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Does Diet Mediate Associations of Volume and Bouts
of Sedentary Time with Cardiometabolic Health Indicators
in Adolescents?

Elly A. Fletcher], Valerie Carsonz, Sarah A. McNaughton], David W. Dunstan]’3’4’5’6’7, Genevieve N. Healy3’5’8, and
Jo Salmon’

Objective: Examine the mediating role of diet in the relationship between volume and duration of seden-
tary time with cardiometabolic health in adolescents.

Methods: Adolescents (12-19 years) participating in the 2003/04 and 2005/06 U.S. National Health and Nutri-
tion Examination Survey (NHANES) were examined. Cardiometabolic health indicators were body mass index
z-scores (zBMI) (n = 1,797) and metabolic syndrome (MetS) (n = 812). An ActiGraph hip-worn accelerometer
was used to derive total sedentary time and usual sedentary bout duration. Dietary intake was assessed using
two 24-hour dietary recalls. Mediation analyses were conducted to examine five dietary mediators [total
energy intake, discretionary foods, sugar-sweetened beverages (SSB), fruits and vegetables, and dietary qual-
ity] of the relationship between total sedentary time and usual sedentary bout duration with zZBMI and MetS.
Results: Total sedentary time was inversely associated with zBMI (f = —1.33; 95% Cl —2.53 to —0.13)
but attenuated after adjusting for moderate-to-vigorous physical activity. No significant associations were
observed between usual sedentary bout duration with zBMI or either sedentary measure with MetS.
None of the five dietary variables mediated any of the relationships examined.

Conclusions: Further studies are needed to explore associations of specific time periods (e.g., after
school) and bout durations with both cardiometabolic health indicators and dietary behaviors.

Obesity (2017) 25, 591-599. doi:10.1002/0by.21750

Introduction

Adolescents with obesity and the metabolic syndrome (MetS) is a
major public health concern in many Western countries (1). Over
20% of U.S. adolescents aged 12 to 19 years have obesity (2), and
approximately 9.8% meet the criteria for MetS (3). Similar statistics
have been reported in other Western countries such as Australia,
Canada, and the UK (4). Since obesity tracks into adulthood (5),
and adolescents who have MetS are at a higher risk of developing
type 2 diabetes and cardiovascular disease during adulthood (6), it is

important to understand their lifestyle risk factors to help inform
effective interventions.

Sedentary behavior, defined as any waking behaviors characterized
by low energy expenditure (<1.5 metabolic equivalents) while in a
sitting or reclining posture (7), has emerged as a health risk in the
pediatric population. Evidence in adolescents suggests time spent
engaged in certain sedentary behaviors, such as television viewing,
is associated with overweight and obesity (8) and an increased risk
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of developing MetS (9). However, the few studies in adolescents
examining accelerometry-measured total sedentary time with indica-
tors of cardiometabolic health have reported mixed findings (10-12).
In addition, evidence on the accumulation of sedentary time, for
example, long “bouts” of sitting versus short “bouts” of sitting, also
yields mixed findings (12-14).

These inconsistent findings in adolescents are in contrast to the evi-
dence in the adult literature, both from experimental (15-17) and
epidemiological studies (18,19), where prolonged, unbroken bouts of
sedentary time have been found to be consistently associated with
indicators of poor cardiometabolic health. These inconsistent find-
ings pose the question as to whether sitting itself is a risk factor for
poor cardiometabolic health in adolescents (e.g., whether sitting
reduces skeletal muscle contractile activity and in turn reduces
energy expenditure) or whether sitting is a marker of an unhealthy
lifestyle. For example, due to the codependent nature of activities
within a 24-hour period, time spent sedentary displaces time spent
in more health enhancing activities, such as physical activity and
sleep (20). Alternatively, time spent sitting could promote overeating
or the consumption of unhealthy foods or beverages. For example,
there is consistent evidence to show self-reported television viewing
is associated with several unhealthy dietary behaviors (21); however,
it is unclear whether dietary intake is also linked with objectively
measured total sedentary time or bouts of sedentary time.

