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ABSTRACT

WHITE, D. A., E. A. WILLIS, L. T. PTOMEY, A. M. GORCZYCA, and J. E. DONNELLY. Weekly Frequency of Meeting the Physical
S Activity Guidelines and Cardiometabolic Health in Children and Adolescents. Med. Sci. Sports Exerc., Vol. 54, No. 1, pp. 106—112, 2022.
The current physical activity (PA) guidelines for children and adolescents in the United States recommend >60 min of moderate- to vigorous-
intensity PA (MVPA), 7 d-wk " for cardiometabolic health (CmH) benefits. Although the duration and intensity components of the PA guidelines
have been rigorously studied, the frequency (7 d-wk ') component has not been thoroughly researched. Purpose: This study aimed to examine the
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association of the frequency component of the weekly PA guidelines on CmH in youth. Methods: Cross-sectional accelerometer data from the
2003-2006 National Health and Nutrition Examination Survey included youth age 6-18 yr with >4 d, >10 h of wear time, and averaging
>60 min-d ' of MVPA (n = 656). Participants were categorized into quartiles based on the proportion of days where they met the guidelines
(>60 min of MVPA). CmH variables were categorized as weight status/body anthropometrics, blood pressure, cholesterol, and fasting serum lab-
oratory results. Propensity score weighting was applied to quartiles, and general linear modeling was used to compare associations of quartiles
with CmH variables. Results: Results are displayed as percent of days meeting guidelines (DMG; 95% confidence interval): MVPA in minutes
per week: Q1 (1 = 156; DMG = 45.8% (43.4%-48.1%); MVPA 467.5, min'wk '), Q2 (n = 165; DMG = 62.6% (61.6%63.7%); MVPA,
474.4 min'wk "), Q3 (n = 148; DMG = 75% (74.1%—75.8%); MVPA, 446.5 min'wk ), Q4 (n = 187; DMG = 92.2% (87.7%-96.6%); MVPA,
4532 min'wk ). After adjusting for confounders and multiple comparisons, there were no clinically significant differences in weight status/body
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anthropometrics, blood pressure, cholesterol, or fasting serum laboratory results between DMG quartiles. Conclusions: We found no association
between the proportion of DMG and CmH in children and adolescents. Our study suggests that achieving an overall weekly average of 60 min-d ™'
of MVPA seems to be sufficient for CmH regardless of the 7 d'wk ' frequency requirement of the PA guideline. Key Words: YOUTH,
WEEKEND WARRIOR, NHANES, METABOLIC SYNDROME, MVPA
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EPIDEMIOLOGY

he 2018 Department of Health and Human Services

(DHHS) physical activity (PA) guidelines for Americans

recommend children and adolescents 6—17 yr old par-
ticipate in moderate- to vigorous-intensity (MVPA) aerobic
activities for >60 min-d ' and muscle/bone strengthening ac-
tivities at least 3 d-wk ' to support cardiometabolic health
(CmH) and reduce the risk of developing obesity (1,2). This
PA guideline and other similar PA guidelines are based on
the frequency, intensity, time, and type (FITT) principle with
specific recommendations for days per week, duration, inten-
sity, and modality. Although evidence exists to support the
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benefits of the intensity, duration (time), and modality (type)
components of the child/adolescent guideline for CmH and
risk of obesity (1,2), there is very little evidence supporting
the frequency component of the guideline. The frequency
component of the DHHS guideline is based on the “daily min-
imum method” (3) where children and adolescents are required
to participate in MVPA all 7 d of the week for >60 min-d " to
sufficiently meet the guideline. Other PA guidelines, including
those of the United Kingdom’s National Health Service (4) and
the World Health Organization (5,6), use a “weekly average
method,” where children and adolescents can participate in an
average of 60 min-d ' of MVPA throughout the week, allowing
for some day-to-day flexibility.

In adults, the 2008 PA guidelines transitioned from MVPA
5d-wk " for 30 min (daily minimum method) to 150-300 min-wk
(weekly sum method), which remains in the newest DHHS
guideline (1). Experts hypothesized that eliminating the mini-
mum weekly frequency requirement would allow for greater
flexibility, permitting adults to customize their weekly rou-
tines to meet the PA guidelines in a way that aligns with their
schedule (7-9). The 2008 adult guidelines were supported by
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evidence suggesting that accumulating PA in longer duration
sessions, but fewer times per week (i.e., “weekend warriors™)
led to a similar reduction in cardiometabolic disease—related
mortality than those who are regularly physically active
3 d'wk 1) (9-11).

