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Abstract

Background: Sedentary behavior (SB), physical activity (PA), and attributes of physical fitness have been shown to be related to depressive

symptoms in adolescents. The purpose of the present study was to investigate whether SB and fitness-producing activity predicted depression in

active adolescents over and above gender and fitness attributes.

Methods: Participants were 249 adolescents (age: 12.85§ 0.89 years, mean § SD) from 3 public middle schools who wore Actical accelerome-

ters to assess their SB and PA. Participants also completed the FITNESSGRAM health-related fitness assessment and a brief depression question-

naire. A 3-step hierarchical regression analysis was conducted with gender and fitness attributes (i.e., body mass index (BMI), maximal volume

oxygen uptake (VO2max), curlups, and pushups), moderate- and vigorous-intensity activity, and SB entered in respective steps.

Results: Regression analysis indicated activity variables (i.e., moderate- and vigorous-intensity activity) significantly predicted depression

(DR2 = 0.12, p< 0.01) beyond gender and fitness attributes. Overall, gender, fitness attributes, activity variables, SB explained 31% of the

variance in depression. Structure coefficients revealed VO2max (rs =¡0.77), moderate-intensity activity (rs =¡0.67), vigorous-intensity activity

(rs =¡0.81), and SB (rs = 0.57) were substantially correlated with the criterion variable; thus, they were the strongest predictors of depression.

Conclusion: The findings of the current study indicated SB and PA were both significant predictors of depression; however, sufficient fitness-

producing activity and adequate cardiorespiratory fitness may nullify the negative influence of SB on depressive symptoms in active adolescents.

� 2018 Published by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction higher levels of cardiorespiratory fitness were associated with
The relations between physical activity (PA) and attributes

of health-related physical fitness (HRF) are well-established.

HRF is often inferred from PA in health research.1 Though

they are often used interchangeably in large studies,2 PA is

bodily movement produced by the skeletal muscles that results

in substantial increases in energy expenditure. Thus, PA is a

process, while HRF is a set of attributes (i.e., body composi-

tion, cardiorespiratory fitness, muscular strength and endur-

ance, and flexibility), which are mainly, although not entirely,

determined by or the product of effective PA.3,4 Literature

also indicates PA and HRF may individually impact health

outcomes such as depressive symptoms.2,5�7 For instance,

Dunn et al.5 found greater amounts of PA were associated

with reduced depressive symptoms, and Ruggero et al.7 found
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a reduced chance of developing depression. Given that recent

research reveals approximately 11% of youth will experience

depression8 and that depressive episodes during adolescence

are highly associated with negative consequences throughout

life,9,10 adolescent depression has become a major public

health concern. Though research indicates both PA and HRF

are strong predictors of health outcomes, it is not clear whether

profiles of PA, the process, or attributes HRF, the product, are

more highly related to health outcomes such as depression.3

While it is generally accepted that any amount of PA is con-

sidered health beneficial, the extent to which it benefits health

can greatly vary depending on the type, intensity, and amount

of PA.6 Hagstr€omer11 claimed for PA to positively affect HRF,

thereby health, it should be moderate- or vigorous-intensity.

Thus, moderate-to-vigorous-intensity PA (MVPA) is often

referred to as fitness-producing activity. The 2008 Physical

Activity Guidelines for Americans were established in light of

the vast amount of evidence relating fitness-producing activity
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and HRF to rising health concerns, such as obesity and depres-

sion in youth.4,6 While HRF is often inferred with PA, research

suggests the impact of each on health outcomes may entail inde-

pendent and supplementary effects.3,12 Lindwall et al.12 sug-

gested the act of engaging in PA may have stronger relations

with mental health than cardiorespiratory fitness, whereas Blair

et al.3 claimed it is not clear whether being physically active

yields additional benefits beyond achieved HRF.

Over the past few decades sedentary behavior (SB) has

become a critical concern.1 Activity trend research indicates PA

is declining, whereas SB is rising, especially among adoles-

cents.13,14 Though PA and SB superficially appear to be

inversely related, research indicates SB may not significantly

displace fitness-producing activity.15 Research has also revealed

fitness-producing activity and SB are independently associated

with HRF,16 and SB may not significantly vary between those

meeting and not meeting PA guidelines.17 In addition, Liu

et al.18 found excessive SB was associated with an increased

risk of depression, and limited SB was associated with a

decreased risk of depression in children and adolescents.

Given that, research has directly and indirectly linked current

negative health trends (e.g., obesity and depression) with

increased sedentariness and decreased PA and HRF,19 which

gives a better understanding of how SB affects the efficacy of

fitness-producing activity and attributes of HRF to reverse these

trends.20 As such, research has found that adequate levels of fit-

ness-producing activity might effectively buffer the negative

influence of SB on certain attributes of HRF,21 and a higher

HRF might effectively buffer the negative influence of SB on

health outcomes such as obesity and depression.7 However, it

has not been established whether or not SB can nullify the col-

lective efficacy of fitness-producing activity and HRF on

depression in youth.20,22 In fact, Liu et al.18 found most studies

examining the relationship between SB and depression did not

adjust for PA, let alone measure HRF. In addition, though Asare

and Danquah23 found a significant negative relationship

between PA and depression independent of SB in adolescents,

they again did not assess HRF. Further, Esmaeilzadeh24 found

lower depressive symptoms were associated with increased lev-

els of fitness-producing activity and cardiorespiratory fitness in

children and early adolescents, but they did not assess SB. Col-

lectively, these findings suggest SB might independently predict

depressive symptoms in adolescents.

