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abstract BACKGROUND AND OBJECTIVE: There is a paucity of prospective evidence examining the links between

sedentary time (ST) and cardiometabolic outcomes in youth. We examined the associations

between objectively assessed ST and moderate to vigorous physical activity (MVPA) in

childhood with cardiometabolic risk in adolescence.

METHODS: The study included 4639 children (47% male) aged 11 to 12 years at baseline whose

mothers were enrolled in ALSPAC (Avon Longitudinal Study of Parents and Children) during their

pregnancy in the early 1990s. A total of 2963 children had valid blood samples at age 15 to 16

years. Associations with baseline ST and MVPA were examined for BMI, waist circumference,

body fat mass, lean body mass, systolic and diastolic blood pressure, fasting triglycerides, total

cholesterol, low-density lipoprotein and high-density lipoprotein (HDL) cholesterol, glucose,

insulin, C-reactive protein, and a clustered standardized cardiometabolic risk score (CMscore).

RESULTS: Baseline ST was not associated deleteriously with any cardiometabolic markers. MVPA

was beneficially associated with the 3 adiposity indicators, lean body mass, systolic blood

pressure, triglycerides, C-reactive protein, insulin, HDL cholesterol, and CMscore; once the

models were adjusted for baseline levels of these markers, these associations remained for

body fat mass (mean difference per 10 minutes of MVPA: –0.320 [95% confidence interval

(CI): –0.438 to –0.203]; P , .001), HDL cholesterol (0.006 logged mmol/L [95% CI: 0.001 to

0.011]; P = .028), insulin (–0.024 logged IU/L [95% CI: –0.036 to –0.013]; P , .001), and

CMscore (–0.014 [95% CI: –0.025 to –0.004]; P = .009).

CONCLUSIONS: We found no evidence linking ST in late childhood with adverse cardiometabolic

outcomes in adolescence. Baseline MVPA was beneficially linked to broad cardiometabolic

health in adolescence.

WHAT’S KNOWN ON THIS SUBJECT: Evidence on

the cardiometabolic consequences of sedentary

behavior in youth is inconsistent and mostly

relies on cross-sectional studies. Studies with

objective measures of sedentary time have found

limited evidence of cross-sectional associations

with adiposity markers but no other outcomes.

WHAT THIS STUDY ADDS: Objectively assessed

daily sedentary time was not prospectively

associated with cardiometabolic outcomes.

Moderate to vigorous physical activity was

beneficially associated with body fat mass,

insulin, high-density lipoprotein cholesterol, and

clustered cardiometabolic score.
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Physically active children and

adolescents have better

cardiometabolic risk factor profiles

than their inactive peers1,2 and are

more likely to be active as adults.3

Recent epidemiologic studies in

adults have found that sedentary time

(ST), defined as low-energy-

expenditure activities #1.5 metabolic

equivalents in a sitting or reclining

posture (eg, computer use, watching

television4), is associated with

increased all-cause5–7 and

cardiovascular5,8 mortality risk

independently of moderate to

vigorous physical activity (MVPA).

Cross-sectional studies have

consistently shown that television

viewing (but no other screen time) is

associated with adverse levels of

a range of cardiometabolic risk

markers in youth.9–13 However, the

relevance of these results to the

sitting behavior overall may be

limited because television viewing is

a poor marker of overall ST.13

Two of the largest studies that have

used an objective (accelerometer)

assessment of time spent in ST

reported null findings.14,15 The first

study, which was a cross-sectional

analysis of .5000 participants, found

no independent association between

time spent in MVPA and potential

confounders of ST with adiposity.15

The second study was a pooled cross-

sectional analysis of 14 accelerometry

studies involving .20 000 children

and adolescents aged 4 to 18 years.

