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Abstract

Introduction: This study examines the dose–response relationship between moderate-to-

vigorous physical activity and cardiometabolic measures in adolescents.

Methods: Cross-sectional spline analyses were performed using 2003–2016 National Health and 

Nutrition Examination Survey data among adolescents (aged 12–19 years, N=9,195) on 

objectively measured (2003–2006) and self-reported weekly mean minutes (2007–2016) of 

moderate-to-vigorous physical activity and cardiometabolic measures (systolic and diastolic blood 

pressure, total cholesterol, high-density lipoprotein, BMI, and cardiorespiratory fitness. Inflection 

points were determined for non-linear relationships.

Results: For objective moderate-to-vigorous physical activity, female adolescents had significant 

non-linear associations with inflection points at 90 minutes/week for BMI percentile and systolic 

blood pressure. Male adolescents had inflection points at 150 weekly minutes of objective activity 

for BMI percentile and cardiorespiratory fitness. BMI percentile was about 7% lower for female 

and male adolescents at 150 weekly minutes of objectively measured moderate-to-vigorous 
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physical activity versus 0 minutes. For self-reported moderate-to-vigorous physical activity, 

inflections points were at 375 minutes/week (diastolic blood pressure for female adolescents) and 

500 minutes/week (systolic blood pressure for male adolescents).

Conclusions: Among several significant dose–response relationships between physical activity 

and cardiometabolic health in adolescents, consistent and often non-linear relationships were 

identified for BMI, with inflection points at 90–150 minutes of objective moderate-to-vigorous 

physical activity. Notable differences in associations and linearity were identified by sex and 

physical activity measure (objective or self-report). These results support calls for any increase in 

physical activity among adolescents and suggest that recommendations closer to the adult 

guidelines of 150 weekly minutes of physical activity may be health promoting and more 

attainable for youth than the current recommendation of 420 weekly minutes.

INTRODUCTION

Many health benefits of physical activity (PA) for adolescents have been described,1,2 

including improving cardiometabolic health in adolescence and over the lifespan.3–7 

Engaging in regular moderate-to-vigorous PA (MVPA) in adolescence has been associated 

with lower blood pressure (BP), lower serum triglycerides, and improved cardiorespiratory 

fitness.5,8,9 BMI is a commonly assessed cardiometabolic metric in adolescents. MVPA has 

generally been associated with lower BMI and slower weight gain in adolescents, but results 

have been mixed.10–13

However, adolescents in the U.S. are not physically active at the recommended levels.14–16 

Only 20% of a nationally representative sample of adolescents met the PA guidelines of at 

least 60 minutes of MVPA daily.14 PA in adolescence predicts activity levels in adulthood, 

heightening the importance of encouraging adolescent PA.17 The adolescent period is crucial 

to understand, given the emerging differences in behavioral choices (e.g., boys being more 

active than girls), disparities in activity (e.g., lower activity in older adolescents and some 

racial and ethnic minority groups), and physiologic changes (e.g., puberty) in adolescence, 

all of which can differentially affect the health of young men and women.14,18–23

Prior studies examining the association of PA and cardiometabolic health have 

predominantly defined PA as a categorical variable (e.g., top quartile of minutes of MPVA 

achieved), rather than as a continuous variable. Analyzing PA categorically precludes a more 

nuanced understanding of the dose–response relationship between PA and health.3–5,8,9,24 

Prior studies have also typically used PA measured either objectively with an activity-

tracking device or by self-report responses to a survey. Each type of activity measure has 

limitations: Objective data are often collected over short time periods, capturing variable or 

incomplete (i.e., detects only uniaxial movement) activity, whereas self-reported data may be 

subject to response bias, which can overestimate true activity levels.25–27 This study adds to 

the existing literature by using contemporary nationally representative data to assess the 

dose–response relationship between adolescent PA—measured both objectively and by self-

report as a continuous variable—and cardiometabolic health, stratified by sex. The authors 

hypothesize that significant dose–response relationships exist between PA and 

cardiometabolic health measures for adolescents and that these relationships differ by sex.
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METHODS

Study Population

Investigators examined data from adolescents (aged 12–19 years) in the 2003–2016 National 

Health and Nutrition Examination Survey (NHANES). The NHANES is a stratified, 

multistage probability sample, providing a nationally representative sample of the U.S. 

population. The data include physical examination, in-home interviews, and laboratory 

testing in Mobile Examination Centers.28

Measures

Primary exposures were objective and self-reported weekly mean minutes of MVPA. 

