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Abstract

Purpose—To explore the relation of physical activity (PA) and sedentary time (SED) to insulin
sensitivity and adipokines.

Methods—We assessed PA and SED using Actical accelerometers and insulin resistance
(HOMA-IR) in 2109 participants (free of type 1 and 2 diabetes mellitus) from Framingham
Generation 3 and Omni 2 cohorts (mean age 46y, 54% women). Systemic inflammation (C-
reactive protein [CRP]), and circulating adipokines were measured six years earlier. Steps/day,
moderate to vigorous PA (MVPA), and SED/wear time (%SED) were predictor variables in
multivariable regression analyses, with HOMA-IR, CRP, and circulating adipokines as outcome
measures.

Results—Higher MVPA and more steps/day were associated with lower HOMA-IR, adjusting
for %SED (p=—-0.036, p=0.002; p= —0.041, p=0.005). Steps were inversely associated with CRP,
but were directly associated with insulin-like growth factor (IGF)-1 levels (8= -0.111, p=0.002;
=3.293, p=0.007). %SED was positively associated with HOMA-IR (=0.033, p<0.0001), but
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nonsignificant after adjusting for MVVPA (p=0.13). %SED was associated with higher ratio of
leptin/ leptin receptor (SOB-R) and higher adipocyte fatty acid-binding protein (FABP)4 ($=0.096,
p<0.0001; p=0.593, p=0.002).

Conclusions—Our findings suggest differential influences of PA versus SED on metabolic
pathways, with PA modulating insulin resistance and inflammation, whereas SED influences fatty
acid binding proteins.
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Introduction

Greater physical activity (PA) is associated with lower risk of metabolic diseases including
obesity! and diabetes mellitus (DM).2 In contrast, excess sedentary time (SED) is associated
with the release of inflammatory markers and adipokines,3 and contributes to greater insulin
resistance.* However, the relations between adipokine release and insulin resistance as a
result of changes in the balance between PA and SED may be more complex than a simple
result of concomitant changes in body weight or adiposity.

Much of what is known about the effect of PA on insulin sensitivity, inflammation and
adipokines has been observed through exercise intervention studies, especially in
populations at high risk for developing DM. Evidence from these exercise intervention
studies suggest that long term adaptations to increased PA is associated with a more
favorable anti-inflammatory and adipokine profile, promoting insulin sensitivity,> and
resulting in lower development of DM over 12-year follow-up,® even in individuals not
meeting weight loss goals. During the adaptation to chronic exercise, insulin-like growth
factor (IGF)-1 signaling is also increased,” which may further promote insulin sensitivity.
Adiponectin, an adipokine that has been associated with lower burden of atherosclerosis,?
may also increase following exercise training, possibly mediated by weight loss.1 In
contrast, SED promotes the storage of fatty acids in the adipose tissue, and the release of
inflammatory markers (such as C-reactive protein [CRP]) and proinflammatory adipokines
(leptin, adipocyte fatty acid binding protein [FABP]4, and retinol binding protein [RBP]4).
The latter biomarkers have been demonstrated to decrease in response to exercise training
programs in short-term intervention studies,1-13 albeit inconsistently.14 Prior studies are
limited by small sample sizes, lack of adjustment for body mass index (BMI), and
measurement error introduced in studies using self-reported measures of PA.

Another layer of complexity in the relation of PA to insulin sensitivity is whether PA of any
intensity (total PA) provides the same insulin-sensitizing benefits as that resulting from
moderate-to-vigorous PA (MVPA), defined as any activity that expends greater than or equal
to three times the amount of energy that a person expends at rest (=3 metabolic equivalents
of task, MET). Accelerometers are now able to distinguish among different intensities and
forms of activity (light PA, MVPA, and accumulation of steps), compared to their original
use which was to simply report total activity or energy expended over the course of a day.
Additionally, SED has emerged as an independent factor for cardiometabolic risk that is
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distinct from PA.1° The PA Guidelines for Americans suggests 150 minutes of MVPA per
week for adults, 18 but does not include specific recommendations for the number of steps
per day to strive for or how much to limit SED. Thus, different intensities of PA and SED
may be potentially synergistic in terms of their impact on cardiometabolic risk, yet may have
differential relations with key biological markers of cardiometabolic risk. The present
investigation was designed to determine comprehensively whether PA and SED are related
to insulin sensitivity and to circulating levels of a panel of adipokines in a large community-
based sample.