This study found no association of ST

with waist circumference, blood

pressure, insulin, triglycerides, or

high-density lipoprotein cholesterol

(HDL-C).14 This study also examined

prospective associations with waist

circumference in a subsample of

∼6500 participants and found no

association between baseline ST and

waist circumference at follow-up

(mean follow-up: 2.1 years), although

baseline waist circumference was

associated with greater ST at follow-

up. In both of these large cross-

sectional studies,13,14 greater time

spent in MVPA was beneficially

associated with most outcomes.14,15

To our knowledge, there is only 1

small (n = 723) short-term (,7

months of follow-up) prospective

study16 of young subjects that

assessed objectively measured ST in

relation to a range of cardiometabolic

outcomes. This study, similar to the

cross-sectional evidence described

earlier, casts doubt on the idea that

sitting warrants attention as a target

for behavioral interventions in young

people (separate from MVPA). This

topic needs further exploration in

larger prospective studies, particularly

because there is evidence that children

in Western populations spend

considerable periods in ST; for example,

the average daily accelerometry derived

estimates of ST of 5- to 15-year-olds in

England is 7 to 8 hours.17

The aim of the present study was to

examine the prospective associations

between accelerometer-measured ST

and MVPA at age 11 to 12 years and

a broad range of cardiometabolic risk

markers in adolescence (age 15–16

years).

METHODS

An unabridged Methods section can

be found in the Supplemental

Appendix. The following paragraphs

offer a summary of the study

procedures (Fig 1).

Study Sample

We used data from ALSPAC (Avon

Longitudinal Study of Parents and

Children), a population-based birth

cohort that recruited 14 541 pregnant

women with expected delivery dates

between April 1, 1991, and December

31, 1992 (www.alspac.bris.ac.uk).18

In the present analysis, the

association between accelerometer

data collected at age 11 to 12 years

and biomarker data collected in

clinics when the children were aged

15 to 16 years were examined. Ethics

approval for the study was granted

from the ALSPAC law and ethics

committee and the local research

ethics committees.19

Measures of ST and Physical Activity

Participants attending a clinic at ages

11 to 12 years and 13 to 14 years

were asked to wear an accelerometer

for 7 consecutive days during their

waking hours (models CSA7164, 2.2,

and GTM1; ActiGraph LLC, Fort

Walton Beach, FL). The full

accelerometry protocols have been

described in detail previously20,21

and can be found in the Supplemental

Appendix. ST was defined as time

spent at ,200 cpm,21,22 and MVPA

was defined by using the internally

derived ALSPAC-specific cutoff of

3600 cpm.20 Participants who wore

accelerometers were aged 11 to 12

years (mean 6 SD age: 11.8 6 0.24

years) and 13 to 14 years (mean age:

13.9 6 0.20 years) on the first day of

accelerometer wear. A total of 5593

participants provided accelerometer

data at age 11 to 12 years. Of those

participants who did not provide

accelerometer data at age 11 years,

876 provided accelerometer data at

13 to 14 years of age. For these

participants, data at age 13 years

were used instead of data at age

11 years; thus, there were 6469

total participants with accelerometer

data at age 11 or 13 years.

Because the majority of

accelerometer data was generated

from age 11 to 12 years, we refer to

the baseline as “age 11 years” from

this point on.

Outcome Measures

Among the 6469 participants who

provided accelerometer data at age

11 years, biometric data were collect

on 99.6% (n = 6446) at baseline and

4639 (72%) at follow-up at age 15 to

16 years (mean age: 15.4 6 0.29

years [from this point forward

referred to as “age 15 years”]) during

which outcome measures were

assessed. Of these, 3368 (73% of the

4639 who attended the 15-year

clinic) had complete data on

non–blood-based outcomes and 2963

(64%) had complete data on blood-

based outcomes. The eligible sample

for this study was defined as the
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4639 participants with accelerometer

data who attended the clinic before

being issued an accelerometer and

who also attended the clinic at age

15 years; the main analysis samples

included 4639 subjects for

non–blood-based outcomes (with

imputation used to estimate

outcomes for the 27% with missing

data) and 2963 subjects for blood-

based outcomes.