Accelerometers (ActiGraph AM-7164) were used to measure minutes of objective PA via 

uniaxial movement in NHANES for 2003–2006.29 The intensity of movements summed 

over 1-minute time intervals were measured and recorded as counts.30,31 Participants were 

instructed to wear the accelerometers for 7 consecutive days while awake and remove them 

nightly at bedtime.4 A minimum of 3 wear days for ≥10 hours/day were required for 

inclusion in these analyses.32 Sample weights were adjusted for this subgroup (n=761 

female and 1,168 male adolescents with any ActiGraph data) to generate nationally 

representative estimates.

The NHANES self-reported PA data from 2007–2016 were derived from the WHO Global 

Physical Activity Questionnaire.33–36 Adolescents responded to the questionnaire without 

parental assistance and were asked the average number of days and duration spent on 

recreational MVPA daily for ≥10 minutes at a time. Sports, fitness, or recreational activities 
of moderate or vigorous intensity were included, such as small increase in breathing or heart 
rate like brisk walking, bicycling, swimming, or golf for moderate and large increase in 
breathing or heart rate like running or basketball for vigorous activity.28 The primary self-

reported MVPA measure was defined as the sum of weekly minutes of recreational activity. 

Additional questions capturing PA at work and transportation were used in a sensitivity 

analysis where recreational, occupational, and transportation activity were summed for total 

recreational activity.

Primary cardiometabolic outcomes were continuous measures of systolic BP (SBP), 

diastolic blood pressure (DBP), total cholesterol, high-density lipoprotein (HDL), BMI 95th 

percentile, and cardiorespiratory fitness (VO2 max). Repeated SBP and DBP measurements 

were averaged per NHANES guidelines.28 BMI was calculated using height and weight data 

as percentage of the 95th percentile (hereafter referred to as BMI percentile) per Centers for 

Disease Control and Prevention guidelines and to account for BMI percentile distribution.37 

Serum total cholesterol and HDL were sampled non-fasting at the Mobile Examination 

Center. VO2 max estimates were available in the NHANES for years 2003–2004 and derived 

from an equation incorporating age, submaximal VO2 max, and heart rate during a treadmill 

physical exercise test.38

Covariates selected a priori based on prior literature included sex, race/ethnicity (non-

Hispanic White, non-Hispanic Black, Mexican American, other Hispanic, and other 

Multiracial), federal poverty level ratio, health insurance (no insurance, Medicaid, private 
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insurance), survey year, and 6-month calendar period (November to April, May to October) 

to account for seasonal variation in PA.21,39 For the objective activity models, number of 

wear days was also a covariate.

Statistical Analysis

Demographic characteristics are presented overall, by sex, and by NHANES cohort (2003–

2006, 2007–2016). Continuous PA and cardiometabolic measure variables are presented as 

medians with first and third quartiles; categorical variables are presented as counts and 

percentages with 95% CIs. PA and cardiometabolic measures’ descriptive statistics are 

presented among participants who completed any amount of PA and had a measure 

recorded, respectively. Objective weekly PA minutes >500 were truncated to 501 minutes/

week, and self-report minutes >1,260/week were truncated to 1,261 minutes/week to reduce 

the effects of likely implausible values.

The dose–response relationships between MVPA and cardiometabolic measures were 

assessed using unadjusted sex-stratified linear regression models. The functional form of 

each relationship was evaluated for linearity using natural cubic splines, with 3 knots placed 

at the 5th, 50th, and 95th percentiles of MVPA. When non-linearity was observed, natural 

cubic splines were used and inflection points, defined as the minutes of PA at which the 

relationship between a cardiometabolic measure and PA changes, were determined.

The unadjusted and adjusted (for covariates) estimated difference with SE, comparing 150 

with 0 minutes of objective PA and 420 with 0 minutes of self-reported PA, are presented. 

These thresholds were selected based on the following criteria: existing PA guidelines (i.e., 

150 minutes/week for adults and 420 minutes/week for youth),16 and the distribution of PA 

among study participants (e.g., few NHANES participants reached 420 minutes/week for 

objective MVPA).

