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Abstract

Purpose. The effect of sedentary behaviour on regional &uasition, independent of physical
activity remains equivocal. We examined the cresgisnal associations between objectively
measured sedentary time and markers of regiondidttbution (heart, liver, visceral,
subcutaneous and total body fat) in a populatiantagh risk of type 2 diabetes mellitus
(T2DM). M ethods. Participants were recruited from primary care to thabetes prevention
programmes. Sedentary time (<25 counts per 15ssgovas measured using Actigraph GT3X
accelerometers. Heart, liver, visceral, subcutasemal total body fat were quantified using
magnetic resonance images (MRI). Fat volumes wailated by multiplying the cross-
sectional areas of the fat-containing pixels bydlee thickness. The liver fat percentage was
measured using a representative region of intereated in the right lobe of the liver avoiding
the main portal veins. Linear regression modelsrexad the association of sedentary time with
markers of regional fat depositidResults. Sixty-six participants (age = 47.9+16.2 years;enal
50.0%) were included. Following adjustment for sal/eovariates, including glycaemia, whole
body fat and moderate-to-vigorous physical actifii/PA), each 30 minutes of sedentary time
was associated with 15.72migher heart fatpg=0.008), 1.2% higher liver fap£0.026) and
183.7cn higher visceral fatp=0.039).Conclusion. This study provides new evidence
suggesting that objectively measured sedentarywi@iramay have an independent association

upon heart, liver and visceral fat in individualsaanigh risk of T2DM.

Keywords; Type 2 diabetes, Sedentary behaviour, High Fsk distribution, MRI, Primary care
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| ntroduction

Abdominal obesity is known to predispose individuad cardiovascular disease (CVD)
and type 2 diabetes (T2DM), with regional fat defsodeing postulated to be of greater
importance than overall adiposity in causing meliakend cardiovascular disturbance (5, 31).
Several studies have implicated pericardial andrlifat as particular pathogenic risk factors
(23,26), with excess visceral adiposity also beasgociated with dyslipidemia, systemic
inflammation, insulin resistance, T2DM and all-cansortality (1,7,15,18).

Despite the well-documented positive effects of arate-to-vigorous physical activity
(MVPA) on regional fat deposition (16), the asstiegrole of sedentary behaviour, independent
of physical activity, is less well understood ahd available literature equivocal.

Over the past decade there has been an accumubditepidemiological evidence from
both cross-sectional and prospective observatienalies indicating that sedentary behaviour
(best conceptualised as any non-exercise sittimg (B0)) may be independently associated with
several deleterious health outcomes, including T2Ddesity, the metabolic syndrome,
cardiovascular disease and cardiovascular morté8i$3,36,37). However, previousoss-
sectional and longitudinal studies conducted ingdeeral population have shown no association
between sedentary behaviour and visceral fat aclasiom in adults (20,25,29). Although
associations have previously been observed betaekgrttively measured sedentary time and
pericardial fat (11,20), the relationships werd@itattenuated after adjustment for MVPA (11)
or MVPA was quantified using self report (20), thnassing issues regarding response bias and
poor levels of validity (27). It therefore remannsclear whether objectively measured sedentary

behaviour is associated with regional fat depasijtiodependent of MVPA or total physical
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activity. Moreover, to our knowledge, there arerently no reports examining the association
between sedentary behaviour and liver fat.

It is also necessary to establish the associatetwden sedentary behaviour and fat
distribution in those at high risk of chronic disea Both national and international
recommendations and policies specify that chrorgease prevention strategies should include
targeted interventions aimed at the identificateord management of high risk individuals (2).
Moreover, sedentary time has been shown to be stooegly and adversely associated with
cardio-metabolic variables (including markers ofpadity) in high risk individuals, (14) and
those with established T2DM (3,4) after adjustnfenMVPA and other important confounders.
Given that associations between sedentary timenaakers of adiposity (body mass index
(BMI) and waist circumference) were weaker compadeedther cardio-metabolic variables (14),
the association of sedentary behaviour may exteydru traditional measures of adiposity and
may lie in the location of fat deposition. In peadiiar, within cells of non-adipose tissue that
normally contain only small amounts of fat (ectofat). Such ectopic depositions result in
excess lipids being driven into alternative, nomdakve pathways, which in turn promotes
metabolically relevant cellular dysfunction (lipgtoity).