Measurement of the outcomes has

been described in detail in a previous

publication23 and can also be found in

the Supplemental Appendix. Weight

was measured to the nearest 0.1 kg

by using Tanita scales, and height to

the nearest 0.1 cm was measured

with a stadiometer. A flexible tape

was used to measure waist

circumference to the nearest 1 mm at

the mid-point between the lower ribs

and the iliac crest.

Covariables

Potential confounding factors

accounted for in the analyses

included: gender; birth weight

(kilograms); maternal BMI; paternal

occupational social class

(professional, managerial, skilled

[manual], skilled [nonmanual], partly

skilled, and unskilled); total energy

intake at age 10 years (kcal/d),

measured by using 3-day dietary

records completed by the participants

(with parental assistance as

needed)24; Tanner puberty stage at

age 11 years and age (months) at

Tanner measurement; age (months)

at the time of assessment of

cardiometabolic and adiposity

markers; accelerometer wear time

(minutes/d) at age 11 years; time in

months between accelerometry at age

11 years and measurement of

cardiometabolic and adiposity

outcomes at age 15 years; baseline

adiposity (BMI), body fat mass (%),

and waist circumference

(centimeters); and systolic blood

pressure (SBP) and diastolic blood

pressure (DBP) (in millimeters of

mercury) at age 11 years.

Dealing With Missing Data

Participants had varying amounts of

missing data for covariables within

the 2 main analysis samples. Taking

into account only those children with

complete data on all covariables, the

complete case sample sizes were

1075 for the non–blood-based

outcomes (20% of the 4639 eligible

subjects for those outcomes) and 944

for the blood-based outcomes (35%

of the 2967 eligible subjects for those

outcomes) (Fig 1).

To minimize selection bias, missing

values of all outcomes and covariates

FIGURE 1
ALSPAC cohort and study sample size.
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were imputed, with the exclusion of

blood-based outcomes. For

non–blood-based outcomes, the main

analysis sample comprised

respondents who provided

accelerometry data at age 11 years

and also attended the clinics at ages

11 and 15 years (n = 4639). Within

this sample, missing values in all

outcomes and covariates were

imputed (accelerometer-measured

sedentary/MVPA time had no missing

values). For blood-based outcomes,

the main analysis sample was further

limited to the 2963 subjects who

provided a blood sample. Missing

values were imputed by using the

multiple imputation procedure in

SPSS version 21 (IBM SPSS Statistics,

IBM Corporation, Armonk, NY), with

linear regression as the type of

imputation and the generation of 20

imputation data sets. All outcome,

exposure, and covariate data were

included as predictors in the

imputation procedure. Further details

of the imputation procedure, as well

as key results from the observed

(nonimputed) data set, are included

in the Supplemental Appendix.

Data Handling and Statistical

Analysis

Several outcome variables were

logged to improve normality of

residuals (waist circumference,

triglycerides, HDL-C, C-reactive

protein, glucose, and insulin). Due to

the range of ages at which height and

weight were measured, BMI was

converted to an age- and gender-

specific SD score (SDS) based on the

Cole formula we used recently10 and

is detailed elsewhere.25 Because we

found no evidence of an interaction

between gender and ST or MVPA in

terms of the outcomes, analyses were

adjusted for gender but were not

gender-specific.

Multiple linear regression was used

to examine associations between ST

and MVPA and cardiometabolic and

adiposity outcomes, adjusting for

covariables. Cardiometabolic and

adiposity outcomes consisted of BMI

SDS, waist circumference, body fat

mass, DBP and SBP (non–blood-based

sample) and fasting triglycerides,

HDL-C, total cholesterol, low-density

lipoprotein cholesterol (LDL-C),

C-reactive protein, glucose, and

insulin (blood-based sample). Results

were expressed as mean differences

per 10 minutes/d in either ST or

MVPA.

Models were checked for collinearity,

and variance inflation factors in all

models were all ,2. Residual plots

and statistics were checked for

normality, heteroscedasticity, and

independence.