However, as previously mentioned, it is not known whether

SB affects health outcomes such as depression beyond the influ-

ences related to being physically active and achieved HRF, sig-

nifying a gap in the literature regarding the collective influence

of PA, HRF, and SB on depression. Thus, the purpose of the

present study was to examine the relations among activity

behaviors (i.e., SB and light-, moderate-, and vigorous-intensity

activity), HRF attributes, and depression in adolescents, and

then to determine the predictive strengths of activity behaviors

and HRF attributes on depression. Specifically, the aim of this

study was to investigate whether SB and fitness-producing

activity predicted depression in adolescents beyond gender and

attributes of HRF. Gender was included in this investigation

due to previous research indicating significant gender
differences in SB, PA, HRF, and depression in adoles-

cents.7,22,25 In addition, given the questionable objectivity of

self-reported activity and HRF measures,26 this study used

objective measures to assess activity and HRF components.

Based on the literature, it was first hypothesized SB would

be negatively related to light-, moderate-, and vigorous-inten-

sity activity in adolescents with the strongest relationship

existing between SB and light-intensity activity. Second, it

was hypothesized SB would be positively related to body com-

position and depression, and negatively related to cardiorespi-

ratory fitness. Lastly, it was hypothesized SB and fitness-

producing activity would explain additional variance in

depression beyond gender and HRF attributes.
2. Methods

2.1. Participants

Participants were 249 adolescents (54% female) who were

aged 12.85§ 0.89 years and enrolled in physical education,

sampled from 3 public middle schools from a metropolitan

county in North Texas. Participants’ respective schools pro-

vided demographic information including age, gender, ethnic-

ity, and grade. Participants were predominately Caucasian

(64.9%) or Hispanic (14.6%). Approximately half were in the

sixth grade (50.2%), one-third in the seventh grade (29.4%),

and one-fifth in the eighth grade (20.4%).
2.2. Measures

2.2.1. SB and PA

Wrist-mounted Actical accelerometers (Koninklijke Philips

Electronics N.V., Amsterdam, The Netherlands) were used to

objectively assess SB and PA. These units have been found to

be a reliable and valid measure of SB and PA in adolescents.27

Participants were instructed to wear units for 5 consecutive days

and to press the marker button to signify the start and end of

sleep time or unavoidable non-wear time (e.g., water-based

activities). Accelerometers were prepared with 1min epochs and

with participants’ age, gender, height, and weight uploaded. SB

was defined as activity energy expenditure (AEE)< 0.01kcal/

kg/min, light-intensity activity as 0.01�AEE< 0.04 kcal/kg/

min; moderate-intensity activity as 0.04�AEE< 0.10kcal/kg/

min; and vigorous-intensity activity as AEE� 0.10 kcal/kg/

min.28 Accelerometer data were examined using Actical soft-

ware (Koninklijke Philips Electronics N.V.) so that daily custom

intervals (i.e., waking time minus the marked time) could be cre-

ated before being imported to the data management software.

Data for each participant was then examined to ensure wear-

time included a minimum of 4 valid week days with a minimum

of 13h per valid day.29,30

2.2.2. HRF

FITNESSGRAM test items were used to assess HRF attrib-

utes.31 Specifically, body composition was assessed by partici-

pants’ body mass index (BMI) computed by the measured

height and weight using Health-o-meter 500KL digital physi-

cian height and weight scale. Cardiorespiratory fitness was
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assessed by an estimate of maximal oxygen uptake (VO2max)

derived from performance on the progressive aerobic cardio-

vascular endurance run.32 Abdominal strength and endurance

were assessed by performance on the 4.5-inch curlups test.

Upper body strength and endurance were assessed by perfor-

mance on the 90˚ pushups test, and flexibility was assessed by

the average performance between left and right leg on the

back-saver sit-reach test.31

2.2.3. Depression

Depression was assessed using the 20-item Center for Epide-

miologic Studies Depression Scale for Children (CES-DC).33

Participants were asked to indicate the way they might have felt

or acted during the past week, on a 4-point scale ranging from

not at all (0) to a lot (3). Though the total scale can range from

0 to 60, developers of the CES-DC indicate scores at or above

15 are suggestive of depression. However, in the current study

depression was primarily analyzed as a continuous variable.

The CES-DC has demonstrated good reliability and validity

among adolescents.7,33 In the present study, scores for the CES-

DC items had good internal consistency (a= 0.89).

2.3. Procedure

A cross-sectional research design was used, and data were

collected in fall 2015. In accordance with school district’s physi-

cal education curriculum, FITNESSGRAM testing was con-

ducted at each middle school. All HRF data were collected

during the regular physical education class time, and collection

was completed within 1 week per school. In an effort to confirm

accurate FITNESSGRAM administration, HRF testing for the 3

schools were scheduled in sequential weeks so that researchers

and their trained assistants could support the physical education

instructors for the entire data collection process. After HRF data

collection were completed, researchers returned to each school

to distribute accelerometers and administer a brief survey con-

taining the CES-DC. Accelerometers were worn on the non-

dominate wrist using a Velcro wrist strap (Respironics Inc.,

Murrysville, PA, USA) according to manufacturer’s instruc-

tions.34 Researchers demonstrated proper unit wear and gave

physical education instructors take-home instruction sheets that

reiterated proper wear and marker button use and included

researchers’ contact information if questions arose regarding the

units. Lastly, participants were explicitly instructed to continue

their normal daily activity routine. Approval for this study was

given by the University of North Texas Institutional Review

Board and the schools’ district administrative offices, principals,

and physical education instructors. Parents or guardians signed

informed consent and students signed child assent forms.

