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Abstract

Objective

To examine the associations of sedentary time and physical activity with biomarkers of car-
diometabolic health, including the potential collective impact of shifting mean time use from
less- to more-active behaviours (cross-sectionally, using isotemporal substitution), in adults
with type 2 diabetes.

Methods

Participants with overweight/obese body mass index (BMI; >25 kg/m?) (n = 279; 158 men,
mean [SD] age = 58.2 [8.6] years) wore Actigraph GT1M accelerometers (waking hours;
seven days) to assess moderate- to vigorous-intensity physical activity (MVPA), light-inten-
sity activity, and sedentary time (segregated into non-prolonged [accumulated in bouts
<30min] and prolonged [accumulated in bouts >30 min]). Cross-sectional associations with
waist circumference, BMI, fasting blood (HbA, glucose, triacylglycerols, high-density lipo-
protein cholesterol), and blood pressure of these activity variables (30 min/day increments)
were examined adjusted for confounders and wear then, if significant, examined using iso-
temporal substitution modelling.

Results

Waist circumference and BMI were significantly (p<0.05) associated with more prolonged
sedentary time and less light-intensity activity. Light intensity activity was also significantly as-
sociated with lower fasting plasma glucose (relative rate: 0.98, 95% CI: 0.97, 1.00; p<0.05).
No biomarker was significantly associated with non-prolonged sedentary time or MVPA.
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Lower mean prolonged sedentary time (—30 min/day) with higher mean light intensity time
(+30 min/day) was significantly associated with lower waist circumference (8 = -0.77, 95%
Cl: -1.33, -0.22 cm). Lower mean prolonged sedentary time (—30 min/day) with either 30
min/day higher mean non-prolonged sedentary time (B = -0.35, 95%Cl: —0.70, -0.01 kg/m?)
or light-intensity time (8 = —0.36, —0.61, —0.11 kg/m?) was associated with significantly lower
average BMI.

Conclusions

Significantly improved mean levels of waist circumference and BMI were observed when
shifting time from prolonged sedentary to non-prolonged sedentary or light-intensity activity
(cross-sectionally). Lifestyle interventions in overweight/obese adults with type 2 diabetes
might consider targeting shifts in these non-MVPA activities to more rigorously evaluate
their potential cardiometabolic benefit in this population.

Introduction

Regular participation in moderate- to vigorous-intensity physical activity (MVPA) is consid-
ered a key strategy in the prevention and management of type 2 diabetes mellitus [1]. Although
successful exercise interventions have significantly improved glycaemic control in adults with
this condition [2], increasing MVPA in this population presents challenges, with a meta-analy-
sis showing interventions typically achieve weak or moderate effects [3]. It may therefore be
useful to also explore high-volume, low-intensity activities that constitute the remaining wak-
ing hours, especially considering that adults with type 2 diabetes spend less than 5% of the day
engaged in MVPA [4,5].

There is now rapidly emerging evidence, including in adults with type 2 diabetes [4,6], on
the associations of sedentary time (adverse) and light-intensity activity (beneficial) on bio-
markers of health and health outcomes [7-12]. These biomarkers and health outcomes include
waist circumference, body mass index (BMI), high-density lipoprotein (HDL)-cholesterol, C-
reactive protein, triacylglycerols, insulin, mortality, and depression [7-12]. In addition, there is
emerging evidence on the potential benefits of regularly interrupting sedentary time [8,13,14]
(i.e., reducing prolonged, unbroken sedentary time). Typically, these associations are examined
adjusted for confounders only. Occasionally, associations are tested independently of (i.e., sta-
tistically adjusted for) all or some activities. Few studies (and none in adults with type 2 diabe-
tes) have examined these associations while treating the activities as interdependent, i.e., that
total hours in a day are finite so increasing time spent at any one activity level invariably de-
creases the remaining time spent at other levels. The isotemporal substitution approach [15]
takes into account this interdependency by estimating the association with mean outcomes
(e.g. mean biomarker levels) of increasing mean time spent in one activity (e.g. MVPA) by re-
ducing mean time spent in another activity (e.g. sedentary) by an equivalent amount, keeping
total time fixed. The collective impact from both increased MVPA and reduced sedentary (real-
locating time from sedentary to MVPA) should logically be larger than when considering only
one activity at a time, or adjusting for other activities.

Isotemporal substitution analysis, used widely in nutritional epidemiology, has recently
been applied to physical activity to explore the relationships of various types and intensities of
activity with several outcomes, including depression [16] and weight change in women [19];
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older adults’ quality of life [17] and physical health and well-being [18]; and, cardio-metabolic
biomarkers in the general adult population [19]. The latter two studies used device-based mea-
sures of activity (accelerometers) [18,19], thus enabling insights into the activity-health rela-
tionship across the activity spectrum (from sedentary through to MVPA). For example,
Buman and colleagues [19] found that cross-sectional associations with insulin and triacylgly-
cerols were equally strong for two plausible scenarios: decreasing mean sedentary time by 3
hours/day via additional time spent in light-intensity activity; and, decreasing mean sedentary
time by 30 min/day via equivalently increasing mean MVPA. Examining various isotemporal
substitutions may provide valuable insights into useful behavioural strategies for adults with
type 2 diabetes, many of whom find participation in MVPA a considerable challenge [20].

Utilizing data from adults with type 2 diabetes with an overweight or obese BMI (>25 kg/m?),
the aim of this current study was to examine the associations of objectively-derived activity with
biomarkers of cardiometabolic risk, using an isotemporal substitution approach. Time spent in
each activity across the spectrum was assessed: the most active being MVPA, then light-intensity
activity, and sedentary time occurring in short (<30 minute) and prolonged, unbroken (>30
minute) bouts.