In a subsample with valid

accelerometry data at both 11 and

15 years of age, we examined

whether baseline adiposity was

associated with ST at follow-up by

using multiple linear regression with

BMI SDS (n = 2067), body fat mass

(n = 1358), and waist circumference

(n = 1789) at age 11 years as

exposures and ST at age 15 years as

the outcome.

A standardized continuous clustered

cardiometabolic score (CMscore) was

also calculated by using existing

methods.10,26 The score comprised

10 of the cardiometabolic risk

outcome variables (body fat mass,

SBP, DBP, triglycerides, HDL-C,

C-reactive protein, glucose, insulin,

total cholesterol, and LDL-C). After

log-transformation of triglycerides,

HDL-C, C-reactive protein, glucose,

and insulin, and taking the mean of

SBP and DBP, z scores were

computed for each component

(z = [participant value – sample

mean]/sample SD), and the sum of

these z scores was divided by the

number of components to compile the

CMscore with units of SD. For HDL-C,

the z score was multiplied by –1.

Because multiple linear regression is

sensitive to the distribution of

included variables, we also ran a set

of sensitivity analyses by using

general linear models with tertiles of

accelerometer-measured ST and

MVPA as the main exposure.

Multivariable-adjusted coefficients

and 95% confidence intervals (CIs)

were calculated for each outcome

with reference to the ST or MVPA

tertile, and we present the results of

these sensitivity analyses as

estimated marginal means. SPSS

version 21 was used for all analyses.

Results

Supplemental Table 6 presents

characteristics of the nonimputed

data set according to ST tertile at the

corresponding age. ST tertiles were

directly associated with baseline SBP

and DBP, baseline levels of the 3

adiposity markers, and follow-up

levels of BMI and body fat mass and

were inversely associated with

baseline MVPA, VPA, and lean body

mass.

Tables 1 and 2 present the results of

the multiple linear regression models

describing the associations between

(continuous) ST and MVPA, with each

cardiometabolic risk marker and

CMscore. There was evidence of

a direct association between baseline

ST and adiposity (BMI, waist, and

body fat mass) at follow-up, but these

associations were not independent of

MVPA (model 3 in Table 1). When

further adjusting for baseline

adiposity (model 4), BMI and waist

circumference were associated with

ST, but this association was not in the

expected direction. The inverse

association between ST and lean mass

was independent of MVPA (model 3)

but not of baseline lean body mass

(model 4). We found no evidence of

an association between baseline ST

and any blood markers or the

clustered CMscore. As Table 2 (model

2) illustrates, there was evidence of

an inverse association between

baseline MVPA and all 3 adiposity

indicators, SBP, triglycerides, C-

reactive protein, insulin, and CMscore

and a direct association with HDL-C

and lean body mass. When further

adjusting for baseline risk markers

(model 3), these associations

persisted for body fat mass, HDL-C,
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insulin, and CMscore, whereas there

was a tendency for the associations

with BMI and waist circumference to

be inverted in the opposite expected

direction. Further adjustments of

the MVPA analyses for ST, which is

common practice in the ST

literature14 despite its questionable

appropriateness,27 attenuated the

associations with BMI and waist

circumference to the null but had

virtually no influence on the

magnitude or direction of all other

observed associations (data available

on request).

Sensitivity Analyses

Figures 2 and 3 show the

multivariable-adjusted (including for

baseline BMI and MVPA) estimated

marginal means and 95% CIs for each

cardiometabolic outcome according

to tertiles of ST and MVPA,

respectively (first tertile represents

low ST/MVPA, and the third tertile

represents highest ST/MVPA; data for

DBP are available on request). As

with the analysis using continuous

ST (Table 1), once analyses were

adjusted for baseline levels of the risk

markers, there was only evidence of

an inverse association of ST tertiles

with BMI and waist circumference

(Fig 2). Results from the

corresponding MVPA sensitivity

analysis were also in close agreement

with the main analyses presented in

Table 2. Repeating the multiple linear

regression analyses by using the

observed (nonimputed) data set

found that ST was associated with

none of the outcomes (Supplemental

Table 7). In the nonimputed data set

(model 2 of Supplemental Table 8),

MVPA was inversely associated with

BMI, body fat mass, waist

circumference, SBP, C-reactive

protein, insulin, and CMscore and

directly associated with lean body

mass and HDL-C. However, additional

adjustments for baseline risk (model

3 of Supplemental Table 8)

