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Abstract

Purpose—We aimed to determine if baseline sedentary behavior was associated with changes in
BMI over 9 years.

Methods—~Participants were enrolled into the NIH-AARP Diet and Health study in 1995-1996
(median age 63) and BMI was reported at baseline and 9 years later (n=158,436). Sitting time (<3
[referent], 3-4, 5-6, 7-8 or =9 h/d), television viewing (None, <1, 1-2, 3-4, 5-6, 7-8, or =9 h/d)
and the covariates (age, sex, race, education, smoking, moderate-to-vigorous physical activity,
caloric intake, and sleep duration) were reported at baseline. We used longitudinal quantile
regression to model changes at the 10t, 25t 50t 75t and 90" BMI percentiles.

Results—More sitting at baseline was associated with additional increases in BMI over time and
the association was stronger at the upper BMI percentiles (e.g. <3h/d [referent] vs. 5-6 h/d sitting
additional increases: 50t percentile = 0.41 kg/m2, 95% CI: 0.34, 0.48 & 90" percentile = 0.85
kg/m?2, 95% ClI: 0.72, 0.98). Similar associations were observed between more television viewing
at baseline and additional increases in BMI over time (e.g., no television [referent] vs. 3-4 h/d of
television: 50t percentile= 1.96 kg/m?2, 95% ClI: 1.77, 2.15 & 90t percentile = 2.11 kg/m?2, 95%
Cl: 1.49, 2.73).

Conclusion—Reducing sedentary behavior could help prevent an increase in BMI in adulthood,
especially at the upper percentiles of the BMI distribution, and thereby reduce the prevalence of
obesity.
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Introduction

Methods

It is estimated that 36% of adults in the U.S. are currently obese (9). In the 1960s the
prevalence of adult obesity was 13% (10) and the three-fold rise in obesity over the last 50
years has had untoward health and economic consequences (38, 39). Notably, an increase in
time spent in sedentary behavior coincided with the rise in obesity (23) and there is
emerging evidence that sedentary behavior may have contributed to the increase in adult
obesity (24).

Sedentary behaviors include any waking behavior characterized by low energy expenditure,
while in a sitting or reclining posture (25, 31). The majority of waking hours are spent in
sedentary behavior, even if moderate-to-vigorous physical activity (MVPA) guidelines are
met (19, 25), and television viewing is one of the most common sedentary behaviors
reported in leisure-time (25). Observational studies have reported positive associations
between sedentary behavior and the mean body mass index (BMI) or BMI categories (3, 7,
14, 21, 22, 26, 33, 37), but the majority of studies are cross-sectional that cannot establish
temporal precedence (3, 7, 22, 26, 33, 37). Further, associations with the mean BMI may
reflect changes at the lower and/or upper percentiles of the BMI distribution and it is of
primary interest to investigate the upper percentiles of the BMI distribution when studying
obesity. Categorizing individuals into normal, overweight and obese groups based on their
BMI recognizes the importance of the upper percentiles of the BMI distribution. However,
such categorization considers those within a category as homogeneous and considers
individuals in proximity to a category cutoff, but on opposite sides, as being very different
when they are very similar (1).

Quantile regression is an analytic approach that does not require participants to be placed
into BMI categories, and can test if there is an association between sedentary behavior at the
median BMI and other percentiles of the BMI distribution (28). Therefore, the purpose of
our study was to determine if sedentary behavior was associated with changes in BMI over 9
years, by modeling percentiles across the BMI distribution.

Participants were enrolled in the NIH-AARP Diet and Health Study (30). The NIH-AARP
Diet and Health Study was initiated in 1995-1996 when 3.5 million questionnaires were
mailed to AARP members, aged 50-71 years old, residing in six states (CA, FL, LA, NC,
NJ, and PA) and two metropolitan areas (Atlanta, GA and Detroit, MI). The baseline
questionnaire was completed by 567,169 men and women (30). Within 6 months individuals
who did not have self-reported history of colon, prostate, and breast cancer received a risk
factor questionnaire in the mail, which was completed by 334,906 men and women. We
excluded those who had a proxy reporter complete their questionnaires (n=10,383). We then
excluded those who reported having cancer (n=16,082), or poor health (n=4,382), as such
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individuals may have experienced changes in weight as a consequence of their poor health.
We then excluded those with missing baseline BMI (n=6,181) and baseline BMIs <14 kg/m?
or >60 kg/m? (n=586), as such BMIs are not representative of the general population. We
then excluded, in the following order, those with unknown sitting and television viewing
hours (n=2,301); unknown race (n=3,153); unknown education level (n=6,224); unknown
smoking dose data (n=8,810); unknown MVPA data (n=3,073); those consuming < 300
calories per day and >5900 calories per day (n=1,306); and unknown sleep duration data
(n=273). After these exclusions a total of 272,152 participants remained. To be included in
our study the participants also had to have reported their weight on the follow-up
questionnaire that was completed between 2004 and 2006 (n=158,696). Follow-up BMIs
<14 kg/m? (n=223) or >60 kg/m? (n=37) at follow-up were excluded leaving a total of
158,436 participants for our longitudinal study. The Special Studies Institutional Review
Board of the National Cancer Institute approved the study. Questionnaire completion was
considered to imply informed consent.