Materials and Methods

Study Population

The Framingham Heart Study enrolled participants for its Generation 3 cohort (containing
participants predominantly of European descent) and Omni 2 cohort (a multi-ethnic cohort)
during the period 2002—2005.17 Blood was collected after overnight fasting during the first
examination cycle (2002-2005) for the measurement of adipokines and inflammatory
cytokines and blood was also collected during the second examination cycles (2008-2011)
to measure glucose and insulin levels for the evaluation of insulin resistance (HOMA-IR).
During the second examination, we also assessed PA using accelerometry and
questionnaires. For this investigation, we included participants who attended both
examination cycles 1 and 2 (n=3732). Participants without valid accelerometry data
(described below, n=956) or other PA questionnaires (n=87) were excluded. We also
excluded participants with type 1 or type 2 DM (n=141; defined as fasting blood glucose of
>126 mg/dl or taking hypoglycemic medications at any time during 2002-2011) to remove
the potential influence of hypoglycemic medications on our outcome measures.18
Additionally, participants were excluded if they were missing data on blood glucose, insulin,
adipokines or other covariates (n=439). The final sample was 2109 participants. All
participants provided written informed consent, and the institutional review board at Boston
University Medical Center approved the study protocols.

Physical Activity Accelerometry

During the second examination cycle, all participants were asked to wear an omnidirectional
accelerometer (Actical model no. 198-0200-00; Philips Respironics) on the hip for 8 days
during all hours throughout the day and night (except when bathing).1® This accelerometer
records signals within 0.5-3 Hz and accelerations/decelerations within 0.05-2 g. Recorded
signals were grouped into “counts” or “steps” and collected at 30 second intervals. For
analysis, signals were averaged over 1 minute intervals. Data were analyzed at the
Framingham Heart Study using customized software (Kinesoft, version 3.3.63) and a
predefined protocol for quality control.19

Accelerometer data was considered valid if the device was worn for =10 hours per day for at
least 4 days, not including the first day of wear (which was not included in any analysis).
Non-wear time was defined as 60 consecutive minutes of zero counts, allowing for 2-minute
interruption periods. Non-wear bouts were removed during data processing. SED was
defined as <200 counts per minute, a threshold validated in overweight and obese
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individuals, 2% who make up a large proportion of our study participants, n=1417/2109. SED
was only considered during wear time occurring between 6 AM-10 PM and was reported as
a percentage of wear time (%SED), a customary practice that standardizes SED to a 16 hour
day.1® MV/PA was considered during any time of the day and was defined as >1486 counts
per minute by weighting results from two validation studies.?122 Total steps were also
considered during any time of the day. In regression models including MVPA or steps, we
adjusted for wear time. Furthermore, regression models including SED, MVPA, or steps
were additionally adjusted for “overnight wear,” a dichotomous variable defined by =30
minutes of movement (non-zero counts) during the hours of 2AM-3AM on =3 nights, a
definition of restless sleepers. If any restless sleepers went to sleep earlier than 10PM and/or
slept later than 6AM, their sleep time may be misclassified as SED. Despite the fact that we
removed any sedentary movement (<200 counts/minute) that could be accumulated during
the night, our adjustment for “overnight wear” represents an attempt to consider potentially
higher SED accumulated by restless sleepers.

Sensitivity Analysis using MVPA Composite Score—Accelerometry does not
capture select PA such as cycling or swimming. Therefore, to estimate total PA, we
supplemented accelerometry data with questionnaire-based assessment of PA as detailed
below. During the second examination, participants were asked to report the amount of time
spent in different activities. First, they were asked how many months they performed a
specific activity, then, how many times per month, and finally, how many minutes each time
that activity was performed. Using reported times, average time per day was calculated for
each activity. For example, the total average times reported for bicycling, swimming and
weight lifting (activities not well captured by the accelerometer)?3 was 9 minutes (15
minutes), with 38% of participants reporting no time spent in these activities over the last
year. An MVPA composite score was calculated by adding the average time per day reported
bicycling, swimming, and weight lifting to the accelerometer-determined MVPA.

