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Abstract

Purpose—Decreased cardiorespiratory fitness (CRF) is associated with an increased risk of 

cardiovascular disease. However, little is known how the interaction of diet, physical activity (PA), 

and sedentary time (ST) affects CRF among adolescents. By using a nationally-representative 

sample of U.S. adolescents, we used cluster analysis to investigate the interactions of these 

behaviors on CRF. We hypothesized that distinct clustering patterns exist and that less healthy 

clusters are associated with lower CRF.

Methods—We used 2003–04 National Health and Nutrition Examination Survey data for persons 

aged 12–19 years (N=1225). PA and ST were measured objectively by accelerometer, and the 

American Heart Association Healthy Diet Score quantified diet quality. V̇O2 max was measured by 

sub-maximal treadmill exercise test. We performed cluster analysis to identify sex-specific 

clustering of diet, PA, and ST. Adjusting for accelerometer wear-time, age, body mass index 

(BMI), race/ethnicity, and the poverty-to-income ratio, we performed sex-stratified linear 

regression analysis to evaluate the association of cluster with V̇O2 max.

Results—Three clusters were identified for girls and boys. For girls, there was no difference 

across clusters for age (p=0.1), weight (p=0.3), and BMI (p=0.5) and no relationship between 

clusters and V̇O2 max. For boys, the youngest cluster (p<0.01) had three healthy behaviors, 

weighed less, and was associated with a higher V̇O2 max compared with the two older clusters.
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Conclusions—We observed clustering of diet, PA, and ST in U.S. adolescents. Specific patterns 

were associated with lower V̇O2 max for boys, suggesting that our clusters may help identify 

adolescent boys most in need of interventions.
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INTRODUCTION

Approximately one in five adolescents in the United States is obese (body mass index ≥95th 

percentile, for age and sex).(1) Obesity often occurs simultaneously with low 

cardiorespiratory fitness (CRF). A low CRF in adolescence is associated an abnormal lipid 

profile, increased risk of metabolic syndrome, and increased arterial stiffness.(2, 3) While a 

number of non-modifiable factors influence CRF, it can be improved with a healthful diet, 

more physical activity (PA), and less sedentary time (ST).(4) Unfortunately, poor diet 

quality,(5) inadequate PA,(6) and excessive ST(7) are well-documented among U.S. 

adolescents.

Although each of these health behaviors is an independent risk factor for low CRF(3, 4) and 

cardiovascular disease,(8) co-occurrence of more than one of these risk factors may increase 

cardiovascular risk (as measured by CRF) than any of the factors alone.(9–12) Further, the 

effects of one health behavior may be influenced by another.(10, 11) One method to better 

understand the interplay of diet, PA, and ST is cluster analysis. Cluster analysis does not 

predefine groups, but rather identifies groups based on shared characteristics from the 

available data.(13) Understanding how these health behaviors cluster can help identify 

populations at greatest risk for cardiovascular disease and who would benefit most from 

targeted interventions.

Previous studies evaluating the clustering of different health behaviors in adolescents have 

been limited by a small sample size,(9, 12) reliance on self-report,(11, 14) or focused on 

populations outside the U.S.(11, 14) Objective measures of PA and ST are important because 

they more predictive of cardiovascular disease risk than self-reported data.(15, 16)

In this study, we use the 2003–2004 National Health and Nutrition Examination Survey 

(NHANES) as it includes a diverse population of 12–19 year olds that are representative of 

adolescents in the U.S. Further, it provides objective measurements of PA and ST using an 

accelerometer and an objective measure of cardiorespiratory fitness using a submaximal 

stress test, which is a validated predictor of maximal oxygen consumption ( V̇O2 max)1 in 

adolescents.(17, 18) We hypothesized that cluster analysis would allow U.S. adolescents to 

be grouped in a meaningful and reliable manner that would help identify sub-populations 

with elevated cardiovascular risk. We also hypothesized that clusters based on diet quality, 

PA, and ST would be associated with CRF.

