapel Hill

40.
Gordon-Larsen P, Adair L, Popkin B: Ethnic differences in physical activity and inactivity patterns and overweight status. Obesity Research. 2002, 10: 141-149.CrossRef

41.
Gordon-Larsen P, McMurray R, Popkin B: Determinants of adolescent physical activity and inactivity patterns. Pediatrics. 2000, 105: E83-10.1542/peds.105.6.e83.CrossRef

42.
Anderson R, Crespo C, Bartlett S, Cheskin L, Pratt M: Relationship of physical activity and television watching with body weight and level of fatness among children: results from the Third National Health and Nutrition Examination Survey. JAMA. 1998, 279: 938-942. 10.1001/jama.279.12.938.CrossRef

43.
Baranowski T: Validity and reliability of self-report measures of physical activity: an information processing perspective. Research Quarterly for Exercise and Sport. 1998, 59.

44.
Sallis J, Buono M, Roby J, Micale F, Nelson J: Seven-day recall and other physical activity self-reports in children and adolescents. Medicine and Science in Sports and Exercise. 1993, 25: 99-108. 10.1249/00005768-199301000-00014.CrossRef

45.
Pate R, Pratt M, Blair S: Physical activity and public health: a recommendation from the Centers for Disease Control and Prevention and the American College of Sports Medicine. JAMA. 1995, 273: 402-407. 10.1001/jama.273.5.402.CrossRef

46.
U.S. Department of Health and Human Services, U.S. Department of Agriculture: Dietary Guidelines for Americans 2005. 2005, (U.S. Department of Health and Human Services, U.S. Department of Agriculture eds.)

47.
Perreira K, Harris K, Lee D: Making it in America: high school completion by immigrant and native youth. Demography. 2006, 43: 511-536. 10.1353/dem.2006.0026.CrossRef

48.
Pearson J, Muller C, Frisco M: Parental Involvement, Family Structure, and Adolescent Sexual Decision Making. Sociological Perspectives. 2006, 49: 67-90. 10.1525/sop.2006.49.1.67.CrossRef

49.
Kapinus C, Gorman B: Closeness with parents and perceived consequences of pregnancy among male and female adolescents. Sociological Quarterly. 2004, 45: 691-717. 10.1111/j.1533-8525.2004.tb02310.x.CrossRef

50.
Guilamo-Ramos V, Jaccard J, Turrisi R, Johansson M: Parental and School Correlates of Binge Drinking Among Middle School Students. American Journal of Public Health. 2005, 95: 894-899. 10.2105/AJPH.2003.018952.CrossRef

51.
Perreira K, Chapman M, Stein G: Becoming an American Parent: Overcoming Challenges and Finding Strength in a New Immigrant Latino Community. Journal of Family Issues. 2006, 27: 1382-1414. 10.1177/0192513X06290041.CrossRef

52.
Resnick M, Bearman P, Blum R, Bauman K, Harris K, Jones J, Tabor J, Beuhring T, Sieving R, Shew M, et al: Protecting adolescents from harm. Findings from the National Longitudinal Study on Adolescent Health. JAMA. 1997, 278: 823-832. 10.1001/jama.278.10.823.CrossRef

53.
Perreira K, Deeb-Sossa N, Harris K, Bollen K: What are we measuring? An evaluation of the CES-D across race-ethnicity and immigrant generation. Soc Forces. 3005, 278: 823-832.