Insulin Sensitivity

At examination cycle 2, participants underwent measurement of blood glucose and insulin
after an overnight fast. Insulin was measured using an immunoassay (Roche Diagnostics,
Mannheim, Germany), with an intra-assay coefficient of variation (CV) of 2.0% and
interassay CV of 4.5%. The homeostasis model assessment of insulin resistance (HOMA-
IR) measurement was calculated as glucose (mg/dl) * insulin (uU/ml) / 405.24

Adipokines and metabolic factors

Serum and plasma were drawn after an overnight fast at examination cycle 1 and stored at
—80 C until assay without previous thawing. Serum high-sensitive (hs)CRP was assessed
using an immunonephelometry assay (Dade Behring, now Siemens Healthcare).2> Serum
RBP42° and IGF-126 and plasma adiponectin,?’ leptin and soluble leptin receptor (sOb-R)28
were all assayed using commercially available enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems Inc., Minneapolis, MN). Serum FABP425 was measured using
a kit from Biovendor (Candler, NC). All interassay CVs were <9.7% as reported
previously.25-28
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Statistical Analysis

Results

Separate multivariable regression models were used to relate each of the following
dependent variables; HOMA-IR, adipokines, and other metabolic factors to predictor
variables: MVPA, steps, and %SED. Beta estimates were generated per: 4000 steps/day, 20
MVPA minutes/day, and 5% increase in %SED roughly equivalent to 1 SD of each PA
variable. HOMA-IR, hsCRP, adiponectin, leptin, sOb-R, and leptin/sOb-R were natural
logarithmically transformed to normalize their skewed distributions. Analyses were
performed with adjustment for the following variables at examination cycle 2: age, sex,
BMI, prevalent CVD, hypertension, current smoking, cohort, season of examination,
residence in New England versus other, overnight wear, and total wear time. Secondary
models were additionally adjusted for MVVPA when %SED was the exposure of interest.
Likewise, models with MVPA or steps as the predictor of interest were additionally adjusted
for %SED in secondary models. Associations with p<0.01 level were considered statistically
significant (a priori). P-values of 0.01-0.05 should be observed with caution because the
multiple testing performed in this investigation increases the chance of finding a value
p<0.05 when no true association exists.

We also note that analysis to detect the associations of the proportion of time spent in light
activity (%Light) with insulin resistance, inflammation and adipokines were not performed
because %SED and %Light PA had variance inflation factor (VIF) values of 7.70 and 7.63,
respectively, in collinearity analysis. While these VIF values are lower than 10, they do
suggest a moderate amount of collinearity. Additionally, a principal component analysis
(PCA) yielded a condition index of 5.46 for component 14 and over 95% of the variance of
%SED and %L.ight is explained by this component. The combination of the VIF and PCA
results give us concern about the collinearity between %SED and %L ight, thus we chose to
pursue a model that contained only one component (%SED) and not the other (%Light).

Study sample characteristics

Average accelerometer wear time was 13 hours and 36 minutes per day, =77 minutes (during
the designated hours of 6 AM—-10 PM) (Table 1). During those hours, on average,
participants spent >80% of the time as SED. Overall, 49% of participants met the PA
Guidelines (=150 minutes per week MVPA), with a higher proportion of men (n=537/977)
meeting the guidelines than women (n=498/1132). Overweight and obese participants spent
less time in MVPA (p<0.0001), but on average, spent a similar proportion of their monitor
wear time in SED (displayed as %SED) compared to participants with BM1<25 (p=0.14)
(Supplemental Table 1). Demographic characteristics of excluded participants are shown in
Supplemental Table 2.

Relations of physical activity to insulin resistance and adipokines

Higher MVPA and more steps per day were associated with lower HOMA-IR, even after
adjustment for %SED (B = -0.036, + 0.012, p < 0.0001; and B = —0.041, £ 0.014,p =
0.005, respectively, Table 2, Figure 1A and 1B). More steps per day were also associated
with lower serum hsCRP but higher IGF-1 levels (B = —0.111, £ 0.036, p = 0.002; and § =
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3.293, £1.218, p = 0.007, respectively, Table 2, Figure 1C and 1D). An MVPA composite
score (accelerometer-determined MVPA + self-reported time spent bicycling, swimming and
weight lifting) performed similarly to pure accelerometer-determined MVPA (data not
shown).