The participants self-reported their height and weight on the baseline and follow-up
questionnaire and these data were used to calculate BMI (kg/m?). There is high correlation
between BMI calculated from self-reported and objectively measured height and weight (r
>0.9) (20). There is also high correlation between BMI and dual energy X-ray
absorptiometry estimated fat mass (36).

Sitting time was used in our study to provide an estimate of total daily sedentary behavior.
Participants reported their daily sitting hours (<3, 3—-4, 5-6, 7-8, or 9+ h/d) in response to
the following question on the risk factor questionnaire, “During a typical 24-hour period
during the past 12 months, how much time did you spend sitting?” Television viewing is a
common leisure-time sedentary behavior. Participants reported their television viewing
hours (None, <1, 1-2, 3—-4, 5-6, 7-8, or 9+ h/d) in response to the following question on the
risk factor questionnaire, “During a typical 24-hour period over the past 12 months, how
much time did you spend watching television or video?”

Participants self-reported their gender, age, race (Non-Hispanic White, Non-Hispanic Black,
Hispanic, or Asian/Pacific Islander/American Indian/Alaskan Native), and education level
(<8 years, 8-11 years, High School Diploma, Some College, or College/Postgraduate
Degree). These demographic covariates were included because younger, white men with
higher education levels are more likely to have lower BMI (9), and time spent in sedentary
behavior varies across demographic groups (19). Smoking was self-reported (never, 1-10,
11-20, 21-30, 31-40, 41-60, or =60 cigarettes per day) and was included as a covariate
because it has been associated with BMI and sedentary behavior (15). Participants also self-
reported the frequency with which they engaged in MVPA (never, rarely, weekly but
<lh/iwk, 1-3 h/wk, 4-7 h/wk, or >7 h/wk) in response to the following question at baseline:
“How often did you participate in moderate and vigorous physical activities in the past 10
years?” Self-reported dietary patterns were measured using a 124-item food frequency
questionnaire at baseline and daily caloric intakes were estimated based on their responses
(35). Self-reported sleep duration (<5, 5-6, 7-8, or =9 h/d) was assessed at baseline with the
following question: “During a typical 24 hour period over the past 12 months, how many
hours did you spend sleeping at night?” Caloric intake, MVPA, and sleep duration were
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included as covariates to determine if any association between sedentary behavior and BMI
was independent of MVVPA, an increase in caloric intake, or a reduction in sleep duration (4,
25, 32).

Medians and interquartile ranges are presented to describe the continuous variables and
frequencies and percentages are presented to describe the categorical variables. Quantile
regression was used to address the aims of the study. This analytical method is related to
linear regression, but rather than estimating the association between a predictor and the
mean of a continuous outcome variable, the median and any other percentile of the
continuous outcome variable can be modeled (28). The regression coefficients from quantile
regression are interpreted in the same way as those from linear regression (i.e. the
coefficient represents the change in the outcome variable for a one unit change in the
predictor). The data were re-arranged into the long-format, with a time variable created to
represent baseline (time=0) and follow-up (time=1), and the correlation between repeated
BMI measures was taken into account (5). BMI was modeled as the dependent variable and
time and sedentary behavior were included as predictors; associations at the 10t 25t 50th,
75t and 90t BMI percentiles were specifically investigated. The following covariates were
included in the models: baseline age, gender, race, education level and baseline smoking
dose (model 1); plus baseline MVPA, baseline caloric intake, and baseline sleep duration
(model 2). Change in the mean BMI was also modeled to allow for comparison to be made
with the quantile regression findings, using generalized estimating equation (GEE). All
models were performed separately for sitting time and television viewing, except for model
3 which included both sedentary behaviors. The analyses were completed using Stata 12.0
(StataCorp LP, College Station, TX).

The characteristics of the study participants are presented in Table 1. The median age at
baseline was 63.3 years, 59.7% were men, 93.5% were non-Hispanic white, and 39.5% had
a college or graduate degree. The median BMI at baseline was 26.3 kg/m? and most
participants reported sitting for 3—4 and 5-6 hours per day (57.4%), and most participants
reported watching television for 3—4 hours per day (44.4%) (Table 1). Participants in the
highest BMI quartile at baseline reported more sitting and more television viewing
compared to participants in the lowest BMI quartile at baseline (Table 1).