The aim of this study, therefore, was to examine dlssociation between objectively
measured sedentary time and heart, liver, visceusigutaneous and total body fat, independent

of MVPA and whole body fat in a population at higsk of T2DM.
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Methods
Subjects

The present study reports a baseline conveniemogample (n=66) from the Walking
Away from Type 2 Diabetes Study (WA) and ProjeciABID (SedentaryTime And Diabetes).
When combined, the full cohort for both studieduded 1,026 participants (WA=833, Project
STAND=193). Both of these diabetes prevention sisidvere conducted by the same research
group within the same geographical area (Leicdstersand South East Midlands, United
Kingdom (UK)) and baseline data collection was utaden during 2010. All measurements
were performed by the same team of trained staff ¥alowed identical standard operating

procedures. A detailed description of both triatimoels have been published elsewhere (38,39).

Walking Away

Participants (aged 30-74 years) were recruited ftOnprimary care practices within the
Leicestershire region (city and county), UK. Indiwals at high risk of impaired glucose
regulation (IGR) (composite of impaired glucoseetahce (IGT) and/or impaired fasting
glycaemia (IFG)) or T2DM were identified using adifeed version of the automated Leicester
Risk Score, specifically designed to be administeire primary care (10). The Morbidity,
Information Query and Export Syntax (MIQUEST) pragyrme was used to assess medical
records and rank individuals for diabetes risk ggmedefined weighted variables commonly
held on practice databases (age, gender, BMI, yarhistory of T2DM and use of
antihypertensive medication). Those scoring wittlia 9" percentile in each practice were
invited to take part in the study. This approack baen shown to have good sensitivity and

specificity for identifying participants at a higisk of IGR (10).
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Project STAND

Young adults who were at risk of developing T2DMraveecruited from primary care
practices located across Leicestershire and théhIeast Midlands region. Practice databases
were searched for participants meeting the follgwirclusion criteria: a) aged 18-40 years with
a BMI in the obese range30kg/nt;>27.5kg/nf for south Asians) or b) aged 18-40 years with a
BMI in the overweight range25kg/nf (>23kg/nf for south Asians) plus one additional risk
factor: a family history of T2DM or CVD, previousesgtational diabetes, polycystic ovarian
syndrome, HbA1e5.8% or IGR (38).

Individuals were excluded from both studies if ythevere taking steroids or had
previously diagnosed T2DM. Written Informed consemés obtained from all eligible

participants and both studies gained full ethical governance approval.

Covariates

Information on current smoking status, family brgt of T2DM, medication status and
ethnicity (coded according to census criteria) whined following an interview-administered
guestionnaire with a health care professional. Weiicumference was measured over light
clothing between the lower rib margin and the ileaest. Height and weight (Tanita TBE 611,
Tanita, West Drayton, UK) were obtained by trairsdff according to standard operating
procedures. The subsequent values were used touterBMI (kg/nf). Systolic and diastolic
blood pressure (mmHg) were taken three times icession and the mean of the last two used
for analysis.

Social deprivation was determined by assigningnaex of Multiple Deprivation (IMD)

score to the participant’s resident area (basegasicode) (32). IMD scoremre publically
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available continuous measures of compound socthlnaaterial deprivation. Areas are ranked
from least deprived to most deprived based upoeraédimensions linked to health outcomes
(including; income, employment, education, livingvgonment and health).

Venous blood samples were obtained following anrruglt fast, and all assays were
measured in the same laboratory. Analysis was adaduby individuals blinded to the patients’
identity, using stable methods, standardised tereat quality assurance values. HbAlc was
analysed using the Bio-Rad Variant Il HPLC systdBmo{Rad Clinical Diagnostics, Hemel

Hempstead, UK) and total cholesterol was measused) standard enzymatic techniques.