Relations of sedentary time to insulin resistance and adipokines

%SED was positively associated with HOMA-IR (B = 0.033, + 0.008, p < 0.0001, Table 3),
but this relation was not significant after adjusting for MVPA (p = 0.015, = 0.010, p = 0.13).
%SED was also associated with higher circulating concentrations of leptin, lower leptin
receptor (sOB-R), higher leptin/sOB-R ratio, and higher FABP4 (p = 0.061, = 0.014, p <
0.0001; p =-0.035, + 0.010, p = 0.0003; p = 0.096, + 0.018, p < 0.0001; and B = 0.593,
+0.186, p = 0.002, respectively, Table 3, Figure 1E and 1F). Sensitivity analysis was
performed using raw SED (hours/day), showing a consistent lack of association of SED with
HOMA-IR in the multivariable model additionally adjusting for MVVPA and wear time (p =
0.52).

Discussion

The present investigation of Framingham Heart Study participants demonstrated that PA and
SED were associated with insulin sensitivity and with circulating adipokine concentrations
even after adjusting for important confounders, including BMI. Higher PA was associated
with higher insulin sensitivity whereas SED was positively associated with leptin levels and
FA binding protein concentrations. Furthermore, we observed a positive association of steps
per day with IGF-1 levels and an inverse association with serum hsCRP concentration. Of
note, neither MVVPA nor SED were associated with IGF-1 levels or serum concentrations of
hsCRP. These findings may provide clues linking PA and SED to cardiometabolic risk by
influencing distinct biological pathways.

Associations of physical activity and sedentary time with insulin sensitivity

Insulin sensitivity improves in response to exercise training programs, but it is unclear
whether this response is entirely due to changes in body composition,® or related to the
potential role of SED in determining insulin sensitivity. Our results demonstrated that higher
MVPA and a greater number of steps were associated with lower insulin resistance, after
adjusting for BMI and %SED, among other covariates. Yet, %SED was not significantly
associated with insulin resistance after adjustment for BMI and MVPA.

Our results support evidence from the European Relationship between Insulin Sensitivity
and Cardiovascular risk (RISC) study, in which investigators reported that after accounting
for PA and BMI, %SED was not related to insulin sensitivity (using a variable capturing
percent of total wear time as SED, similar to our %SED variable).2? Other cross-sectional
studies have reported associations of SED with HOMA-IR but not after adjustment for BMI;
and still other studies have reported no relations between SED and HOMA-IR, as recently
reviewed by Brocklebank et al.30 In contrast, there have been three recent studies (Coronary
Artery Risk Development in Young Adults [CARDIA];3! Hispanic Community Health
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Study/Study of Latinos (HCHS/SOL),5 and a study based in Chile32) that reported
associations of SED with HOMA-IR after adjustment for MVVPA and BMI.

Racial differences may have contributed to the different findings of these three studies
compared to ours. In CARDIA and the Chilean study, the relation of SED to HOMA-IR was
weaker in individuals of European descent compared to blacks or indigenous Chileans;3132
but associations were consistent across Hispanic/Latino background groups in HCHS/
SOL.15 Racial homogeneity of our study, consisting mostly of white individuals of European
descent, may have contributed to our results.

Another potential factor contributing to differences among our studies is the use of different
devices, which may have contributed to differences in SED. In CARDIA, 76% of
participants averaged less than 10 hours/day SED, whereas our study participants averaged
11 hours/day SED, despite lower wear time (due to our removal of data captured between
10PM-6AM as obligate non-wear time). Moreover, investigators from CARDIA and the
Chilean study analyzed the effect of raw SED, by hours per day (adjusting for wear time in
the model), HCHS/SOL used a residual approach to standardize SED to wear time, whereas
we used the percentage of wear time spent in SED. Inconsistent PA and SED variable
definitions among different cohort studies is a major limitation within the field of PA
research, which may exaggerate inconsistent findings across these cohorts. However,
sensitivity analyses performed in our study and CARDIA suggest that the use of SED versus
%SED variables did not impact the relations between SED and HOMA-IR in either study.

Another factor that may have contributed to different findings with the HCHS/SOL study
was their inclusion of participants with DM (in which 7-12% of the study population were
taking medications affecting glucose metabolism). Participants with DM were excluded
from analysis in CARDIA, the Chilean study, and our study. Therefore, we are unable to
completely explain why our studies (with similar sample sizes between our study and
CARDIA) reported different results, although differences in racial composition may have
contributed.

