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Sedentary Bout Patterns and Metabolic
Health in the Hispanic Community Health
Study/Study of Latino Youth (SOL Youth)

Jordan A. Carlson @, PhD; Paul R. Hibbing 2, PhD; Bethany Forseth (&, PhD; Keith M. Diaz ©©, PhD;

Daniela Sotres-Alvarez (2, DrPH; Carolina M. Bejarano @2, PhD; Andrea T. Duran &2, PhD;

Sheila F. Castaneda, PhD; Melawhy L. Garcia, PhD; Krista M. Perreira @, PhD; Martha L. Daviglus ¢, MD, PhD;
Linda Van Horn @, PhD, RDN; Marc D. Gellman @, PhD; Carmen R. Isasi 2, MD, PhD; Jianwen Cai 2, PhD;
Alan M. Delamater @@, PhD; Vincent S. Staggs @, PhD; John Thyfault ©©, PhD; Linda C. Gallo ¢, PhD

BACKGROUND: There is limited evidence on the potential negative metabolic health impacts of prolonged and uninterrupted
sedentary bouts in structurally disadvantaged youth. This study investigated associations between sedentary bout variables
and metabolic health markers in the Hispanic Community Health Study/SOL Youth (Study of Latino Youth).

METHODS AND RESULTS: SOL Youth was a population-based cohort of 1466 youth (age range, 8—16years; 48.5% female);
957 youth were included in the analytic sample based on complete data. Accelerometers measured moderate-to-vigorous
physical activity (MVPA), total sedentary time, and sedentary bout patterns (daily time spent in sedentary bouts >30 minutes,
median sedentary bout duration, and number of daily breaks from sedentary time). Clinical measures included body mass
index, waist circumference, fasting glucose, glycated hemoglobin, fasting insulin, and the homeostasis model assessment
of insulin resistance. After adjusting for sociodemographics, total sedentary time, and MVPA, longer median bout durations
and fewer sedentary breaks were associated with a greater body mass index percentile (b, ,=0.09 and by ,,,=—0.18), waist
circumference (b,,,=0.12 and by,,,,=—0.20), and fasting insulin (b,,,,=0.09 and b, ,,.=—0.21). Fewer breaks were also as-
sociated with a greater homeostasis model assessment of insulin resistance (b=-0.21). More time in bouts lasting =30 minutes
was associated with a greater fasting glucose (b=0.18) and glycated hemoglobin (b=0.19).

CONCLUSIONS: Greater accumulation of sedentary time in prolonged and uninterrupted bouts had adverse associations with
adiposity and glycemic control over and above total sedentary time and MVPA. Findings suggest interventions in Hispanic/
Latino youth targeting both ends of the activity spectrum (more MVPA and less prolonged/uninterrupted sedentary patterns)
may provide greater health benefits than those targeting only MVPA.
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are detrimentally associated with metabolic health
in youth.! However, while these associations have
been consistently observed for reported sedentary
and screen time, many studies investigating device
(eg, accelerometer) measured sedentary time have
failed to find such associations.'~® This inconsistency

Evidence suggests high amounts of sedentary time

in evidence between reported and device measures
has impeded the development of clear pediatric
health guidelines around sedentary time. In adults,
the link between device measured sedentary time and
metabolic health is better established, including when
accounting for differences in moderate-to-vigorous
physical activity (MVPA).6-8 Research has also shown
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CLINICAL PERSPECTIVE

What Is New?

e Long periods of uninterrupted sedentary time
had detrimental associations with adiposity and
glycemic control in Hispanic/Latino youth.

e These associations were observed after ac-
counting for total sedentary time and moderate-
to-vigorous physical activity.

What Are the Clinical Implications?

e Breaking up long periods of sedentary time may
be an important intervention target in addition to
increasing moderate to vigorous physical activ-
ity in Hispanic/Latino youth.

e Strategies for breaking up prolonged periods
of sedentary time should include an increase
in breaks from sitting and a reduction in the
amount of time spent sitting for >30 minutes.

Nonstandard Abbreviations and Acronyms

HCHS/SOL Hispanic Community Health Study/
Study of Latinos

HOMA-IR Homeostatic Model Assessment
for Insulin Resistance

MVPA moderate-to-vigorous physical
activity

SOL Youth  Study of Latino Youth

activity patterns in childhood can carry into adult-
hood,*"" suggesting lifelong metabolic health risks
may be increased.