Changes in the BMI distribution occurred from baseline to follow-up (Tables 2 and 3, time
coefficients). The 101" BMI percentile was lower at follow-up, the 25" BMI percentile
remained stable, and the 501, 75t and 90t BMI percentiles were greater at follow-up. On
average, BMI increased by 0.18 kg/m? between baseline and follow-up as indicated by the
GEE time coefficients (Tables 2 and 3).

Changes in the BMI distribution over time were influenced by time spent sitting at baseline,
particularly at the upper percentiles of the BMI distribution (Table 2, model 1). For example,
compared to sitting for less than 3 hours per day, sitting for 5-6 hours per day was
associated with an additional increase in BMI over time by 0.51 kg/m?2 (95% CI: 0.45, 0.57)
at the 50t BMI percentile and with an additional increase in BMI over time by 1.11 kg/m?2
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(95% CI: 0.96, 1.26) at the 90t BMI percentile. In this example, the sitting coefficient at the
50t BMI percentile was smaller than the sitting coefficient at the 90t BMI percentile
(-0.60, 95% CI: -0.75, —0.46, p<0.0001). The corresponding mean increase in BMI over
time was 0.67 kg/m? (95% CI: 0.60, 0.73) for 5-6 hours of sitting at baseline relative to less
than 3 hours of sitting at baseline (Table 2, GEE model 1).

Changes in the BMI distribution over time were also influenced by time spent watching
television at baseline, particularly at the upper tail of the BMI distribution (Table 3, model
1). For example, compared to watching no television, watching 3—4 hours of television per
day at baseline was associated with an additional increase in BMI over time by 1.96 kg/m?
(95% CI: 1.77, 2.15) at the 50t BMI percentile and with an additional increase in BMI over
time by 2.11 kg/m? (95% CI: 1.49, 2.73) at the 90t BMI percentile. The corresponding
mean increase in BMI over time was 1.88 kg/m? (95% Cl: 1.64, 2.12) for 3—4 hours of
television viewing at baseline relative to no television viewing at baseline (Table 3, GEE
model 1).

Dose-response relationships were observed between more sitting and more television
viewing at baseline and additional increases in BMI over time (Tables 2 and 3). Further, the
associations between more baseline sitting time/television viewing and greater increases in
BMI over time remained after adjusting for MVPA, caloric intake, and sleep duration
(Tables 2 and 3, model 2), and when both television viewing and sitting time were included
in the same model (Tables 2 and 3, model 3).

To illustrate the overall study findings BMI distributions are shown in Figure 1. The
stronger associations observed between sedentary behavior and BMI at the upper percentiles
of the BMI distribution translates to a greater shift to lower BMI values at the upper tail of
the BMI distribution with less time spent in sedentary behavior (Figure 1).

Discussion

We sought to determine in a prospective study whether sedentary behavior at baseline was
associated with changes in the BMI distribution in adults. We assessed measures of overall
sitting time and television viewing and controlled for established obesity risk factors that
included MVPA, caloric intake and sleep duration. We present evidence that more time
spent in sedentary behavior at baseline was associated with additional increases in BMI over
time, especially at the upper percentiles of the BMI distribution, in a dose-response manner.
These novel findings add to the growing consensus that reducing time spent in sedentary
behavior could help to prevent obesity at the population level.

Previous cross-sectional studies have reported associations between more time spent in
sedentary behavior and higher BMI in adults (3, 7, 22, 26, 33, 37). Importantly, those studies
cannot establish temporal precedence. Prospective studies have found that more sedentary
behavior increases the risk of BMI defined obesity over time, but those studies did not
investigate percentiles across the BMI distribution (14, 21). In our longitudinal study, we
observed that more time spent in sedentary behavior at baseline was associated with
additional increases in BMI over time, and those additional increases were greater at the
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upper percentiles of the BMI distribution. Therefore, reducing sedentary behavior at the
population level could lower the proportion in the population with a BMI at or above 30
kg/m? by shifting the upper percentiles of the BMI distribution to lower values. This change
in the shape of the BMI distribution would have been missed had we only modeled mean
BMI changes and indicates that population level reductions in sedentary behavior could be
especially beneficial for preventing excessive BMI gains in the upper percentiles of the BMI
distribution.