Quantification of sedentary time

All eligible participants were asked to wear adxial accelerometer at the baseline visit
(Actigraph GT3X, Pensacola, FL, USA), for a minimwh seven consecutive days during
waking hours. These accelerometers translate raelexations into activity counts. Cut-points
modified by Troiano et al. were used to categoaseepoch as sedentary (<25 counts per 15
seconds) or MVPAX505 counts per 15 seconds). These intensity thigskere calculated as a
weighted average determined from previous treadonilltrack walking studies (34). Total
physical activity volume represented the summaiocounts within each epoch.

Non-wear time was defined as a minimum of 60 miswgtecontinuous zero counts and
days with at least 600 minutes of wear time werestered valid (13, 14). In order to be
included in the analysis, participants were regutcehave a minimum of four valid days (35).

A data analysis tool (KineSoft version 3.3.75, KSoft, New Brunswick, Canada;

www.kinesoft.org) was used to process the acceletendata.
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Measure of adiposity

Magnetic Resonance Imaging (MRI) was performedlanfizld Hospital, Leicester, UK,
where heart, liver, visceral, subcutaneous and tmtdy fat (includes liver, intra-abdominal,
subcutaneous and visceral fat) was quantified. MR reliable modality for the assessment of
adipose tissue and is capable of measuring fatldison with a high spatial resolution (22).

Scanning was performed using either a 1.5 Teslantawv@/VA) or a 3.0 Tesla Skyra
system (STAND) (Siemens Medical, Erlangen, Germarmygxible body array coils were
applied to the thorax and abdomen for signal recepEor lipid volume quantification, a 2-point
Dixon gradient-echo pulse sequence was used taatep#ssue water signal from lipid signal
and to create two separate image sets with sigtesity showing ‘fat’ and ‘water’ content (21).
3-D images were acquired axially with 5 mm slicekhess and in-plane resolution of 1.56 mm,
interpolated to 0.78 mm. The field of view was 30 (left-right) by 375 mm (anterior-
posterior). Images were acquired in three contigualocks, covering the thoracic, abdominal
and pelvic regions, with each block acquired inreath-hold at full inspiration to minimise
motion—related artefacts and to negate changebcm osition. The acquisition time for each
block was 18s. All scans were performed by the samaen of trained staff according to
standardised procedures.

Analysis of the MR images was performed using imagalysis software produced in-
house (Java Image Manipulation, Version 7). Alllgsia was undertaken by the same researcher
who was blinded to the clinical, anthropometric ahgsical activity data.

For analysis, the ‘fat’ and ‘water’ images were heghatically combined to create a ‘fat
percentage’ image. Fat-containing pixels were tdefined as those with a pixel intensity

between 51 and 99% (100% being due to image at}efBlte images were reconstructed into
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15 mm thick contiguous slices, from the top of pudmonary trunk extending to the bottom of
the symphysis pubis. Volumes of interest for theMtbody and heart were created by outlining
the perimeter of the body and heart respectivelgarh relevant slice using a mouse-controlled
pointer and excluding those pixels outside thecstines. The region of interest surrounding the
heart included myocardial, epicardial (pericardaadyl immediate extra-pericardial (thoracic) fat.
The visceral (and retroperitoneal) fat was furtbeparated, by outlining the abdominal
and chest wall muscles and excluding the pixelsHersubcutaneous fat. The fat volume was
calculated automatically by multiplying the croestsonal areas of the fat-containing pixels,
summed over all slices on which the tissue wasirad| by the slice thickness. This created
three fat volumes: total body fat, visceral fatnfréhe top of the pulmonary trunk to the bottom
of the symphysis pubis, and the heart fat voluntee Tiver fat percentage was also measured
using a representative region of interest createtla right lobe of liver avoiding the main portal

veins. Subcutaneous fat was calculated by subtaetsceral fat from total body fat.