The lack of consistent associations between de-
vice measured sedentary time and metabolic health
in youth may be in part attributable to the sedentary
time variables that have been investigated. The ac-
cumulation of sedentary time in prolonged/uninter-
rupted (eg, periods of sedentary time lasting >20
or 30minutes) as opposed to brief and interrupted
bouts, often referred to as “sedentary bout patterns,”
has emerged as an important risk factor for poor
metabolic health in adults.’>'® Some studies have
even shown effect modification whereby deleterious
associations between the total volume of sedentary
time and metabolic health are stronger among those
whose sedentary time is accumulated in more pro-
longed/uninterrupted bouts.'"® Laboratory studies
comparing prolonged sedentary bouts and short-
ened sedentary bouts with the same volume of total
sedentary time have found that shortened bouts are
beneficial for maintenance of metabolic health.'®-18
These effects have been attributed to brief muscle
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contractions associated with breaking up continuous
sedentary bouts putatively improving blood flow and
improving glucose homeostasis.

Despite this evidence in adults, relatively few
studies in youth have investigated sedentary bout
patterns versus total sedentary time.®'9 While ex-
isting pattern-focused studies in youth have failed
to show consistent associations with health mark-
ers, many have operationalized sedentary bout pat-
terns with limited variables, often investigating only
breaks in sedentary time. Variables that quantify the
duration and frequency of sedentary bouts (eg, time
spent in long bouts) warrant more investigation to
advance understanding on the clinical relevance of
sedentary bout patterns.?® Many studies of seden-
tary bout patterns in youth have also failed to ac-
count for total sedentary time or MVPA. Accounting
for these factors is important for disentangling the
potential role of sedentary bout patterns from that
of total sedentary time and MVPA in relation to met-
abolic health.

In addition to these gaps in the literature, most
studies have focused on adiposity measures, and
there is a need for more studies investigating glyce-
mic markers, which are critical for understanding di-
abetes risk. Furthermore, no studies have included
large population-based samples of Hispanic/Latino
youth. Sedentary health research is critical among
Hispanic/Latino individuals, as they encompass the
largest racial and ethnic group in the United States
after non-Hispanic White?! and experience high rates
of metabolic disease such as obesity and diabetes
because of structural health barriers.??=?® Hispanic/
Latino youth have been shown to engage in high
amounts of prolonged and uninterrupted seden-
tary time.?® Device measured total sedentary time
has been investigated in the Hispanic Community
Health Study/SOL Youth (Study of Latinos Youth) co-
hort and was not associated with body mass index
(BMI), waist circumference, or glycemic markers after
adjusting for differences in MVPA.?” Given prior evi-
dence on the link between prolonged/uninterrupted
bout patterns and metabolic health in adults, an im-
portant next step is to investigate these associations
in SOL Youth.

The purpose of the present study was to investi-
gate associations of sedentary bout pattern variables
with metabolic health markers in SOL Youth. It was
hypothesized that more prolonged and uninterrupted
sedentary bout patterns would be deleteriously as-
sociated with adiposity and glycemic control beyond
measures of total sedentary time and MVPA, which
would improve understanding of the importance of
limiting time in prolonged/uninterrupted sedentary
bouts relative to limiting total sedentary time to sup-
port metabolic health among youth.
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METHODS

Study Population and Sampling Design
The HCHS/SOL (Hispanic Community Health Study/
Study of Latinos) enrolled a population-based cohort
of Hispanic/Latino adults from 2008 to 2011 (N=16415,
ages 18-74years) in Chicago, IL; Miami, FL; Bronx,
NY; and San Diego, CA. Each site used a 2-stage area
probability sample of households within census block
groups across 4 strata based on Hispanic/Latino con-
centration and socioeconomic status.?®?° Sampling
weights were calculated to account for disproportion-
ate sampling of population subgroups. The current
analyses used data from SOL Youth, an ancillary study
that enrolled 1466 youth (8 to 16 years old, 2012-2014)
whose parents/caregivers were participants in HCHS/
SOL.2%3" The study was conducted with approval from
the institutional review boards at all participating in-
stitutions. Written informed consent and assent were
obtained from parents/caregivers and their children,
respectively. The data that support the findings of this
study are available from the HCHS/SOL Publications
Committee and corresponding author upon reason-
able request.

Measures
Device Sedentary Time and Bout Patterns

Youth were requested to wear an Actical acceler-
ometer (198-0200-03; Respironics Co. Inc, Bend,
OR) on the hip for 7 days during waking hours.? The
Choi algorithm®® was used to remove nonwear time.
Valid days were those with >8 hours and <16 hours of
wear time.** The upper limit was used because some
participants wore the device overnight, and in- and
out-of-bed information was not collected. Those who
did not wear the accelerometer for >1 weekday and
>1 weekend day were excluded. Sedentary time was
defined using a cut point of <72 counts applied to
60-second epochs.®>25%6 MVPA was defined using
a cut point of >441 counts applied to 15-second
epochs.®?