attenuated all these associations

materially, with the exception of fat

mass and C-reactive protein, although

the effect sizes for the CMscore,

insulin, and HDL-C were not different

in magnitude to the imputed analyses.

We found no evidence for

prospective associations between

baseline BMI or waist circumference

at age 11 years and accelerometer-

measured ST at age 15 years

(Supplemental Table 9).

DISCUSSION

The evidence base examining the

health implications of sedentary

lifestyles in adulthood is rapidly

expanding, but there is a paucity of

such evidence in children and

adolescents. To our knowledge, the

present study is the first to

prospectively examine the

associations of accelerometer-

assessed ST time with such a broad

range of adiposity and biochemical

cardiometabolic risk markers. We

found no evidence of a direct

association between ST at age 11

TABLE 1 Multivariable-Adjusted Associations Between Time Spent Sedentary at Age 11 Years and Cardiometabolic Risk Markers at Age 15 Years

Variable Non–Blood-Based Sample Outcomes (n = 4639)

Model 1
a

Model 2
b

Model 3
c

Model 4
d

BMI SDS 0.005 (0.000 to 0.010) 0.005 (0.000 to 0.009) 0.000 (–0.005 to 0.005) 20.004 (–0.007 to –0.001)

Body fat mass, % 0.057 0.059 0.006 20.005

Lean body mass, % 20.142 (–0.178 to –0.105) 20.146 (–0.185 to –0.107) 20.070 (–0.111 to –0.029) 0.000 (–0.026 to 0.027)

Waist, cm
e

0.001 (0.000 to 0.001) 0.001 (0.000 to 0.001) 0.000 (0.000 to 0.001) 20.001 (–0.001 to 0.000)

SBP, mm Hg 0.032 (–0.014 to 0.079) 0.019 (–0.029 to 0.067) 20.001 (–0.053 to 0.050) 20.011 (–0.060 to 0.037)

DBP, mm Hg 0.027 (–0.012 to 0.066) 0.015 (–0.026 to 0.056) 0.015 (–0.028 to 0.059) 0.002 (–0.040 to 0.045)

Blood-Based Sample Outcomes (n = 2963)

Model 1
a

Model 2
b

Model 3
c

Model 4
d

Triglycerides, mmol/L
e

0.002 (0.000 to 0.004) 0.002 (0.000 to 0.004) 0.001 (–0.001 to 0.004) 0.001 (–0.001 to 0.004)

HDL-C, mmol/L
e

0.000 (–0.001 to 0.001) 0.000 (–0.002 to 0.001) 0.000 (–0.001 to 0.002) 0.000 (–0.001 to 0.002)

C-reactive protein, mg/L
e

0.001 (–0.005 to 0.007) 0.001 (–0.005 to 0.008) 20.002 (–0.009 to 0.004) 20.003 (–0.010 to 0.003)

Glucose, mmol/L
e

0.000 (–0.001 to 0.000) 0.000 (–0.001 to 0.000) 0.000 (–0.001 to 0.000) 0.000 (–0.001 to 0.000)

Insulin, IU/L
e

0.001 (–0.001 to 0.004) 0.001 (–0.001 to 0.004) 20.001 (–0.004 to 0.001) 20.002 (–0.005 to 0.001)

Total cholesterol, mmol/L 20.001 (–0.004 to 0.003) 20.001 (–0.004 to 0.003) 0.000 (–0.004 to 0.004) 0.000 (–0.004 to 0.004)