Although recommending >60 min of MVPA on all 7 d-wk !
may help to reinforce formation of daily PA routines/active life-
styles in children and adolescents, the daily frequency require-
ment may not be feasible for many families. Youth are engaging
in more nonsport extracurricular activities, leading to increased
levels of stress over homework and academic performance (12).
In addition, parental employment demands, especially shift
workers with irregular hours, may not have the ability to encour-
age or support PA participation all 7 d-wk ' (13). Thus, many
families may focus PA participation to less-busy days of the week,
where, in some cases, the weekly sum volume of MVPA may be
the same or greater than peers engaging in 60 min of MVPA daily.

To our knowledge, there is no research exploring the weekly
frequency component of the PA guidelines on CmH and obe-
sity in children and adolescents. Unlike the population of adults
in the weekend warrior studies, cardiometabolic disease—related
mortality is extremely rare in youth. Because of the positive as-
sociation between obesity and risk factors for cardiometabolic
disease in childhood and mortality in adulthood, between-group
differences in CmH variables and obesity were chosen as the pri-
mary outcome for this study (14,15). The purpose of this study
is to examine the association of the weekly frequency compo-
nent of the PA guidelines on CmH in children and adolescents.
Our hypothesis is rooted in the findings of the weekend war-
rior studies, where weekly frequency of meeting the guidelines
will have no significant association with on CmH or weight status.

METHODS

Participants. Cross-sectional data were examined from
the 2003-2004 and 2005-2006 Centers for Disease Control
and Prevention and the National Health and Nutrition Exami-
nation Survey (NHANES), a series of studies examining health
and nutritional status through interviews, surveys, and physical
examinations in a nationally representative sample of children,
adolescents, and adults from the United States. NHANES par-
ticipants were included if the following conditions were met:
1) child or adolescent, without pregnancy or any known dis-
ease or limitation preventing participation in normal PA; 2)
6—18 yr old; 3) completed blood laboratory assessments; and
4) participated in an assessment of PA via accelerometry
(16). Of the n = 4020 participants who met these criteria,
n = 1257 were excluded for not meeting minimum accelerom-
eter wear time requirements of >4 d with >10 h of valid wear
time. In addition, we excluded participants who did not meet
the overall recommendations for PA (accumulated an average
of <60 min of MVPA per valid day), leaving n = 656 for anal-
ysis. Because of fasting requirements at the time of blood col-
lection, n = 352 children age 611 yr were excluded from the
analysis of triglycerides, glucose, and insulin but remained in
the analysis for all other variables. All participants provided