1 V̇O2 max (mL/kg/min) is a continuous variable that represents the maximal oxygen uptake during intense exercise and was 

estimated from a submaximal exercise stress test.
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METHODS

We used data from the 2003–2004 NHANES cohort.(19) NHANES is an ongoing series of 

studies conducted by the National Center for Health Statistics that provides a representative 

sample of the U.S. civilian, non-institutionalized population. The selection of participants is 

through a complex, multistage probability design. The specifics of NHANES have been 

described.(20) The study was conducted according to the guidelines in the Declaration of 

Helsinki and all procedures involving human subjects were approved by the National Center 

for Health Statistics Institutional Review Board. Written informed consent was obtained 

from all participants 18 years of age and older. The NHANES protocol was developed and 

reviewed to be in compliance with the Health and Human Services Policy for Protection of 

Human Research Subjects (45 CFR part 46).

Dietary Intake and Quality Data

Dietary quality was obtained using NHANES 24-hour dietary recall data. NHANES 

participants underwent two 24-hour dietary recalls; the first consisted of an in-person 

interview on Day 1 at the mobile examination center (MEC), while the second occurred via 

a telephone interview conducted 3–10 days following Day 1. We only include those who 

completed the Day 1 24-hour recall as a majority of participants completed Day 1 testing at 

the MEC examination and the setting was consistent for all participants.

Each reported food or beverage is recorded based on a specific food code from the US 

Department of Agriculture Food and Nutrient Database for Dietary Studies (FNDDS). For 

the 2003–2004 survey, FNDDS 2.0 was used.(21)

A healthy eating score was then calculated to assess diet quality, as previously described by 

Lloyd-Jones et al. and consistent with the current Dietary Guidelines for Americans and 

American Heart Association recommendations.(22, 23) The healthy diet score sets ideal 

criteria for five constituents of dietary intake: fruits and vegetables (≥4.5 cups per day), fish 

(≥two 3.5-oz servings per week), fiber-rich whole grains (≥ three 1-oz equivalent servings 

per day), sodium (<1500 milligrams per day), and sugar-sweetened beverages (≤450 kcal 

(36 oz.) per week). The highest possible diet score is 5 (meeting all five components of the 

healthy diet criteria) and lower scores represent lower diet quality. This score was then used 

in the subsequent cluster analysis. The healthy eating score was then converted to a 

standardized z-score.

Measurement of Accelerometer-based Activity Level And Wear-Time

NHANES adolescents wore an Actigraph model 7164 accelerometer (Actigraph, LLC; Ft. 

Walton Beach, FL) over the right hip on an elastic belt for 7 days while awake. The 

accelerometer was to be removed only for swimming or bathing. The uniaxial Actigraph 

accelerometer measures and records vertical acceleration as “counts,” which reflect the 

intensity of PA associated with locomotion. Data were recorded in 1-min epochs for up to 7 

days. Details of the accelerometer protocol are available.(24)

Consistent with previous research, only those with at least four valid days of wear time were 

included in our analysis.(20) A valid day was defined as ≥10 hours of “wear time.” Wear 
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time was determined by subtracting non-wear time from 24 hours. Non-wear time was 

defined as any interval of zero intensity counts that lasted for at least 60 consecutive minutes 

with allowance for 1–3 consecutive minutes of counts between 0–100. Wear time was 

categorized and three of the intensity levels were used for analysis: 1) ST, 2) moderate-

intensity PA, and 3) vigorous-intensity PA. A composite variable, moderate-to-vigorous 

physical activity (MVPA), was defined as activity greater than or equal to the threshold for 

moderate activity. Intensity thresholds have previously been determined for those ≥18 years, 

with moderate intensity PA having ≥2020 counts/minute and vigorous activity having 

≥5999. For adolescents aged 12–17 years, different thresholds were used for each age group 

to adjust for differences in resting metabolic rates and are provided in Supplementary Table 

1.(25) A bout of exercise was defined as having >8–10 minutes above the pre-specified 

count thresholds and then quantified in mean minutes of activity per day. ST was defined as 

<100 counts per minute of wear time and quantified in mean minutes per day.(26) The SAS 

syntax for this procedure was provided by the National Cancer Institute.(27) The amount of 

time spent in MVPA and ST was then converted to a standardized z-score.

Cardiorespiratory Fitness

We used CRF as the outcome variable. CRF was estimated by a submaximal treadmill 

exercise test and quantified using V̇O2 max (mL/kg/min), which is a participant’s maximum 

rate of oxygen consumption during a stepwise exercise test. A participant’s predicted 

V̇O2 max determined which of the eight possible treadmill tests was used to measure 

V̇O2 max. The predicted V̇O2 max was based on the formula developed by Jackson, which 

incorporates the individual’s sex, age, body mass index (BMI), and self-reported level of PA.