Materials and Methods

Study design

Living Well with Diabetes (LWWD) was a randomized controlled trial evaluating an 18-
month (with follow-up at 24-months) telephone-delivered behavioural weight loss interven-
tion versus usual care in adults with type 2 diabetes. Assessments were conducted at baseline,
6-, 12-, 18-, and 24-months; this study reports on the cross-sectional baseline data only (2009-
2011). Baseline data were collected before randomization. Ethical approval was granted from
The University of Queensland Behavioural and Social Sciences Ethical Review Committee
(#2008000188; approved 26/02/2008). Detailed methods [21], and the primary outcome find-
ings from the LWWD trial have been published [22,23]. The trial was registered with the Aus-
tralian New Zealand Clinical Trials Register (www.anzctr.org.au: #ACTRN12608000203358).

Participants

Participants were recruited from general practices from a large ethnically and socio-economi-
cally diverse community in Queensland, Australia. Key eligibility criteria were diagnosed type
2 diabetes, aged 20-75 years, BMI in the overweight or obese category (> 25 kg/m?) and/or in-
active (not achieving >30 minutes of MVPA on five or more days/week), and without contra-
dictions to an unsupervised physical activity and weight loss intervention [24]. In total, 302
participants provided informed consent (written and/or oral) and underwent baseline assess-
ment [22]. Only those who met the BMI threshold for overweight (> 25 kg/m?) were included
in the present study (n = 285).

Data collection

Data were collected via objective measurements, telephone interviews, and self-administered
questionnaires. Home visits were conducted by registered nurses and included anthropometric
and fasting (minimum 10 hours) blood measures, which were sent to Sullivan Nicolaides Pa-
thology for processing. Accelerometers, given to participants during the nurse visit to wear for
seven days, were used to derive physical activity and sedentary time.
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Measures

Physical activity and sedentary time. Nurses fitted each participant with a dual-axis
GT1M accelerometer (Actigraph, LLC, Fort Walton Beach, Florida), fastening the monitors
firmly around the waist by elasticized bands positioned on the right mid axillary line. Monitors
were set to record accelerometer counts in one minute epochs (Actilife V3.7), representing
total vertical acceleration occurring over each minute. Participants were asked to wear the
monitor during all waking hours (except during water-based activities) continuously for seven
days, and to record time worn in a log. Monitor non-wear periods were excluded. These were
identified by research staff who compared the accelerometer output with participants’ wearing
logs to determine the precise times (approximately coinciding with participants’ self-reported
wear/removal periods) that movement ceased or began. Using SAS 9.2, count per minute
thresholds [25,26] were applied to calculate daily MVPA (>1952), light-intensity activity (100
to 1951), and sedentary (<100) time, with prolonged sedentary time (sedentary time accumu-
lated in bouts of 30 minutes or more) and non-prolonged sedentary time (sedentary time accu-
mulated in bouts <30 minutes) calculated separately. Total time was calculated as the sum of
time spent in all activities (prolonged sedentary, non-prolonged sedentary, light and MVPA).
Data are reported as averages for valid days (days with > 10 hours wear and no minutes with
counts > 20,000), and are examined in units of 30 minutes per day (regression models) as well
as percentages of wear time (descriptive analyses). Accelerometer compliance was high, with
almost all participants (297/302) providing at least four valid days of data (72% had seven
days).

Cardiometabolic outcomes. Weight (nearest 0.1kg), height (nearest 0.1cm), and waist cir-
cumference (nearest 0.5cm) were measured without shoes or heavy clothing using standard
protocols [21]. The height and weight measures were used to calculate BMI (kg/m?). Glycated
haemoglobin (HbA ) was measured from whole blood samples by the high performance liquid
chromatography method (ion-exchange with UV detection; Bio-Rad Variant IT Turbo, Hemo-
globin A;. Program Reorder Pack, (270-2415)). The method for measuring plasma glucose
was enzymatic reference with hexokinase [27]. HDL-cholesterol and triacylglycerols were mea-
sured by an enzymatic colorimetric assay with Roche Modular Chemistry Analyzer (Roche
HDL-C Plus Reagent 1 Cat No. 04713311; Roche Triglyceride Reagent Cat No. L1876040).

Potential confounding variables. Telephone interviews collected self-report data on: de-
mographics (gender, age, education, employment, income, country of birth and ethnicity),
diet, smoking status, use of weight loss aids, chronic physical and psychological conditions,
and diabetes history and management. Dietary intake was measured using a validated food fre-
quency questionnaire that assessed food intake over the previous month (Anti-Cancer Council
of Victoria Food Frequency Questionnaire version 2) [28]. Average daily energy intake was
then calculated using the NUTTAB95 nutrient composition database [29]. The diet quality
index-revised score was used to calculate dietary quality [30]. Use of diabetes medications (in-
sulin, traditional oral and glucagon-like-peptide-1 agents) and any use (yes/no) of antihyper-
tensive and lipid-lowering medications were collected during the nurse visit.

Data Analysis

Analyses were conducted using SPSS version 20.0 (IBM Corp). Significance was set at p<0.05,
two-tailed or p<0.01 for interactions (in view of the multiple hypothesis testing). The present
analysis examines all participants with an overweight/obese BMI with data on relevant vari-
ables, including at least four days of accelerometer data (n = 279). As all interactions (by age,
gender, and insulin use) were not statistically significant, pooled analyses are presented.
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Associations with biomarkers were examined based on a series of linear regression models,
with results presented as unstandardized regression coefficients (for waist circumference, BMI,
HDL-cholesterol, blood pressure) or, back-transformed as relative rates for log transformed
outcomes (HbA,, fasting plasma glucose, triacylglycerols), per 30 min/day of activity. Models
did not display non-normality or heteroscedasticity; log transformation was required at times
to achieve this. Minimum differences of interest [21] were: 5cm waist circumference; 1.7 kg/m2
BMI; 5% (i.e., 0.06 mM) HDL-cholesterol; 5mmHg systolic blood pressure; 3mmHg diastolic
blood pressure; and, 10% for relative rates per 2.5 hours/day for sedentary and light-intensity
activity or per 1 hour/day for MVPA. All regression models were adjusted for confounders
(age, and socio-demographic, behavioural, and medical variables that were selected via back-
wards elimination as significantly associated with the outcome at p<0.2, as listed in SI Table).