A major perceived barrier to PA interventions is the inability/unwillingness to increase the
volume of PA to levels required for weight loss (often recommended as >150 minutes/week
for modest weight loss or 225-420 minutes/week for substantial results).33 Our display of
HOMA-IR by tertiles of MVPA (Figure 1A) may reflect insulin-sensitizing effects of even
modest amounts of PA (<150 minutes/week). Additionally, similar strength of associations
for 20 minutes MVPA or 4000 steps (each approximately equivalent to 1SD) with HOMA-
IR suggest that the intensity of PA may not be as important as volume of PA in contributing
to greater insulin sensitivity. Our association results suggest that higher volume of PA may
also be the significant factor relating to IGF-1 concentrations, previously reported to be
positively associated with self-reported walking,3* but not related to self-reported vigorous
activities.3® Greater IGF-1 levels are associated with better insulin sensitivity and lower
levels of systemic inflammation.36
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Associations of physical activity with systemic inflammation (as measured by serum C-
reactive protein concentrations)

CRP is a systemic inflammatory biomarker that has been associated with greater body fat
and insulin resistance.3” There is strong evidence demonstrating that exercise training
programs lower blood CRP levels.38 At the population level, two studies using data from the
same National Health and Nutrition Examination Survey (NHANES), 2003—-2004 study
reported slightly different results, due to how they represented the MVPA variable.3%40 One
study showed that being in the lowest tertile of either weighted mean accelerometry counts
or MVPA bouts (or not meeting the Physical Activity Guidelines for MVVPA) was associated
with higher circulating CRP, without adjusting for wear time.3% Another study reported that
%MVPA (MVPA as a percentage of wear time) was not significantly related to CRP
levels.40 As we previously discussed, decisions about how to define PA variables can
influence interpretation of results across studies. Since MVVPA makes up <1% of daily
activities, this variable may not be greatly influenced by wear time. Therefore, we reported
raw MVPA minutes/day, not as a percentage of wear time. We demonstrated that MVPA and
steps were associated with lower serum CRP levels, after adjustments for wear time, BMI,
and %SED, among other covariates. Thus, the difference between our results and different
NHANES results on how MVPA relates to CRP levels may simply be caused by our
differences in MVPA variable definition.

Associations of total physical activity and sedentary time with leptin and adiponectin

Circulating leptin and adiponectin levels, on the other hand, were not associated with MVPA
after accounting for other covariates, supporting previous evidence that short, acute bouts of
MVPA do not impact circulating leptin or adiponectin in healthy subjects.#142 Instead our
results support a relation between total energy expenditure (the balance between total steps
and SED) and blood leptin levels. In participants expending greater amounts of total energy
(measured by steps), circulating leptin levels were lower, but there was no significant
relation to sOb-R, the circulating leptin receptor. Blood leptin and sOb-R levels appeared to
be related most to %SED. In participants that spent more time in sedentary activities,
circulating leptin was higher and circulating sOb-R was lower, likely leaving higher free
circulating leptin concentrations available to communicate a satiety signal to the brain.
However, in leptin resistant individuals, the leptin satiety signal may not be received by the
brain effectively, thus uncoupling energy balance from appetite and leading to weight gain.*3
It is unclear whether leptin resistance is impacted by PA and SED, since only peripheral
(circulating) leptin and sOb-R concentrations were available in our sample. The lack of
association of adiponectin with PA or SED variables in our study (after adjustment for BMI
and other covariates) was not surprising because previous studies have reported that the
association of PA with adiponectin may be driven by body composition.*2

Associations of sedentary time with fatty acid binding proteins

The present investigation identified a relation between SED and circulating FABP4
concentrations. FABP4 is higher in obese individuals and has been associated with insulin
resistance and dyslipidemia.2> RBP4 is not as clearly linked to adiposity, but evidence
suggests it lays on a causal pathway to insulin resistance.** Both binding proteins have been
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shown to decrease in response to exercise training,114° but RBP4 decreased only in
individuals in whom insulin resistance decreased.*> We did not identify any relation between
PA and these binding proteins, but our observed association of SED with FABP4 (after
adjusting for BMI and MVVPA) may provide clues about how SED influences insulin
resistance.