Statistical Analysis

IBM SPSS Statistics v20.0 (Chicago, IL, USA) wasdigo conduct all statistical
analyses. Linear regression analysis was used erdmbined study cohorts to examine the
independent association of sedentary time (indep@nglariable), with various markers of
regional fat deposition (dependent variable). Waplaiy results per 30 minutes of sedentary time
for ease of interpretation.

Model 1 was adjusted for age (continuous), gend#micity (white European/south
Asian/other), social deprivation (continuous), fantiistory of T2DM (yes/no), smoking status

(current/ex/never smoked), total cholesterol, HhA4ystolic blood pressure, blood pressure
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medication (ACE inhibitors (yes/no)), beta-block@res/no), lipid lowering medication (yes/no),
time accelerometer worn (average number of minpgesday) and MVPA. We also undertook
the same model, but adjusted for total physicalis¢tvolume (counts per day) rather than
MVPA given that others have suggested this medgitgsficant associations between sedentary
behaviour and metabolic health (24). In order taneixe the extent to which total adiposity
attenuated these relationships, model 2 was fudbgrsted for whole body fat. Models were
assessed for normality and multi co-linearity waseased through the variance inflation factor
(VIF). To further represent the strength of sedgntane with markers of adiposity, variables
were also examined as tertiles using analysis wdrcance procedures.

Significant observations were followed up with natetion terms to assess associations
between sedentary time and study, sex, level of MV®Rhole body fat and HbAlc. All
interactions were adjusted for the covariatesdigtenodel 1.

Two-tailed p values of 0.05 or less were considered statigficagnificant for main
effects.p<0.1 was considered significant for interactions.allow for direct comparisons across
fat deposition markers, results of the generallseghr regression analysis are also presented as

the standardised beta co-efficiefiit{standard error(SE).

Results

Table 1 displays the demographic, anthropometri&l-derived and accelerometer
characteristics of included participants. In tot&82 participants from Project STAND
(age=33.1+6.0 years; male=34.4%) and 34 particgpdndbm WA (age=61.9+8.0 years;

male=64.7%) had valid measures of objective agtatd MRI data.
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There were no statistical differences (p>0.05) mheopometric, metabolic, and social
deprivation measures between participants who werkeided in this analysis vs. those not
included (did not undergo an MRI scan).

Model 1 illustrates the linear relationship betwesach 30 minute block of sedentary
time and markers of regional fat deposition. HRweitgy adjustment for various confounders,
including HbA1c, and MVPA, 30 minutes of sedenttinye was associated with 20.5¢higher
heart fat ((95% CI) 5.4, 35.6), 1.4% higher livat (0.3, 2.5) and a 409.2¢&righer visceral fat
(127.6, 690.8). All significant associations seemviodel 1 persisted after further adjustment for
whole body fat in Model 2 (15.7¢hhigher heart fat ((95% CI) 0.5, 30.8), 1.2% higfieer fat
(0.3, 2.3) and a 191.3¢rhigher visceral fat (2.7, 368.8).

No significant associations were observed for whmdy and subcutaneous fat (Table
2). Supplementary Table 1 also displays the ovasdbciations (presented as standardised
SE) in the combined cohort for total sedentary tim#h MRI-derived markers of regional fat
deposition. (See Table, Supplemental Digital CanfenAssociations of total sedentary time
with markers of MRI-derived regional fat distribani when adjusted for either MVPA or total
physical activity volume, http://links.lww.com/MS$171.)