2.4. Data analyses

Statistical analyses were conducted using SPSS Version

22.0 (IBM Corp., Armonk, NY, USA) for Windows or Apple

Mac, and statistical significance was set at a< 0.05. G*Power

Version 3.1.9.235 (Heinrich-Heine-Universit€at, D€usseldorf,
Germany) was used to perform a post hoc power analysis.

Given the inclusion criteria (i.e., adequate wear-time), data
were first analyzed for insufficient values. Participants whose

accelerometer wear-time did meet minimum days or hours

were excluded from analyses. Attrition analysis revealed mean

HRF and depression scores for those excluded (n= 38) were

not significantly different than those included (n= 211). Miss-

ing values and distributions were explored using expectation-

maximization and Shapiro-Wilks W tests. Missing data analy-

sis revealed less than 0.01% of data were missing. A non-sig-

nificant Little’s MCAR test, x2(7) = 3.230, p= 0.86, revealed

data were missing at random; therefore, missing data were

imputed using expectation-maximization in SPSS.36 Box-Cox

transformation was performed to correct skewness of depres-

sion variable.37 Descriptive statistics were computed, and

independent-samples t tests and x2 tests were conducted to

determine mean differences and associations between varia-

bles. Correlation analyses were conducted to examine the rela-

tionships among activity and HRF variables, as well as

depression scores. Lastly, a 3-step hierarchical regression anal-

ysis was conducted to investigate the ability of SB (i.e., Step 3)

and PA (i.e., Step 2) in predicting depression in adolescents

after accounting for HRF attributes and gender (i.e., Step 1).

3. Results

Participants’ average accelerometer wear-time was

4.80§ 0.48 days, with an average of 14.95§ 1.36 h or

896.82§ 81.69min/day, 38 participants were excluded from

data analyses due to inadequate amounts of accelerometer

wear-time. Accelerometer data revealed participants spent, on

average, 26.3% of their waking-time in sedentary, 54.8% in

light-intensity activity, 17.0% in moderate-intensity activity,

and 2.0% in vigorous-intensity activity. Activity data also indi-

cated only 2 participants did not meet minimal recommenda-

tions for aerobic activity (i.e., �60min/day).4 Descriptive

statistics for HRF variables revealed mean performances for

both genders in all HRF components were considered in the

healthy fitness zone (HFZ).31 Collectively, the PA and HRF

data revealed participants were, on average, sufficiently active

and fit. The untransformed mean composite score for the CES-

DC was 13.30 § 9.81, and approximately 32% of the partici-

pants had scores at or above 15. Independent-samples t tests

indicated participants with CES-DC scores at or above 15 were

statistically, on average, more sedentary; engaged in less fit-

ness-producing activity; had a higher BMI and lower VO2max;

and did fewer curlups and pushups (Table 1). x2 tests revealed

significant associations between HRF performance scores, HFZ

status, and whether or not CES-DC scores were less than 15

(Table 2). Based on the odds ratios, the odds of participants hav-

ing depression scores less than 15 were 2.31, 3.66, 3.16, and

2.43 times higher, respectively, if they had a BMI, VO2max,

curlups, and pushups performance score classified as HFZ.37

3.1. Correlation analysis

A correlation matrix including means and standard deviations is

presented in Table 3. Analyses revealed the strongest bivariate

relationship between activity variables was SB with moderate-

intensity activity (r=¡0.72, p< 0.01). Strongest bivariate



Table 2

Summary of the independent-samples x2 tests (n(%)).

No (n= 144)a Yes (n= 67)b x2 df

BMI (kg/m2) 6.92** 1

NIZ 31(21.5) 26(38.8)

HFZ 113(78.5) 41(61.2)

VO2max (mL/kg/min) 13.92** 1

NIZ 18(12.5) 23(34.3)

HFZ 126(87.5) 44(65.7)

Curlups (reps) 8.94** 1

NIZ 14(9.7) 17(25.4)

HFZ 130(90.3) 50(74.6)

Pushups (reps) 4.56* 1

NIZ 13(9.0) 13(19.4)

HFZ 131(91.0) 54(80.6)

* p< 0.05; ** p< 0.01.
a CES-DC scores< 15. b CES-DC scores� 15.

Abbreviations: BMI = body mass index; CES-DC = Center for Epidemiologic

Studies Depression Scale for Children; HFZ= healthy fitness zone; NIZ=

needs improvement zone; VO2max =maximal volume oxygen uptake.

Table 1

Summary of the independent-samples t tests.

No (n= 144)a Yes (n= 67)b t df

Mean SD Mean SD

SB (min) 213.93 84.41 282.41 100.62 ¡4.84** 110.82

Moderate-intensity (min) 166.08 50.91 120.71 43.57 6.30** 209

Vigorous-intensity (min) 22.79 16.47 8.40 5.98 9.26** 200.66

BMI (kg/m2) 19.82 3.18 21.65 4.38 3.07** 99.49

VO2max (mL/kg/min) 47.31 6.02 42.42 6.10 5.47** 209

Curlups (reps) 40.69 19.12 33.45 21.49 2.46* 209

Pushups (reps) 18.24 9.22 13.91 5.95 4.09** 187.68

* p< 0.05; ** p< 0.01.
a CES-DC scores< 15. b CES-DC scores� 15.

Abbreviations: BMI= body mass index; CES-DC=Center for Epidemiologic

Studies Depression Scale for Children; SB = sedentary behavior; VO2max =

maximal volume oxygen uptake.