Sedentary bouts were defined as periods of sed-
entary time lasting >1 minute, and a break in sedentary
time was defined as any time a sedentary minute was
followed by a nonsedentary minute (no allowance for
interruptions, ie, no tolerance). Sedentary bout pat-
tern variables included time in sedentary bouts lasting
>30minutes (min/day), the median duration of all sed-
entary bouts (minutes), and the number of daily breaks
in sedentary time (Table 1). These 3 variables were
selected based on a correlational analysis comparing
7 total variables, which also included mean bout dura-
tion, usual bout duration, alpha, and the fragmentation
index.%=%% The 3 variables had the lowest intervariable
correlations and generally had the lowest correlations
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with total sedentary time, thus capturing relatively dis-
tinct aspects of the sedentary bout pattern. Sedentary
time was divided by total wear time to derive the per-
centage of wear time spent sedentary (hereafter re-
ferred to as total sedentary time). Data for each variable
were aggregated to the participant level by computing
the weighted average daily value, defined as ([mean
value across valid weekdaysx5]+[mean value across
valid weekend daysx2])+7.

Metabolic Health Markers

The adiposity measures included body mass index
(BMI) percentiles based on age and sex,*° and waist
circumference calculated as the average of 3 measure-
ments conducted by trained staff. Height and weight
were measured using a wall-mounted stadiometer
(SECA 222, Germany) and digital scale (Tanita Body
Composition Analyzer, TBF 300, Japan). The glu-
cose measures included fasting glucose and glycated
hemoglobin (HbA1c), and the insulin measures included
fasting insulin and the Homeostatic Model Assessment
for Insulin Resistance (HOMA-IR),*" which have been
described previously.?>?” All blood specimens were
collected in the morning under fasting conditions and
processed at HCHS/SOL Central Laboratory.

Sociodemographic and Other Individual
Characteristics

Sociodemographic characteristics were provided by
parents/caregivers and included age, sex, place of
birth (oorn in the 50 US states or DC, y/n), Hispanic/
Latino background (non-Mexican or Mexican heritage),
annual household income (<$20K, >$20-$40K, or
>$40K), and parent/caregiver’s highest level of educa-
tion (no high school diploma or General Educational
Development, at most high school diploma or General
Educational Development, or greater than high school
diploma or General Educational Development).
Parents/caregivers also responded to the Pubertal
Development Scale,*? which was mapped to the
Tanner stages based on both adrenal and gonadal
scores.*3

Statistical Analysis

All analyses were performed in R* using package
survey* to account for the complex sampling design
including sampling weights, stratification (crossing of
high/low Hispanic/Latino concentration versus high/
low socioeconomic status), and clustering (US census
block groups). Descriptive statistics were calculated to
summarize the participant and population characteris-
tics, and Pearson correlation coefficients were used to
evaluate associations between each pair of independ-
ent (sedentary pattern) variables (ie, with one another)
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and between each pair of dependent (health marker)
variables. The primary analyses involved testing asso-
ciations of each sedentary pattern variable with each
metabolic health marker in separate linear regression
models adjusting for covariates. Although the present
research focused on sedentary bout patterns rather
than total sedentary time, associations between total
sedentary time and each metabolic health marker are
also presented or referenced.

The analyses for the association between each
sedentary pattern variable and each metabolic health
marker involved 5 models. Model 1 adjusted for age,
sex, place of birth, Hispanic/Latino background,
household income, parent/caregiver education,
Tanner stage, site/city, min/day of accelerometer wear
time, number of wear days, and proportion of wear
days that were weekdays. Model 2 also adjusted for
total sedentary time (percent of wear time spent sed-
entary), and Model 3 also adjusted for MVPA (min/
day). Models 4 and 5 included the same covariates as
Model 3 but tested effect modification using multipli-
cative interactions (sedentary pattern variable x total
sedentary time in Model 4 and sedentary pattern vari-
able x MVPA in Model 5). The purpose of these inter-
action tests was to explore whether sedentary pattern
— health associations differed across low and high
levels of total sedentary time or MVPA, as has been
observed in some prior research.*® Two types of re-
gression coefficients were calculated for each model.
The first, b,, was based on dependent and indepen-
dent variables that were standardized as z-scores.
Benchmarks for interpreting the magnitude of these
coefficients were small (b,=0.10), small-to-moderate
(b,=0.20), and moderate (b,=0.30).*” The second,
b,, reflected the difference in the dependent (health
marker) variable, using its raw/original unit, for every 1
SD difference in the independent (sedentary pattern)
variable (ie, using a z-score). Primary emphasis was
placed on interpretation of the Model 3 (rather than
Model 1 or Model 2) associations that were over and
above total sedentary time and MVPA. Significance
was interpreted as P<0.05 or the weighted 95% CI
not spanning 0, except that a more conservative value
of P<0.01 was used to interpret the regression coeffi-
cients for the interaction terms to minimize Type | error
because of the number of tests.