In order to provide visual representation of repdrassociations, figure 1 illustrates the
associations between total sedentary time and fegativer fat and visceral fat when examined
as tertiles, after adjustment for the covariategedl above. Compared to those in the lowest
tertile of sedentary time, those in the highestiléeehad, on average, 13.28rhigher heart fat

(p<0.001), 1.6% higher liver fat (p<0.001) and &.36n7 higher visceral fat (p<0.001).
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Interaction analyses indicated a significant effiectstudy group with the older cohort
(WA) demonstrating stronger associations of sedgntiane with visceral fat (presented as
unstandardisef (95% CI)) (WA = 800.0 (345.3, 1255.9) vs. STAND 8.4 (-297.8, 436.6) (p
for interaction=0.010). Sex interactions also iatkcl that sedentary time had a larger impact on
visceral fat in males (male = 779.1 (171.4, 138%9)female = 133.4 (-269.0, 544.8) (p for
interaction=0.049) (Table 3). No other significamteractions for associations with measures of
ectopic fat were observed for study group, sex,l&vbody fat, MVPA or HbAlc level (p>0.1).

The findings above were unaffected if waist circarehce or BMI rather than whole

body fat was used in Model 2 (data not shown).

Discussion

This study conducted in individuals at high riskT&#DM, demonstrated that sedentary
time was associated with heart, liver and viscégl independent of measured confounders,
including glycaemia, whole body fat and MVPA. Thedings from this study extend previous
cross-sectional results observed in the generallpbpn, by demonstrating the association of
objectively measured sedentary behaviour with nrarl@d regional fat deposition. To our
knowledge, this is the first study to show assommast between sedentary time and liver, heart
and visceral fat in a population with a high ridkcbronic disease.

The observation that sedentary time is associatttdlmer fat, independent of adiposity,
is a novel finding and may suggest an independgsdcation between sedentary time and liver
fat accumulation. Nevertheless, the associatioserekd between sedentary time and heart and
visceral fat are in contrast to the majority of ,@3,29), but not all (20) previous literature, whic

has tended to show either weak or no associatiidmes discrepancy in findings between studies
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may be partially explained by the fact that sedgntiane has previously been quantified using
self-report (29), which has high measurement €&@), or undertaken in generally healthy, low
risk populations compared to the present analygig;h specifically targeted individuals with a
high risk of chronic disease and underlying metatabysfunction.

Visceral, hepatic, and cardiac adiposity, rathantbbesityper se, have all been causally
associated with glucose, insulin metabolism andsegbent metabolic dysfunction (6). These
mechanisms may induce multiple autocrine, paraaime endocrine influences, which include
the pro-inflammatory cytokine response (28). Thergefthe associations observed for regional
and ectopic fat in the present study may help tagdly explain the relatively strong association
between sedentary time and glucose metabolism stensly reported in those with a high risk
of, or diagnosed, T2DM (3,4,14). Although a caulak between sedentary behaviour and
differential regional and ectopic fat distributibas not been directly elucidated, there is some
supporting evidence. As this analysis and othex® Haund only relatively weak associations
between sedentary behaviour and markers of ovelglbsity (4,13,14), it is likely that potential
mechanisms are beyond total energy balance. Ongibpmsandidate could be through the
actions of lipoprotein lipase (LPL). Research usamimal models of sedentary behaviour have
shown that muscle inactivity causes rapid and dt@meductions in LPL activity (12). In turn, it
has been suggested that reductions in LPL massaatidty may directly promote intra-
abdominal visceral fat accumulation (17). Therefafegeneralisable to humans, it may be
plausible that muscle inactivity induced by proled{ghronic sitting related sedentary behaviour
causes reductions in postural muscle LPL activitifis in turn may help to promote the
deposition of triglycerides into cells of non-adseatissue, fuelling the detrimental phenomenon

of ectopic over-accumulation (31). However, thiggmbial mechanism lacks confirmation in
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human research and thus remains suggestive radnerdefinitive. Our study supports the need
for further experimental research in humans foaysim lipid metabolism and distribution.