Table 3

Correlation matrix including means§SD for activity, fitness, and depressiona variab

Variables SB Light Moderate Vigorous BMI

SB �
Light ¡0.62** �
Moderate ¡0.72** 0.34** �
Vigorous ¡0.36** ¡0.05 0.45** �
BMI 0.08 0.13 ¡0.16* ¡0.26** �
VO2max ¡0.04 ¡0.24** 0.19** 0.51** ¡0.65

Curlups ¡0.06 ¡0.00 0.14* 0.19** ¡0.14

Pushups 0.04 ¡0.17* 0.06 0.23** ¡0.25

Sit-reach 0.01 0.07 ¡0.04 ¡0.14* 0.11

Depression 0.32** 0.04 ¡0.37** ¡0.45** 0.29

Genderb 0.00 ¡0.24** 0.12 0.44** ¡0.06

Mean 235.67 491.30 151.67 18.22 20.40

SD 95.16 104.31 53.00 15.52 3.69

* p< 0.05; ** p< 0.01.
a Outcome variable, depression, was box-cox transformed for the analysis. Depressio

Abbreviations: BMI = body mass index; Depression =Center for Epidemiologic Stu

Sit-reach = back saver sit and reach flexibility score; VO2max =maximal volume oxy
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relationship between HRF variables was VO2max with BMI

(r=¡0.65, p< 0.01). All predictor variables except light-intensity

activity and sit-reach correlated significantly with depression.

Thus, for parsimony, light-intensity activity and sit-reach were

excluded from the hierarchical regression analysis.
3.2. Hierarchical regression analyses

Table 4 presents a summary of the 3-step hierarchical

regression analyses including structure coefficients. Results of Step

1 were statistically significant, R2=0.19, F(5, 205)=9.36,

p< 0.01;DR2=0.19, p< 0.01; which indicated gender (0 for girls

and 1 for boys) and HRF attributes accounted for approximately

18.6% of the variance in depression. However, due to multicolli-

nearity among the HRF variables, only the regression coefficient

for VO2max (b =¡0.36, p< 0.01) was statistically significant, con-

firming the correlative findings in Table 3.38 Step 2 was also statis-

tically significant, R2 =0.30, F(7, 203)=12.60, p< 0.01;

DR2=0.12, p< 0.01; which meant adding fitness-producing activ-

ity to the model further increased the variance explained in depres-

sion beyond gender and HRF attributes by 11.7%. Regression

coefficients revealed both moderate-intensity activity (b =¡0.23,

p< 0.01) and vigorous-intensity activity (b =¡0.22, p< 0.01)

were statistically significant. In addition, the regression coefficient

for VO2max (b=¡0.27, p=0.04) remained statistically significant

in Step 2. The f2 reported by Cohen et al.,37 which measured the

effect size of adding fitness-producing activity, was 0.17. Post hoc

power estimation yielded (1¡ b=0.99).35 Lastly, Step 3 indicated

the full model was statistically significant, R2=0.31, F(8,

202)=11.50, p< 0.01, which indicated gender, HRF, fitness-pro-

ducing activity, and SB accounted for 31.3% of the variance in

depression. However, the change in variance explained by adding

SB was not statistically significant (DR2=0.01, p=0.09, Cohen’s

f2=0.015, (1¡ b=0.41). On the other hand, the regression coeffi-

cients for VO2max (b =¡0.28, p=0.03) and vigorous-intensity

activity (b =¡0.20, p=0.01) remained statistically significant in

Step 3. Conversely, due to multicollinearity, the regression
les.

VO2max Curlups Pushups Sit-reach Depression

** �
* 0.34** �
** 0.49** 0.49** �

¡0.16* 0.02 ¡0.06 �
** ¡0.43** ¡0.15* ¡0.24** 0.02 �

0.57** 0.09 0.18** ¡0.35** ¡0.25**

45.76 38.39 16.86 12.59 13.30

6.45 20.14 8.55 3.05 9.81

n0 (M= 4.82, SD= 9.81). b Gender = 0 for girls and 1 for boys.

dies Depression Scale for Children depression score; SB= sedentary behavior;

gen uptake.



Table 4

Summary of the 3-step hierarchical regression analysis predicting depression.#

B SE b p R2 DR2 rs

Step 1 0.19** 0.19**

(Constant) 11.14 3.33

Gendery ¡0.19 0.47 ¡0.04 0.69

BMI 0.03 0.07 0.04 0.67

VO2max ¡0.15 0.05 ¡0.36 <0.01**

Curlups 0.00 0.01 0.01 0.93

Pushups ¡0.02 0.02 ¡0.05 0.53

Step 2 0.30** 0.12**

(Constant) 11.95 3.17

Gendery 0.17 0.45 0.03 0.70

BMI 0.01 0.06 0.01 0.88

VO2max ¡0.11 0.05 ¡0.27 0.04*

Curlups 0.01 0.01 0.05 0.48

Pushups ¡0.02 0.02 ¡0.07 0.35

Moderate-intensity ¡0.01 0.00 ¡0.23 <0.01**

Vigorous-intensity ¡0.04 0.01 ¡0.22 <0.01**

Step 3 0.31** 0.01

(Constant) 10.54 3.26

Gendery 0.10 0.45 0.02 0.82 ¡0.45**

BMI 0.01 0.06 0.01 0.90 0.52**

VO2max ¡0.11 0.05 ¡0.28 0.03* ¡0.77**

Curlups 0.01 0.01 0.05 0.48 ¡0.27**

Pushups ¡0.02 0.02 ¡0.08 0.29 ¡0.43**

Moderate-intensity ¡0.01 0.00 ¡0.13 0.15 ¡0.67**

Vigorous-intensity ¡0.03 0.01 ¡0.20 0.01** ¡0.81**

SB 0.00 0.00 0.15 0.09 0.57**

* p< 0.05; ** p< 0.01.
# Outcome variable, depression, was box-cox transformed for this analysis.
y Gender = 0 for girls and 1 for boys.
Abbreviations: B= unstandardized regression coefficients; BMI = body mass index; b= standardized regression coefficients; R2 = total variance explained; DR2 =