Of the 1466 SOL Youth participants, 222 were
excluded because they did not have any valid days
of accelerometer wear time, and 287 were excluded
because they did not have >1 valid weekday and
>1 valid weekend day, for a final analytic sample of
957. To account for missing data because of non-
adherence to the accelerometer protocol, inverse
probability weights were calculated based on the so-
ciodemographic and individual characteristics men-
tioned in the measures section.*®4® The final weight

J Am Heart Assoc. 2023;12:e028495. DOI: 10.1161/JAHA.122.028495

Sedentary Patterns

was a product of the inverse probability weight and
sampling weight. Imputation was used to account for
missing data on covariates. Household income, par-
ent/caregiver education, and place of birth were miss-
ing for 4.6% of all participants and imputed based on
other variables when possible or using the sample
mode. Missing Tanner stage values were computed
using the gonadal score only (n=10) or the adrenal
score only (n=163), or imputed using a regression
model comprising age, sex, weight percentile, and
BMI percentile (n=105). The blood measures (depen-
dent variables) were missing for 48 to 55 individuals
in the analytic sample, and values were left as miss-
ing. As a sensitivity analysis, we repeated Models 1
to 3 detailed above using an informed missingness
approach. This involved imputing the sample mean
when accelerometer, adiposity, glucose, or insu-
lin values were missing. These models used the full
sample of 1466 participants with the original sampling
weights and additionally adjusted for whether the par-
ticipant had missing values for any of the included
variables (yes/no).

RESULTS

The participant and population characteristics are pre-
sented in Table 2. Results not shown were as follows:
Associations between insulin and adiposity measures
were stronger (=0.43-0.59) than associations between
the glucose and adiposity measures (~=0.10-0.11) and
associations between the glucose and insulin meas-
ures (=0.14-0.36). When adjusted for MVPA and the
Model 1 covariates, total sedentary time did not have
a statistically significant or meaningful association with
BMI percentile (bo,=—0.08; 95% CI, -0.21 to 0.05) or
waist circumference (b,=—0.03; 95% CI, -0.15 to 0.08),
or with any of the other metabolic health markers as
reported previously.?’

Adiposity Measures

Longer median bout durations and fewer sedentary
breaks had a statistically significant association with
a greater BMI percentile and waist circumference
when adjusting for total sedentary time and MVPA (ie,
in Model 3; Table 3). Model 3 effect sizes (ie, regres-
sion coefficients) were small and small-to-moderate
(|b,/=0.09 to 0.20) and were larger for sedentary breaks
than for median bout duration. Every 1 minute in me-
dian bout duration was associated with a higher BMI by
1.5 percentile and larger waist circumference by 1.1cm
(Figures 1Aand 1C). Every 10 sedentary breaks were as-
sociated with a lower BMI by 3.4 percentile and smaller
waist circumference by 2.0cm (Figures 1B and 1D).
A low number of breaks (1 SD below the mean, ~56.4
breaks/day) corresponded with a BMI at the 76.6
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Table 2. Cohort and Population Characteristics, SOL Youth (n=957)

Sedentary Patterns

Unweighted mean

Weighted mean

n or % Unweighted SD or % Weighted SE

Field center (site)