Adjusted effect sizes estimates with 95% CIs are presented to quantify the amount by which 

the cardiometabolic outcome changed given a 1-minute change in the PA predictor; for non-

linear associations, two different points were selected based on where the effect sizes best 

represented the average slopes.

Two sensitivity analyses were conducted: one broadening self-reported PA to include the 

sum of MVPA in occupational, transportation, and recreational settings,40 and the other 

defining adolescents as aged 12–17 years, per the child/adolescent age limit used in some 

guidelines.41

All analyses accounted for the complex NHANES survey design through stratification, 

clustering, and post-stratification weighting to maintain a nationally representative sample. 

Sampling weights were adjusted to better represent the U.S. population for the 

subpopulation of participants who provided objective MVPA and estimated VO2 max data—

which had missing values >10%. Otherwise, no adjustments were needed for variable 

missingness.29 Two-tailed p-values <0.05 were considered statistically significant. All 

statistical analyses were performed by the Duke Clinical Research Institute using SAS, 

version 9.4. The present study was deemed exempt from further review by the Duke IRB.
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RESULTS

Table 1 shows the demographic characteristics of the sample with a median age of 14.8 

years. The study sample (N=9,915) was 49.0% female, 58.5% non-Hispanic White, 14.7% 

non-Hispanic Black, and 13.1% Mexican American. The 2003–2006 and 2007–2016 cohort 

characteristics can be found in Appendix Tables 2 and 3.

Measures of PA revealed that 56.4% (median=37 minutes/week) of female and 81.3% 

(median=68 minutes/week) of male adolescents had any objectively measured activity, while 

65.2% (median=266 minutes/week) of female and 80.7% (median=372 minutes/week) of 

male adolescents had any self-reported activity (Appendix Table 1). The distribution of the 

cardiometabolic measures is presented in Appendix Table 1.

In female adolescents, unadjusted non-linear and significant dose–response relationships 

were identified for objective MVPA with SBP and BMI; inflection points were at 90 weekly 

minutes of MVPA for both measures (Table 2 and Figure 1). For male adolescents, 

unadjusted non-linear and significant associations were identified for objective MVPA with 

SBP, BMI percentile, and VO2 max, all at inflection points of 150 weekly minutes (Table 2 

and Figure 1).

For female adolescents in adjusted analyses, 150 minutes versus 0 minutes of objective 

MVPA was significantly associated with lower BMI percentile (7.10%) (Table 2). Effect 

sizes, representing the average slope/1 minute of activity at selected points, for these 

associations were the following: SBP= −0.023 (95% CI= −0.044, −0.003) from 49 to 50 

minutes and 0.005 (95% CI= −0.010, 0.021) from 199 to 200 minutes; and BMI percentile= 

−0.076 (95% CI= −0.114, − 0.038) from 49 to 50 minutes and 0.034 (95%=0.004, 0.065) 

from 199 to 200 minutes.

Among male adolescents in adjusted analyses, 150 minutes versus 0 minutes of objective 

MVPA was significantly associated with higher HDL (2.06 mg/dL), lower BMI percentile 

(7.65%), and higher VO2 max (7.05 mL/kg[minute]) (Table 2). Effect sizes were the 

following: HDL=0.014 (95% CI=0.001, 0.027) in a linear relationship; BMI percentile= 

−0.063 (95% CI= −0.102, − 0.024) from 49 to 50 minutes and −0.010 (95% CI= −0.028, 

0.009) from 199 to 200 minutes; and VO2 max=0.059 (95% CI=0.022, 0.095) from 49 to 50 

minutes and 0.010 (95% CI= −0.012, 0.032) from 199 to 200 minutes.

For female adolescents, self-reported MVPA had a non-linear and significant dose–response 

relationship for DBP with an inflection point at 375 minutes (Table 2 and Figure 2). Male 

adolescents had a non-linear and significant association between self-reported MVPA and 

SBP with an inflection point at 500 minutes of MVPA (Table 2 and Figure 2).

For female adolescents in adjusted analyses, 420 minutes versus 0 minutes of MVPA was 

associated with lower DBP (1.59 mmHg) and BMI percentile (1.45%), and higher HDL 

(1.01 mg/dL) (Table 2). For DBP, the effect size, representing the average slope/1 minute of 

activity, was −0.006 (95% CI= −0.011, −0.002) from 99 to 100 minutes and 0.004 (95% 

CI=0.002, 0.007) from 749 to 750 minutes. Effect sizes for the significant linear associations 
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were BMI percentile −0.003 (95% CI= −0.006, −0.001) and HDL 0.002 (95% CI=0.000, 

0.004).