the change in variance explained per step; rs = structure coefficients; SB = sedentary behavior; SE= standard error; VO2max = maximal oxygen uptake.
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coefficient for moderate-intensity activity was not statistically sig-

nificant beyond the other variables in the full model. Courville and

Thompson38 suggested structure coefficients need to be examined

to determine true predictive power of the highly correlated

factors. Structure coefficients revealed BMI (rs =0.52), VO2max

(rs =¡0.77), moderate-intensity activity (rs =¡0.67), vigorous-

intensity activity (rs =¡0.81), and SB (rs =0.57) were substantially

correlated to the criterion variable, confirming regression coeffi-

cients were reduced due to multicollinearity. Shapiro-WilksW test

(S-W=0.99, df=211, p=0.90) was used to test normality and

revealed the distribution of residuals was normal.
4. Discussion

The present study investigated the relations among SB, fit-

ness-producing activity, HRF attributes, and depression, as well

as examining whether SB and fitness-producing activity pre-

dicted depression after accounting for gender and HRF attrib-

utes in adolescents. Compared to a previous study measuring

similar variables, participants in the current study, on average,

were less sedentary, had greater amounts fitness-producing

activity, were more physically fit, and had lower depression

scores.22 Variable associations in the current study were congru-

ent with previous research in that adolescents with less SB,18

greater amounts fitness-producing activity, especially vigorous-

intensity activity39 and enhanced physical fitness40 were more
likely to have favorable depression scores. Further, x2 tests

results were consistent with previous research evidence that

indicated having HRF performance scores classified as HFZ

were more likely to have favorable depression scores.41

Consistent with previous literature,15 SB was significantly

negatively correlated with light-, moderate-, and vigorous-

intensity activity. Although a post hoc Fisher’s r-to-z’ test

(http://vassarstats.net/rdiff.html)42 indicated the relationship

between SB and moderate-intensity activity was not signifi-

cantly stronger than the relationship between SB and light-

intensity activity,37 this result opposed the first hypothesis.

While previous literature indicates SB may only significantly

displace light-intensity activity,15,43 the current study found

SB also significantly displaced minutes spent in moderate-

intensity activity. However, given that the participants in the

current sample, on average, were sufficiently active, this con-

flicting result might suggest activity displacement patterns are

different between those meeting and not meeting minimal PA

recommendations. That is, in those sufficiently active, fitness-

producing activity may have a greater propensity to displace

SB, whereas in those physically inactive (i.e., not meeting rec-

ommendations), SB may have a greater propensity to displace

light-intensity activity. Similar to previous research, which

found that MVPA increased when physical behavior was

substituted for SB,44 this finding could, therefore, suggest that

in order to meet PA recommendations, fitness-producing

http://vassarstats.net/rdiff.html
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activity rather than light-intensity activity needs to displace

SB. However, further research in needed to test this

hypothesis.

Consistent with prior studies,18,23 correlation analyses

revealed SB was significantly positively related to depression.

Conversely, SB was not significantly positively related to body

composition nor was it significantly negatively related to

VO2max, which partially opposed the second hypothesis. How-

ever, considering this sample were sufficiently active and 73%

had body compositions and VO2max scores classified as HFZ,31

these findings were supported by previous literature that con-

trolled for fitness-producing activity.21,25 In addition, these find-

ings could suggest sufficient PA might nullify the negative

influence of SB on body composition and cardiorespiratory fit-

ness in adolescents, but further research is needed to verify this.

Step 1 of the regression analyses revealed HRF attributes

significantly predicted depression scores, which was consis-

tence with previous literature.7,40 Moreover, regression coeffi-

cients indicated VO2max was statistically significant beyond

the other HRF attributes and gender, which further supported

previous research findings.7 Step 2 of the regression supported

the third hypothesis in that fitness-producing activity signifi-

cantly predicted depression beyond gender and HRF attributes.

Specifically, the regression coefficients for moderate- and vig-

orous-intensity activity and the computed medium effect (i.e.,

Cohen’s f2)37 indicated fitness-producing activity significantly

predicted depressive symptoms in adolescents beyond gender

and HRF attributes. While previous research has shown PA,

especially vigorous-intensity, to be a significant predictor of

troubling mental health complaints such as depression,39,45

the present study found greater amounts of fitness-producing

activity may provide protective effect against depressive

symptoms beyond achieved HRF.

The regression analysis revealed SB was not a statistically sig-

nificant predictor of depression beyond gender, HRF attributes,

and fitness-producing activity, which partially conflicted with the

third hypotheses. However, structure coefficients for this analysis

indicated only VO2max and fitness-producing activity shared

more variance with depression than SB. Overall, the 3-step hier-

archical regression analyses indicated both fitness-producing

activity and SB were significantly related to depressive symptoms

in adolescents. The findings also indicated sufficient fitness-pro-

ducing activity and higher achieved HRF, particularly cardiore-

spiratory fitness, may decrease the influence of SB on mental

health outcomes such as depression in adolescents.

The present study had some limitations to consider when

interpreting the results. First, accelerometers are unable to dis-

tinguish between productive (e.g., reading, studying, or eating)

and unproductive (e.g., watching television or playing video

games) SB, nor were they able to determine when participants

engaged in strength training activity. Given that, previous

research found different types of SB often demonstrate oppos-

ing relations46 and that strength training has also suppressed

depression,47 and controlling for these may have varied the

results found. Second, PA was not assessed during the weekend.