Sedentary time in the current study was shown tee ha stronger association with
visceral fat in older, compared to younger aduftd an males compared to females. Although
visceral fat is known to increase with age, cleax dimorphisms also exist, largely due to
anatomical differences in adipose tissue deposiiton For example, even after correcting for
total body fat mass, women have been shown to adeever ratio of visceral adipose tissue to
total body fat mass compared to men (19). The Uyidgr mechanisms driving these
observations are largely unknown; it is likely te B complex phenotype that includes sex
hormones and adipose tissue storage dysfuncti@evaral sites, including the heart and liver
(6). Therefore, the preliminary findings from thesudy further highlight the importance of
carefully considering the population under invesiign in future experimental and
epidemiologic investigations.

The present study has several strengths: mostigdtabuse of objective methodologies
to estimate exposures and outcomes in a high risk2®M population recruited through
primary care. This is particularly important as @apulation is representative of those who are
likely to be identified as being at high risk obg/2 diabetes mellitus within routine care and
referred on to available prevention programmesthiéamore, all participants were from the
same geographical location, with similar risk, rbelec and physical activity profiles. All
measurements (including MRI scans) were also paddrby the same team of trained staff,
following identical standard operating procedures.

However, the following limitations should be coresied. Firstly, given the high risk

nature of the cohort, the results may have limgederalisability and the small sample size may
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restrict the external validity of our findings. $edly, the cross-sectional design limits inference
about the direction of causality between the sedgnvariables and MRI markers; reverse
causality remains a possibility, particularly as tielationship between adiposity and sedentary
time may be bi-directional (9). It is also plausithat unmeasured lifestyle variables (e.g.
snacking, alcohol consumption) and pre-existingmabidities may have confounded the
observed relationships. Thirdly, cardiac imagesewer-gated and we were unable to distinguish
between pericardial, epicardial and pericoronatyHawever, it could be argued that measuring
whole heart fat reduces any potential bias, pddrbu related to measurement in leaner
individuals. Fourthly, accelerometers rely on categing movement (acceleration), as opposed
to distinguishing between specific postures (sittitying and standing behaviours), which may
lead to an under-estimation of the true associabietween sedentary time and markers of
adiposity.

In conclusion, the present study provides new engdesuggesting that objectively
measured sedentary behaviour is associated with, ligar and visceral fat in individuals at a
high risk of T2DM. Interestingly, since the assticias remained after adjustment for whole
body fat and MVPA, it may suggest that sedentahalb®ur is linked to selective depositions of
fat which cannot be fully explained by an increaseoverall adiposity and may act via an
independent mechanism. However, given the limitetijonore research is needed to determine
the distinct pathological effects of each typeaifdnd how these endpoints might be associated

with different behaviours, in particular sittingated sedentary time.
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Figure Captions

Figure 1A. Tertiles of sedentary time with heatt fa

Figure 1B. Tertiles of sedentary time with viscdedl

Figure 1C. Tertiles of sedentary time with livet. fa

Tertiles of sedentary time with heart fat (Figur®,lvisceral fat (Figure 1B) and liver fat (Figure
1C). Estimated marginal means are adjusted for geyeder, smoking status, family history of
T2DM, ethnicity, social deprivation, ACE inhibitgrbeta blockers, lipid lowering medication,
systolic blood pressure, cholesterol, HbAlc, MVRi&Ae accelerometer worn and whole body
fat. Tertile cut-points for sedentary time weref@ahd 10.9h per day. Medians and ranges for
tertile 1=8.8 h (7.7-9.6); tertile 2=10.3 h (9.6-8)0 tertile 3=11.8 h (10.9-14.0). p<0.001 for
trend (Figure 1A, Figure 1B, Figure 1C). Bars represent mean and error bars are 95%

confidence intervals.