Three models are reported. Model 1, the model traditionally presented in physical activity
research, examined the associations of each activity separately adjusted for wear time and con-
founders. Model 2 examined the associations for each activity adjusted for every other activity
as well as confounders (S2 Table; Model 2). Here, all variance inflation factors were < 2, and
were not indicative of multicollinearity. Finally, for all biomarkers that had been significantly
associated with any of the activities from Model 1, an isotemporal substitution model was used
(Model 3) to examine the time substitution effects of one activity for another [15]. Model 3 ad-
justed for confounders, total wear time, and time spent in each activity (except the activity for
which the mean time is being reduced). The regression coefficients for the included activities
(all in 30 min/day units) in this model represent the estimated shift in the mean biomarker out-
come of increasing the mean time in these activities by 30 min/day while reducing the mean
time in the omitted activity by 30 min/day, keeping total wear time fixed (isotemporal). For
log-transformed outcomes, the coefficients are reported as relative rates. Notably, these are
cross-sectional associations, not causal associations of individuals replacing time in one activity
with another.

Results

The socio-demographic and cardio-metabolic characteristics of participants are detailed in

Table 1. Representativeness of the LWWD sample has previously been reported [22]. The major-
ity of participants (158 men; 121 women) were Australian born, Caucasian, and married. The
median duration of their diabetes was five years with a median HbA . level of 7.1%. Most partici-
pants (77%) used traditional oral medications, 14% used insulin, and most had at least one other
chronic condition (primarily cardiovascular related). Participants’ BMI was mostly in the obese
category (71.7%, BMI >30 kg/m?), with 32 participants (11.5%) with a BMI of >40 kg/m”. The
majority of observed waking hours were spent sedentary (62.7 [SD 10.8]%), with the rest of time
disproportionately distributed between light-intensity activities (35.0 [SD 10.0]%) and MVPA
(2.2 [SD 2.1]%). Over one quarter (25.4%) of all sedentary time was accrued in prolonged bouts
of >30 minutes (18.5 [SD 11.1]% of total time).

Associations of activity outcomes with cardio-metabolic outcomes

Table 2 shows the associations of each activity with cardio-metabolic biomarkers from Model
1. Adjusted for wear and confounders, prolonged sedentary time had significant associations
with higher waist circumference and BMI (20.67 cm and 0.33 kg/m” per 30 min/day respec-
tively). No significant associations of prolonged sedentary time were observed with the other
biomarkers, however the 95% confidence intervals could not rule out meaningful associations
with glucose and triacylglycerols (i.e., the findings were inconclusive). Statistically significant
associations of light-intensity activity were observed with lower waist circumference, BMI, and
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fasting plasma glucose (20.61 cm, 0.29 kg/m? and 2% lower per 30 min/day respectively).
Findings were inconclusive for HDL-cholesterol. Non-prolonged sedentary time and MVPA
did not have significant associations with any outcome, though most of these findings were in-
conclusive. None of these associations remained statistically significant after adjustment for
other activities (Model 2; S2 Table).

Table 1. Socio-demographic, clinical, and accelerometer derived activity characteristics of
participants (n = 279).

Characteristic Summary ?
Age, years 58.2 (8.6)
Men, % 56.6 (158)
Duration of diabetes, years, median (25", 75" percentile) 5 (2, 8)

< High school education, % 11.8 (33)
Born in Australia, % 70.3 (196)
Caucasian, % 90.0 (251)
Retired, % 28.3 (79)
Household income <$1000/week, % 7.9 (22)
Married, % 81.4 (227)
Use traditional oral hypoglycaemics, % 771 (215)
Use insulin, % 14.0 (39)
Use glucagon-like-peptide-1 agents (incretins), % 3.9 (11)
Diagnosed CVD-related condition, % 81.4 (227)
Diagnosed musculoskeletal condition, % 34.1 (95)
Diagnosed lung condition, % 10.4 (29)
Diagnosed depression and/or anxiety, % 16.5 (46)
Smoking status: never smoker, % 49.1 (137)
Smoking status: ex-smoker, % 41.2 (115)
Smoking status: current smoker, % 9.7 (27)

No use of weight loss aids in the past 6 months, % 78.9 (220)
Total energy intake, MJ 7.0 (2.2)
Diet quality index-revised score (0—100) 65.4 (11.1)
Waist circumference, cm 110.8 (12.6)
Body mass index (BMI), kg/m? 33.6 (5.5)
Glycated haemoglobin (HbA.), %, median (25, 75" percentile) 7.1 (6.4, 8.0)
Fasting blood glucose, mM, median (25, 75 percentile) 7.2(6.3,9.2)
Triacylglycerols, mM median (25, 75" percentile) 1.6(1.2,2.2)
High-density-lipoprotein (HDL)-cholesterol, mM 1.16 (0.29)
Systolic blood pressure, mmHg ° 134.0 (14.1)
Diastolic blood pressure, mmHg ® 82.1 (8.8)
Accelerometer wear time, min/day ° 811.2 (99.3)
Moderate to vigorous intensity physical activity, min/day ® 17.9 (16.6)
Light intensity activity, min/day ° 282.7 (81.8)
Non-prolonged sedentary time (in >30 minute bouts), min/day ° 359.6 (74.2)
Prolonged sedentary time (in >30 minutes bouts), min/day ° 151.0 (92.7)

a Data are mean (SD), % (n) or median (25", 75" percentile).

b ActiGraph GT1M accelerometer data, 60-second epochs, count per minute thresholds applied (<100 =
sedentary/ 100 to <1952 = light/ >1952 = moderate to vigorous), not adjusted for accelerometer

wear time.

doi:10.1371/journal.pone.0119140.t001
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Table 2. Cross-sectional associations (Model 1) of each 30 minutes per day of prolonged sedentary, non-prolonged sedentary, light intensity
activity and moderate to vigorous intensity activity (MVPA) with continuous cardio-metabolic biomarkers in n = 279 overweight/obese adults

with type 2 diabetes.