Though previous research has shown PA during weekend days

and week days can vary, Fairclough et al.48 found most active
children’s SB and PA levels remain stable across all days. How-

ever, not measuring PA during the weekend is still a limitation.

Third, the depression measure was self-reported, thus, subject

to social desirability biases (e.g., wanted to not be depressed or

have others think you are depressed). Fourth, given that partici-

pants, on average, were sufficiently active and fit, the generaliz-

ability of the findings may be limited. However, considering

health trend research indicates approximately 40% of adoles-

cents aged 9�12 are sufficiently active,13 gaining a better

understanding in how these variables associate with depression

within this population is warranted. Additionally, it should be

noted that participants attended physical education daily, which

is above the national average (i.e., 3.9 days)49 and likely, in

part, accounted for their activity and HRF levels. Lastly, it is

impossible to posit cause-effect inferences from the data col-

lected due to the cross-sectional nature of data collection. Future

researchers should use an experimental research design so that

cause-effect relations can be examined.

Despite the above limitations, the present study had several

strengths worth noting. First, the use of objective-assessments

for measuring behavioral variables (i.e., SB, PA, and HRF)

likely improved the validity of our findings; thus, providing a

significant contribution to the literature.15 Previous studies

involving both PA and HRF often relied on self-reported

assessments for at least one of these variable sets.3 Second,

while there has been an abundance of research investigating

the relations among SB, PA, HRF, and depression, to our

knowledge this was the first study to investigate whether SB

and PA predicted depression in adolescents over and above

attributes of HRF. Thus, this study, in part, filled a gap in the

literature. Finally, while this study cannot infer causality, it is

important to understand the relationship between PA and

depression is reciprocal in that depressive symptoms can foster

lower energy levels, which are associated with reduced PA.10

Thus, while increased SB, decreased PA, and a poorer HRF

profile may foster depression, depression may also foster

increased SB, decreased PA, and a poorer HRF profile.24
5. Conclusion

The present study revealed SB, fitness-producing activity, and

attributes of HRF were all significant predictors of depression in

active adolescents. Moreover, fitness-producing activity signifi-

cantly predicted depression in active adolescents beyond gender

and achieved HRF; thus, actively promoting fitness-producing

activity while discouraging SB is likely an efficient way to com-

bat depressive symptoms in adolescents. While the causal nature

of this relationship was not determined, the results of the current

study did add important information about the significance of

these relationships in that SB, fitness-producing activity, and car-

diorespiratory fitness were revealed to have a stronger relation-

ship with depression than light-intensity activity; body

composition; muscular strength and endurance; and flexibility in

adolescents. Therefore, interventions designed to specifically

impact SB, fitness-producing activity, and cardiorespiratory

fitness might produce results effectively combating depression in

adolescents.



Sedentary behavior, physical activity, and depressive symptoms 495
Acknowledgments

We would first like to thank the students for volunteering to

participate in this investigation. Second, we would like to

thank the physical education instructors and research assistants

for their help in completing this study.

Authors’ contributions

GLF collected the data, participated in the coordination of

the study, performed the statistical analysis, and drafted the

manuscript; TZ participated in the study’s design and coordi-

nation and helped to draft the manuscript; XG conceived of

and designed the study, participated in data collection and

coordination, and helped draft the manuscript; KTT helped

conceived of the study and participated in its design and coor-

dination. All authors have read and approved the final version

of the manuscript, and agree with the order of presentation of

the authors.

Competing interests

The authors declare that they have no competing interests.

References

1. Pettee Gabriel KK, Morrow Jr JR, Woolsey AL. Framework for physical

activity as a complex and multidimensional behavior. J Phys Act Health

2012;9:(Suppl. 1):S11–8.

2. Williams PT. Physical fitness and activity as separate heart disease risk

factors: a meta-analysis.Med Sci Sports Exerc 2001;33:754–61.

3. Blair SN, Cheng Y, Holder JS. Is physical activity or physical fitness more

important in defining health benefits? Med Sci Sports Exerc 2001;33:

(Suppl. 6):S379–99.

4. U.S. Department of Health and Human Services. 2008 physical activity

guilelines for Americans. Washington, DC. 2008 Available at: http://

www.health.gov/paguidelines/pdf/paguide.pdf. [accessed 18.12.2014].

5. Dunn AL, Trivedi MH, O’Neal HA. Physical activity dose-response

effects on outcomes of depression and anxiety. Med Sci Sports Exerc

2001;33:(Suppl. 6):S587–97.

6. Janssen I, LeBlanc AG. Systematic review of the health benefits of physi-

cal activity and fitness in school-aged children and youth. Int J Behav

Nutr Phys Act 2010;7:1–16.

7. Ruggero CJ, Petrie T, Sheinbein S, Greenleaf C, Martin S. Cardiorespira-

tory fitness may help in protecting against depression among middle

school adolescents. J Adolesc Health 2015;57:60–5.

8. Avenevoli S, Swendsen J, He J, Burstein M, Merikangas K. Major depres-

sion in the national comorbidity survey-adolescent supplement: preva-

lence, correlates, and treatment. J Am Acad Child Adolesc Psychiatry

2015;54:37–44.

9. Auerbach RP, Tsai B, Abela JRZ. Temporal relationships among depres-

sive symptoms, risky behavior engagement, perceived control, and gender

in a sample of adolescents. J Res Adolesc 2010;20:726–47.

10. Jerstad SJ, Boutelle KN, Ness KK, Stice E. Prospective reciprocal rela-

tions between physical activity and depression in adolescent females. J

Consult Clin Psychol 2011;78:268–72.