Strengths and Limitations

The strengths of our study are the availability of accelerometry-determined PA and SED, and
a comprehensive panel of standard and novel adipokines in a large community-based sample
of healthy adults. As an estimate of total energy expenditure, accelerometer-determined PA
is more precise and less biased than PA assessed by self-report.46 Unlike the “gold standard”
measures of energy expenditure (doubly labeled water), accelerometers also provide
information about time spent in activities of different intensities, including SED. We
acknowledge that our study design, limiting the processing of wear time data between 6AM
and 10PM, may potential decrease in the reliability of our measurement of wear time, but
alternative algorithms may cause inclusion of significant periods of SED during “sleep” time
for some individuals, which was a greater concern. Additionally, we acknowledge that our
decision to use the <200 counts/min cutpoint to classify SED (as validated in overweight and
obese individuals)2° may misclassify some light activity and SED, just as there are
limitations to decisions to use any cutpoint. Another limitation of accelerometer-determined
measure of PA is that it does not capture MVPA accumulated during certain activities
(specifically bicycling, swimming, and lifting heavy objects). In the current investigation,
the addition of self-reported time spent in these activities into the MVVPA composite score
did not influence the observed relations between PA and insulin sensitivity. We also
minimized the influence of wear time by reporting SED as a proportion of wear time.

Our observations were made predominantly on white individuals of European ancestry,
which limits the generalizability of our findings to other ethnicities. Given the cross-
sectional design of our investigation of the relations of PA to insulin resistance, both
measured during the same examination cycle (and the non-contemporaneous design of our
analysis relating PA to adipokines and inflammatory markers, measured at different
examination cycles), we are unable to make causal inferences about any of the observed
associations. Despite this non-contemporaneous design, the analysis can be viewed generally
as cross-sectional because of evidence to suggest the relative stability of PA over short time
periods.4” In a longitudinal Swedish cohort of middle-aged adults, in a similar age range as
our study, MVPA and total activity (total counts/minute) were not significantly different
between baseline and 6-year follow-up.#” There was, however, a 5% increase in SED during
that time period, suggesting that SED may change modestly over the 6-year time period.
Additionally, any ‘noise’ created by using non-contemporaneous biomarker values would
bias us towards the null hypothesis of no association of PA/SED with adipokines/
inflammation, or create regression dilution bias, resulting in underestimation of the true
strength of the observed relationships; however, we do acknowledge that the non-
contemporaneous measurements do limit the translational relevance of this investigation.
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We also did not ask participants to refrain from exercise the morning of the blood draw, so
acute exercise may have influenced the adipokine profile in a number of participants.
Furthermore, adjustment for BMI may only partly capture body composition and residual
confounding by body composition, dietary intake, or medication use may remain. Finally,
due to the exploratory nature of this investigation we made only a modest adjustment for
multiple statistical testing. Additional studies are warranted to replicate our observations. Of
note, several reported associations would withstand a conservative Bonferroni correction
(0.05/21 or 0.002 [for relating 3 measures to 7 biomarker levels]).

Conclusion

Our cross-sectional study of a large community-based sample demonstrated associations of
PA and SED with insulin resistance and circulating concentrations of several adipokines,
even after adjusting for BMI. These findings may provide clues linking cardiometabolic risk
to PA by influencing insulin resistance and systemic inflammation, and to SED by
potentially modulating circulating concentrations of FA binding proteins.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known about this subject
. Physical activity and sedentary time are associated with cardiometabolic risk.

. Previous research suggests that physical activity may be associated with a
favorable adipokine profile and insulin sensitivity, but these relations have not
been explored extensively in large cohort studies.

What this study adds

. This study suggests that there may be differential influences of low physical
activity versus sedentary behavior on metabolic factors.

. Further understanding of the relations of lifestyle behaviors to metabolic
factors could have implications for clinical prevention and treatment of
metabolic diseases.
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Figure 1. Relations of biomarkers to physical activity variables
Least Square Means (+SE) of homeostatic model of insulin resistance (HOMA-IR) to