(24, 28) Each protocol included a 2-minute warm-up, two 3-minute exercise stages, and a 2-

minute cool-down period. The goal of each protocol was to elicit a heart rate that was 75% 

of the age-predicted maximum (220 – age in years) by the end of the second stage. The heart 

rate was monitored continuously via four electrodes connected to the trunk and abdomen 

and was recorded at the end of warm-up, the end of each exercise stage, and during each 

minute of recovery. Blood pressure was measured using an STBP-780 automated 

sphygmomanometer (Colin Medical Instruments Corporation, San Antonio, TX). V̇O2 max

was estimated by extrapolation to an expected, age-specific maximal heart rate by using 

measured heart rate responses to the two 3-minute exercise stages. This assumes a linear 

relationship between heart rate and oxygen consumption during exercise. The procedures 

used in developing the standards for V̇O2 max have been described in detail.(29)

Other Covariates

Age, sex, and race/ethnicity were defined using self-reported demographic data from 2003–

2004 NHANES. We included non-Hispanic Whites, non-Hispanic Blacks, and Mexican 

Americans who reported a single racial identity because the group sample sizes were 

adequate for separate evaluation and estimates. The poverty-to-income ratio (PIR) compares 

family income to the Health and Human Services federal poverty threshold.(30) A PIR <1 

indicates that the family income is <130% of the poverty threshold, a PIR of 1–3 

corresponds to 131%-185% of the poverty threshold, and a PIR >3 corresponds to income 
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>185% of the poverty threshold. Weight and height were measured during the NHANES 

physical examination and used to calculate BMI (weight in kilograms divided by the square 

of the height in meters). A BMI between 85-<95th percentile was considered overweight and 

a BMI ≥95th percentile for age and sex was considered obese. Computer time and television 

time were obtained via self-report during the interview session. A physician obtained blood 

pressures using a manual sphygmomanometer with an appropriately sized arm cuff after 

participants rested 5 minutes in a seated position. Hypertension was classified as a systolic 

blood pressure ≥95th percentile for sex, age, and height.(31, 32) Triglycerides and total 

cholesterol were measured from venous samples using enzymatic reactions. High density 

lipoprotein cholesterol (HDL-cholesterol) and low-density lipoprotein cholesterol (LDL-

cholesterol) were measured from venous samples using a direct immunoassay method. The 

glucose concentration was determined by spectrophotometrically measuring the 

nicotinamide adenine dinucleotide concentration, which is directly proportional to the 

glucose concentration. Insulin was measured using the two-site immunoenzymometric assay. 

Using insulin and fasting plasma glucose, the homeostasis model assessment of insulin 

resistance (HOMA-IR) was used to estimate insulin resistance with the formula: fasting 

serum insulin (μU/ml) × fasting plasma glucose (mg/dL)/405.(33) Detailed specimen 

collection and processing instructions are described in the NHANES Laboratory Procedures 

Manual.(34)

Study Population

The 2003–2004 cohort was chosen because those aged 12–19 years were eligible to undergo 

a submaximal stress test and to wear an accelerometer with a non-missing sample weight. Of 

2303 eligible participants, 1600 completed a valid stress test. Of those, 141 were excluded 

from using an accelerometer because of impairments in walking or wearing the device as 

determined by NHANES. Of the remaining 1459 participants, 83 were excluded because the 

device was not in calibration and 119 did not have ≥four days of valid wear time. An 

additional four participants had invalid intensity counts. Of those with valid accelerometer 

data and a valid stress test, 20 participants were excluded because of a missing or invalid diet 

survey. Of the original 12–19-year-olds involved in the 2003–2004 NHANES cohort, 1233 

met our inclusion criteria.

Statistical Analysis

To account for the complex survey design of NHANES, we used sample weighting with 

SURVEY procedures in the statistical software package SAS version 9.4 (SAS Institute Inc., 

Cary, NC). Because of the differences in units, diet quality, ST, and MVPA were transformed 

to standardized z-scores. Scores above the mean were labeled “healthful” for diet and PA, 

whereas scores below the mean were labeled as “healthful” for ST. Patterns among these 

behaviors were then determined using latent class analysis. The patient clustering was an 

agglomerative hierarchical clustering approach where each patient formed his/her own 

singleton cluster and clusters were subsequently merged together. Utilizing Ward’s 

minimum variance method, the distance between two clusters was defined via Euclidean 

distances, and this distance was calculated between all possible combinations of two 

clusters. Clusters with the smallest distance were merged with new scores calculated. At 

each stage, the semi-partial R2 statistic was calculated to measure the loss of homogeneity 
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within clusters caused by the merging process. Clusters were derived for the overall 

population and sex-specific clusters were identified, with only data from sex-specific 

clusters shown. To ensure we created meaningful clusters, we tested the reliability of the 

clustered solution in a random subsample (50% of the sample) of the data and compared the 

degree of agreement between the clusters and the subsample using weighted kappa statistic. 