Bronx 248 25.9% 33.5% 2.6%

Chicago 279 29.2% 17.3% 1.8%

Miami 180 18.8% 14.2% 1.7%

San Diego 250 26.1% 35.0% 3.2%
Sociodemographic

Age, y 957 1.8 2.5 12.08 0.13

Tanner stage 957 3.6 1.3 3.67 0.06

Sex

Female 498 52.0% 48.5% 2.5%
Male 459 48.0% 51.5% 2.5%

Place of birth

Not US-born 228 23.8% 21.0% 2.0%

US-born 729 76.2% 79.0% 2.0%
Hispanic background

Non-Mexican 479 50.1% 48.8% 3.0%

Mexican 478 49.9% 51.2% 3.0%
Parent income

<$20k 508 53.1% 52.4% 3.0%

>$20k-$40k 306 32.0% 32.2% 2.9%

>$40k 143 14.9% 15.4% 2.0%
Parent education

<High school 373 39.0% 38.2% 2.9%

High school or equivalent 261 27.3% 30.2% 3.0%

>High school 323 33.8% 31.6% 2.5%
Accelerometer covariates

No. of wear days 957 5.3 1.8 5.2 0.1

Proportion of weekdays 957 0.65 0.13 0.66 0.01

Wear time, min/d 957 760.9 85.8 763.4 3.9

MVPA, min/d 957 421 27.8 42.6 1.3

Sedentary, min/d 957 507.8 95.8 514.7 4.2

Total sedentary time (% of 957 66.7% 10.1% 67.4% 0.4%

wear time)
Sedentary bout pattern variables

Time in bouts =30 min, 957 156.3 91.3 1638.5 4.2

min/d

Median bout duration, min/ 957 3.5 1.7 3.5 0.1

bout

Sedentary breaks, n/day 957 71.4 15.0 70.6 0.7
Metabolic health markers

BMI percentile, % 957 72.6 28.1 725 1.5

Waist circumference, cm 957 77.0 16.0 76.8 0.7

Glucose, mg/dL 907 91.8 7.0 91.5 0.4

HbA1c, % 909 5.2 0.3 5.2 0.02

Insulin, pmol/L 902 90.4 63.3 87.0 2.8

HOMA-IR, mass units 902 3.5 2.6 3.3 0.1

BMI indicates body mass index; HOMA-IR, homeostatic model assessment for insulin resistance; MVPA, moderate-to-vigorous physical activity; and SOL,

Study of Latino Youth.

J Am Heart Assoc. 2023;12:e028495. DOI: 10.1161/JAHA.122.028495
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Sedentary Patterns

Table 3. Associations of Sedentary Bout Patterns With Metabolic Health Markers in Hispanic/Latino youth, SOL Youth

(n=902-957)

BMI percentile (n=957)

Model 1 0.03 (-0.06 to 0.80 (-1.82 to 3.41) | 0.07 (0.02 to 0.12) 2.01 (0.57 to 3.45)* | -0.04 (-0.15 to —1.26 (-4.27 t0 1.76)
0.12) 0.06)
Model 2 ~0.03 (-0.17 to -0.83 (-4.83 to 0.07 (0.02 to 0.12)* 1.86 (0.46 to 3.26)* | —0.02 (-0.14 to —0.49 (-4.06 to
0.11) 317) 0.11) 3.09)
Model 3 0.04 (-0.11 t0 0.19) | 1.25 (-2.96 to 5.45) | 0.09 (0.03 to 0.15)* 2.56 (0.89 t0 4.23)* | —0.18 (-0.34 to -5.03 (-9.45 to
~0.02)* —0.61)"
Waist circumference, cm (n=957)
Model 1 0.04 (-0.05 to 0.68 (-0.71 to 2.06) | 0.12 (0.06 to 0.18)* 1.76 (0.83 t0 2.68)* | —0.08 (-0.18 to -1.18 (-2.67 to 0.31)
0.14) 0.02)
Model 2 -0.08(-0.22t0 | -1.23(-3.27 to 0.10 (0.04 to 0.15)* 1.46 (0.63 0 2.29)* | —0.02 (-0.13 to -0.32 (-2.01 t0 1.37)
0.05) 0.81) 0.09)
Model 3 —0.01 (014 to —0.09 (-2.14 to 0.12 (0.06 to 0.19)* 1.87 (0.9110 2.82)* | -0.20 (-0.33 to —2.95 (-4.94 to
0.13) 1.96) -0.06)* -0.97)
Glucose, mg/dL (n=907)
Model 1 0.07 (-0.04 to 0.46 (-0.27 to 1.19) | —0.03 (=0.08 to 0.02) —0.18 (-0.54 to —-0.02 (-0.14 to —0.15 (-0.97 t0 0.67)
0.17) 0.17) 0.10)
Model 2 0.14 (-0.01 to 0.97 (-0.04 to 1.99) | -0.04 (-0.10 t0 0.02) -0.27 (-0.68 to -0.08 (-0.15 to -0.18 (-1.07 to 0.71)
0.29) 0.14) 0.10)
Model 3 0.18 (0.02 to 0.35)* | 1.28 (0.11 to 2.46)* | —0.03 (-0.0910 0.03) | -0.21 (-0.65to -0.10 (-0.28 to —0.72 (-1.92 t0 0.48)
0.24) 0.07)
HbA1c, % (n=909)
Model 1 0.04 (-0.08 to 0.01 (-0.02 t0 0.04) | —-0.03 (=0.11 to 0.06) —0.01 (-0.03 1o —0.01 (-0.15 to 0.00 (-0.04 to 0.04)
0.15) 0.02) 0.13)
Model 2 0.15 (-0.04 to 0.04 (-0.01 t0 0.10) | -0.01 (-0.11 to 0.08) 0.00 (-0.03t0 0.02) | -0.04 (-0.22 to -0.01 (-0.07 to
0.33) 0.13) 0.04)
Model 3 0.19 (0.00 to 0.37)* | 0.06 (0.00 to 0.11)* | —0.01 (-0.09 to 0.08) 0.00 (-0.08t0 0.02) | -0.12 (-0.32 to -0.08 (-0.09 to
0.08) 0.03)
Insulin, pmol/L (n=902)
Model 1 0.12 (0.02 to 0.23)* | 7.77 (1.22 to 14.33)* | 0.13 (0.02 to 0.23)* 7.99 (1.58 to0 14.41)* | ~0.13 (-0.25 to -8.45 (-16.11 to
-0.01)* -0.80)"
Model 2 ~0.02 (-0.16 to -1.30 (-10.23 to 0.07 (0.00 to 0.14) 4.48 (-0.22 10 9.17) | -0.04 (-0.18 to —2.79 (-11.15t0
0.12) 7.62) 0.09) 5.57)
Model 3 0.05 (-0.10t0 0.19) | 3.10 (-6.13 to 0.09 (0.00 to 0.19)* 5.92 (0.00 to -0.21 (-0.37 to -13.07 (-23.68 to
12.34) 11.84)* —0.04)* —2.46)
HOMA-IR, mass units (n=902)
Model 1 0.12 (0.02 to 0.22)* | 0.32 (0.06 to 0.58)* | 0.12 (0.02 to 0.22)* 0.30 (0.04 to 0.56)" | -0.13 (-0.25 to -0.33(-0.64 to
—0.01)* —0.03)*
Model 2 0.00 (-0.14 to 0.13) | —0.01 (-0.36 to 0.06 (-0.01 to 0.14) 0.16 (-0.03 t0 0.36) | —0.05 (-0.18 to —0.12 (-0.46 t0 0.22)
0.34) 0.08)
Model 3 0.07 (-0.08 to 0.17 (-0.20 to 0.54) | 0.09 (-0.01 to 0.18) 0.22 (-0.02 to 0.46) | -0.21 (-0.37 to -0.54 (-0.97 to
0.21) —0.04)* —0.11)*