Given that the relationship between sedentary time and cardiometa-
bolic health outcomes in adolescents is unclear, there is a need to
better understand whether other factors, such as dietary intake, can
help explain the inconsistent findings. One way to explore this is
through mediation analyses, which allow the researcher to examine
whether an underlying factor (e.g., mediator) may explain the path-
way between an independent and dependent variable. Although
some studies have explored the mediating pathway of dietary intake
in the relationship between self-reported measures of sedentary
behavior and BMI (22,23), to date no study has explored this rela-
tionship using objectively measured sedentary time. Therefore, this
study aims to investigate whether five elements of dietary intake
mediate the associations between both the volume and bouts of sed-
entary time with BMI and MetS in U.S. adolescents.

Methods

Study population and design

The National Health and Nutrition Examination Survey (NHANES)
is a United States-based study that involves a multistage, stratified
sampling design used to recruit a representative sample of the U.S.
population (of all ages) in 2-year cycles. Further information about
the NHANES study is described elsewhere (24); only data from ado-
lescents (aged 12-19 years) collected in the 2003 to 2004 and 2005
to 2006 cycles were combined and considered for these analyses.
Briefly, participants who were >18 years old provided consent and
parents/guardians gave consent for minors (ages <18 years). All eli-
gible participants completed a questionnaire on their demographics
and activity/sedentary behavior levels at a home interview. After-
ward, participants (accompanied by their parent/guardian) were
invited to attend a health examination visit to collect physiological
measurements and complete one of two 24-hour dietary recalls.
Those who attended the clinic were also asked to wear an activity
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Figure 1 Participant flow diagram.

monitor for 7 days and undertake the second 24-hour dietary recall
4 to 11 days afterward. Participants who were not pregnant, had
complete data on two 24-hour dietary recalls and anthropometric
measurements, had 4 valid days of accelerometry data, and had
complete fasting blood samples were included in the analyses (Fig-
ure 1). Overall, 35% and 16% of participants from the original
cohort had complete data for the BMI sample and MetS sample,
respectively.

Measurements

Cardiometabolic measurements. Height, weight, and waist cir-
cumference measurements and blood pressure were taken from all
participants who attended the health examination visit. Standing
height (centimeters) was measured without shoes using a stadiometer
and weight (kilograms) was measured in light clothing using digital
scales. Height and weight were used to calculate participants’ zBMI
using age- and sex-BMI percentiles based on the 2000 Centers for
Disease Control and Prevention U.S. growth charts (25). Fasting
blood glucose and serum lipids were obtained from a subsample of
participants who attended the morning session and had fasted over-
night for at least 8.5 hours. The full protocol and assessment on
blood analyses can be found elsewhere (26). The presence of MetS
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was calculated using the International Diabetes Federation criteria,
specifically designed for the pediatric population (27). For these
analyses, adolescents were considered to have MetS if they had an
elevated waist circumference according to age- and sex-specific per-
centiles (>79.5 to >102.0 cm) and had two or more of the follow-
ing four risk factors (cutoff values presented are dependent on age
and sex): elevated systolic (>121 to >130 mm Hg) or diastolic
blood pressure (>76 to >85 mm Hg), low HDL-cholesterol (<1.13
to <1.3 mmol/L), elevated triglycerides (>1.44 to >1.70 mmol/L),
and elevated plasma glucose (>5.6 mmol/L).

Sedentary time. Sedentary time was measured via an ActiGraph
AM-7164 accelerometer (LLC, Fort Walton Beach, FL), an accurate
and reliable tool that quantifies sedentary behavior and moderate-to-
vigorous physical activity (MVPA) (28). Participants wore the moni-
tor on their right hip during all waking hours for 7 days, except for
bathing and swimming. Data were downloaded in 1-minute epochs.
Non-wear time was defined as at least 20 minutes of zero counts.
Daily sedentary time was defined as all wear-time minutes with an
average activity count of <100 cpm. Sedentary time was standar-
dized for wear time using the residual method (29). Usual sedentary
bout was calculated using the equation by Chastin and Granat (30).
Briefly, a sedentary bout was calculated by summing all uninter-
rupted minutes <100 cpm. Taking into account different bout dura-
tions, the midpoint of all the sedentary bouts that lie on the seden-
tary accumulation curve was then calculated for each participant.
Analyses were limited to participants who had >10 hours of monitor
wear time on any >4 days, and the monitor was returned in
calibration.