The 3-cluster solution gave a very good degree of agreement (kappa=0.91), while the 4-

cluster solution gave a slightly less degree of agreement (kappa=0.80). The sample-weighted 

χ2 test was used to compare baseline characteristics of the NHANES population across the 

different clusters for boys and girls. A sample-weighted F test was used to compare energy 

intake across the different clusters. Finally, we used sample-weighted, sex-stratified 

multivariate linear regression models to determine the association between the clusters and 

V̇O2 max, adjusting for accelerometer wear-time, BMI, age, race, and PIR as a categorical 

variable. Two-sided p values <0.05 were considered statistically significant.

RESULTS

The study population (N=1233) was composed of 48.5% girls and 12.6% Mexican 

American, 16.3% non-Hispanic blacks, and 71.2% non-Hispanic whites. The mean age of 

the population was 15.4 years (±0.7 years).

We identified three clusters for girls and three clusters for boys (Figure 1). For girls, Cluster 

1A had high diet scores, high levels of MVPA, and high levels of ST. Cluster 2A had high 

diet scores, low MVPA, and low ST. Cluster 3A had low diet scores, low MVPA, and a high 

ST.

For boys, Cluster 1B had high diet scores, high MVPA, and low ST. Cluster 2B had low ST, 

but poor diet quality and low MVPA. Cluster 3B had high diet scores, low MVPA, and high 

ST.

Most U.S. girls were in Clusters 2A and 3A (with a nearly equal distribution between the 

two), and significantly fewer girls were in Cluster 1A (Table 1). Cluster 1A had the highest 

proportion of Mexican Americans; whereas, Cluster 2A had the highest proportion of non-

Hispanic whites, and Cluster 3A had the highest proportion of non-Hispanic blacks 

(p<0.01). There was no difference in age distribution among clusters (p=0.13).

For boys, cluster 3B was older than those in the remaining clusters (p<0.01) (Table 1). 

Cluster 1B had the highest percentage of Non-Hispanic black adolescents (p<0.01), whereas 

Cluster 2B had the highest percentage of Mexican American (p<0.01) and non-Hispanic 

white (p<0.01) adolescents.

Among girls, there was no statistically significant difference in weight or BMI (p>0.05 

across clusters (Table 2). There was a statistically significant difference across the three 

clusters for diet quality, MVPA, and ST (p<0.01). Interestingly, although the objective 

measure of sedentary time was statistically significant, the self-reported sedentary behaviors, 

television time (p=0.88) and computer time (p=0.75), were not statistically significant across 

the clusters. Both systolic blood pressure (p=0.04) and diastolic blood pressure (p<0.01) 
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were statistically different across the clusters. There was no significant difference in 

estimated V̇O2 max across the clusters.

For boys, those in Cluster 3B had the highest weight (p<0.01). BMI increased across 

clusters, but was not statistically significant (p=0.08) (Table 3). There was a statistically 

significant difference across the clusters for diet quality, MVPA, and ST (p<0.01). While 

computer time was statistically different across the clusters (p=0.03), television time was not 

(p=0.79). Cluster 1B also had lower diastolic blood pressure (p=0.02) and higher HDL-

cholesterol (p<0.01). Systolic blood pressure increased across clusters, but was not 

statistically significant (p=0.08). Boys in Cluster 1B had the highest V̇O2 max (p<0.01).

In multivariable modeling, there was no association among clusters and V̇O2 max among 

girls (Table 4). Among boys, there was a statistically significant relationship among the 

clusters and V̇O2 max. For boys, Cluster 3B, which had the highest amount of ST, had the 

lowest V̇O2 max, even though it had highest diet scores and similar MVPA to Cluster 2B.