The associations we observed between more sedentary behavior and higher BMI were
independent of caloric intake, sleep duration, and MVPA. It is therefore possible that
spending too much time in sedentary behavior independently lowers physical activity energy
expenditure by displacing light intensity physical activity, potentially leading to a state of
positive energy balance and obesity (17, 25). Therefore, substituting time spent in sedentary
behavior for light intensity physical activity could increase energy expenditure and reduce
BMI (6, 13). Indeed, walking workstations have been shown to increase energy expenditure
by 100 kcal per hour compared to when seated at a desk (18), and the use of such
workstations has been associated with weight loss (16). In addition, estimated energy
expenditure during a one hour television viewing period was 148 kcal per hour when
stepping during commercials was allowed, compared to 81 kcal per hour when no stepping
and only sitting was allowed (34).

However, when we included both sitting time and television viewing in the same model,
both sedentary behaviors remained associated with greater increases in BMI over time.
Reduced energy expenditure could still explain the sitting time association, but this may be
insufficient to fully explain the television viewing associations with BMI (i.e. reduced
energy expenditure while sitting does not fully explain why watching television increases
BMI). Television viewing often occurs in the evening prior to going to bed (4), and there is
emerging evidence that misalignment between the sleep-wake cycles and circadian body
clocks could lead to obesity (29). Further, snacking often occurs during television viewing
and eating at night has been associated with obesity, particularly in animal models (11). We
do not have data regarding the time of day television viewing and eating occurred and so we
cannot directly test these hypotheses. It would be interesting to determine if circadian
misalignment partly explains why television viewing associates with adult obesity.

While our data supports the hypothesis that sedentary behavior is associated with greater
increases in BMI over time and that there are plausible explanations for our observations, we
cannot exclude the possibility of reverse—causality. Two studies have suggested that obesity
can lead to an increase in sedentary behavior (8, 27), but these studies have some limitations
that should be considered. For example, Ekelund et al. used an objective physiological
measure (heart rate (HR) flex) to estimate sedentary behavior and found that: 1) baseline
BMI and sedentary behavior were positively correlated, 2) baseline sedentary behavior was
unrelated to future BMI, and 3) baseline BMI was associated with future sedentary behavior
(8). However, the protocol to determine HR flex and thus sedentary behavior changed
between baseline and follow-up. Notably, estimated baseline sedentary behavior (30-34% of
waking time) was substantially lower than the follow-up estimate (47-55% of waking time)
(8). The baseline estimate was also substantially lower compared to other studies that have
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objectively estimated sedentary behavior using accelerometers (19, 40). While Ekelund et al.
rightly highlighted concerns about reverse-causality, changes in the sedentary behavior
measurement methodology between baseline and follow-up makes interpretation of this
study challenging (8). Similarly, Pulsford et al. reported evidence that past obesity status
predicted more television viewing, but there was an absence of cross-sectional associations
between sedentary behavior and BMI in their data making interpretation of this study also
challenging (27).

A second possibility that we cannot exclude is that a bi-directional positive feedback loop
exists between sedentary behavior and BMI. Indeed, the stronger associations we observed
between sedentary behavior and BMI at the upper percentiles of the BMI distribution could
be indicative of such a positive feedback relationship. Prospective studies with better
measures of sedentary behavior are needed to test this hypothesis and replicate or refute the
findings from this and earlier studies.

Strengths of our study include the large sample size and the inclusion of a follow-up
measure of BMI. We adjusted for time spent in MVPA, caloric intake and sleep duration,
and to the best of our knowledge only one other study involving adults included these three
covariates when investigating the association between sedentary behavior and BMI (21).
However, these covariates were self-reported and residual confounding may exist. The use
of quantile regression allowed for the study of the BMI distribution and the stronger
association between sedentary behavior and BMI at the upper percentiles of the BMI
distribution would not have been observed had the mean BMI, or BMI categories, been
modeled (28). Limitations of our study include the use of self-reported height and weight to
calculate BMI. Self-reported BMI and objectively measured BMI are highly correlated
(r>0.9) (20), however, replication of our study using objectively measured height and weight
and other obesity phenotypes (skinfolds, waist circumference, and fat mass) would help to
confirm our findings. We included two self-reported measures of sedentary behavior (sitting
time and television viewing), but validity and reliability data for the specific questions used
are unavailable. However, there is evidence that study participants are able to report their
sitting and television viewing times (2, 12), and Atkin et al. concluded in a review of
methods to measure sedentary behavior that single-item questions are suitable for use in
health-related epidemiological research (2). Caloric intake was derived from a food
frequency questionnaire and underestimation of calories consumed is a potential limitation,
especially among obese participants. Our sample comprised of U.S. adults, 50-71 years old
at baseline, and most were non-Hispanic white and well educated. It is not known if the
same associations would be observed among other populations.