11. Hagstr€omer M. Assessment of health-enhancing physical activity at popu-

lation level. Stockholm: Karolinska Institet; 2007.

12. Lindwall M, Ljung T, Had�zibajramovi�c E, Jonsdottir IH. Self-reported

physical activity and aerobic fitness are differently related to mental

health.Ment Health Phys Act 2012;5:28–34.

13. National Center for Health Statistics (NCHS). Health, United States,

2015: with special feature on socioeconomic status and health; Hyatts-

ville, MD: NCHS; 2016. Available at: http://www.cdc.gov/nchs/data/

hus/hus11.pdf. [accessed 04.04.2016].
14. Harding SK, Page AS, Falconer C, Cooper AR. Longitudinal changes in

sedentary time and physical activity during adolescence. Int J Behav Nutr

Phys Act 2015;12:44. doi:10.1186/s12966-015-0204-6.

15. Pearson N, Braithwaite RE, Biddle SJ, van Sluijs EM, Atkin AJ. Associa-

tions between sedentary behaviour and physical activity in children and

adolescents: a meta-analysis. Obes Rev 2014;15:666–75.

16. Santos R, Mota J, Okely AD, Pratt M, Moreira C, Coelho-e-Silva MJ,

et al. The independent associations of sedentary behaviour and physi-

cal activity on cardiorespiratory fitness. Br J Sports Med 2014;48:

1508–12.

17. Craft LL, Zderic TW, Gapstur SM, Vaniterson EH, Thomas DM, Siddique

J, et al. Evidence that women meeting physical activity guidelines do not

sit less: an observational inclinometry study. Int J Behav Nutr Phys Act

2012;9:122. doi:10.1186/1479-5868-9-122.

18. Liu M, Wu L, Yao S. Dose-response association of screen time-based sed-

entary behaviour in children and adolescents and depression: a meta-anal-

ysis of observational studies. Br J Sports Med 2016;50:1252–8.

19. Gore FM, Bloem PJN, Patton GC, Ferguson J, Joseph V, Coffey C, et al.

Global burden of disease in young people aged 10�24 years: a systematic

analysis. The Lancet 2011;377:2093–102.

20. Hallgren M, Herring MP, Owen N, Dunstan D, Ekblom €O, Helgadottir B,

et al. Exercise, physical activity, and sedentary behavior in the treatment

of depression: broadening the scientific perspectives and clinical opportu-

nities. Front Psychiatry 2016;7:1–5.

21. Ferrari GL, Oliveira LC, Araujo TL, Matsudo V, Barreira TV, Tudor-

Locke C, et al. Moderate-to-vigorous physical activity and sedentary

behavior: independent associations with body composition variables in

Brazilian children. Pediatr Exerc Sci 2015;27:380–9.

22. Hume C, Timperio A, Veitch J, Salmon J, Crawford D, Ball K. Physical

activity, sedentary behavior, and depressive symptoms among adoles-

cents. J Phys Act Health 2011;8:152–6.

23. Asare M, Danquah SA. The relationship between physical activity, seden-

tary behaviour and mental health in Ghanaian adolescents. Child Adolesc

Psychiatry Ment Health 2015;9:11. doi:10.1186/s13034-015-0043-x.

24. Esmaeilzadeh S. Relationship between depressive symptoms with physi-

cal activity and physical fitness among children. Ment Health Prev

2014;2:11–7.

25. Aires L, Silva P, Silva G, Santos MP, Ribeiro JC, Mota J. Intensity of

physical activity, cardiorespiratory fitness, and body mass index in youth.

J Phys Act Health 2010;7:54–9.

26. Rauner A, Mess F, Woll A. The relationship between physical activity,

physical fitness and overweight in adolescents: a systematic review of

studies published in or after 2000. BMC Pediatr 2013;13:19. doi:10.1186/

1471-2431-13-19.

27. Welk GJ. Use of accelerometry-based activity monitors to assess physical

activity. In: Welk GJ, editor. Physical activity assessments for health-

related research. Champaign, IL: Human Kinetics; 2002. p. 125–42.

28. Romanzini M, Petroski EL, Reichert FF. Accelerometers thresholds to

estimate physical activity intensity in children and adolescents: a system-

atic review. Braz J Kinanthropometry Hum Perform 2011;14:101–13.

29. Herrmann SD, Barreira TV, Kang M, Ainsworth BE. How many hours are

enough? Accelerometer wear time may provide bias in daily activity esti-

mates. J Phys Act Health 2013;10:742–9.

30. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity

assessments in field-based research.Med Sci Sports Exerc 2005;37:(Suppl.

11):S531–43.

31. Meredith MD, Welk GJ. The Cooper Institute. Fitnessgram
�
/

Activitygram
�
: test administration manual. 4th ed. Dallas, TX: Human

Kinetics; 2013.

32. Boiarskaia EA, Boscolo MS, Zhu W, Mahar MT. Cross-validation of an

equating method linking aerobic FITNESSGRAM
�
field tests. Am J Prev

Med 2011;41(Suppl. 2):S124–30.

33. Phillips GA, Shadish WR, Murray DM, Kubik M, Lytle LA, Birnbaum

AS. The Center for Epidemiologic Studies Depression Scale with a young-

adolescent population: a confirmatory factor analysis. Multivariate Behav

Res 2006;41:147–63.