written consent and assent, and research ethics approval was
granted by the National Center for Health Statistics.
Cardiometabolic health. Variables representing CmH
were organized into four categories: 1) weight status and body
anthropometrics (body mass index (BMI) percentile, waist cir-
cumference (WC) percentile, waist-to-height ratio (WTHR);
2) blood pressure (systolic and diastolic blood pressure (mm
Hg); 3) cholesterol (total cholesterol, HDL (mg-dL™"); and 4)
fasting serum laboratory results (LDL, triglycerides, glucose
(mg-dL™"), insulin (uU-mL""). All measurements were collected
by a trained research team member in the NHANES mobile
examination center with detailed descriptions of all data collection
procedures described in the NHANES examination protocol (16).
Weight status and body anthropometric variables were cal-
culated using weight (kg) and height (cm). Weight, height,
age, and sex were used to calculate BMI percentile (17). Ab-
dominal WC was measured at the level of the iliac crest to
the nearest 0.1 cm and was used to calculate WC percentile
and WTHR (18). Blood pressure was measured three to four
times after a minimum of 5-min resting quietly in the sitting
position by a trained blood pressure examiner. Cholesterol
measures were collected via serum blood and shipped to Johns
Hopkins Medical Center in Baltimore, MD, for analysis. LDL
cholesterol was calculated using the Friedewald equation (19),
which requires a triglyceride value. Fasting serum laboratory
results were also collected via serum blood and shipped to
the University of Missouri in Columbia, MO, for analysis. As
per NHANES protocol, fasting triglycerides, glucose, and insu-
lin were collected in participants age 12—18 yr; thus, values for
subjects <11.9 yr were not included in this analysis. Specific
cholesterol and fasting serum laboratory analysis procedures
and methods are described in detail elsewhere (16).
Physical activity. Device-based measures of PA were col-
lected via an ActiGraph AM-7164 (Fort Walton Beach, FL)
accelerometer. Participants were provided with materials de-
scribing the accelerometer and how to wear the device by a
trained member of the research team. They were instructed
to wear the accelerometer on a custom-fitted elastic strap around
the waist, over the right hip for 7 consecutive days, only allowed
to remove the device for water activities such as swimming and
bathing/showering and sleeping. The PA data were screened
for outliers and/or unreasonable values by the NHANES study
team. Accelerometer counts were summed and stored at 60-s
epochs, and nonwear time was defined as >60 consecutive mi-
nutes with 0 counts per minute, with allowance for 1 to 2 min
of accelerometer counts between 0 and 100. Sedentary time
was classified as valid wear time with accelerometer counts
<100. Inclusion criteria for wear time and counts per minute
were derived from Troiano et al. (20). Cut points for MVPA
described by Evenson et al. (21) were used to classify PA in-
tensity as follows: sedentary, <100 counts per minute; light-
intensity PA, >100 counts per minute; moderate-intensity
PA, >2296 counts per minute; and vigorous-intensity PA,
>4012 counts per minute. The Evenson cut points were chosen
because they have demonstrated acceptable classification accuracy
for all four levels of PA intensity in children and adolescents (22).
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PA frequency and statistics. To obtain population-
representative findings, 2-yr sample weights for each NHANES
cycle were combined to provide 4-yr weights for the 20032006
survey periods. Because of the nonrandom absence of participants
from our sample after we applied the exclusion criteria, new sam-
ple weights were calculated based on age, sex, and race/ethnicity.

The proportion of valid days meeting guidelines (=60 min
of MVPA) was calculated. Participants were then categorized
into quartiles based on the proportion of valid days meeting
guidelines. Because of this study being observational, partici-
pants cannot be randomized to a specific frequency of meeting
guidelines; therefore, differences in respondent characteristics,
which in a randomized trial would be assumed to be null,
might explain the observed effects. Therefore, propensity score
weighting was utilized to eliminate the differences in the ob-
served characteristics (e.g., age, sex, total MVPA, etc.) between
participants in each quartile group. Covariates included in the
propensity score model included categorical variables for sex
(male/female), age (69, 10-13, and 14-18 y), asthma (yes/no),
physical disability (yes/no), assessment period (November 1
through April 30 and May 1 through October 31), and quar-
tiles of poverty-to-income ratio (23-25). A continuous vari-
able for total weekly MVPA was also included. Missing values
for covariates in the propensity score model were treated as a sep-
arate category. The obtained propensity score weights were then
combined with the 2-yr sample weights by multiplying the two
weights together. Weights that were more than five times the
mean weighted value (weight limit) were considered an outlier
weight, and that weight was trimmed by making it equal to the
weight limit. To show how comparable the quartiles were after
applying the propensity score weights, a calculation was made
of the maximum standardized mean difference for each variable

TABLE 1. Maximum standardized effect sizes for unweighted and propensity score weighted
covariates.

Unweighted Weighted
Maximum Standard Maximum Standard
Effect Size Effect Size

Age, yr

6-9yr 0.04 0.08

10-13yr 0.02 0.05

1418 yr 0.02 0.03
Female (%) 0.04 0.04
Race/Ethnicity (%)

Mexican American 0.01 0.01

Non-Hispanic Black 0.02 0.02

Non-Hispanic White 0.02 0.02

Other 0.01 0.01
Poverty-to-income ratio

Quartile 1 0.01 0.01

Quartile 2 0.01 0.04

Quartile 3 0.03 0.05

Quartile 4 0.01 0.02

Missing 0.01 0.01
Asthma (yes) 0.01 0.01
Physical disability (yes) 0.01 0.02
Total MVPA (min-wk™")

Quartile 1 0.35 0.00

Quartile 2 0.02 0.02

Quartile 3 0.07 0.02

Quartile 4 0.29 0.01
Assessment period 0.01 0.04

MVPA, moderate-to-vigorous physical activity.

used to create the weights (Table 1), and absolute maximum
standardized differences greater than 0.20 are considered moderate
effect size differences (26). To obtain a more robust estimation, the
covariates with lingering imbalances (absolute maximum stan-
dardized differences >0.20) were added to the final models.