In our sample of adults, spending more time in sedentary behavior at baseline was associated
with a greater increase in BMI over time, particularly at the upper percentiles of the BMI
distribution. Importantly the associations observed were independent of MVPA, caloric
intake, sleep duration. Therefore, public health strategies that target reductions in sedentary
behavior could contribute to reducing the prevalence of obesity at the population level.
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Figure 1.
Predicted leftward shift at the upper tail of the BMI distribution to lower BMI values with

less time spent sitting (left column) and less time spent watching television (right column)
among NIH-AARP Diet and Health Study participants (n=158,436). Baseline corresponds to
1995-1996 and follow-up corresponds to 2004-2006. The solid grey line illustrates the
predicted BMI distribution if all participants were seated for 7-8 hours per day (left column)
and if all participants watched television for 5-6 hours per day (right column). The dashed
black line illustrates the predicted BMI distribution if all participants were seated for 3—4
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hours per day (left column) and if all participants watch television for 1-2 hours per day
(right column).

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 December 01.



Page 14

Mitchell et al.

NIH-PA Author Manuscript

(%) N ‘uoisins|aL

(r'11) €58y (01'8) Szz'e (zr2) oet'e (20'2) 5e8'C (e5'8) evS'eT P/ 6
(z'£7) 095'9 (0'ST) ¥26'S (L'vT) 896'S (e'vT) vEL'S (e'aT) 9€2'v2 P/ 8-L
(8'82) ¥00'TT (9'82) zL€'TT (T'82) 8€'TT (6'92) s8L'0T (1'82) 65'7Y P/ 9-G
(T'L2) 15€'0T (£'62) 299'TT (8'62) 890'2T (6'62) 686'TT (0'62) 0L0'9¥ P/ €
(9'9T) 996's (0'6T) 625'2 (2'6T) 9662 (6'12) L9L'8 (T'6T) 80€'0€ Py €>

(%) N ‘Bunnis

(9°8€) 6G2'YT

(67¥) 898°LT

(v'8v) €£9'6T

(e'6v) €8L'6T

(v'sv) ev0'eL

ajenpelbisod/ebalj0

(e'52) 989'6 (L'€2) Svv'6 (522) TTT'6 (8'22) vz1'6 (9°€2) 99¢'L€ afa|j0) awos
(8'01) THVT'Y (T'01) 000'Y (05'6) 058'€ (¥1'6) L99'C (28'6) 859'sT ewoldiq |0oyds ybiH
(5°02) vv8'L (L'L1) €¥0'L (£'9T) T09'9 (z'91) 68¥'9 (9'21) 126'L2 sreak 11-8
(2L'v) ¥08'T (99€) 95¥'T (zee) sve't (19'2) 1¥0'T (95°¢€) 259's steak g>
(%) N ‘uoneonp3

(09°0) 622 (to'1) €ov (1) ¥85 (e2'2) €68 (ee'T) 60T'C Id/NV/IV/uelsy
(ov'T) veS (#9'1) €59 (z9'1) 959 (6T'1) 8L¥ (9v'T) T2E'e dluedsiH
(v€'7) 859'T (06'2) €ST'T (L12) 628 (55'1) €29 (zLo) ete'y »e|g oluedsIH-UoN
(2'¢€6) €18'SE (5'v6) €£09'2€ (8'76) Tzv'se (0'g6) 9TT'8€E (S'v6) £56'67T 3NYM dluedsiH-UON
(%) N ‘a0ey

(7'2y) ¥12'9T (e'ze) T28'CT (e'g€) €0e'vT (T°99) 86¥'2Z (5'1v) 988'59 alewad
(9'28) 0z0'ze (2'29) Tv6'9C (L'v9) Le2'92 (6'ev) 219'LT (5'85) 018'¢6 3eN

(%) N “19pus

(Sve‘e0g) 6'1€

(e'82°'192) 512

(9°sz '¥'v2) 0'5e

(0ez'012) €22

(1'62 ‘2'€2) 0'92

2W/Bx ‘(401) uvelpsw ‘IINg

(z'90T ‘2'18) 296

(668 '29L) 078

(L'18'1'89) ¥'SL

(0L '895) 9°€9

(068 ‘1°89) 0°6L

B ‘(401) verpaw ‘WBram

(08'T'€9T) €LT

(08'T'89T)SL'T

(08'T'S9T) LT

(8LT'€9T)0L'T

(08'T'S9T) €L'T

w “(40I) verpaw WbIeH

(659 ‘€°28) 8'T9

(999 '0'89) 829

(299 ‘2'85) 0°€9

(299 '8°28) L'29

(599 '8°25) 929

A(401) velpaw ‘sby

(reg'se=u)
a[nrend y

(cT8'6E=U)
8|1rend p.e

(ovs‘opr=u)
a|n.end p2

(otT'0P=U)
a|n.enQ sT

(969'851=U)
a|dwres [e10 ]

so|irend (11N g) xepu|sse | Apog

NIH-PA Author Manuscript

T alqel

siuedionJted ay) JO SINISLIA1ORIRYD BuIjase]

NIH-PA Author Manuscript

available in PMC 2015 December 01.