Outcome variable

Regression coefficients (B) or relative rate (RR) and 95% Confidence Interval

Prolonged sedentary ®

Non-prolonged sedentary *

Light intensity ?

MVPA @

(per 30 min/day)

(per 30 min/day)

(per 30 min/day)

(per 30 min/day)

Waist circumference, cm ()
Body mass index, kg/m? (B)
HbA¢, % (RR)

0.67 (0.02, 1.14)**
0.33 (0.12, 0.54)**
1.01 (1.00, 1.01)

-0.43 (-1.19, 0.32)
-0.24 (-0.57, 0.09)
1.00 (0.99, 1.01)

-0.61 (-1.14, -0.09)*
-0.29 (-0.52, -0.05)*
0.99 (0.99, 1.00)

0.03 (-2.51, 2.56)
-0.01 (-1.10, 1.09)
0.98 (0.94, 1.01)

Fasting plasma glucose, mM (RR) 1.01 (1.00, 1.02) 1.01 (0.99, 1.03) 0.98 (0.97, 1.00)* 0.94 (0.88, 1.00)
Triacylglycerols, mM (RR) 1.01 (0.99, 1.03) 1.01 (0.98, 1.04) 0.99 (0.97, 1.01) 0.97 (0.88, 1.06)
HDL-cholesterol, mM (B) 0.00 (-0.01, 0.01) —-0.01 (-0.02, 0.01) 0.01 (0.00, 0.02) —-0.01 (-0.06, 0.05)
Systolic blood pressure, mmHg (B) 0.32 (-0.23, 0.88) -0.56 (-1.42, 0.30) -0.17 (-0.79, 0.45) 1.31 (-1.51,4.13)
Diastolic blood pressure, mmHg (B) 0.11 (-0.24, 0.45) -0.53 (-1.08, 0.02) 0.07 (-0.31, 0.46) 1.19 (-0.63, 3.00)
* p<0.05;

** p<0.01;

*¥* p<0.001.

@ Activities as estimated from ActiGraph GT1M accelerometers, 60-second epoch, count per minute thresholds: <100 (sedentary); 100 to <1952 (light); >
1952 (moderate to vigorous physical activity; MVPA), with sedentary time in bouts >30 minutes classed as prolonged and <30 minutes classed as non-
prolonged.

Data presented as unstandardized regression coefficients (B) or relative rates (RR) with 95% confidence intervals.

RR >1 indicates an increase while RR <1 indicates a decrease in mean cardiometabolic biomarker levels per additional 30 mins/day of activity. All
models adjusted for age and other potential confounders (listed in S1 Table) and total wear time (Model 1). Minimum differences of interest per 2.5 hours/
day for sedentary and light-intensity activity or per 1 hour/day for MVPA were: 5cm waist circumference; 1.7 kg/m? BMI; 5% (i.e., 0.06 mM) HDL-
cholesterol; 5SmmHg systolic blood pressure; 3mmHg diastolic blood pressure; and, 10% for all relative rates.

doi:10.1371/journal.pone.0119140.t002

Table 3 shows the isotemporal substitution results (Model 3) for those biomarkers significant-
ly associated with any activity in Model 1 (waist circumference, BMI and fasting plasma glucose).
Cross-sectionally, lower mean prolonged sedentary time (—30 min/day) when coupled with
higher mean light-intensity activity time (+30 min/day) was associated with significantly lower
mean waist circumference (~0.77 cm). Significant associations with BMI were observed with
lower mean prolonged sedentary time (-30 min/day) coupled with either higher mean non-pro-
longed sedentary time or light-intensity time (+30 min/day), (20.35 kg/m” and 0.36 kg/m’,
equivalent to a meaningful amount per 2.5 hours/day of 1.75 kg/m* and 1.80 kg/m” respectively).
Other reallocations for waist circumference and BMI were not statistically significant, however,
clinically meaningful associations could not be ruled out (with the exception of the association
with waist circumference of reallocating non-prolonged sedentary time to light-intensity activi-
ty). Similarly, although no statistically significant associations were observed for any of the real-
locations for fasting plasma glucose, the confidence intervals did not preclude clinically
meaningful associations.

Discussion

This study examined the associations of accelerometer-derived activity across the intensity
spectrum—from sedentary through to MVPA—with biomarkers of cardiovascular risk in a
clinical population of adults with type 2 diabetes and with an overweight/obese BMI. Consis-
tent with accelerometer measurement studies in both the general population [31] and in adults
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Table 3. Cross-sectional associations (Model 3) with waist circumference, BMI and fasting blood glucose in adults with type 2 diabetes and an
overweight or obese BMI (n = 279) that were estimated for 30 minutes per day lower mean time spent in sedentary and light activity categories
coupled with equivalent 30 minutes per day higher mean time spent in other activity categories.