LDL-C, mmol/L 20.001 (–0.004 to 0.002) 20.001 (–0.004 to 0.002) 20.001 (–0.004 to 0.002) 20.001 (–0.005 to 0.002)

CMscore, SD
f

0.001 (–0.001 to 0.004) 0.001 (–0.001 to 0.004) 20.001 (–0.004 to 0.002) 20.002 (–0.004 to 0.001)

Coefficients represent the mean difference in the cardiometabolic risk indicator per 10-minute greater time spent in sedentary behavior. Accelerometry, baseline cardiometabolic risk

indicator, and Tanner stage data at age 13 years used for subjects with no accelerometry data at age 11 years.
a Adjusted for gender, wear time at age 11 years, and age at measurement of cardiometabolic risk indicator.
b Also adjusted for time between accelerometry data collection and measurement of cardiometabolic risk factors, paternal social class, birth weight, maternal BMI, Tanner stage at age

11 years, age at measurement of Tanner stage, and total energy intake at age 10 years.
c Also adjusted for time spent in MVPA at age 11 years.
d Also adjusted for baseline cardiometabolic risk indicator at age 11 years (BMI used for all blood-based outcomes).
e These variables were log-transformed before analysis.
f A composite z score compiled from 10 of the outcome variables.
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years and cardiometabolic risk at age

15 years. The surprising inverse

associations between ST and BMI and

waist circumference may be due to

the high correlation between baseline

and follow-up levels of these

outcomes: when the baseline levels

were removed from the models, these

associations were attenuated to the

null (Table 1, model 3). Other likely

explanations of this paradoxical

finding include reasons related to the

structure of the data,28 regression of

BMI/waist circumference to the mean

as participants grew older, and

possible reverse causation between

accelerometry counts (that

determine ST time) and BMI or body

fat mass.29 Accelerometer-assessed

ST was not associated with adiposity

in earlier cross-sectional analyses,16

although greater waist

circumference14 and greater body fat

mass30 at baseline have been

associated with longitudinal increases

of ST14 in other studies, a finding we

did not confirm.

The discrepancy between adult

studies that show ST is associated

with increased cardiovascular disease

and mortality risk5,8,31 and the

present study could be due to the

natural trajectory and timing of

cardiometabolic disease. In middle-

aged adults, for example, the

cardiometabolic damage associated

with a chronic sedentary lifestyle will

have accumulated over several

decades and will follow a sequence of

natural disease progression stages

(ie, a subclinical [increased biological

risk factors with no symptoms] to

clinical [diagnosed disease through an

event] to a fatal event trajectory). In

children and adolescents, any

lifestyle-related exposure, even if it

has been initiated, may not have

existed long enough to progress to

subclinical and clinical expressions of

the disease. If this lifetime risk

accumulation assumption is proved

to be correct, interventions targeting

ST in childhood/adolescence would

still be important despite the null

findings that we and others have

reported. Nevertheless, this

assumption can only be tested by

using long-term life-course studies

with repeated measures of objectively

assessed ST and MVPA. Other

possibilities for the discrepancy

include that the associations between

ST cardiometabolic outcomes in the

adult studies are not true or are

exaggerated by reverse causality

and poor control of dietary

confounding and that the

measurement of ST in children

contains larger measurement errors

than in adults due to greater day-to-

day variation.

In the same lifetime exposure context,

the modest MVPA coefficients

(per 10 minutes/d) we reported

(eg, insulin: –0.024 mmol/l; HDL-C:

0.006 mmol) might not seem

particularly important from a clinical

point of view but could signal the

initiation of a long-term cumulative

process. Conversely, we speculate

TABLE 2 Multivariable-Adjusted Associations Between Time Spent in MVPA at Age 11 Years and Adiposity and Cardiometabolic Risk Markers at Age 15

Years

Variable Non–Blood-Based Sample Outcomes (n = 4639)

Model 1
a

Model 2
b

Model 3
c

BMI SDS 20.074 (–0.096 to –0.053) 20.062 (–0.083 to –0.041) 0.016 (0.004 to 0.028)