All outcome variables were checked for outliers (twice the
interquartile range). Values outside this range were set to miss-
ing. A series of general linear models were conducted to com-
pare the associations of the following variables between the
identified quartiles: WC, BMI percentile, blood pressure, total,
LDL and HDL cholesterol, triglycerides, glucose, and insulin.
Linear contrast tests were used to examine the linear trends
across quartiles. Missing values for covariates were treated
as a separate category. Serum blood values and blood pressure
outcomes were controlled for BMI percentile. All main associ-
ations and trends were considered significant at P < 0.05. Mul-
tiple comparisons for all were accounted for by using the false
discovery rate method (i.e., the expected proportion of type I
errors among significant findings) to obtain adjusted P values.
Analyses were conducted using SAS (version 9.4; SAS Inc.,
Cary, NC), and PROC SURVEYFREQ, SURVEYMEANS,
and SURVEYREG procedures were used to account for sam-
pling strata, the primary sampling unit, and individual com-
bined propensity and sampling weights.

RESULTS

In the analytic sample, mean age was 9.9 yr (range, 6—18 yr),
74% of participants were male, and 56% were non-Hispanic
White. Participants in the analytic sample were more likely
to be male, be younger, and have lower BMI percentile
compared with all potentially eligible participants (Table 2).
However, there were no substantial differences in race/ethnicity,
poverty-to-income ratio, having asthma, or having a physical
disability (Table 2) between the analytic and eligible samples.

Table 3 shows the PA and accelerometer characteristics by
quartile of proportion of days meeting PA guidelines. The mean
proportion of valid days meeting the guideline (i.e., frequency
of meeting the guideline (60 min-d"' of MVPA)) for each quar-
tile is as follows: quartile 1, 45.8%; quartile 2, 62.6%; quartile 3,
75.0%; and quartile 4, 92.2% (Table 3). For the whole sample,
average MVPA was 80.7 min-d”' or 460.4 min-wk .

Table 4 displays the differences in CmH variables by percentage
of days meeting MVPA guideline quartiles. Before adjustment
for multiple comparisons, LDL cholesterol and triglycerides were
significantly different across quartiles, and there was a signif-
icant P for trend in diastolic blood pressure and diastolic blood
pressure percentile. However, after adjusting for multiple compar-
isons, significant between-quartile differences for LDL cholesterol,
triglycerides, and the diastolic blood pressure were no longer ob-
served. However, a statistically significant trend in diastolic blood
pressure percentile remained after adjustment for multiple com-
parisons, although this is likely of little clinical significance.

DISCUSSION

The 2018 DHHS PA guidelines for children and adolescents
utilize a daily minimum requirement where meeting the
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TABLE 2. Population-weighted characteristics of the eligible sample and the analysis sample of US youth age 6 to 18 yr (NHANES 2003-2006).

Eligible Sample Analysis Sample
Descriptive Variables n Mean 95% CL n Mean 95% CL
Age (yr) 2820 1.4 11.2 11.6 622 9.9 95 104
Weight (kg) 2809 479 46.8 49.0 621 39.0 36.8 411
Height (cm) 2807 149.3 148.3 1504 620 141.6 139.0 1442
BMI (%ile) 2807 63.5 61.3 65.7 620 58.0 54.6 615
n Pct. 95% CL n Pet. 95% CL
Female 1407 49.2 46.9 516 144 26.3% 213 31.3
Race/Ethnicity
Mexican American 923 134 9.2 175 187 141 8.8 194
Non-Hispanic Black 961 14.9 1.2 185 256 19.9 13.6 26.1
Non-Hispanic White 719 60.5 53.5 67.5 130 55.0 46.1 63.9
Other 217 1.3 84 141 49 11.0 7.0 15.0
Poverty-to-income ratio
Quartile 1 (<0.80) 853 20.7 17.5 239 203 23.0 1741 28.9
Quartile 2 (0.80-1.40) 712 20.7 18.5 229 175 20.7 16.1 25.4
Quartile 3 (1.41-2.31) 653 28.0 25.5 30.6 127 271 21.0 33.3
Quartile 4 (>2.32) 504 285 239 33.0 100 27.9 205 35.3
Missing 98 21 13 29 17 12 04 21
Asthma
Yes 464 15.6 13.6 17.5 124 20.2 16.4 239
No 2352 84.4 82.4 86.4 498 79.8 76.1 83.6
Missing 4 0.1 0.0 0.1 0 0.0 0.0 0.0
Physical disability
Yes 131 4.2 3.1 5.3 24 36 12 6.0
No 2689 95.8 94.7 96.9 598 96.4 94.0 98.8
Missing 0 0.0 0.0 0.0 0 0 0 0