Mean time in activity is 30 min/day . .. Biomarker outcome
... lower ... higher Waist circumference, cm  Body mass index, kg/m®>  Fasting blood glucose (log) mM
B (95% CI) B (95% CI) RR (95% Cl)

Prolonged sedentary # Non-prolonged sedentary —0.69 (-1.46, 0.08) -0.35 (-0.70, —0.01)* 1.01 (0.99, 1.03)
Light activity ® -0.77 (-1.33, —-0.22)** -0.36 (-0.61, -0.11)** 0.99 (0.97, 1.00)
MVPA 2 0.64 (-1.96, 3.24) 0.20 (-0.983, 1.32) 0.96 (0.90, 1.03)

Non-prolonged sedentary ®  Light activity & -0.08 (-0.93, 0.76) -0.01 (-0.38, 0.37) 0.98 (0.96, 1.00)
MVPA 2 1.33 (-1.31, 3.96) 0.55 (-0.58, 1.68) 0.96 (0.89, 1.02)

Light activity & MVPA 2 1.41 (-1.37,4.19) 0.56 (-0.64, 1.76) 0.98 (0.91, 1.05)

* p<0.05;

** p<0.01;

**¥ p<0.001

& Activities as estimated from ActiGraph GT1M accelerometers, 60-second epoch, count per minute thresholds: <100 (sedentary); 100 to <1952 (light); >
1952 (moderate to vigorous physical activity; MVPA), with sedentary time in bouts >30 minutes classed as prolonged and <30 minutes classed as non-
prolonged.

Data presented are unstandardized regression coefficients () or relative rates (RR) for log-transformed outcomes with 95% confidence interval (Cl), from
models that include age, other potential confounders (listed in S1 Table), total wear time and all activities for which mean time is being increased (Model
3). RR >1 indicates an increase while RR <1 indicates a decrease in mean cardiometabolic biomarkers per 30 min/day reallocated from one activity

to another.

doi:10.1371/journal.pone.0119140.t003

with type 2 diabetes [5], the majority of waking hours were spent sedentary (63%), with very
little time spent in MVPA (2%). Statistically significant associations of prolonged sedentary
time and light-intensity activity with cardio-metabolic biomarkers were observed, particularly
with markers of body composition. Specifically, higher mean waist circumference (an indicator
of central obesity) and BMI (a crude indicator of general obesity) were observed with more
prolonged sedentary time and less light-intensity activity. More light-intensity activity was also
associated with lower fasting plasma glucose.

An important element of this study was the differentiation of sedentary time occurring in
prolonged, unbroken bouts, from other shorter bouts. Prolonged sedentary time was common,
constituting 25% of total sedentary time and ~19% of all worn waking hours. Although the
cut-point for prolonged sedentary time (>30 minutes) is somewhat arbitrary, this distinction
between accumulation patterns acknowledges that all forms of sedentary time are not necessar-
ily equally detrimental. For example, it is less likely that sitting for one to two minutes will have
harmful effects compared to sitting for longer periods continuously. Here, bed-rest studies
[32], alongside more recent experimental studies using a seated posture [13,14], have highlight-
ed the acute, detrimental effects of prolonged, unbroken bouts of sitting or lying: a finding sup-
ported by the cross-sectional associations observed here.

The cross-sectional associations observed in this study, adjusted for wear time and con-
founders, were largely consistent with previous research in adults with type 2 diabetes [4,6]. A
novel element of this study was that the activity-health associations were also examined with
consideration that increasing time spent in one activity necessarily displaces time spent in an-
other. For waist circumference and BMI, the magnitude of the associations modelled using this
isotemporal substitution method (Model 3) were stronger than for each activity considered
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separately (Model 1) or adjusted for other activities (Model 2), as is typically done in cross-sec-
tional accelerometer studies of activity-biomarker relationships. Notably, reducing mean pro-
longed sedentary time while increasing mean light-intensity activity had meaningful,
significant associations with lower average waist circumference and BMI, while reducing mean
prolonged sedentary time while increasing mean non-prolonged sedentary time was associated
with significantly lower BMI. As such, these cross-sectional findings suggest that even an activi-
ty goal as modest as reducing prolonged sedentary time by regularly breaking it up should be
investigated in intervention studies as a strategy to improve body composition for overweight/
obese adults with type 2 diabetes. Indeed, a recent sedentary behaviour intervention targeting
reductions in prolonged sedentary time in a general adult population saw a significant, benefi-
cial intervention effects on waist circumference, despite relatively modest activity changes [33].

Key strengths of the study include the objective activity measures examined across multiple
intensities and the focus on a clinically important population (i.e., adults with an overweight/
obese BMI with type 2 diabetes). Limitations include the cross-sectional design and the lack of
an objective assessment of sleep. Additionally, this secondary analysis was not powered a priori
for these research questions, and most confidence intervals around the null associations did
not exclude meaningful benefit and/or harm as unlikely. Further, many hypotheses were tested
without adjustment of significance (due to type II error concerns); the possibility exists that sig-
nificant findings may be spurious. In particular, the non-significant associations of MVPA
with outcomes should not be interpreted as MVPA being unimportant for cardio-metabolic
health. Here, it is possible that associations were missed due to insufficient sample size, mea-
surement error associated with accelerometer-derived activity classification [34], and/or the
very low levels of MVPA in this study population (~2%). Indeed, findings using the isotem-
poral substitution approach in a general US adult population found MVPA to be the most po-
tent health-enhancing, time-dependent behaviour [19]. Although widely used accelerometer
cut-points were utilized to differentiate the activity intensities, all cut-points inherently have
some misclassification [34]. Further, the activity monitor used primarily detects ambulatory ac-
tivity, with activity classifications based on estimated energy expenditure, not posture. Thus,
misclassification is likely, especially for light-intensity activities involving little vertical move-
ment (such as standing still) as they could be misclassified as non-prolonged sedentary time.
The apparent benefit of reallocating time from prolonged sedentary to non-prolonged seden-
tary time could reflect the importance of accumulation patterns, or of behaviours such as
standing. Future studies should consider using postural sensors, and/or alternative analytic
techniques [35] to reduce such misclassification. Future research could also assess the potential
benefits/harms of reallocating time across the 24-hour day between different waking activities
and sleep.