Dietary intake. Dietary intake was assessed via two interviewer-
administered 24-hour dietary recalls, delivered via a computer-
assisted system (the Automated Multi-Pass Method). Participants
aged 12 years and older reported their first dietary recall with an
interviewer at the health examination visit and then 4 to 11 days
later by telephone. All dietary data were coded using the USDA
National Nutrient Database for Standard Reference (31). Based on
previous literature examining dietary mediators (22), the following
dietary variables were examined: (1) total energy intake; (2) con-
sumption of discretionary foods; (3) consumption of sugar-
sweetened beverages (SSB); (4) fruit and vegetable intake; and (5)
diet quality.

All dietary variables were calculated based on the average of 2 days
of dietary recall. Total energy intake (calories) was calculated for
each participant based on the quantity of food and beverages reported,
and servings of discretionary foods, SSB, and fruits and vegetables
were calculated using the Food Patterns Equivalents Database (32).
Discretionary foods were defined as grain- and dairy-based desserts,
cereal and granola bars, sweet snacks and candies, sugar-syrups and
preserves, salty snacks from grain or starchy vegetables, and dips/
spreads. SSB were defined as any nonalcoholic beverage with added
sugar including soda, fruit-flavored drinks (not 100% juice), sweet-
ened tea, coffee and milk drinks, sport drinks, and energy drinks. Any
“diet” drinks, 100% fruit juice, or unsweetened tea or coffee were not
included as a SSB. A serving of discretionary foods and a serving of
SSB were equivalent to 143 calories (600 kJ) (33).

Fruit and vegetable intake included any whole fruit (not including
fruit juice), and vegetables included potatoes, beans, and legumes. A

serving of fruits and vegetables was equivalent to one cup of raw,
canned, or frozen fruits or vegetables or two cups of leafy green
vegetables. Diet quality was calculated using The Healthy Eating
Index 2010 (HEI-2010) (34), a scoring system that measures the
degree of compliance to the 2010 Dietary Guidelines for Americans.
The HEI-2010 is made up of 12 food-based components and compli-
ance to each of the 12 components was scored separately and then
summed together. Scores ranged from O to 100, and higher scores
indicated greater compliance to the dietary recommendations.

Covariates. The covariates considered for the analyses were age
(in years), sex, race/ethnicity, socioeconomic position, dietary intake
under-reporting, and objectively measured MVPA. For the
nonenergy-related mediators, total energy intake was also adjusted
for in the main analyses. Race/ethnicity was categorized as Mexican
American, other Hispanic, non-Hispanic white, non-Hispanic black,
and other race, including multiracial. Socioeconomic position was
calculated by dividing family income with the poverty guidelines
specific to family size, year, and state. Dietary intake under-
reporting was assessed on the basis of the ratio of total energy
intake with estimated energy expenditure. Those below the energy
intake to energy expenditure ratio of 2 standard deviations or more
were classified as under-reporters (35). MVPA was calculated
according to the Freedson accelerometer age-cut points for adoles-
cents (36).

Statistical analysis

Analyses were conducted using SAS® 9.4 (SAS Institute, Inc., Cary,
NC) and STATA/SE™ 14.0 software (StataCorp LP) using survey
commands. To obtain population-representative findings, regression
estimates with weightings were applied to the descriptive statistics and
to all mediation analyses. As recommended in the NHANES Analytic
Guidelines, 2-year sample weights for each NHANES cycle (2003 to
2004 and 2005 to 2006) were combined to provide 4-year sample
weights. Given >10% of participants had missing data (mostly due to
accelerometer noncompliance), the sample weights were recalculated
using age, seX, and race/ethnicity. The day 2 dietary sample weights
were used for the main analyses involving zBMI and the fasting sub-
sample weights were used for the analyses involving MetS. The signif-
icance level was set at P < 0.05 for all statistical tests.

Prior to the main analyses, total energy intake, servings of discre-
tionary foods, SSB, and fruits and vegetables, and usual sedentary
bout were not normally distributed so were log transformed. Using
the product of coefficients method by MacKinnon et al. (37), regres-
sion analyses were used to test whether each dietary variable medi-
ated the association between sedentary time (total and usual bout)
with zZBMI and MetS (Figure 2). Based on recent evidence on the
compositional paradigm for codependent data (20), the first analyses
(Model 1) adjusted for age, sex, ethnicity, socioeconomic position,
and dietary intake under-reporters, and the second analyses (Model
2) additionally adjusted for MVPA (Model 2). For both models, the
nonenergy-related additionally adjusted for total energy intake in the
main analyses.