tertiles of moderate-to-vigorous physical activity (MVPA) (Figure 1A) and steps/day (Figure
1B), c-reactive protein (CRP) (Figure 1C) and to insulin-like growth factor (IGF)-1 (Figure
1D) to tertiles of steps/day, leptin (Figure 1D) and fatty acid binding protein (FABP)-4
(Figure 1E) to the percent of wear time spent as sedentary time. All models were adjusted
for the following potential confounders: age, sex, body mass index, prevalent cardiovascular
disease, hypertension, current smoking, cohort, season of exam, residence in New England
or other, and overnight wear. Figures 1A—C were additionally adjusted for total wear time,
and the percent of wear time spent as sedentary time. Figures 1D and E were additionally
adjusted for moderate-to-vigorous physical activity.
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Study Characteristics” Women (n=1132) | Men (n=977) | Overall (n=2109)
Age, years 46.3+9.0 46.3+8.7 46.3+8.9
Race (% White) 95% 95% 95%
BMI 268 +5.7 28845 27753
HOMA-IR 21+16 2616 2316
Current Smoking (%) 6% 9% 8%
Hypertension (%) 16% 25% 20%
Cardiovascular Disease (%) 1% 3% 2%
Adipokines t

IGF-1 (ng/mL) 131 +43 129 + 38 130+ 41
hsCRP (mg/L) 28+46 20+38 24+42
Adiponectin (ng/mL) 10809 + 5513 5846 + 3651 8510 + 5349
Leptin (pg/mL) 18084 + 16684 | 5762 + 4956 12376214089
sOB-R (ng/mL) 185+8.3 17.7+7.7 18.2+8.0
Leptin/sOB-R 1311 £ 1763 417 + 445 897 + 1399
FABP4 (ng/mL) 209+11.9 16.2+79 18.7+£10.5
RBP4 (ug/mL) 375+103 434+99 402 +10.6
Accelerometer-Determined Physical Activity and Sedentary Time *

Wear Time (min wear time/day) ¥ 81673 814£81 81577
SED (min/day) 7 668 + 66 656 + 72 662 + 69
%SED (min SED/min wear time/day) ¥ 820£56 80.8£6.7 814£6.2
Light (min/day) 1 124 + 43 130 £ 52 126 + 48
%Light (min/min wear time/day) ¥ 15047 15.7£56 154+52
Steps (per day) 8153 + 3585 8794 + 4109 8450 + 3849
MVPA (min/day) 25.6 +20.4 295+21.1 27.4+20.8
Achieved MVPA Guidelines ( >150 min/week) (%) 44% 55% 49%

Abbreviations: Body mass index (BMI); homeostatic model assessment of insulin resistance (HOMA-IR); sedentary time (SED); percent of wear
time spent as sedentary time (%SED); moderate-to-vigorous physical activity (MVPA); minutes (min).

All continuous numbers are presented as mean + SD.
*

Measured at examination 2
1, L

Measured at examination 1

fonly recorded during the hours of 6AM-10PM

Clin Obes. Author manuscript; available in PMC 2018 April 01.



Page 17

Spartano et al.

“awn

JeaM pue ‘1eam JyBIUIBAO “JL10 J0 pue|BUT MBN Ul 90UBPISaI ‘WEXd JO UoSess ‘Bulyows 1usLIng ‘uoisusLadAy ‘asessip Je|naseAclpIed ‘Xapul ssew Apoq ‘xas ‘abe ‘Loyod 1oy paisnipe :japow ajgelieAn|niA

Author Manuscript

‘pawiioysuesy (u) Boj [einyeu a1em Y-gOs/unds| pue ‘Y-gos ‘unda| ‘unosuodipe ‘ddosy ‘dI-VINOH

‘7(dgy) utsloud Buipuig jounas ‘y(dgwv4) utelosd Buipuig-pioe Aney a1koodipe {(dyDsy) utsioid aanoeal-9 Alanisuss ybiy (T-(491) 101oey
Uyinoab ax1j-uipnsul {(41-YINOH) 8ouelsisal Ulnsul 40 JUBWISSASSe [apow d11e1soawoy (d3S%) awi Alejuapas se juads awiy Jeam Jo 1uaatad ((WdAIN) AlAnoe [eaisAyd snolobin-01-21el8poIA :SUOIIRINSIQQY