Significant difference between eligible and analytic sample.
BMI, body mass index; CL, confidence limits; %ile, percentile.

guideline requires >60 min of MVPA all 7 d of the week. The
purpose of this study is to examine the association between
the frequency component of the PA guidelines on CmH in chil-
dren and adolescents. As we hypothesized, the results of this
study found no clinically significant differences in CmH vari-
ables between children and adolescents who accumulated
60 min of MVPA daily (92% of valid days) and those who ac-
cumulated the same weekly volume of MVPA but concen-
trated into fewer days of the week (42% of valid days).

We are unaware of other research exploring weekly frequency
of meeting the PA guidelines on CmH in children and adolescents
to which we can compare our findings. Unlike the adult studies
examining weekly frequency of participating in MVPA, we
were not able to analyze the risk of mortality. However, research
has demonstrated that CmH risk factors and obesity in childhood
are positively associated with mortality in adulthood (14,15).

Previous studies in adults that measured the association be-
tween mortality and participation in 150 min‘wk ' of MVPA

most or all days of the week versus participating in 150 min-wk '
of MVPA concentrated into fewer days of the week (i.e.,
weekend warriors). The authors observed little to no differ-
ence in the risk of mortality between sufficiently active adults
who participated MVPA throughout the week and the week-
end warriors (9—11). Lee and colleagues (10) studied the risk
of mortality in adults classified as sedentary, insufficiently ac-
tive, regularly active, or weekend warriors and found that as
long as the PA generated an energy expenditure of 1000 kcal-wk
regardless of PA frequency, it was effective in lowering
mortality in those with fewer baseline risk factors. Research
by Shiroma and colleagues (11) support the conclusions of
Lee et al. demonstrating that adults who were classified as
weekend warriors had reductions in the risk of mortality,
even in those who were only active 1-2 d-wk '. O’Donovan
et al. (9) studied all-cause mortality, cardiovascular disease
mortality, and cancer mortality in >63,000 adults from the Health
Survey for England and the Scottish Health Survey and found

TABLE 3. Average accelerometer data of the analysis sample of US youth age 6 to 18 yr (NHANES 2003-2006).

Quartile 1 (n = 156)

Quartile 2 (n = 165)

Quartile 3 (n=148) Quartile 4 (n=187)

Variable Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL P
Days meeting guidelines (% of total days)? 458 434 48.1 62.6 61.6 63.7 75.0 74.1 75.8 92.2 87.7 96.6  <0.0001
Wear days (d-wk™")? 5.6 5.2 59 6.1 6.0 6.2 5.6 5.2 6.0 5.6 48 6.4 0.001
Wear time (min-wk™") 8478 8130 8827 8833 8521 9146 8837 8537 9137 8766 8475 9057 0.196
Average intensity (counts per minute) 7754 6287 9222 7055 6778 7332 7522 7118 7926 7466 6948  798.3 0.140
Sedentary (min-wk™") 384.1 3366 4316 4066 3797 4335  384.1 3534 4148 3541 3118 3964 0.190
LPA (min-wk™")d 3799 3632 3967 3988 3825 4151 4189 3934 4445 4422 4156 4688  <0.0001
MVPA (min-wk™") 83.8 66.9 1006 77.9 75.1 80.7 80.7 771 84.2 80.2 72.9 87.5 0.679
Total weekly MVPA (min-wk™") 4675 3482 5867 4744 4533 4954 4465 4244 4685 4532 3612 5452 0.200

4P < 0.0001 for all comparisons.

Q1 vs @2, P< 0.05.

“Q1 vs Q4, P<0.0001.

02 vs Q4, P < 0.05.