As shown in Figure 2, for each mediation model, the following asso-
ciations were tested: (1) associations of sedentary time (total and
usual bout) with each of the five dietary mediators (a-coefficient
pathway); (2) associations of the five dietary mediators with zBMI
or MetS, adjusting for either total sedentary time or usual sedentary
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Figure 2 Theoretical diagram of the mediation pathways between sedentary time, dietary intake, and car-

diometabolic health.

bout (b-coefficient pathway); (3) associations of sedentary time
(total and usual bout) with zBMI or MetS (c-coefficient pathway);
and (4) the direct association of sedentary time (total and usual
bout) with zBMI or MetS, accounting for each of the dietary media-
tors (c’-coefficient pathway). The mediating effect of the dietary
variables was calculated by multiplying the a- and b-coefficients (a
X b) (37). As MetS is a dichotomous outcome, the coefficients were
used to calculate the mediating pathways; however, the odds ratio-
s(OR) are presented in the tables for descriptive purposes.

Results

The baseline characteristics of those adolescents with complete zBMI
profiles (n = 1,797) and complete data for identifying MetS (n =
812) are presented in Table 1. Compared with those excluded in the
analyses (n = 2,643), participants included in the current analyses (n
= 1,797) were significantly younger, included more Mexican Ameri-
can participants and fewer non-Hispanic white participants, and had a
higher socioeconomic position, lower BMI, lower usual sedentary
bout duration, higher fruit and vegetable intake and HEI score, a
higher consumption of discretionary foods, and a lower consumption
of SSB (Supporting Information Table S1).

Sedentary time and dietary intake

In the zBMI sample, total sedentary time was positively associated
with SSB consumption (f = 0.67; 95% CI 0.01 to 1.33) after adjust-
ing for age, sex, ethnicity, socioeconomic position, dietary intake
under-reporting, and MVPA, with no other significant associations
observed for usual sedentary bout with any of the dietary variables
(Table 2). In the MetS sample, no associations were observed for
total sedentary time and usual sedentary bout with any of the dietary
variables (P > 0.05) (Table 3).

Dietary intake, zBMI, and MetS
In the zBMI sample, total energy intake was inversely associated
with zBMI (f = —0.17; 95% CI —0.30 to —0.03) after separately

taking into account total sedentary time and usual sedentary bout
and remained significant after adjusting for MVPA (f = —0.16;
95% CI —0.29 to —0.03). Consumption of discretionary foods was
also inversely associated with zZBMI after adjusting for MVPA only
(p = —1.76; 95% CI —3.16 to —0.36) (Table 2). In the MetS sam-
ple, a higher total energy intake was significantly associated with a
reduction in the risk of having MetS by 12%, after separately
accounting for total sedentary time and usual sedentary bout dura-
tion. The findings remained significant after adjusting for MVPA
(Table 3).

Sedentary time, zBMI, and MetS

After adjusting for age, sex, ethnicity, socioeconomic position, and
dietary intake under-reporting, the total effect (e.g., c-coefficient)
between total sedentary time and zBMI was ff = —1.33 (CI —2.53
to —0.13), implying that for every hour spent sitting, zBMI
decreased by 1.33 units (Table 2). However, after additionally
adjusting for MVPA, no significant association remained. When
examining the total effect between sedentary time and MetS, total
sedentary time or usual sedentary bout was not significantly asso-
ciated with having MetS, even without accounting for MVPA
(Table 3).