b,~regression coefficient with both the independent and dependent variables standardized as z scores; b,~regression coefficient with only the independent
variable standardized as a z score; BMI indicates body mass index; HbAlc, glycated hemoglobin; HOMA-IR- homeostatic model assessment for insulin
resistance; and SOL Youth, Study of Latino Youth. Model 1: Adjusted for age, sex, place of birth, Hispanic background, household income, parent/caregiver
education, Tanner stage, site, min/day of accelerometer wear time, number of wear days, and proportion of wear days that were weekdays. Model 2: Adjusted
for the same covariates as Model 1, plus total sedentary time. Model 3: Adjusted for the same covariates as Model 2, plus moderate-to-vigorous physical activity.
*Significant with P<0.05 or weighted 95% Cl that does not span 0.

J Am Heart Assoc. 2023;12:e028495. DOI: 10.1161/JAHA.122.028495
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Figure 1. Partial residual plots showing associations between sedentary pattern variables (x-axis) and metabolic health
markers (y-axis) from SOL Youth (n=902-957).

Only significant associations from Table 3 were plotted (P<0.05 or weighted 95% CI that does not span 0). All y-axes and x-axes
were scaled to range 1.5 SD below the mean to 1.5 SD above the mean for the corresponding variable. The predicted values for each
dependent variable were estimated from Model 3 with all variables in their original unit (not z-scores). Covariates were age, sex, place
of birth, Hispanic/Latino background, site, Tanner stage, household income, parent/caregiver education, accelerometer wear time,
number of valid accelerometer wear days, proportion of valid days from week days, total sedentary time, and moderate-to-vigorous
physical activity. Plots were created using the R package ‘visreg’ version 2.7.0 and show differences in the dependent variable
across values of the independent variable when holding all other variables constant at either the mean value for continuous variables
and binary factors, or the most representative group (ie, the group whose mean was closest to the pooled sample mean) for multi-
categorical variables, using the ‘cond’ argument. The most representative sites were Chicago (panels A, B, E), Bronx (panels C, D, F),
and San Diego (panels G through I). The most representative parent education level was high school or equivalent for all but panels
(E) and (F) (greater than high school). BMI indicates body mass index; HbA1c, glycated hemoglobin; HOMA-IR, homeostatic model
assessment for insulin resistance; min, minutes; and SOL Youth, Study of Latino Youth.
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percentile and waist circumference of 79.3cm, while a
high number of breaks (1 SD above the mean, ~86.3
breaks/day) corresponded with a BMI at the 66.6 per-
centile and waist circumference of 73.4cm.