CL, confidence limits; LPA, light physical activity; MVPA, moderate-vigorous physical activity.
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TABLE 4. Adjusted means (95% CL) for continuous CmH variables across quartiles of MVPA days meeting guidelines in US youth age 6 to 18 yr (NHANES 2003-2006).

Quartile 1 Quartile 2 Quartile 3 Quartile 4
Variable n  Mean 95% CL n  Mean 95% CL n  Mean 95% CL n  Mean 95% CL P P-Trend?
Weight status and body anthropometrics
BMI (%ile) 155 607 513 702 163 568 492 644 148 574 510 639 187 579 489 670 0929 0626
WG (cm) 152 689 653 725 163 662 633 690 144 656 635 677 18 630 569 691 0567 0235
WC (%ile) 144 524 44.4 604 156 46.5 40.0 53.0 139 484 409 559 178 414 28.3 545 0.722 0.303
WTHR 144 046 045 048 156 046 045 047 139 046 045 047 178 046 045 048 0929 0626
Blood pressure
Systolic BP (mm Hg) 81 107.0 1034 1106 72 1072 1042 1103 67 1079 1052 1107 82 1026 981 1071 0392 0404
Systolic BP (%ile) 81 444 35.8 52.9 72 479 39.7 56.2 67 49.6 40.5 58.7 82 433 3141 554 09252 0.950
Diastolic BP (mm Hg) 82 603 562 644 72 585 558 613 64 552 526 577 82 547 484 611 0392 0235
Diastolic BP (%ile) 82 441 320 562 72 351 276 426 64 279 219 339 82 247 153 342 0252  0.028**
Cholesterol
Total cholesterol (mg-dL™") 143 163.3 1555 1712 152 1618 1530 1706 138 1655 1591 1719 167 1745 1567 1923 0.641 0.235
HDL cholesterol (mg-dL™") 143 557 530 583 152 586 550 623 139 583 551 614 168 573 532 614 0658 0626
Fasting serum laboratory results
LDL cholesterol (mg-dL™") 32 917 742 1092 31 959 816 1101 28 761 651 871 46 966 845 1088 0.252* 0.950
Triglycerides (mg-dL™") 32 1128 752 1503 31 679 374 984 28 814 537 1091 46 808 538 1078 0.056** 0.235
Glucose (mg-dL™) 32 899 863 935 33 86 8.0 912 28 912 886 938 46 916 883 948 0567 0.808
Insulin (uU-mL™") 32 149 63 236 32 74 23 126 28 95 60 131 46 142 84 201 0567 0950

Triglycerides, glucose, and insulin were only collected on subjects age 12-17.9 yr and who fasted at the time of data collection. Triglycerides are required for calculation of LDL.
Adjusted P values accounting for multiple comparisons using the false discovery rate method.

*Unadjusted significance, P < 0.05.
**Unadjusted significance, P < 0.01.

BMI, body mass index; BP, blood pressure; CL, confidence limits; CmH, cardiometabolic health; MVPA, moderate to vigorous physical activity; NHANES, National Health and Nutrition Exam-

ination Survey; %ile, percentile; WC, waist circumference; WTHR, waist-to-height ratio.

that weekend warriors had risk reductions in each category of
mortality compared with those who were insufficiently active,
and the risk reduction was similar to those who were regularly
active. Similar to Shiroma et al., O’Donovan and colleagues (9)
noted that as few as 1-2 sessions of MVPA per week were re-
lated to decreased mortality, and as long as the weekly PA
guidelines were met, frequency of MVPA was not important.

Children of families with multiple obligations or inconsis-
tent work schedules may have significant barriers to accumu-
lating 60 min of MVPA all 7 d'wk ! (27). Many families have
other non—PA-related obligations (e.g., school/academic, church,
clubs, music lessons, etc.) that may impede participation in
60 min of MVPA all days of the week. In 2011, Brown and
colleagues (12) studied n = 882 children and adolescents (9—
13 yr old) and found that 86% of the participants were en-
gaged in at least one extracurricular activity and 39% were
participating in at least three extracurricular activities. In addi-
tion, 41% of the sample reported feeling stressed “always” or
“most of the time” because of time requirement needed to
complete homework assignments and the number of their ex-
tracurricular obligations.