Supplementary Tables

Supplementary Table 1. Associations of total segntime with markers of MRI-derived

regional fat distribution when adjusted for eitM¥PA or total physical activity volume.
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Table 1: Demographics, metabolic, anthropometriR|dderived and accelerometer

characteristics of participants

Characteristics STAND Walking Away All
(N=32) (N=34) (N=66)
Age (years) 34 (29.2-39.0) 64 (57.8-66.3) 44 (34)64
Male 11 (34.4) 22 (64.7) 33 (50.0)
Current smokers 9(28.1) 2(5.9) 11 (16.7)
Family history of type 2 diabetes (T2DM) 23 (71.9) 16 (47.0) 39 (59.0)

(1*' degree)

Cardio-metabolic variables

BMI (kg/m°)

33.1 (31.0-36.6)

30.4 (28.2-334

) 32(29.6-35.8

Waist circumference (cm)

98.5 (94.3-106.0

100qam8.0)

99 (93.0-107.0)

Weight (kg) 95.1 (88.9-107.8) 90.5 (74.7-100}7) 89®3.3-103.5)
Total cholesterol (mmol/L) 4.5 (3.9-5.3) 4.8 (4.1-9) 4.7 (4.0-5.7)
Systolic blood pressure (mmHgQ) 118 (112-126) 148 @r-167) 137 (116-148)
Lipid lowering medication 0 (0.0) 14 (41.2) 14 (22)
Beta-blockers 0 (0.0) 3(8.8) 3(4.5)
Angiotensin-converting-enzyme (ACE) 0 (0.0) 8 (23.5) 8 (12.1)
Inhibitors
Glycated haemoglobin (HbA1c) (%) 5.5 (5.3-5.7) &T-6.1) 5.7 (5.4-6.0)
MRI -derived variables
Heart fat (crm) 139.0 (84.3-214.9) 154.2 (110.5-| 150.5 (92.0-200.7
200.7)

Visceral fat (cm)

4460.4 (3217.2-

6362.3)

6042.7 (4248.9-

7578.4)

4857.9 (3901.6-

6611.9)
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Liver fat (%)

3.8 (1.9-7.8)

8.2 (6.0-12.6)

6.5 (319.1)

Subcutaneous fat (¢n 17712.7 (13757.4-| 11093.9 (8490.54 15008.3 (10515.1¢
20306.9) 15247.2) 19314.8)

Total body fat (crf) 21446.4 (18636.8- 17560.0 18800.9 (15394.3}
26452.7) (13989.4- 25132.5)

23090.4)

Ethnicity

White European 25 (78.1) 29 (85.3) 54 (81.8)

South Asian 5(15.6) 3(8.8) 8 (12.1)

Other 2 (6.3) 2 (5.9) 4 (6.1)

Diagnosis

Normal glucose tolerance 27 (84.4) 21 (61.8) 48 (72.8)

Isolated impaired fasting glycaemia (IFG 1(3.1) 2 (5.9) 3(4.5)

Isolated impaired glucose tolerance (IGT 4 (12.5) 9 (26.5) 13 (19.7)

Both 0 (0.0) 1 (2.9) 1 (1.5)

T2DM 0 (0.0) 1 (2.9) 1 (1.5)

All (impaired glucose regulation (IGR)) 5(15.6) 13 (38.2) 18 (27.2)

Accelerometer variables

Time accelerometer worn (hours per day 14.6 (15.8) 14.4 (13.8-15.3) 14.5 (13.7-15.3

Sedentary Time (hours per day)

10.2 (8.8-10.8)

10.09.0-11.4)

10.1 (8.9-11.0)

Moderate-to-vigorous physical activity

(hours per day)

0.7 (0.5-1.0)

0.7 (0.4-0.9)

0.7 (0.4-0.9)

Total physical activity volume (x 1000-da

n) 298 §2353)

255 (196-337)

290 (211-345)

Sedentary time = <100 counts/min, MVBR020 counts/min. Results are presented as numblen{o

percentage) or median (interquartile range).
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Table 2: Associations of 30 minutes of sedentary time with markers of MRI-derived regional fat
distribution when adjusted for either MV PA or tota physical activity

Modd 1
Sedentary time p Sedentary time p
B (95% CI)? B (95% CI)P
(adjustment for (adjustment for total
MVPA) physical activity
volume)