Med Sci Sports Exerc. Author manuscript



Page 15

Mitchell et al.

NIH-PA Author Manuscript

papuejs| 4 ‘1d ‘abuel apienbisul ‘Y| ‘Xapul ssew Apog ‘[ING ‘DAIBN UBXSElY ‘NV ‘UeIpU| UBdLIBWY ‘|
(88'2) 20T'T (52'1) 869 (0e'T) 225 (rz'T) 96¥ (82'1) €28'C P/ 62
(€9¢) 98€'T (812) L98 (69'7) 989 (09'7) £v9 (9z'2) z8s'e p/y 8-,
(6'81) 622'L (8'¥T) 188'S (8'21) S02's (6'01) 92€'Y (e'vT) 169°C2 P/ 9-G
(09v) ¥09'LT (6'5v) TL2'8T (5ev) v€9'LT (zov) etT'oT (6'€v) 129'69 /Y Y€
(T'v2) 822’6 (7'62) TTL'TT (9ze) seT'eT (L'v€) 006'€T (e'0¢) v€0'8Y P/ 2T
(56'€) T1S'T (ov'5) eL1'C (¢ce'L) 896'C (56'6) 066'€ (t2'9) 2v9'oT P/ T>
(9v'0) ¥LT (eg0) TTC (08'0) sz€ (8v'T) €65 (z8'0) €0€'T 3UON
(rez'se=u) (cT8'6E=U) (ovs'op=u) (otT'0V=U) (969'85T=U)
3|11end yy a|end p,e a|1rend pug a11enQ I a|dures [ejo |

sa|11rend (1ng) Xepu|sse N Apog

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 December 01.



Page 16

Mitchell et al.

“BuimaIA UoISIAGIB) sNid Z [8POIN Ul S81RLIBA0D palsnipe € |9poIA

‘uolyenp daa|s pue saLojed ‘YdAIA Snid T |8POIA Ul SajelieA0d Jo) paisnipe g [8pojA asop Buiyows pue uoreanpa ‘ades ‘iapush ‘afe 1oy paisnipe T [9polA “dnoub Juslayal ayy 0} sAlre[al A10681ed UoISING|a)
/BUImIS yoes 10} [N Ul 93UJIaLIp 8y} Juasaidal SJUaIo1ya09 UOISIASIR)/BUINIS By "dn-AmO]|0) 01 auljaseq Wody |G Ul abueyd ayy sjuasaldal os pue dn-mojjo} 10} T pue aul|aseq J0j 0 9p0J SI JUSIIIIB09
awin ay] "(3a1) dnoab uaiayal ayy Joy auljaseq 1e |INgG paidipald sy st adaosaiul 8yl (1D %S6) SIeAIS1Ul B2UBPIIUOD %G6 PUe (0) SIUBIIHA02 Blaq aJe pajuasald eleq "uoirenba Bunewnss pazifessusb ‘339

280790 | €20 | T2T'2zT | 9v'T | ve0'0L0 | 280 | 9vo‘oco | se0 9z'0'TT0 | 6T0 €20'600 [ vT0 | PU6Z
oro‘veo | zeo | 6L0‘ov0 | 650 | ¥r0o'szo | veo | 6T0'so0 | zro | oT0's00- | €00 | vT0'TO0- | 00 | PMMS-L
620910 | 220 | 670'9z0 | €0 | ve0'9T0 | S0 | STO'vO0 | 0OTO 210100 | 00 €1°0'000 [ 200 | PYO-S
120800 | ST0 | ¥70'870 | T1€0 | Seo'0T0 | 810 | TT0'000- | S00 | l00's00- | TOO | 600700~ | €00 | puvE

JEX| JEX| s N N d | pue> Bunus
610210 | 8T°0 | 05020 | 9ovo | seo'6z0 | z€0 | Lro‘ero | ST0 | TO0'€00- | TOO- | STO-‘6T0O- | LTO- awIL
1ze'g1e | zee | Tev'oTy | €0er | €9e'Tqe | 69'GE | 6°0€ ‘662 | 6€°0€ v'ig's9z | 692 6vZ'Tve | Sve 1dsasaiul | € [aponN
TZT'€0T | ¢TT | Le2'¢6T | ST | SPT'6TT | 2€T | S80°290 | 920 2500 | svo ero‘oco [ T1€0 | PU6Z
v21°0'650 | 290 | v&T's0T | 6TT | 880'69°0 | 620 | €s0'6e0 | 9v0 €8°0'8T0 | 920 9z0'eT0 | 670 | PYB-L
190'87°0 | 50 | 860220 | 980 | 220850 | S90 | 8yo‘ve0 | TrO §€'0°'2¢0 | 620 620'9T0 [ 220 | PO
60220 | €c0 | oz0'vv0 | 250 | sro'eeo | THO | TEO‘LTO | Y20 720'800 | ST 67°0'600 [ 210 | PUT—E