When examining the direct effect (c’-coefficient) of sedentary time
with zBMI, an inverse relationship was observed between total sed-
entary time and zBMI when accounting for each of the dietary vari-
ables (Table 2). However, after adjusting for MVPA, no significant
associations remained. When examining usual sedentary bout with
zBMI, there were no significant associations when accounting for
each of the dietary variables and MVPA (P >0.05). In the MetS
sample, no direct effect was observed between sedentary time or
usual sedentary bout with MetS after separately accounting for all of
the dietary variables (Table 3). When examining the indirect effect
(e.g., mediation), none of the five dietary variables examined was
found to have a significant mediation effect on the associations
between sedentary time (total or bout duration) with zZBMI or MetS
(P >0.05).
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TABLE 1 Demographic characteristics, blood profiles, sedentary/activity time, and dietary intake in U.S. adolescents
participating in NHANES, 2003-2006
zBMI (n = 1,797) MetS (n = 812)
Variable Mean 95% CI Mean (%)? 95% CI
Age (y) 151 14.9-15.3 15.1 14.9-15.4
Sex (%)
Boys 511 47.7-54.5 50.1 46.0-55.7
Girls 48.9 455-52.3 491 44.3-54.0
Ethnicity (%)
Mexican American 34.4 32.2-36.6 35.2 32.0-38.6
Other Hispanic 3.2 2.5-41 3.1 2.1-45
Non-Hispanic white 23.8 21.9-25.8 21.7 19.0-24.6
Non-Hispanic black 34.4 32.3-36.7 35.5 32.2-38.8
Other race 4.2 3.3-5.2 4.6 3.3-6.2
Socioeconomic position 2.7 2.5-2.9 2.7 2.4-2.9
BMI
kg/m? 22.8 22.3-23.3 22.8 22.1-23.3
z-score 0.5 0.4-0.7 0.5 0.3-0.6
Overweight (%) 235 18.9-28.8 20.3 16.2-25.2
Obesity (%) 121 9.4-15.4 139 10.5-18.2
Cardiometabolic components
Waist circumference (cm) 79.2 (34.1) 77.7-80.7
Systolic BP (mm Hg) 108.5 (4.8) 107.2-109.7
Diastolic BP (mm Hg) 60.6 (1.1) 59.4-61.8
Plasma glucose (mg/dL) 5.1 (9.6) 5.0-5.2
HDL-cholesterol (mg/dL) 1.4 (22.2) 1.3-14
Triglycerides (mg/dL) 0.9 (11.4) 0.9-1.0
MetS (%) 6.7 4.2-10.5
Sedentary time
Total (h) 6.9 6.8-6.9 71 7.0-7.2
Usual bout (min) 8.8 8.4-9.1 9.3 8.9-9.8
MVPA (min) 26.1 23.4-28.8 26.3 22.7-29.8
Diet
Total energy intake (kcal) 2,224 2150-2298 22414 2180-2301
Discretionary foods (servings) 2.6 2.4-2.9 2.7 2.4-2.9
SSB (servings) 2.0 1.8-2.1 1.9 1.8-2.1
Fruits/vegetables (servings) 1.8 1.7-1.9 1.8 1.7-2.0
Diet quality score (HEI-2010) 41.8 40.4-43.2 415 40.1-42.9

2% of those meeting the individual components of MetS in parentheses. Values weighted to account for survey design. Mean and 95% Cl.
BP, blood pressure; HDL, high-density lipoprotein; HEI-2010, Healthy Eating Index2010; MetS, metabolic syndrome; MVPA, moderate-to-vigorous physical activity; SSB,

sugar-sweetened beverages.

Discussion

This study examined the mediating effects of five dietary variables
in the relationship between total sedentary time and usual sedentary
bout with zZBMI and MetS. Overall, total sedentary time was inver-
sely associated with zBMI; however, the association was no longer
significant after adjusting for MVPA. No significant associations
were observed between usual sedentary bout and zBMI or between
total sedentary time and usual sedentary bout with MetS. Although
some of the dietary variables were independently related to total
sedentary time, zZBMI, and MetS, none of the dietary variables was
a significant mediator.

The counterintuitive finding between sedentary time and zBMI
when not accounting for MVPA is in contrast to other cross-
sectional studies in adolescents that found positive associations
between objectively measured sedentary time with insulin resistance
(12), fasting glucose, triglycerides, blood pressure, and a cardiovas-
cular risk score (9). However, it is important to note, these two stud-
ies did not adjust for MVPA in the analyses. When this study
adjusted for MVPA, the results between total sedentary time and
zBMI attenuated. This has also been observed in other studies that
examined the unadjusted and adjusted results of MVPA in the analy-
ses and found the significant associations between objectively
measured sedentary time and cardiometabolic components also
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attenuated (10,14). On the other hand, high levels of MVPA (i.e.,
approximately 60-75 min/d) have recently been shown to eliminate
the increased risk of all-cause mortality associated with high
amounts of sedentary time (38). To build upon the current evidence
to date (20), further research should utilize an integrated paradigm
to understand the collective health implications of sedentary behav-
ior and MVPA on pediatric obesity and MetS, rather than examining
the effects in isolation.