Glucose Measures

Time in bouts lasting >30 minutes was the only seden-
tary pattern variable that had a statistically significant
association (,=0.18-0.19) with fasting glucose and
HbAlc in Model 3. Every 60min/day in bouts lasting
>30minutes was associated with a higher glucose by
0.84mg/dL and higher HbAlc by 0.04% (Figures 1E
and 1F). A high amount of time spent in bouts >30min-
utes (=248 min/day) corresponded with a fasting glu-
cose of 92.8mg/dL and HbA1c of 5.3%, whereas a low
amount of time spent in bouts >30minutes (=65 min/
day) corresponded with a fasting glucose of 90.2mg/
dL and HbA1c of 5.2%.

Insulin Measures

In Model 3, median bout duration had a significant
small association with fasting insulin (b,=0.09), and
sedentary breaks had a statistically significant small-
to-moderate association with insulin and HOMA-IR
(both b;=-0.21). Every 1minute in median bout dura-
tion was associated with a higher fasting insulin by
3.5 pmol/L (Figure 1G). High and low median bout
durations (5.1 minute and ~1.8minutes, respectively)
corresponded with a fasting insulin of 91.0 and 78.6
pmol/L, respectively. Every 10 sedentary breaks were
associated with a lower fasting insulin by 8.7 pmol/L
and lower HOMA-IR by 0.36 (Figures 1H and 1l). A low
number of breaks (=56.4 breaks/day) corresponded
with a fasting insulin of 98.3 pmol/L and HOMA-IR of
3.8, and a high number of breaks (=86.3 breaks/day)
corresponded with a fasting insulin of 72.4 pmol/L and
HOMA-IR of 2.7.

Interactions

None of the 18 sedentary pattern variable x total sed-
entary time interactions tested in Model 4 were signifi-
cant, and none of the 18 sedentary pattern variable x
MVPA interactions tested in Model 5 were significant
using P<0.01 (Table 4).

Sensitivity Analysis

The observed associations were generally consistent
when employing an informed missingness modeling
approach (Table S1). Of the 9 significant Model 3 as-
sociations observed in Table 3, 8 were significant in
the sensitivity analysis and had a similar magnitude of
association. One significant association became non-
significant (in bouts lasting >30minutes with HbA1c),
and 1 nonsignificant association became significant

J Am Heart Assoc. 2023;12:e028495. DOI: 10.1161/JAHA.122.028495
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(median bout duration with HOMA-IR), though the
magnitude of association was similar between the ini-
tial model and sensitivity model.

DISCUSSION

In this population-based cohort of Hispanic/Latino
youth aged 8 to 16years, greater accumulation of
sedentary time in prolonged and uninterrupted bout
patterns was associated with greater levels of adipos-
ity (higher BMI and waist circumference) and poorer
glycemic and insulin values (higher fasting glucose,
HbA1c, fasting insulin, and HOMA-IR). These associa-
tions were observed in models adjusting for total sed-
entary time and MVPA, suggesting that limiting time in
prolonged/uninterrupted sedentary bouts may be an
important behavioral target in reducing metabolic risks
over and above the amount of time spent in MVPA.
Considering total sedentary time was unrelated to the
metabolic health markers in this cohort after account-
ing for MVPA,?" the present findings suggest seden-
tary bout patterns may play a more important role in
youth’s metabolic health than total sedentary time,
though more evidence is required to establish consen-
sus. Sedentary patterns may also be a more modifi-
able starting point for some youth who have difficulty
with higher intensity physical activity.