DISCUSSION

The present study uses objective measures to demonstrate that modifiable risk factors for 

cardiovascular disease cluster in clinically meaningful ways in U.S. adolescents. Consistent 

with previous research, this study shows that both healthful and unhealthful behaviors 

cluster together and that health behaviors cluster differently in boys and girls.(9–11) 

However, our findings are the first to demonstrate a correlation between clusters of health 

behaviors in boys with an objective measure of CRF, a strong predictor of cardiovascular 

and all-cause mortality.(2) Further, our study was the first to use objective measures of PA, 

ST, and CRF in an ethnically diverse, nationally representative sample of U.S. adolescents. 

By using objective measures, we overcome the limitations of self-reported data that were 

used in the prior studies.(9, 11, 12, 14) The clustering patterns seen in our study emphasize 

the importance of holistic interventions that target multiple health behaviors.(16)

Our findings suggest that there is a need for lifestyle interventions that target younger 

adolescent boys in order to help them maintain healthful behaviors. For boys, Cluster 1B 

was the youngest cluster and had healthful behaviors across all three domains. 

Unfortunately, it was also the smallest cluster, comprising only 10.3% of boys. As in 

previous studies, we show significant changes in health behaviors occur during adolescence, 

particularly in regards to MVPA and ST.(4, 6, 9, 20, 35, 36) Unfortunately, this is also a time 

of reduced contact with health care providers, which makes intervening more challenging.

(37)

Additionally, our study demonstrates the need to target girls who do not have any healthful 

behaviors. Although, more than half of U.S. adolescent girls had at least two healthful 

behaviors, 44.7% of girls had no healthful behaviors. For girls, screening for dietary quality, 

PA, and ST in the clinical setting may identify those in greatest need of intervention. 

Moreover, non-Hispanic black girls were disproportionately in the cluster with no healthful 

behaviors, highlighting an at-risk population in need of effective, targeted interventions.(38)
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Our work also suggests the synergistic effects of MVPA and ST in predicting CRF. Among 

both girls and boys, there were clusters with disparate levels of MVPA and ST. This is 

consistent with previous findings that increased MVPA does not necessarily displace ST.(10) 

Only when both high MVPA and low ST were present (Cluster 1B) were the clusters 

predictive of CRF. This was true even if a high MVPA was associated with a healthful diet. 

Although previous research has found that there is increased caloric intake with increased 

levels of ST, our study suggests for U.S. adolescents, a healthful diet can be associated with 

both high and low levels of ST.(10, 14, 36)

Finally, the various combinations of health behaviors in our study emphasize the importance 

of holistic interventions addressing all aspects of a healthful lifestyle including diet, MVPA, 

and ST.(39) Including tools and strategies to reduce ST in multifaceted interventions will 

likely increase the effectiveness of interventions in adolescents and not be overly resource 

intensive.(39)

Limitations

The study had certain limitations. First, as a cross-sectional study we cannot comment on 

causation between CRF and the independent variables. Second, a submaximal treadmill test 

is inferior to a symptom-limited exercise test because it relies on more assumptions. 

However, the submaximal stress test has a fairly high correlation between estimated and 

measured V̇O2 max. (17, 18) Third, we used cluster analysis rather than latent class analysis, 

despite that cluster analysis is more subjective. However, the 3-cluster solution had the 

highest level of agreement and is likely easier to use than having more clusters. Lastly, there 

are limitations of our dataset. The accelerometer data available in this dataset was in 1-

minute epochs, rather than 30 second epochs, which are typically used to measure the 

shorter periods of activity in adolescents. Similarly, although a more comprehensive diet 

survey would provide more accurate information on a participant’s diet, the 24-hour diet 

recall provides high quality data.(40)

CONCLUSIONS

In conclusion, we find that modifiable risk factors for cardiovascular disease cluster in a 

meaningful manner and that healthful characteristics do not necessarily cluster together. For 

boys, our clusters are associated with CRF, but the clusters are not associated with CRF for 

girls. In boys, interventions that start before adolescence are needed to prevent the 

development of unhealthful behaviors. For girls, resources should be focused on the cluster 

of girls with no healthful behaviors, as this group is at particular risk. Further, holistic 

interventions that improve the diet, increase PA, and reduce ST are likely needed in order to 

have appreciable effects on cardiovascular health.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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BMI Body mass index

CRF cardiorespiratory fitness

MVPA moderate-to-vigorous physical activity

NHANES National Health and Nutrition Examination Survey

PA physical activity

ST sedentary time

V̇O2 max maximal oxygen consumption
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Implications and Contribution