Body fat mass, % 20.756 (–0.901 to –0.612) 20.679 (–0.822 to –0.536) 20.320 (–0.438 to –0.203)

Lean body mass, % 1.150 (0.983 to 1.317) 1.065 (0.899 to 1.231) 0.082 (–0.29 to 0.192)

Waist, cm
d

20.008 (–0.010 to –0.005) 20.007 (–0.009 to –0.004) 0.002 (0.000 to 0.003)

SBP, mm Hg 20.276 (–0.490 to –0.061) 20.253 (–0.467 to 0.038) 20.043 (–0.244 to 0.158)

DBP, mm Hg 20.032 (–0.210 to 0.147) 20.019 (–0.199 to 0.161) 0.095 (–0.080 to 0.270)

Blood-Based Sample Outcomes (n = 2963)

Model 1
a

Model 2
b

Model 3
c

Triglycerides, mmol/L
d

20.012 (–0.021 to –0.002) 20.011 (–0.020 to –0.001) 20.007 (–0.017 to 0.002)

HDL-C, mmol/L
d

0.010 (0.005 to 0.015) 0.009 (0.004 to 0.015) 0.006 (0.001 to 0.011)

C-reactive protein, mg/L
d

20.045 (–0.072 to –0.018) 20.043 (–0.070 to –0.016) 20.019 (–0.045 to 0.008)

Glucose, mmol/L
d

0.000 (–0.002 to 0.002) 0.000 (–0.002 to 0.002) 0.000 (–0.002 to 0.002)

Insulin, IU/L
d

20.034 (–0.046 to –0.022) 20.032 (–0.044 to –0.021) 20.024 (–0.036 to –0.013)

Total cholesterol, mmol/L 0.006 (–0.010 to 0.021) 0.006 (–0.010 to 0.021) 0.007 (–0.008 to 0.023)

LDL-C, mmol/L 20.002 (–0.016 to 0.011) 20.002 (–0.015 to 0.012) 0.002 (–0.011 to 0.016)

CMscore, SD
e

20.029 (–0.041 to –0.018) 20.027 (–0.038 to –0.016) 20.014 (–0.025 to –0.004)

Coefficients represent the mean difference in the cardiometabolic risk indicator per 10-minute greater time spent in MVPA at age 11 years. Accelerometry, baseline cardiometabolic risk

indicator, and Tanner stage data at age 13 years used for subjects with no accelerometry data at age 11 years.
a Adjusted for gender, wear time at age 11 years, and age at measurement of cardiometabolic risk indicator.
b Also adjusted for time between accelerometry data collection and measurement of cardiometabolic risk factors, paternal social class, birth weight, maternal BMI, Tanner stage at age

11 years, age at measurement of Tanner stage, and total energy intake at age 10 years.
c Also adjusted for baseline cardiometabolic risk indicator at age 11 years (BMI used for blood-based outcomes).
d These variables were log-transformed before analysis.
e A composite z score compiled from 10 of the outcome variables.
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that both the MVPA and the ST

coefficients we observed may be an

underestimate because of the well-

documented reductions in physical

activity and increases in ST from

childhood to adolescence in the

ALSPAC cohort.21 In terms of MVPA

specifically, it has been estimated that

the measurement error associated

with the within-participant variability

that might not be captured by 7 days

of accelerometry measurements

could reduce the strength of these

associations by ∼50%.14

Consistent with results of

a prospective recent study with

a short follow-up period (,7

months),16 we found that MVPA was

associated beneficially with overall

CMscore, insulin, HDL-C, and body fat

mass. In terms of the latter outcome,

our study is in agreement with

another recent accelerometry study,

which found that MVPA (but not ST

time or breaks from ST) was

associated with body fat mass in

a sample of 554 children who were

measured 4 times between the ages

of 8 and 15 years.32 We postulate that

the prospective associations between

MVPA and nonadiposity outcomes we

observed are likely to be causal

because they are supported by results

from physical activity interventions;

these interventions, which effectively

increase MVPA, have also been shown

to improve insulin sensitivity33,34 in

youth.