IT0 (61€°0) TvY'0 820 (z92°0)9820 QIS %+
(Twy/Brl) ydgy
€60 (9€2°0) 1200 06°0 (LT2°0) 8200 3lqeLRAINN
81’0 (€22°0) €6T°0— ¥9°0 (r2z’0)¥OT0 QIS % +
(Tw/bu) ydav4
000  (202°0) ¥.50-  2T°0 (981°0) 282°0-  8lqeLEAIINIA
€200  (920°0) 090°0- 82°0 (ze00) €200 Q@IS %+
H-qos/undaT
10000> (020°0) 860'0-  T90°0 (8T0°0) ¥€0°0-  BIqRLEARINA
v€'0 (¥T0°0) €T0°0 0500 (210°0) €20°0- @3S % +
(wy/bu) ¥-qos
1700 (0T0°0) £20°0 €60 (0T0°0) 6000°0—  8lqELERAINA
¥200  (120°0) 9¥0°0- 160 (LT0°0) L0000 QIS % +
(wy/6d) unds
10000> (ST0°0) T200- €100  ($T0°0) GEO'0—  3lqeieAnniA
1240] (610°0) ST0°0 260 (5T0°0) 2000 @3S % +
(wyBu) undsuodipy
8700 (¥10°0) 8200 12°0 (€T0°0) 9TO'0  3IqeRAINN
2000  (9€00) TTT'0O-  STO0  (0€0°0) 2L00- QIS % +
(1/6w) dHosy
0100 (£200) 690°0- 2200 (S520°0) 950°0-  ®|qerEARINA
1000 (812'T) €6C°€E 850 (T00T) 9550 QIS % +
(Tw/bu) T-491
90 (206°0) 699°0 950 (0£8°0) 087°0—  8IqRLEARINA
G000  (¥T0°0) THO'O- 2000 (210°0) 9€0°0- QIS % +
dI-VINOH
10000> (TT0°0) 050'0- T000'0>  (0TO'0) 9700  8|qeLeARNA
anpea-d (35) 159 ¢ anpea-d (35) 159 ¢ 19pOIN Jaxeworg

Aepysdars 0oy Jad
sdals

Aepyuiw oz 1ad

VYdAIN

saujodipe Buinenalio pue aguerIsIsal ulnsul 01 AlIANe [ealsAyd Jo suonejey

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Clin Obes. Author manuscript; available in PMC 2018 April 01.



Page 18

Spartano et al.

'siseydws 10y pap|oq a1am (100 >d) Juedy1ubis paIapIsu0d SUOIFeId0SSY

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Clin Obes. Author manuscript; available in PMC 2018 April 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Spartano et al.

Relations of sedentary time to insulin resistance and circulating adipokines

Table 3

% SED
per 5% increment
Biomarker Model B est. (SE) p-value
Multivariable ~ 0.033 (0.008)  <0.0001
HOMA-IR
+MVPA  0.015 (0.010) 0.13
Multivariable  1.274 (0.675) 0.060
IGF-1 (ng/mL)
+MVPA 1550 (0.834) 0.063
Multivariable ~ 0.016 (0.020) 0.43
hsCRP (mg/L)
+MVPA  -0.020 (0.025) 0.41
Multivariable  -0.019 (0.010) 0.069
Adiponectin (ng/mL)
+MVPA  -0.019 (0.013) 0.15
Multivariable  0.062 (0.011)  <0.0001
Leptin (pg/mL)
+ MVPA  0.061(0.014) <0.0001
Multivariable  -0.024 (0.008) 0.002
sOb-R (ng/mL)
+MVPA  -0.035(0.010)  0.0003
) Multivariable  0.086 (0.015)  <0.0001
Leptin/sOb-R
+MVPA  0.096 (0.018)  <0.0001
Multivariable  0.542 (0.151) 0.0003
FABP4 (ng/mL)
+MVPA  0.593 (0.186) 0.002
Multivariable  0.352 (0.177) 0.047
RBP4 (ug/mL)
+MVPA  0.479(0.218) 0.028

Page 19

Abbreviations: Moderate-to-vigorous physical activity (MVPA); percent of wear time spent as sedentary time (%SED); homeostatic model
assessment of insulin resistance (HOMA-IR); insulin-like growth factor (IGF)-1; high sensitivity C-reactive protein (hsCRP); adipocyte fatty acid-
binding protein (FABP)4; retinol binding protein (RBP)4.

HOMA-IR, hsCRP, adiponectin, leptin, sOb-R, and leptin/sOb-R were natural log (In) transformed.

Multivariable model: adjusted for cohort, age, sex, body mass index, cardiovascular disease, hypertension, current smoking, season of exam,
residence in New England or other, and overnight wear.

Associations considered significant (p< 0.01) were bolded for emphasis.
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