For male adolescents, 420 minutes versus 0 minutes of MVPA was associated with higher 

HDL (1.16 mg/dL) (Table 2). The effect size for the linear relationship with HDL was 0.003 

(95% CI=0.001, 0.004).

Total self-reported recreational, transport, and occupational activity showed nearly all linear 

associations, except with HDL for male adolescents, which had an inflection point at 900 

weekly activity minutes (Appendix Figure 1). Total self-reported MVPA was not 

significantly associated with any cardiometabolic measures for female adolescents after 

adjustment, whereas HDL was significantly associated for male adolescents (Appendix 

Table 4).

When adolescents were defined as those aged 12–17 years, adjusted results were 

qualitatively similar for objectively measured MVPA, with activity significantly associated 

with BMI percentile for female adolescents, and HDL, BMI percentile, and VO2 max 

significantly associated for male adolescents (Appendix Table 5). Consistent with the 

primary analysis, the inflection points for female adolescents occurred at 90 weekly minutes 

of objective activity for SBP and BMI percentile, and at 375 weekly minutes of self-reported 

activity for DBP. Male adolescents also had an inflection point at 150 minutes of objective 

activity for BMI percentile, like the primary analysis (Appendix Figures 2 and 3).

DISCUSSION

These findings demonstrate that continuous measures of both objectively and self-reported 

MVPA had significant dose–response relationships with cardiometabolic measures in 

adolescents. Consistent and often non-linear relationships were identified between PA and 

BMI percentile in adolescents. Among the non-linear relationships, inflection points were 

determined at 90–150 weekly minutes of objectively measured activity. Notable differences 

in association and linearity were identified by sex and type of MVPA measure. The results 

support calls for any increase in PA and suggest that recommendations closer to adult 

guidelines of 150 weekly minutes may be health promoting and more attainable for many 

youth than the current adolescent recommendation of 420 minutes/week.

Though prior studies found mixed associations between PA and BMI in adolescents,
11–13,42,43 this study identified that BMI percentile was on average lower by 7.25% for 

adolescents who were physically active for 150 versus 0 weekly minutes of objective 

MVPA. A systematic review of 20 PA intervention studies in overweight/obese children and 

adolescents demonstrated a 26.9% reduction in BMI percentile with an average of 138 

weekly minutes of PA.10 The consistency of the significant inverse dose–response 

relationship between PA and BMI across sex and types of activity could indicate that BMI is 

one of the earliest cardiometabolic biomarkers modifiable by PA. Prior evidence has linked 

adolescent BMI with short- and long-term cardiometabolic measures, such as young adult 

cardiovascular health and chronic disability later in adulthood.44–.46 Although the absolute 

difference in cardiometabolic risk factors for each adolescent may be small with different 

Sriram et al. Page 6

Am J Prev Med. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



levels of PA, these modest differences in cardiometabolic measures can have significant 

population-wide effects.47

Inflections points—where the relationship between cardiometabolic measure and MVPA 

changes—were identified at 90–150 minutes/week of objectively measured MVPA and 

several cardiometabolic outcomes. Prior studies identified various amounts of activity 

needed to impact cardiometabolic measures for adolescents including: 210–420 weekly 

minutes (30–60 minutes daily) of objective MVPA in a single study, 120–200 weekly 

minutes (40 minutes 3–5 days/week) of intervention-based activity in another study for 

measurable effects on blood pressure, and 70–105 weekly minutes (10 to 15–minute bouts/

day) of objective activity for effects on BMI.10,48,49–51 The current inflection points often 

suggested decreasing marginal benefit and occurred at MVPA levels closer to the 

recommended activity for adults (150 minutes/week) than for adolescents (420 minutes/

week).16 Notably, the shape of the splines do not causally indicate PA levels above the 

inflection point will worsen adolescent cardiometabolic health (i.e., increasing BMI 

percentile at higher objectively measured MVPA in Figure 1), though may suggest lower 

marginal impacts. Additionally, few adolescents were active at levels above the inflection 

points (90 minutes for female and 150 minutes for male adolescents) reflected in the large 

CIs in the tails of the spline analyses.