In conclusion, this study found high levels of prolonged, unbroken sedentary time in over-
weight/obese adults with type 2 diabetes. Reductions in prolonged sedentary time, even without
corresponding increases in MVPA, showed associations (cross-sectionally) with lower BMI
and waist circumference. These findings, in conjunction with the limited success of interven-
tions aimed at increasing MVPA in this population, suggest that high-volume, low-intensity
strategies for activity change should also be investigated by intervention studies for their feasi-
bility and potential benefit on body composition and other cardio-metabolic biomarkers in
adults with type 2 diabetes.
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ers, adjusted for all other activities and potential confounders, in n = 279 adults with type 2
diabetes and an overweight/obese BMI classification.

(DOCX)

Acknowledgments

We wish to thank the patients, general practitioners and practice staff of the Greater Metro
South Brisbane Medicare Local (Logan, Australia) who participated in the study, and Diabetes
Australia Queensland for their endorsement and provision of materials for the usual care
group. We would like to thank project staff: counsellors Amy Chatwin, Natalie Doyle, Fiona
Heys, and Jennifer Job; project managers Kym Spathonis, Lisa Ulyate, and Fiona Porter; re-
search assistants Erin Robson, Jodie Jetann and Ellen Baker; and, database manager Charani
Kiriwandeniya, as well as research nurses from LifeScreen Australia and Sullivan Nicolaides
Pathology laboratories for their involvement in the original data collection and analysis from
the Living Well With Diabetes trial.

Author Contributions

Conceived and designed the experiments: GNH EAHW EGE MMR. Analyzed the data: GNH
EAHW CLB. Wrote the paper: GNH EAHW CLB MMR EGE. Developed the study concept
and protocol: GNH EAHW. Obtained study funding: EGE MMR. Primarily responsible for the
broader study design: EGE MMR.

References

1. American College of Sports Medicine and the American Diabetes Association. Exercise and type 2 dia-
betes: American College of Sports Medicine and the American Diabetes Association: joint position
statement. Med Sci Sports Exerc. 2010; 42: 2282—-2303. doi: 10.1249/MSS.0b013e3181eeb61c
PMID: 21084931

2. Thomas DE, Elliott EJ, Naughton GA. Exercise for type 2 diabetes mellitus. Cochrane Database Syst
Rev. 2006; 3: CD002968.

3. Averyl, Flynn D, van Wersch A, Sniehotta FF, Trenell MI. Changing physical activity behavior in type 2
diabetes: a systematic review and meta-analysis of behavioral interventions. Diabetes Care. 2012; 35:
2681-2689. doi: 10.2337/dc11-2452 PMID: 23173137

4. Cooper AR, Sebire S, Montgomery AA, Peters TJ, Sharp DJ, Jackson N, et al. Sedentary time, breaks
in sedentary time and metabolic variables in people with newly diagnosed type 2 diabetes. Diabetolo-
gia. 2011; 55:589-599. doi: 10.1007/s00125-011-2408-x PMID: 22167127

5. Cichosz SL, Fleischer J, Hoeyem P, Laugesen E, Poulsen PL, Christiansen JS, et al. Objective mea-
surements of activity patterns in people with newly diagnosed Type 2 diabetes demonstrate a seden-
tary lifestyle. Diabet Med. 2013; 30: 1063—1066. doi: 10.1111/dme.12199 PMID: 23600518

6. Loprinzi PD, Pariser G. Physical activity intensity and biological markers among adults with diabetes:
considerations by age and gender. J Diabetes Complications. 2013; 27: 134—140. doi: 10.1016/].
jdiacomp.2012.09.004 PMID: 23068885

7. HensonJ, Yates T, Biddle SJ, Edwardson CL, Khunti K, Wilmot EG, et al. Associations of objectively
measured sedentary behaviour and physical activity with markers of cardiometabolic health. Diabetolo-
gia. 2013; 56: 1012—1020. doi: 10.1007/s00125-013-2845-9 PMID: 23456209

8. Healy GN, Matthews CE, Dunstan DW, Winkler EA, Owen N. Sedentary time and cardio-metabolic bio-
markers in US adults: NHANES 2003-06. Eur Heart J. 2011; 32: 590-597. doi: 10.1093/eurheartj/
ehqg451 PMID: 21224291

9. Stamatakis E, Davis M, Stathi A, Hamer M. Associations between multiple indicators of objectively-
measured and self-reported sedentary behaviour and cardiometabolic risk in older adults. Prev Med.
2012; 54:82-87.doi: 10.1016/j.ypmed.2011.10.009 PMID: 22057055

10. Gando Y, Murakami H, Kawakami R, Tanaka N, Sanada K, Tabata I, et al. Light-intensity physical activ-
ity is associated with insulin resistance in elderly Japanese women independent of moderate-to

PLOS ONE | DOI:10.1371/journal.pone.0119140 March 16, 2015 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0119140.s002
http://dx.doi.org/10.1249/MSS.0b013e3181eeb61c
http://www.ncbi.nlm.nih.gov/pubmed/21084931
http://dx.doi.org/10.2337/dc11-2452
http://www.ncbi.nlm.nih.gov/pubmed/23173137
http://dx.doi.org/10.1007/s00125-011-2408-x
http://www.ncbi.nlm.nih.gov/pubmed/22167127
http://dx.doi.org/10.1111/dme.12199
http://www.ncbi.nlm.nih.gov/pubmed/23600518
http://dx.doi.org/10.1016/j.jdiacomp.2012.09.004
http://dx.doi.org/10.1016/j.jdiacomp.2012.09.004
http://www.ncbi.nlm.nih.gov/pubmed/23068885
http://dx.doi.org/10.1007/s00125-013-2845-9
http://www.ncbi.nlm.nih.gov/pubmed/23456209
http://dx.doi.org/10.1093/eurheartj/ehq451
http://dx.doi.org/10.1093/eurheartj/ehq451
http://www.ncbi.nlm.nih.gov/pubmed/21224291
http://dx.doi.org/10.1016/j.ypmed.2011.10.009
http://www.ncbi.nlm.nih.gov/pubmed/22057055