Diet, physical activity, and sedentary time affect cardiorespiratory fitness independently 

and in concert. This study uses objective measurements of these variables in cluster 

analysis of a nationally representative cohort of adolescents. Clusters contained both 

healthy and unhealthy behaviors and are predictive of cardiorespiratory fitness.
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Figure 1. 
Standardized z-scores for each of the health behaviors by cluster
aST, “healthy” is characterized by a negative z-score (z-score below the mean). Sedentary 

time, moderate activity, vigorous activity, and total moderate-vigorous activity were 

obtained by accelerometer.
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Table 2

Cardio-metabolic factors and health behaviors for girls in 2003–2004 NHANES, aged 12–19 years

Cluster 1Aa Cluster 2A Cluster 3A p

N=48 N=318 N=261

Mean (SD) Mean (SD) Mean (SD)

Weight (kg) 59.9 (2) 60.1 (1.26) 62.3 (1.86) 0.34

BMI (kg/m2) 23 (0.7) 23.1 (0.4) 23.8 (0.7) 0.45

BMI, 85th – <95th percentileb 17.8% (8) 18.7% (3.9) 15.7% (2.1) 0.78

BMI, ≥95th percentilec 9% (6.3) 14.7% (3.1) 15.1% (4.3) 0.81

Waist-to-Height Ratio 0.49 (0.01 0.5 (0.01) 0.5 (0.01) 0.76

Blood pressure, systolic (mm Hg) 104.6 (1.6) 104.5 (0.8) 106.5 (1) 0.04

Blood pressure, diastolic (mm Hg) 58.7 (1.9) 60 (0.7) 62.6 (0.5) <0.001

Blood pressure, ≥95th percentiled 0% (0) 0.7% (0.3) 2% (1.2) N/A1

Cholesterol, total (mg/dL) 175.6 (4.7) 164.4 (2) 162.9 (2.8) 0.16

Triglycerides (mg/dL) 57.4 (2.8) 56.3 (1.1) 82.2 (7.9) 0.12

HDL (mg/dL) 57.4 (2.8) 56.3 (1.1) 56.2 (1.1) 0.82

LDL (mg/dL) 105.9 (9.2) 86.5 (2.2) 90.5 (3.6) 0.81

Insulin (uU/mL) 12.9 (1.6) 11.6 (0.6) 11.4 (0.8 0.51

Glucose, fasting (mg/dL) 87 (1.2) 88.6 (1.1) 87.5 (1.1) 0.52

Glycohemoglobin (%) 5.2 (0.1) 5.1 (0.01) 5.1 (0.02) 0.33

HOMA-IR 2.8 (0.4) 2.6 (0.2) 2.5 (0.2) 0.43

Caloriese (kcal/day) 2161 (106.8) 1974 (40.3) 2047 (44.4) 0.78

Computer timee (hr) 1.3 (0.3) 1.1 (0.1) 1.2 (0.1) 0.75

Television timee (hr) 2.2 (0.6) 2.2 (0.1) 2.2 (0.2) 0.88

Sedentary timef (mins) 472 (40.3) 351 (8.6) 524 (4.6) <0.001

Diet scoreg 0.2 (0.1) 0.3 (0.1) −0.4 (0.03) <0.001

Sedentary timef 0.3 (0.3) −0.7 (0.1) 0.7 (0.04) <0.001

Vigorous physical activityf (min/d) 27.6 (8.9) 1.77 (0.8) 0.75 (0.3) 0.010

Moderate physical activityf (min/d) 124 (38.8) 14.3 (1.9) 11.9 (2.3) <0.008

MVPAg 2.9 (0.5) −0.2 (0.1) −0.3 (0.05) <0.001

Estimated V̇O2 maxh (ml/kg/min)
38.3 (1.2) 36.9 (1) 37.6 (0.7) 0.69

a
Cluster 1A: high diet scores, high MVPA, high sedentary time. Cluster 2A: high diet scores, low MVPA, and low sedentary time. Cluster 3A low 

diet scores, low MVPA, and high sedentary time.

b
Percentage of participants with a BMI ≥85th to <95th percentile based on age and gender.

c
Percentage of participants with a BMI ≥95th percentile based on age and gender.

d
Percentage of participants with a systolic and/or diastolic blood pressure ≥95th percentile based on age, gender, and height.

e
Caloric intake, duration of computer time and television time are self-reported.
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f
Sedentary time, moderate physical activity, and vigorous physical activity determined using an accelerometer.