Our study has numerous strengths,

including its longitudinal design, the

availability of information on

objectively assessed ST and MVPA,

the large sample size, the broad range

of cardiometabolic outcomes, and the

longest follow-up period among

similar pediatric studies of ST.14,16

The intensity cutoff for MVPA we

used (ie, 3600 cpm) is somewhat

higher than the cutoffs used in other

studies1,14 but has the advantage of

being internally derived in the

ALSPAC cohort.20 For consistency

with previous ALSPAC analyses15,21

and others,22 we used a cutoff of

,200 cpm to denote ST, although

other studies14 have used a 100-cpm

threshold. Previous research,35

however, indicates that the choice of

ST threshold does not affect the

associations between ST and

cardiometabolic outcomes. Using

a 1-minute epoch to classify physical

activity intensity may have

concealed short bursts of vigorous

activity and added some imprecision

in the MVPA analyses. Finally,

although the ST and MVPA patterns at

follow-up may be partially

responsible for our findings, we were

not able to include accelerometry

data at age 15 to 16 years because it

would have led to a dramatic

FIGURE 2
Multivariable-adjusted associations between ST tertile

a,b
at age 11 years

c
and cardiometabolic risk factors at age 15 years; n = 4639 for adiposity and SBP

exposures, n = 2963 for blood exposures.
a
SED1: bottom tertile; SED2: middle tertile; SED3: top tertile.

b
Coefficients and associated 95% CIs represent the

estimated marginal mean of each cardiovascular risk factor. Adjusted for gender, baseline cardiometabolic risk indicator at age 11 years (BMI used for

blood-based outcomes), accelerometer wear time at age 11 years, age at measurement of outcome, time between accelerometry data collection and

measurement of cardiometabolic risk factors, paternal social class, birth weight, maternal BMI, Tanner stage at age 11 years, age at measurement of

Tanner stage, total energy intake at age 10 years, and MVPA time at age 11 years.
c
Accelerometry, baseline cardiometabolic risk indicator, and Tanner

stage data at age 13 years used for subjects with no accelerometry data at age 11 years.
d
These variables were log-transformed by using the natural log

and have been back-transformed by exponentiation.
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reduction in the analytical sample

size due to missing accelerometry

data at age 15 years.21

CONCLUSIONS

We found no evidence linking ST in

late childhood to cardiometabolic

risk in adolescence. MVPA time was

beneficially associated with

clustered cardiometabolic risk,

insulin, HDL-C, and body fat mass in

adolescence. Our results highlight

the importance of encouraging

MVPA among young people as

a means of improving

cardiometabolic health in youth. If

the associations of ST with

cardiovascular events in adulthood

are because of a progressive lifetime

accumulation model, however, then

promoting reduced ST in youth may

also be important.
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FIGURE 3
Multivariable-adjusted associations between MVPA time tertile

a,b
at age 11 years

c
and cardiometabolic risk factors at age 15 years; n = 4639 for adiposity

and SBP exposures, n = 2963 for blood-based exposures.
a
SED1: bottom tertile; SED3: top tertile.

b
Coefficients and associated 95% CIs represent the

estimated marginal mean of each cardiovascular risk factor. Adjusted for gender, baseline cardiometabolic risk indicator at age 11 years (BMI used for

blood-based outcomes), accelerometer wear time at age 11 years, age at measurement of outcome, time between accelerometry data collection and

measurement of cardiometabolic risk factors, paternal social class, birth weight, maternal BMI, Tanner stage at age 11 years, age at measurement of

Tanner stage, and total energy intake at age 10 years.
c
Accelerometry, baseline cardiometabolic risk indicator, and Tanner stage data at age 13 years

used for subjects with no accelerometry data at age 11 years.
d
These variables were log-transformed by using the natural log and have been back-

transformed by exponentiation.
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