@’PLOS | ONE

Activity and Cardio-Metabolic Biomarkers

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

vigorous-intensity physical activity. J Phys Act Health. 11:266-271. doi: 10.1123/jpah.2012-0071
PMID: 23359136

Koster A, Caserotti P, Patel KV, Matthews CE, Berrigan D, Van Domelen DR, et al. Association of sed-
entary time with mortality independent of moderate to vigorous physical activity. PLoS One. 2012; 7:
e37696. doi: 10.1371/journal.pone.0037696 PMID: 22719846

Loprinzi PD. Objectively measured light and moderate-to-vigorous physical activity is associated with
lower depression levels among older US adults. Aging Ment Health. 2013; 17: 801-805. doi: 10.1080/
13607863.2013.801066 PMID: 23731057

Dunstan DW, Kingwell BA, Larsen R, Healy GN, Cerin E, Hamilton MT, et al. Breaking up prolonged sit-
ting reduces postprandial glucose and insulin responses. Diabetes Care. 2012; 35: 976-983. doi: 10.
2337/dc11-1931 PMID: 22374636

Duvivier BM, Schaper NC, Bremers MA, van CG, Menheere PP, Kars M, et al. Minimal intensity physi-
cal activity (standing and walking) of longer duration improves insulin action and plasma lipids more
than shorter periods of moderate to vigorous exercise (cycling) in sedentary subjects when energy ex-
penditure is comparable. PloS One. 2013; 8: €55542. doi: 10.1371/journal.pone.0055542 PMID:
23418444

Mekary RA, Willett WC, Hu FB, Ding EL. Isotemporal substitution paradigm for physical activity epide-
miology and weight change. Am J Epidemiol. 2009; 170: 519-527. doi: 10.1093/aje/kwp163 PMID:
19584129

Mekary RA, Lucas M, Pan A, Okereke OlI, Willett WC, Hu FB, et al. Isotemporal substitution analysis for
physical activity, television watching, and risk of depression. Am J Epidemiol. 2013; 178: 474—-483. doi:
10.1093/aje/kws590 PMID: 23785112

Balboa-Castillo T, Leon-Munoz LM, Graciani A, Rodriguez-Artalejo F, Guallar-Castillon P. Longitudinal
association of physical activity and sedentary behavior during leisure time with health-related quality of
life in community-dwelling older adults. Health Qual Life Outcomes. 2011; 9: 47. doi: 10.1186/1477-
7525-9-47 PMID: 21708011

Buman MP, Hekler EB, Haskell WL, Pruitt L, Conway TL, Cain KL, et al. Objective light-intensity physi-
cal activity associations with rated health in older adults. Am J Epidemiol. 2010; 172: 1155—-1165. doi:
10.1093/aje/kwg249 PMID: 20843864

Buman MP, Winkler EA, Kurka JM, Hekler EB, Baldwin CM, Owen N, et al. Reallocating time to sleep,
sedentary behaviors, or active behaviors: associations with cardiovascular disease risk biomarkers,
NHANES 2005-2006. Am J Epidemiol. 2014; 179: 323-334. doi: 10.1093/aje/kwt292 PMID:
24318278

Thomas N, Alder E, Leese GP. Barriers to physical activity in patients with diabetes. Postgrad Med J.
2004; 80:287-291. PMID: 15138320

Eakin EG, Reeves MM, Marshall AL, Dunstan DW, Graves N, Healy GN, et al. Living Well with Diabe-
tes: a randomized controlled trial of a telephone-delivered intervention for maintenance of weight loss,
physical activity and glycaemic control in adults with type 2 diabetes. BMC Public Health. 2010; 10:
452. doi: 10.1186/1471-2458-10-452 PMID: 20678233

Eakin EG, Reeves MM, Winkler E, Healy GN, Dunstan DW, Owen N, et al. Six-month outcomes from
living well with diabetes: a randomized trial of a telephone-delivered weight loss and physical activity in-
tervention to improve glycemic control. Ann Behav Med. 2013; 46: 193-203. doi: 10.1007/s12160-013-
9498-2 PMID: 23609340

Eakin EG, Winkler EA, Dunstan DW, Healy GN, Owen N, Marshall AM, et al. Living well with diabetes:

24-month outcomes from a randomized trial of telephone-delivered weight loss and physical activity in-
tervention to improve glycemic control. Diabetes Care. 2014; 37: 2177-2185. doi: 10.2337/dc13-2427
PMID: 24658390

Department of Health and Aging. National physical activity guidelines for Australians. Canberra:
DOHA; 1999.