In this study, total sedentary time was only positively associated
with SSB consumption and not with any other dietary variables. The
study found for every hour spent sedentary, SSB intake increased by
0.67 servings. Although this association is small, this is equivalent
to consuming 14 extra calories each day which in turn can increase
weight by 0.6 kg within 1 year (39). The lack of association
between total sedentary time and the other dietary elements is in
contrast to the literature examining television viewing, where time
spent watching TV has consistently been shown to be related to
unhealthy dietary elements, such as a higher intake of energy-dense
snacks, fast food, and total energy intake in youth (21). The stronger
links between television viewing and unhealthy dietary habits are
thought to be due to advertising where foods high in fat and sugar
are frequently advertised on children’s television programs (40).
Thus, it appears that specific sedentary behaviors like television
viewing have stronger links with dietary intake as opposed to the total
time spent being sedentary or accumulating bouts of sedentary time.

When examining the association between dietary intake and cardio-
metabolic health, this study found an inverse relationship between
total energy intake with both zBMI and MetS and between discre-
tionary snacking and zBMI. Although the findings were not in the
expected direction, it is possible that participants with a larger zBMI
or those at risk of having MetS may have already sought professio-
nal help and thus started to decrease their energy intake or discre-
tionary snacking.

Although one study in adolescents found diet to partially mediate
the relationship between television viewing with zZBMI (23), this
study found none of the dietary variables significantly mediated the
relationship between objectively measured sedentary time and bouts
with either zBMI or MetS. This could be simply due to the seden-
tary time not being matched with the dietary intake. For example,
the 2 X 24 hour dietary recalls were performed on different days,
not necessarily aligning with when the accelerometers were worn to
capture sedentary time. This makes it difficult to assess how much
of the sedentary time spent throughout the day is also engaging in
an eating occasion. Future studies are needed to examine both sed-
entary time and eating occasions concurrently, and whether adoles-
cents who engage in high amounts of sedentary time and a high
number of eating occasions are at a higher risk of adverse cardiome-
tabolic health than those who engage in the same amount of high
sedentary time but have fewer eating occasions.

Strengths and limitations

Strengths of this study include the objective measures of sedentary
time and health outcomes and the use of 2 X 24 hour dietary recalls
allowing for investigation of individual dietary behaviors and overall
diet quality. This study also adjusted for a variety of well-known
covariates, including dietary intake under-reporting, which would
have reduced the measurement error associated with self-reporting

Sedentary Time, Diet, and Cardiometabolic Health Fletcher et al.

dietary intake but would not have completely eliminated it. Limita-
tions include the cross-sectional design of the study which cannot
distinguish between cause and effect and the MacKinnon method
used for the analyses which does not account for multiple compari-
sons. Additionally, although the accelerometer provides an objective
measure of sedentary time, accelerometers cannot assess contextual
factors which make it difficult to assess what the participants were
doing while sedentary and whether they were consuming food and
beverages. Lastly, only a small percentage of participants were clas-
sified as having MetS; thus, this may not have been large enough to
see associations.

Conclusion

In conclusion, this study found objectively measured sedentary time
was associated with zZBMI; however, the association attenuated after
accounting for MVPA. The study also found that total sedentary
time was not associated with MetS, nor was the usual sedentary
bout duration with either zZBMI or MetS. Although the study found
some associations between dietary intake with the health outcomes,
none of the dietary variables was a significant mediatro in the sed-
entary time, zZBMI, and MetS relationship. Given the lack of associ-
ations found when examining total sedentary time and bouts of sed-
entary time, this suggests that intervention programs may have to
address certain sedentary behaviors (i.e., television viewing) differ-
ently than total sedentary time.O

© 2017 The Authors. Obesity published by Wiley Periodicals, Inc. on
behalf of The Obesity Society (TOS)
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