JER| 494 L] G| G| e | pue> Bunns
670210 | 870 | es0'sv0 | 6v0 | seo'oe0 | zeo | 9r0‘zro | ¥T0 | TOO-¥00- | 200~ | LTO-‘TeO- | 6TO- awnL
eee'oce | oee | evrzer | ovy | e2e'89e | €| 8T1ETIE | STIE 6L2'TLe | 9L ogz'lve | TS 1dsasay |z jepon
09T erT | 19T | vze'vre | 662 | zoz'seT | 88T | 8TT'660 | 60T z,0'es0 | €90 v50've0 | vro | PU6EZ
160280 | 680 | 08T LT | ¥9T | 8TT'TOT | 60T | 00950 [ €90 9r'0'ee’0 | or0 9€'0'zz0 | 620 | PYB-L
€,0'090 | 290 | 9zT'960 | TTT | 280220 | 080 | ls0‘st0 | 150 Zro'6e0 | 920 v€0'720 | 120 | pu9-S
vr0‘ce0 | 8€0 | vLo'sr0 | 190 | 950'6€0 | 80 | 2e0‘Tz0 | L20 SZ0'eT0 | 610 220'600 [ STO | PUY€

JEX| JEX| G| N N d | pue> Bunus
610210 | 870 | 15020 | v0 | ce0'2z0 | ogo | Lro‘eto | ST0 | 000'€00- | 200- | LTO-‘TCO- | 6TO- awIL
zze'ote | 61e | szvoTy | Tev | Tee'ese | rae | soe‘zoe | goe vig'e9e | Tie zaz'ove | 61z 1dsasaiul | T 19ponN

1D %56 al| 10%se al| 10w%se q 1D %56 q 1D %56 q 1D %S6 q
ues 3|12 8d 4106 8|1Iued B ySL 8|13ued od 05 8|1nued Bd 52 8|1us0 R 40T
339 uossa Jfey a|1uendd
(zw/Bx ‘1 INgG) xopu|sse N Apog

NIH-PA Author Manuscript

sieak g 480 sabueyd sajiusdlad NG 914198ds pue swinl Buillls usamiag SUOIIRIJ0SSe [euipniibuo]

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 December 01.



Page 17

Mitchell et al.

€0z'9ST | 62T | 09c'esT | 02 | 25z'6LT | 8TT | 202'89T | S8T 85T'ecT | THT Zr1's60 | 8TT | PUYE
Zr1'se0 | 8TT | 92T%90 | 0T | s8T'vOT | SvT | erTis0T | seT ST'T'080 | £60 TTT'€90 | 280 | puZT
990210 | 2v0 | s80've0- | Sco | ¥60'vT0 | S0 | SL0'6€0 | 250 150'T20 | 620 790'600 | s€0 | puT>

L] G| Jod Jod JEN 99 | 8uoN | uoisinslaL
670210 | 8T0 | o0s0‘cro | 9vo | seo'6z0 | ze0 | Lr0'eT0 | STO | TO0'€00- | TOO- | STO-‘6T0- | LTO- awnL
Lze'ste | eee | Ter'otw | €oer | €9e'1ge | 69°Ge | 6°0€ ‘662 | ¥0€E v'ie's9z | 692 6vz'Tve | e 1dsasay | € jspo
oce‘eLe | toe | esseae | esv | vev e | o6¢€ | tre)esz | 2Te 1zz'8T | L0 26T'960 | v2T | PM6R
6T€'v9C | ¢6c | 88v'cze | 90v | 60v'6z€ | 69¢€ | TzE'99C | €62 YUTYLT | 16T oLT'ocT | 8rT | PuS-L
z9z'vte | sez | sre'syz | tre | teezoz | L6C | 19C'9TT | se2 16T'29T | 6LT 89T'ecT | ov'T | PO
202'sST | 62T | vrewT | 80 | L5788t | e | 602's9T | 87T 09T'8CT | w1 or1'86°0 [ 6TT | PUT—E
8eT'060 | ¥TT | 8zT'sto | TTT | 22TTTT | w01 | T'e0T | ST 9T'T'e8'0 | 660 80'T's90 | 980 | puZT
€90'vT°0 | 860 | 820250~ | €10 | 980020 | €50 | 080‘ce0 | 950 65070 | T¥0 850'¢cT0 [ s€o0 | puT>