Allowing flexibility on the frequency by which children and
adolescents obtain the 420 min of weekly MVPA may aid in
better PA adherence without compromising health benefits.
With the daily minimum requirement, if a child participated
in 60 min of MVPA per day for 5 d and 120 min of MVPA
on 1 additional day, that child would not meet the daily fre-
quency requirement and would not be compliant with the
guideline, although they would accumulate the same total
weekly volume of MVPA.

The 2020 World Health Organization PA guidelines for
children and adolescents transitioned from requiring a mini-
mum daily threshold (7 d'wk ') to requiring an average of
60 min-d ' throughout the week. This change was justified

because PA research has generally utilized a weekly average
of 60 min-d"! in their analysis, rather than a minimum daily
threshold of 60 min when assessing the benefits of PA on
health outcomes (6). Although this allows for some flexibility
in how children and adolescents accumulate their MVPA, this
may have significant implications for PA surveillance (28).
For example, studies on adherence to child/adolescent PA
guidelines, which require a minimum weekly frequency of
7 d-wk !, may be significantly undercounting the proportion
of the population that is physically active when compared with
studies that require a weekly average of 60 min-d ' over 7 d. In
a study of n =2961 Brazilian adults, researchers found that ap-
proximately 78% of the sample was meeting the 150 min-wk '
guideline. However, when a minimum weekly frequency of at
least 5 d'wk ! was applied, the prevalence of adults who met
the guideline decreased by ~11% (29). Similar discrepancies
have been reported in youth. Price and colleagues (30) ob-
served that when an average of 60 min-d”' over 7 d was ap-
plied, 30.6% of the sample met the guideline. However, when
the authors required 60 min-d"' and also applied a minimum
weekly frequency of 7 d-wk ', only 3.2% of the sample met
the guideline. Williamson et al. (3) compared estimates of chil-
dren and adolescents meeting PA guidelines in England (who
require 60 min-d ' over 7 d) and Scotland (who require an av-
erage of 60 min-d ' over 7 d). The authors found that when
the Scottish guidelines were applied to a sample of children
and adolescents from England, the estimates of those meeting
the guidelines increased from 22.6% to 54.3%. Our study ex-
pands on the research by Price et al. and Williamson et al. be-
cause they did not explore the association between weekly
frequency of meeting the guideline on CmH. A qualitative
study on preferences for PA by Bevington et al. (31) found that
many parents, children, and adolescents dislike the “one size fits
all” approach, with a strong preference for flexible PA
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recommendations that focus on how PA can be broken into
chunks that fit into daily/weekly routines.

The presence of cardiometabolic disease in children and ad-
olescents is rare, especially in the participants included in this
study who were meeting the duration and intensity compo-
nents of the DHHS guidelines. Because our research question
focused on the independent effects of the frequency compo-
nent of the child/adolescent DHHS PA guideline on CMH, it
was necessary to include participants who were meeting the
duration and intensity component of the guidelines, allowing
us to compare differences in the frequency component. Unsur-
prisingly, we observed that our participants were overall “healthy”
with no significant cardiometabolic disease risks including
obesity, and the frequency component of the DHHS guideline
did not provide additional benefits above the duration and in-
tensity components. Although we saw this as unavoidable in
our study, future clinical trials where children/adolescents
with some degree of cardiometabolic disease risk are prescribed
a matched weekly “dosage” of exercise and grouped by days
per week of participation may provide additional insight into
the effects of weekly frequency on CMH.

Research on child and adolescent PA patterns such as bouts
of MVPA (32), tendency to participate in PA on specific days
or times of the day (33,34), and preferred PA modality (35) has
shaped the design of PA programming and tailored exercise
prescriptions. Future studies should continue to examine all
aspects (frequency, intensity, modality, duration) of the PA
guidelines to identify approaches that encourage and reduce
barriers to being active while also providing CmH benefits.
Research such as this could help shape future editions of the
PA guidelines, giving families more flexibility to sufficiently
meet the public health recommendation.

Strengths and limitations. This study has several strengths
and limitations that should be addressed. To our knowledge, this
is the first study to thoroughly examine the association between
device-based measures of PA frequency on CmH in children
and adolescents. We utilized sophisticated statistical methods
to identify a generalizable sample and to identify and consider
all potential confounding variables. Because of the cross-sectional
nature of this study, conclusions are limited to associations
and do not provide any causal inference. The sample size for
the some of the CmH, especially the fasting serum laboratory
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