Median bout duration and sedentary breaks were
consistently associated with the adiposity and insulin
markers. This consistency across health markers may
be attributable to the interrelationship between higher
insulin and greater adiposity, which was shown in this
cohort (r=0.43-0.59) and in other studies of youth®%5!
and is likely attributable to adipose expansion and ele-
vated insulin promoting one another.? The effect sizes
for the observed associations were meaningful and
comparable with or only slightly smaller than effects of
physical activity in a recent meta-analysis,> up to 10
percentile units in BMI, 5.9cm in waist circumference,
25.9 pmol/L in fasting insulin, and 1.1 units in HOMA-IR
between low (-1 SD) and high (+1 SD) values of the
sedentary pattern variable. Though several youth stud-
ies have shown associations between sedentary bout
patterns and adiposity, many have failed to identify
such associations, definitions of sedentary bout pat-
terns have varied widely, and relatively few studies
have investigated fasting insulin and HOMA-IR.2'® The
present findings are more aligned with observational
and intervention studies in adults, for which adiposity,
insulin markers, and type 2 diabetes have been among
the most consistent health factors associated with sed-
entary patterns, particularly sedentary breaks.”®%* The
differences in findings between the present study and
previous youth studies may be partly because of the
SOL Youth population having higher rates of sedentary
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time, obesity, and insulin resistance than other youth
populations that have been studied.?226

Time spent in bouts >30 minutes showed fewer as-
sociations with health markers compared with median
bout duration and sedentary breaks, though more time
in bouts >30minutes was associated with higher fast-
ing glucose and HbA1c. The finding that time in bouts
>30minutes was associated with different metabolic
health markers (glucose and HbA1c) than median bout
duration and sedentary breaks (adiposity and insulin)
may be attributable to each sedentary pattern variable
reflecting a slightly different aspect of the sedentary
bout distribution. As shown in Table 1, a high num-
ber of breaks and low median bout duration do not
necessary reflect a low amount of time spent in pro-
longed bouts (eg, those lasting >30 minutes) but may
induce more frequent light activity. Laboratory studies
suggest the role of prolonged periods of sedentary
time may be somewhat distinct from the role of low
energy expenditure in impacting metabolic health, with
the former due more to reduced glucose metabolism
resulting from reduced contractions in leg and trunk
muscles.'®5% This finding warrants more research in-
vestigating whether some sedentary bout pattern mea-
sures have differential associations with various health
markers, using variable selection approaches that aim
to capture distinct sedentary pattern variables, such as
was done in this study. However, all metabolic health
markers investigated play an important role in glucose
metabolism and diabetes prevention, so intervention
approaches that target favorable changes in multi-
ple aspects of the sedentary bout distribution appear
warranted.

None of the interactions tested were significant at
P<0.01. Thus, there was no support for effect modifi-
cation, which has sometimes been shown in previous
studies.*® Adult studies, in particular, have produced
evidence suggesting sedentary patterns have the most
detrimental associations with health among those with
high total sedentary time and low physical activity,'*°
or other interactions.

Strengths, Limitations, and Other
Considerations

Study strengths include the investigation of objective
measures of metabolic health markers and device-
based measures of multiple sedentary bout pattern
variables, with selection based on the lowest inter-
variable correlations. The study involved a population-
based cohort of Hispanic/Latino youth from 4 US
geographic regions, and an ethnic group that experi-
ences health inequities and elevated risk for metabolic
diseases (eg, type 2 diabetes)?? but has generally been
excluded from most research. A limitation of basing
the sedentary bout pattern variables on accelerometer

J Am Heart Assoc. 2023;12:e028495. DOI: 10.1161/JAHA.122.028495
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cut points is that the variables are more likely to reflect
bouts of periods of low movement rather than sitting,%”
S0 limited conclusions can be drawn about sitting pat-
terns. Because BMI percentile and waist circumfer-
ence are indirect measures of adiposity, more research
is needed involving more direct measures (eg, bioelec-
trical impedance, dual-energy X-ray absorptiometry).
The cross-sectional study design prohibited establish-
ment of causality or temporality of associations. While
the different pattern variables provide some insight
into behavioral targets for interventions, such targets
need to be tested in experimental studies, and the
variables can be difficult to distill into concise interven-
tion recommendations. Another next step to build on
these cross-sectional findings is to investigate similar
research questions in prospective studies of Hispanic/
Latino youth, particularly those with the greatest meta-
bolic health risks (eg, those with obesity).

CONCLUSIONS

Based on the present findings, interventions that tar-
get increases in daily sedentary breaks that are timed
appropriately to reduce time spent in longer (eg, 30+
minute) sedentary bouts would be expected to ben-
efit metabolic health in Hispanic/Latino youth. These
behavioral targets may be more easily modifiable than
higher intensity physical activity, and their benefits
may extend beyond the benefits of increasing overall
daily MVPA. These findings suggest that more holis-
tic activity-related interventions targeting both ends of
the activity spectrum (more MVPA and less prolonged/
uninterrupted sedentary patterns) may provide greater
health benefits than those targeting only MVPA.
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