Freedson PS, Melanson E, Sirard J. Calibration of the Computer Science and Applications, Inc. accel-
erometer. Med Sci Sports Exerc. 1998; 30: 777-781. PMID: 9588623

Healy GN, Clark BK, Winkler EA, Gardiner PA, Brown WJ, Matthews CE. Measurement of adults' sed-
entary time in population-based studies. Am J Prev Med. 2011; 41:216-227. doi: 10.1016/j.amepre.
2011.05.005 PMID: 21767730

Schmidt FH. Enzymatic determination of glucose and fructose simultaneously. Klin Wochenschr. 1961;
39: 1244—1247. PMID: 14498709

Hodge A, Patterson A, Brown W, Ireland P, Giles G. The Anti Cancer Council of Victoria FFQ: relative
validity of nutrient intakes compared with weighed food records in young to middle-aged women in a
study of iron supplementation. Aust N Z J Public Health. 2000; 24: 576-583. PMID: 11215004

PLOS ONE | DOI:10.1371/journal.pone.0119140 March 16, 2015 11/12


http://dx.doi.org/10.1123/jpah.2012-0071
http://www.ncbi.nlm.nih.gov/pubmed/23359136
http://dx.doi.org/10.1371/journal.pone.0037696
http://www.ncbi.nlm.nih.gov/pubmed/22719846
http://dx.doi.org/10.1080/13607863.2013.801066
http://dx.doi.org/10.1080/13607863.2013.801066
http://www.ncbi.nlm.nih.gov/pubmed/23731057
http://dx.doi.org/10.2337/dc11-1931
http://dx.doi.org/10.2337/dc11-1931
http://www.ncbi.nlm.nih.gov/pubmed/22374636
http://dx.doi.org/10.1371/journal.pone.0055542
http://www.ncbi.nlm.nih.gov/pubmed/23418444
http://dx.doi.org/10.1093/aje/kwp163
http://www.ncbi.nlm.nih.gov/pubmed/19584129
http://dx.doi.org/10.1093/aje/kws590
http://www.ncbi.nlm.nih.gov/pubmed/23785112
http://dx.doi.org/10.1186/1477-7525-9-47
http://dx.doi.org/10.1186/1477-7525-9-47
http://www.ncbi.nlm.nih.gov/pubmed/21708011
http://dx.doi.org/10.1093/aje/kwq249
http://www.ncbi.nlm.nih.gov/pubmed/20843864
http://dx.doi.org/10.1093/aje/kwt292
http://www.ncbi.nlm.nih.gov/pubmed/24318278
http://www.ncbi.nlm.nih.gov/pubmed/15138320
http://dx.doi.org/10.1186/1471-2458-10-452
http://www.ncbi.nlm.nih.gov/pubmed/20678233
http://dx.doi.org/10.1007/s12160-013-9498-2
http://dx.doi.org/10.1007/s12160-013-9498-2
http://www.ncbi.nlm.nih.gov/pubmed/23609340
http://dx.doi.org/10.2337/dc13-2427
http://www.ncbi.nlm.nih.gov/pubmed/24658390
http://www.ncbi.nlm.nih.gov/pubmed/9588623
http://dx.doi.org/10.1016/j.amepre.2011.05.005
http://dx.doi.org/10.1016/j.amepre.2011.05.005
http://www.ncbi.nlm.nih.gov/pubmed/21767730
http://www.ncbi.nlm.nih.gov/pubmed/14498709
http://www.ncbi.nlm.nih.gov/pubmed/11215004

@’PLOS | ONE

Activity and Cardio-Metabolic Biomarkers

29.

30.

31.

32.

33.

34.

35.

Lewis J, Milligan G, Hunt A. NUTTAB95 nutrient data table for use in Australia. Canberra: Australian
Government Publishing Service; 1995.

Newby PK, Hu FB, Rimm EB, Smith-Warner SA, Feskanich D, Sampson L, et al. Reproducibility and
validity of the Diet Quality Index Revised as assessed by use of a food-frequency questionnaire. Am J
Clin Nutr. 2003; 78: 941-949. PMID: 14594780

Healy GN, Wijndaele K, Dunstan DW, Shaw JE, Salmon J, Zimmet PZ, et al. Objectively measured
sedentary time, physical activity, and metabolic risk: the Australian Diabetes, Obesity and Lifestyle
Study (AusDiab). Diabetes Care. 2008; 31: 369-371. PMID: 18000181

Bergouignan A, Rudwill F, Simon C, Blanc S. Physical inactivity as the culprit of metabolic inflexibility:
evidence from bed-rest studies. J Appl Physiol. 2011; 111: 1201-1210. doi: 10.1152/japplphysiol.
00698.2011 PMID: 21836047

Aadahl M, Linneberg A, Moller TC, Rosenorn S, Dunstan DW, Witte DR, et al. Motivational counseling
to reduce sitting time: a community-based randomized controlled trial in adults. Am J Prev Med. 2014;
47:576-586. doi: 10.1016/j.amepre.2014.06.020 PMID: 25113139

Strath SJ, Bassett DR Jr., Swartz AM. Comparison of MT| accelerometer cut-points for predicting time
spent in physical activity. Int J Sports Med. 2003; 24: 298-303. PMID: 12784173

Trost SG, Wong WK, Pfeiffer KA, Zheng Y. Artificial neural networks to predict activity type and energy
expenditure in youth. Med Sci Sports Exerc. 2012; 44: 1801-1809. doi: 10.1249/MSS.
0b013e318258ac11 PMID: 22525766

PLOS ONE | DOI:10.1371/journal.pone.0119140 March 16, 2015 12/12


http://www.ncbi.nlm.nih.gov/pubmed/14594780
http://www.ncbi.nlm.nih.gov/pubmed/18000181
http://dx.doi.org/10.1152/japplphysiol.00698.2011
http://dx.doi.org/10.1152/japplphysiol.00698.2011
http://www.ncbi.nlm.nih.gov/pubmed/21836047
http://dx.doi.org/10.1016/j.amepre.2014.06.020
http://www.ncbi.nlm.nih.gov/pubmed/25113139
http://www.ncbi.nlm.nih.gov/pubmed/12784173
http://dx.doi.org/10.1249/MSS.0b013e318258ac11
http://dx.doi.org/10.1249/MSS.0b013e318258ac11
http://www.ncbi.nlm.nih.gov/pubmed/22525766


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