The dose–response relationships’ significance and shape for MVPA and cardiometabolic 

health were substantially different for female and male adolescents, supporting some prior 

literature describing differential health effects of activity by sex.4,14,25 For non-linear 

relationships, female adolescents had inflection points at lower activity levels (e.g., 90 

weekly minutes vs 150 minutes for male adolescents for objective MVPA with BMI 

percentile and SBP). These differences contrasted with a prior study that used self-reported 

data and indicated males may require less MVPA than females to achieve similar health 

benefits.52 The distinct dose–response relationships by sex in adolescents may be due to 

differential pubertal processes and timing between sexes (e.g., average female puberty 

beginning 2 years before male puberty), though these data were unavailable in NHANES.
53,54 Male and female adolescents may also have distinct sedentary and dietary patterns.
7,8,55 Understanding how pubertal onset, sedentary time, and dietary intake influence the 

dose–response relationship for adolescents are future areas for research. These differential 

responses by sex suggest that different levels of PA could be recommended for female versus 

male adolescents, though developing sex-specific guidelines needs to be balanced with 

challenges of effectively disseminating more nuanced recommendations.

Similar to prior analyses, the authors identified different associations with cardiometabolic 

health depending on the type of PA measurement.14,18,25 Levels of self-reported activity 

were substantially higher than objectively measured activity, resulting in differently shaped 

and scaled dose–response relationships (e.g., a non-linear association for objective but linear 

association for self-reported activity and female BMI) and inflection point ranges (e.g., 90–

150 minutes for objective activity and 375–500 minutes for self-reported activity). More 

non-linear relationships were identified for objectively measured than self-reported MVPA. 

These differences may originate in the inherent limitations of each measure, such as 

overestimation of self-reported MVPA levels because of social desirability over a 30-day 
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period, whereas objective MVPA is collected over a shorter period of time and relies on 

achieving bouts of activity. The findings suggest that the type of PA measurement can affect 

clinical or public health activity recommendations (i.e. step counts or activity duration for 

PA goals).

Limitations

These findings should be considered in the context of some limitations. By using cross-

sectional NHANES data, causal inference is limited. For example, the authors were unable 

to assess the benefits of a previously inactive adolescent becoming active, which may have 

larger effects on cardiometabolic health. VO2 max values were estimated and therefore may 

not represent true cardiorespiratory fitness.28 In some associations, the directionality of the 

relationship may be reversed (e.g., high BMI influencing an adolescent’s PA level). 

Objective MVPA was collected using accelerometers worn between 3–7 days per prior 

validation studies, though measures may not be representative of adolescents’ typical 

activity level, including a potential Hawthorne effect.32,56

CONCLUSIONS

With overall low rates of adolescent PA, these new insights into dose–response relationships 

suggest that even incremental increases in PA have the potential to improve adolescent 

cardiometabolic health. This study highlights the urgency to develop strategies to increase 

adolescent PA and supports the “call to action” in PA guidelines that emphasize that any PA 

is better than none.16 The results also suggest that recommendations closer to adult 

guidelines of 150 weekly minutes of PA may be health promoting and also more attainable 

for youth than the current 1 hour/day recommendation for adolescents—a goal so high that it 

may be demotivating for some.57 Further investigation and causal studies are indicated 

before such a substantial change in guidelines for adolescents are enacted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Association between objective physical activity and cardiometabolic outcomes among 

adolescents (age 12‒19 years), NHANES 2003‒2006.

Notes: Unadjusted Models. Shading represents 95% CI.

SBP, systolic blood pressure; HDL, high density lipoprotein; NHANES, National Health and 

Nutrition Examination Survey.
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Figure 2. 
Association between self-reported recreational physical activity and cardiometabolic 

measures among adolescents (age 12‒19 years), NHANES 2007‒2016.

Notes: Unadjusted Models. Shading represents 95% CI.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high density lipoprotein; 

NHANES, National Health and Nutrition Examination Survey.
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Table 1.