g
Diet score, Sedentary time, and MVPA are reported as normalized z-scores.

h
Estimated V̇O2 max, obtained from a submaximal cardiopulmonary exercise test.

i
Sample size did not allow statistical comparison across categories.
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Table 3

Cardio-metabolic factors and health behaviors for boys in 2003–2004 NHANES, aged 12–19 years

Cluster 1Ba Cluster 2B Cluster 3B p

N=99 N = 360 N=194 N/A

Mean (SD) Mean (SD) Mean (SD)

Weight (kg) 62.2 (2.7) 70.4 (1.2) 73.7 (2.1) 0.003

BMI (kg/m2) 21.9 (0.6) 23.6 (0.3) 24 (0.6) 0.06

BMI, 85th − <95th percentileb 16.5% (5.3) 18% (3.8) 21.3% (5.3) 0.8

BMI, ≥95th percentilec 12.3% (4.8) 20.7% (1.7) 15.2% (4.8) 0.33

Waist-to-Height Ratio 0.46 (0.01) 0.48 (0.01) 0.48 (0.01) 0.40

Blood pressure, systolic (mm Hg) 111.1 (1) 112.1 (0.9) 114.1 (1.2) 0.08

Blood pressure, diastolic (mm Hg) 54.4 (1.8) 57.8 (1) 61.1 (1.4) 0.02

Blood pressure, ≥95th percentiled 1.7% (1.1) 2.2% (1.1) 2.3% (1.4) 0.96

Cholesterol, total (mg/dL) 159.9 (3.7) 155 (2.9) 161.2 (4.5) 0.46

Triglycerides (mg/dL) 75.7 (6.6) 97.6 (4.4) 105.5 (12.2) 0.17

HDL (mg/dL) 53.1 (1.7) 48.8 (1.1) 46.9 (1) 0.002

LDL (mg/dL) 88.5 (7.6) 86.3 (3.1) 96.6 (6.9) 0.24

Insulin (uU/mL) 10.4 (1.3) 12.2 (1.2) 13.8 (3.8) 0.53

Glucose, fasting (mg/dL) 88 (1.1) 92.3 (0.8) 92.4 (1.3) 0.13

Glycohemoglobin (%) 5.2 (0.03) 5.2 (0.01) 5.1 (0.03) 0.02

HOMA-IR 2.3 (0.3) 2.8 (0.3) 3.7 (1.4) 0.42

Caloriese (kcal/day) 2786 (180.1) 2684 (74.7) 2797 (136.7) 0.69

Computer timee (hr) 0.9 (0.2) 1 (0.1) 1.5 (0.2) 0.03

Television timee (hr) 2.4 (0.2) 2.2 (0.1) 2.3 (0.1) 0.79

Sedentary timef (mins) 354 (8.1) 353 (10.5) 558 (16.1) <0.001

Diet scoreg 0.3 (0.2) −0.4 (0.1) 0.6 (0.1) 0.001

Sedentary timef −0.4 (0.1) −0.4 (0.1) 1 (0.1) <0.001

Vigorous physical activityf (min/d) 26 (4.1) 3.7 (1) 4.3 (1.4) 0.001

Moderate physical activityf (min/d) 166.1 (11.7) 35.2 (4) 30.3 (5.6) <0.001

MVPAg 1.7 (0.1) −0.4 (0.04) −0.4 (0.1) <0.001

Estimated V̇O2 maxh (ml/kg/min)
49.7 (1.4) 44.8 (0.7) 43.3 (0.9) 0.005

a
Cluster 1B: high diet scores, high MVPA, and low sedentary time. Cluster 2B: low sedentary time, poor diet quality and low MVPA. Cluster 3B: 

high diet scores, low MVPA, and high sedentary time.

b
Percentage of participants with a BMI ≥85th to <95th percentile based on age and gender.

c
Percentage of participants with a BMI ≥95th percentile based on age and gender.

d
Percentage of participants with a systolic and/or diastolic blood pressure ≥95th percentile based on age, gender, and height.

e
Caloric intake, duration of computer time and television time are self-reported.
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f
Sedentary time, moderate physical activity, and vigorous physical activity determined using an accelerometer.

g
Diet score, Sedentary time, and MVPA are reported as normalized z-scores.

h
Estimated V̇O2 max, obtained from a submaximal cardiopulmonary exercise test.
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