34. Respironics Inc. ActiCal, ActiCal Software, ActiReader: instruction

manual. Murrysville, PA: Koninklijke Philips Electronics N.V.; 2012.

http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0010
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0010
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0010
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0015
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0015
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0020
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0020
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0020
http://www.health.gov/paguidelines/pdf/paguide.pdf
http://www.health.gov/paguidelines/pdf/paguide.pdf
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0030
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0030
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0030
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0035
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0035
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0035
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0040
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0040
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0040
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0045
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0045
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0045
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0045
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0050
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0050
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0050
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0055
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0055
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0055
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0060
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0060
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0060
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0065
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0065
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0065
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0065
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0065
http://www.cdc.gov/nchs/data/hus/hus11.pdf
http://www.cdc.gov/nchs/data/hus/hus11.pdf
http://dx.doi.org/10.1186/s12966-015-0204-6
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0080
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0080
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0080
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0085
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0085
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0085
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0085
http://dx.doi.org/10.1186/1479-5868-9-122
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0095
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0095
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0095
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0100
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0100
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0100
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0100
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0105
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0105
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0105
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0105
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0105
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0110
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0110
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0110
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0110
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0115
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0115
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0115
http://dx.doi.org/10.1186/s13034-015-0043-x
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0125
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0125
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0125
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0130
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0130
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0130
http://dx.doi.org/10.1186/1471-2431-13-19
http://dx.doi.org/10.1186/1471-2431-13-19
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0140
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0140
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0140
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0145
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0145
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0145
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0150
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0150
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0150
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0155
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0155
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0155
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0160
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0160
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0160
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0160
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0160
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0165
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0165
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0165
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0165
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0170
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0170
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0170
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0170
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0175
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0175


496 G.L. Farren et al.
35. Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power analyses

using G*Power 3.1: tests for correlation and regression analyses. Behav

Res Methods 2009;41:1149–60.

36. Enders CK. A primer on maximum likelihood algorithms available for use

with missing data. Struct Equ Modeling 2001;8:128–41.

37. Cohen JE, Cohen P, West SG, Aiken LS. Applied multiple regression/cor-

relation analysis for the behavioral sciences. 3rd ed. New York, NY:

Routledge; 2003.

38. Courville T, Thompson B. Use of structure coefficients in published multi-

ple regression articles: is not enough. Educ Psychol Meas 2001;61:229–48.

39. Gerber M, Brand S, Herrmann C, Colledge F, Holsboer-Trachsler E,

P€uhse U. Increased objectively assessed vigorous-intensity exercise is

associated with reduced stress, increased mental health and good objective

and subjective sleep in young adults. Physiol Behav 2014;135:17–24.

40. Rieck T, Jackson A, Martin SB, Petrie T, Greenleaf C. Health-related fit-

ness, body mass index, and risk of depression among adolescents.Med Sci

Sports Exerc 2013;45:1083–8.

41. Greenleaf CA, Petrie TA, Martin SB. Psychosocial variables associated

with body composition and cardiorespiratory fitness in middle school stu-

dents. Res Q Exerc Sport 2010;81(Suppl. 3):S65–74.

42. Lowry R. Significance of the difference between two correlation coefficients.

Available at: http://vassarstats.net/rdiff.html. [accessed 14.12.2015].
43. Tremblay MS, Colley RC, Saunders TJ, Healy GN, Owen N. Physiologi-

cal and health implications of a sedentary lifestyle. Appl Physiol Nutr

Metab 2010;35:725–40.

44. Epstein LH, Roemmich JN, Paluch RA, Raynor HA. Physical activity as a

substitute for sedentary behavior in youth. Ann Behav Med 2005;29:200–9.

45. Brand S, Gerber M, Beck J, Hatzinger M, P€uhse U, Holsboer-Trachsler E.

High exercise levels are related to favorable sleep patterns and psycholog-

ical functioning in adolescents: a comparison of athletes and controls.

J Adolesc Health 2010;46:133–41.

46. Pearson N, Ball K, Crawford D. Mediators of longitudinal associations

between television viewing and eating behaviours in adolescents. Int J

Behav Nutr Phys Act 2011;8:23. doi:10.1186/1479-5868-8-23.

47. Doyne EJ, Ossip-Klein DJ, Bowman ED, Osborn KM, McDougall-Wilson

IB, Neimeyer RA. Running versus weight lifting in the treatment of

depression. J Consult Clin Psychol 1987;55:748–54.

48. Fairclough SJ, Boddy LM, Mackintosh KA, Valencia-Peris A, Ramirez-

Rico E. Weekday and weekend sedentary time and physical activity in dif-

ferentially active children. J Sci Med Sport 2015;18:444–9.

49. Centers for Disease Control and Prevention (CDC). Results from the

school health policies and practices study 2014; Atlanta, GA: CDC; 2015.

Available at: http://www.cdc.gov/healthyyouth/data/shpps/results.htm.

[accessed 17.12.2015].

http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0180
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0180
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0180
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0185
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0185
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0190
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0190
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0190
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0195
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0195
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0200
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0200
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0200
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0200
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0200
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0205
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0205
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0205
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0210
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0210
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0210
http://vassarstats.net/rdiff.html
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0220
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0220
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0220
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0225
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0225
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0230
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0230
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0230
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0230
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0230
http://dx.doi.org/10.1186/1479-5868-8-23
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0240
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0240
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0240
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0245
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0245
http://refhub.elsevier.com/S2095-2546(17)30036-4/sr0245
http://www.cdc.gov/healthyyouth/data/shpps/results.htm

	Sedentary behavior and physical activity predicting depressive symptoms in adolescents beyond attributes of health-related physical fitness
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Measures
	2.2.1. SB and PA
	2.2.2. HRF
	2.2.3. Depression

	2.3. Procedure
	2.4. Data analyses

	3. Results
	3.1. Correlation analysis
	3.2. Hierarchical regression analyses

	4. Discussion
	5. Conclusion
	Acknowledgments
	Authors' contributions
	Competing interests
	References