Adolescent Sample Characteristics (Age 12‒19 Years), NHANES 2003‒2016

Characteristics Overall
(N=9,195)

% (95% CI)

Females
(N=4,456)

% (95% CI)

Males
(N=4,739)

% (95% CI)

Age, median (Q1, Q3) 14.8 (12.9, 16.7) 14.8 (13.0, 16.7) 14.7 (12.9, 16.7)

Race/Ethnicity

 Non-Hispanic White 58.5 (55.1, 61.8) 58.3 (54.9, 61.6) 58.7 (54.9, 62.4)

 Non-Hispanic Black 14.7 (12.8, 16.7) 15.0 (12.9, 17.1) 14.5 (12.5, 16.6)

 Mexican American 13.1 (11.2, 15.0) 12.9 (10.9, 14.9) 13.3 (11.3, 15.2)

 Other Hispanic 6.3 (5.3, 7.4) 6.5 (5.3, 7.7) 6.2 (5.0, 7.3)

 Other 7.4 (6.4, 8.4) 7.4 (6.3, 8.5) 7.4 (6.2, 8.6)

Federal poverty level ratio distribution

 <1 21.6 (19.7, 23.5) 22.3 (20.2, 24.5) 20.9 (18.7, 23.1)

 1‒1.9 22.2 (20.6, 23.8) 22.8 (20.7, 24.9) 21.7 (19.8, 23.6)

 2‒2.9 16.5 (15.2, 17.9) 17.1 (15.1, 19.2) 16.0 (14.3, 17.6)

 3‒3.9 13.8 (12.3, 15.3) 13.3 (11.5, 15.0) 14.3 (12.4, 16.1)

 ≥4 25.9 (23.6, 28.2) 24.5 (21.6, 27.3) 27.2 (24.6, 29.9)

 Missing 6.2 (5.3, 7.1) 6.4 (5.3, 7.5) 6.0 (5, 7.1)

Insurance coverage

 No insurance 11.9 (10.7, 13.1) 11.7 (10.2, 13.1) 12.1 (10.9, 13.3)

 Private insurance 58.8 (56.3, 61.3) 59.4 (56.5, 62.2) 58.3 (55.5, 61.1)

 Medicaid 20.0 (18.4, 21.7) 20.6 (18.7, 22.6) 19.4 (17.6, 21.3)

NHANES, National Health and Nutrition Examination Survey.
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Table 2.

Estimated Mean Change in Cardiometabolic Measures for Physical Activity in Adolescents (Age 12‒19 

Years), NHANES

Measure Objective activity

(150 vs 0 weekly minutes)
a

Self-report activity

(420 vs 0 weekly minutes)
b

Unadjusted
(SE)

Adjusted
(SE)

Unadjusted
(SE)

Adjusted
(SE)

Systolic blood pressure

 Female
−2.95 (0.99)

c −2.39 (1.01) 0.06 (0.37) 0.22 (0.36)

 Male
−4.27 (1.26)

c −2.92 (1.14)
−1.08 (0.56)

c 0.41 (0.51)

Diastolic blood pressure

 Female −1.45 (0.84) −1.54 (0.83)
−1.31 (0.70)

c −1.59 (0.66)

 Male −2.19 (0.72) −1.22 (0.67) −0.19 (0.31) −0.39 (0.30)

Total cholesterol

 Female −2.06 (3.20) −0.94 (3.46) −1.49 (1.02) −1.22 (1.05)

 Male 0.18 (1.64) −0.59 (1.85) −1.46 (0.85) −1.41 (0.87)

High density lipoprotein

 Female −0.47 (1.37) −0.08 (1.70) 0.96 (0.39) 1.01 (0.41)

 Male 3.27 (0.95) 2.06 (0.97) 1.13 (0.35) 1.16 (0.35)

BMI

 Female
−6.55 (1.98)

c −7.10 (2.15) −2.14 (0.55) −1.45 (0.59)

 Male
−7.26 (1.92)

c −7.65 (2.13) −0.30 (0.57) 0.01 (0.60)

VO2 max

 Female 0.99 (1.03) −0.11 (1.02)
N/A

d
N/A

d

 Male
5.74 (1.80)

c 7.05 (1.90)
N/A

d
N/A

d

Notes: Boldface indicates statistical significance (p<0.05). BMI represented as percent of the 95th percentile.

a
Data from NHANES 2003‒2006. Change in cardiometabolic measure at 150 weekly minutes (per adult physical activity guideline 

recommendations) compared to 0 minutes of activity.

b
Data from NHANES 2007‒2016. Change in cardiometabolic measure at 420 weekly minutes (per adolescent physical activity guideline 

recommendations) compared to 0 minutes of activity.

c
Indicates non-linear relationship.

d
Measure not available for survey years used for self-report physical activity data.

NHANES, National Health and Nutrition Examination Survey.
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