Heart fat (cm®) 20.5 (5.4, 35.6) 0.001 20.7 (4.6, 36.8) 0.012
Liver fat (%) 1.4(0.3,25) 0.003 14(0.2,2.7) 0.019
Visceral fat (cm?) 409.2 (127.6,690.8) | <0.001 | 357.8(56.4,659.1) 0.022
Subcutaneous fat 541.6 (-258.4,1341.4) | 0.179 | 351.9(-512.5, 1216.2) 0.416

(cm®)

Whole body fat (cm®) | 1047.1(9.8,2084.4) | 0.052 | 760.5(337.1, 1858.1) 0.175

Model 2
Sedentary time p Sedentary time p
B (95% CI)? B (95% CI)P
Heart fat (cm”) 15.7 (0.5, 30.8) 0.008 16.8 (1.2.32.5) 0.035
Liver fat (%) 1.2(0.3,2.3) 0.026 1.3(0.1, 2.5) 0.044
Visceral fat (cm?) 191.3 (2.7, 368.8) 0.039 183.7 (2.9, 379.6) 0.046

Model 1 was adjusted for age, gender, smoking status, family history of T2DM, ethnicity, social
deprivation, ACE inhibitors, beta blockers, lipid lowering medication, systolic blood pressure,

cholesterol, HbA 1c, time accel erometer worn and @ MVPA or ° total physical activity volume

Model 2 was adjusted for the above covariates and whole body fat
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Table 3: Associations of total sedentary time with visceral fat when stratified by study (WA vs.
Project STAND) (a) and sex (b)

Table 3a. Associations of total sedentary time with viscera fat when stratified by study (WA vs. Project

STAND)
Study Interaction
for study
Walking Away p Project STAND p p
Sedentary time
Sedentary time B (SE)
$ (SE)
Viscera fat (cm?) 800.6 (345.3, 1255.9) | <0.001 | 69.4(-297.8, 436.6) | 0.735 0.010
Table 3b. Associations of total sedentary time with visceral fat when stratified by sex
Sex I nteraction
for sex
Male p Female p p
Sedentary time Sedentary time
p (SE) p (SE)
Viscera fat (cm®) 779.1(171.4,1386.9) | 0.007 | 133.4(-269.0, 544.8) | 0.556 0.049

time accelerometer worn and whole body fat

Adjusted for age, gender, smoking status, family history of T2DM, ethnicity, socia deprivation, ACE

inhibitors, beta blockers, lipid lowering medication, systolic blood pressure, cholesterol, HbA1c, MVPA,
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Supplementary Table 1: Associations of total sedentary time with markers of MRI-derived

regional fat distribution when adjusted for either MV PA or total physical activity volume

Modd 1
Sedentary time p Sedentary time p
Standardised 8 (SE)? Standardised 8 (SE)°
(adjustment for (adjustment for total
MVPA) physical activity
volume)
Heart fat (cm®) 0.59 (0.22) 0.001 0.60 (0.22) 0.012
Liver fat (%) 0.48 (0.20) 0.003 0.52 (0.21) 0.019
Visceral fat (cm?) 0.53(0.20) <0.001 0.47 (0.19) 0.022
Subcutaneous fat (cm®) 0.31(0.21) 0.179 0.20 (0.21) 0.416
Whole body fat (cm®) 0.43(0.22) 0.052 0.31(0.22) 0.175
Model 2
Sedentary time p Sedentary time p
Standardised f (SE)* Standardised B (SE)°
Heart fat (cm®) 0.46 (0.20) 0.008 0.49 (0.22) 0.035
Liver fat (%) 0.39 (0.20) 0.026 0.40 (0.21) 0.044
Visceral fat (cm?) 0.25(0.29) 0.039 0.25(0.12) 0.046

Model 1 was adjusted for age, gender, smoking status, family history of T2DM, ethnicity, social

deprivation, ACE inhibitors, beta blockers, lipid lowering medication, systolic blood pressure,

cholesterol, HbA 1c, time accel erometer worn and 2 MVPA or ° total physical activity

Model 2 was adjusted for the above covariates and whole body fat
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