| N | | JEN 99 | 8uoN | uoisineleL
610210 | 810 | ev0‘0r0 | v¥0 | ¥€0'820 | €0 | 9T0'CT0 | ¥T'0 | TO0-'S0°0- | €0'0- | LT0- ‘20~ | OTO- awIL
zee'vee | sce | ssvcer | vvv | veeoe | g9e | e1e°50¢€ | 60€ 91z'89z | zilz zaz'eve | Lve 1dsasaiul | z 19ponN
L9¢'60c | se'€ | oz9'esy | 9es | 18vT0v | OV | S9€ere | eve 9r'z'90C | 9ze 69T'L0T | 86T | PM6R
vae'e6c | 9ze | TeS'wre | esv | svv'ige | 9Tv | vee'zoe | sze 82Z'16T | 01 LTt | ssT | Pus-L
v8e'see | 65z | t0v'eLz | ove | sve‘zee | eTe | 6L2'seT | 85T 80Z'2LT | 06T LT'eT | eS| PN oS
Zrz'voT | 88T | ercerT | 1T | 2520z | tee | sreiuzT | 96T 19T'¢eT | 09T 1'660 | €2T | PUTE
o160 | 9TT | S9T‘Tv0 | €0T | 69T'6TT | v¥T | 8T 0TT | 62T 6T'T'G80 | €0T 2rT'e90 | 680 | puZT
290210 | 2€0 | s50°290- | 900- | s20'vz0 | 6v0 | 8L0°8€0 | 850 090'¢20 | 20 190'cT0 [ 80| puT>

L] 3 Jod Jod JEN $9d | 8uoN | uoisinslaL
670210 | 8T0 | oso‘oro | sto | zeo'zzo | 620 | Lro'eT0 | STO | TO0'€00- | TOO- | 9T0-‘TeO- | 6TO- awnL
vee'ote | oze | Tww'eey | cev | T9e'zee | Lse | voe'sez | TOE T.2'69¢ | 892 osz'eve | oz 1dsasa | T jeponN

ues 3|12 Bd 406 8|1ued d yGL 8]1ue0 Rd 405 8|nuso Rd 52 8|13us0 Bd 40T
339 uosse IBay a|nuend
(zw/Bx ‘1 INg) xopu|sse N Apog

NIH-PA Author Manuscript

sIeak g 480 sabueyd sajnusdlad NG 214198dS pue BulMBIA UOISIAB|S) Uamlag SUOIIeId0sSe [eulpniibuo

NIH-PA Author Manuscript

€9l|qel

NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 December 01.



Page 18

Mitchell et al.

"awin Bunus snjd z |8poIAl Ul SarelieAod paisnipe € [apoN

"uolyednp daa|s pue saLofed “‘YdAIA Snid T |3POIAl Ul SajelieA0d 1oy paisnipe z [8pojAl asop Buryows pue uoreanpa ‘ades ‘iapush ‘abe Joy paisnipe T [9polA "dnoub Jualajal ayy 03 aAle|a) A10681ed UOISING|a)
/BUImIS yoes 10y [N Ul 93UaJaLIp 8yl Jussaidal SJUaIo1809 UOISIASIR)/BUIIS a1 "dn-MO]|0) 01 auljaseq Wody [Ng Ul abueyd ayy sjuasaidal os pue dn-mojjo4 10} T pue aul|aseq J0j O 9P0J SI JUSIJIIB09
awn ay] -(3a1) dnoub 1uaiayal ayy Joy auljaseq 1e |INgG paidlpald sy st adaosaiul ayl (1D %S6) S[eAI81Ul BIUBPIIUOD %GE PUe (0) SIUSIIHA09 Blaq ale pajuasald eleq 'uoirenba Bunewnss pazijessusb ‘339

9T'€'65C | 88¢C G9Y ‘1€€ 86'€ | LTV '90€ 29¢ | 9TeTLT | 66°C vze'oLtT 00¢ LST €60 S¢'T Py 6=

L0€'2SC | 08C EEY 'TT'E zLe | v6'€'80°€ 15°€ | ¥0'€'95C | 08¢ vT'C'LST S8'T 2LT'STT T | PU8L

952'80C | ¢€T 87'€ ‘0r'C v6'C | vTEvre v8C | 19CvTC | €e¢ 16T 99T LT 89T '8T'T €V'T | PM9-S

ues 3|10 Jod ;06 8|1usd led G/ 8|11usd _d 05 8|1ued l_d 52 3|1usd led 40T
339 uossse Ifiey a|nuend

(zw/Bx ‘1N g) xepu|sse N Apog

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Med Sci Sports Exerc. Author manuscript; available in PMC 2015 December 01.