54.
Radloff L: The CES-D Scale: a self-report depression scale for research in the general population. Applied Pscychology Measures. 1977, 1: 385-401.CrossRef

55.
Needham B, Crosnoe R: Overweight status and depressive symptoms during adolescence. Journal of Adolescent Health. 2005, 36: 48-55. 10.1016/j.jadohealth.2003.12.015.CrossRef

56.
Baron R, Kenny D: The moderator-mediator variable distinction in social psychological research: Conceptual, strategic, and statistical comparisons. Journal of Personality and Social Psychology. 1986, 51: 1173-1182. 10.1037/0022-3514.51.6.1173.CrossRef

57.
Allison D: Missing Data. 2002, Thousand Oaks: Sage

58.
Simons-Morton B, Hartos J: Application of the Authoritative Parenting Model to Adolescent Health Behavior. Emerging Theories in Health Promotion Practice and Research. Edited by: DiClemente R, Crosby R, Kegler M. 2002, San Francisco: Jossey-Bass, 100-125.

59.
Andersen M, Leroux B, Bricker J, Rajan K, Peterson AJ: Antismoking parenting practices are associated with reduced rates of adolescent smoking. Arch Pediatr Adolesc Med. 2004, 158: 348-352. 10.1001/archpedi.158.4.348.CrossRef

60.
Baumrind D: The influence of parenting style on adolescent competence and substance use. Journal of Early Adolescence. 1991, 11: 56-95.CrossRef

61.
Jackson C: Perceived legitimacy of parental authority and tobacco and alcohol use during early adolescence. J Adolesc Health. 2002, 31: 425-432. 10.1016/S1054-139X(02)00398-1.CrossRef

62.
Gilpin E, White M, Farkas A, Pierce J: Home smoking restrictions: which smokers have them and how they are associated with smoking behavior. Nicotine Tob Res. 1999, 1: 153-162. 10.1080/14622299050011261.CrossRef

63.
Chassin L, Presson C, Todd M, Rose J, Sherman S: Maternal socialization of adolescent smoking: the intergenerational transmission of parenting and smoking. Dev Psychol. 1998, 34: 1189-1201. 10.1037/0012-1649.34.6.1189.CrossRef

64.
O'Byrne K, Haddock C, Poston W: Parenting style and adolescent smoking. J Adolesc Health. 2002, 30: 418-425. 10.1016/S1054-139X(02)00370-1.CrossRef

65.
Arredondo E, Elder J, Ayala G, Campbell N, Baquero B, Duerksen S: Is parenting style related to children's eating and physical activity in Latino families?. Health Education and Research. 2006, 21: 862-871. 10.1093/her/cyl110.CrossRef

66.
Papini D, Farmer F, Clark S, Micka J, Barnett J: Early adolescent age and gender differences in patterns of emotinal self-disclosure to parents and friends. Adolescence. 1990, 25: 959-976.

67.
Motl R, Dishman R, Saunders R, Dowda M, Pate R: Perceptions of physical and social environment variables and self-efficacy as correlates of self-reported physical activity among adolescent girls. Journal of Pediatric Psychology. 2006

68.
Lewis MA, DeVellis BM, Sleath B: Social influence and Interpersonal Communication in Health Behavior. Health Behavior and Health Education: Theory, Research and Practice. Edited by: Glanz K, Rimer BK, Lewis FM. 2002, San Francisco, CA: Jossey-Bass, 3

69.
Cullen K, Baranowski J, Owens E, Marsh T, Rittenberry L, de Moor C: Availability, accessibility, and preferences for fruit, 100% fruit juice, and vegetables influence children's dietary behavior. Health Education and Behavior. 2003, 30: 615-626. 10.1177/1090198103257254.CrossRef

70.
Prochaska J, Rodgers M, Sallis J: Association of parent and peer support with adolescent physical activity. Res Q Exerc Sport. 2002, 73: 206-210.CrossRef

71.
Romero A, Robinson T, Kraemer H, Erickson S, Haydel K, Mendoza F, Killen J: Are perceived neighborhood hazards a barrier to physical activity in children?. Arch Pediatr Adolesc Med. 2001, 155.



Competing interests
The author(s) declare that they have no competing interests.

Authors' contributions
IO conceived of study, performed the statistical analysis and drafted the manuscript. KP and GA participated in its design and coordination and helped to draft the manuscript. All authors read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/contact.gif





