
Sedentary Time and Markers of Chronic Low-Grade
Inflammation in a High Risk Population
Joseph Henson1,2*, Thomas Yates1,2, Charlotte L. Edwardson1,2, Kamlesh Khunti1,2, Duncan Talbot3,

Laura J. Gray4, Thomas M. Leigh5, Patrice Carter1,2, Melanie J. Davies1,2

1 National Institute for Health Research (NIHR) Leicester-Loughborough Diet, Lifestyle and Physical Activity Biomedical Research Unit, Leicester, Leicestershire, United

Kingdom, 2 Diabetes Research Centre, College of Medicine, Biological Sciences and Psychology, University of Leicester, Leicester, Leicestershire, United Kingdom,

3 Unilever Discover, Colworth Science Park, Sharnbrook, Bedfordshire, United Kingdom, 4 Department of Health Sciences, University of Leicester, Leicester, Leicestershire,

United Kingdom, 5 University Hospitals of Leicester, Leicester Diabetes Centre, Leicester General Hospital, Leicester, Leicestershire, United Kingdom

Abstract

Background: Sedentary behaviour has been identified as a distinct risk factor for several health outcomes. Nevertheless,
little research has been conducted into the underlying mechanisms driving these observations. This study aimed to
investigate the association of objectively measured sedentary time and breaks in sedentary time with markers of chronic
low-grade inflammation and adiposity in a population at a high risk of type 2 diabetes mellitus.

Methods: This study reports data from an ongoing diabetes prevention programme conducted in Leicestershire, UK. High
risk individuals were recruited from 10 primary care practices. Sedentary time (,25counts per 15s) was measured using
Actigraph GT3X accelerometers (15s epochs). A break was considered as any interruption in sedentary time ($25counts per
15s). Biochemical outcomes included interleukin-6 (IL-6), C-reactive protein (CRP), leptin, adiponectin and leptin:adiponectin
ratio (LAR). A sensitivity analysis investigated whether results were affected by removing participants with a CRP level
.10 mg/L, as this can be indicative of acute inflammation.

Results: 558 participants (age = 63.667.7years; male = 64.7%) had complete adipokine and accelerometer data. Following
adjustment for various confounders, sedentary time was detrimentally associated with CRP (b = 0.17660.057, p = 0.002), IL-6
(b = 0.24260.056, p = ,0.001), leptin (b = 0.14660.043, p = ,0.001) and LAR (b = 0.20860.052, p = ,0.001). Associations
were attenuated after further adjustment for moderate-to-vigorous physical activity (MVPA) with only IL-6 (b = 0.23160.073,
p = 0.002) remaining significant; this result was unaffected after further adjustment for body mass index and glycosylated
haemoglobin (HbA1c). Similarly, breaks in sedentary time were significantly inversely associated with IL-6
(b = 20.09460.047, p = 0.045) and leptin (b = 20.07560.037, p = 0.039); however, these associations were attenuated after
adjustment for accelerometer derived variables. Excluding individuals with a CRP level .10 mg/L consistently attenuated
the significant associations across all markers of inflammation.

Conclusion: These novel findings from a high risk population recruited through primary care suggest that sedentary
behaviour may influence markers associated with inflammation, independent of MVPA, glycaemia and adiposity.
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Introduction

Prospective and experimental studies in adults have postulated

that chronic low-grade inflammation contributes to the pathogen-

esis of multiple chronic diseases, including type 2 diabetes mellitus

(T2DM) [124].

Adipocytes are known to secrete large numbers of inflammatory

cytokines, termed adipokines, which are directly affected by the

levels and distribution of adiposity; consequently, obesity is

considered a chronic inflammatory disease [528]. The levels

and action of inflammatory adipokines are also thought to be

mediated by moderate- to vigorous-intensity physical activity

(MVPA) independent of adiposity [9–11].

Recent advances in physical activity research have suggested

that sedentary behaviour, defined as any sitting activity with a low

energy expenditure, is a distinct risk factor for several health
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outcomes [12–15]. Nevertheless, research examining the indepen-

dent association between sedentary time and inflammatory

markers remain limited. Recent cross-sectional epidemiological

studies have suggested an association between sedentary behaviour

and biomarkers linked to low-grade inflammation, independent of

MVPA [16–18]. However, many of these associations were

attenuated when adjusted for BMI and sedentary time has tended

to be captured using self-report [17,18], which has limited validity

compared to objective measures, particularly for habitual non-

structured activities [19].

Therefore, in order to further elucidate the role of sedentary

behavior as a determinant of metabolic health, it is necessary to

investigate the effect of objective measures of sedentary behaviour

on inflammatory adipokines and to establish whether associations

are independent of both MVPA and adiposity.

The purpose of this study was to examine those at a high risk of

T2DM and the extent to which sedentary time and breaks in

sedentary time are independently associated with IL-6, an

adipokine directly involved in the inflammatory cascade and

linked to the pathogenesis of many chronic diseases [20]. In

addition, leptin (thought to be a modulator of the inflammatory

response), adiponectin (a key anti-inflammatory adipokine), and C-

reactive protein (CRP) are also investigated [21,22].

Methods

Ethics Statement
Ethical approval was obtained from the Nottingham Research

Ethics Committee. Written informed consent was provided by all

participants and measurements were performed by trained staff

according to standard operating procedures.

Participants
The present analysis reports baseline data from the Walking

Away from Type 2 Diabetes study, the methods of which have

been published elsewhere [23]. A total of 833 participants at a high

risk of T2DM were recruited through 10 primary care practices in

Leicestershire, UK in 2010; analysis was subsequently conducted

in 2013. Individuals at high risk of impaired glucose regulation

(IGR) (composite of impaired glucose tolerance (IGT) and/or

impaired fasting glycaemia (IFG)) or T2DM were identified using

a modified version of the automated Leicester Risk Score, which

was specifically designed to be administered in primary care [24].

An automated platform using existing medical records was used to

rank individuals for diabetes risk using predefined weighted

variables (age, gender, BMI, family history of T2DM and use of

antihypertensive medication). Individuals scoring within the 90th

percentile in each practice were invited to take part in the study.

This process has been shown to have reasonable sensitivity and

specificity for identifying participants at a high risk of IGR [24].

All individuals were unaware of their diabetes risk status before

entering the study.

Individuals were excluded from the study if they had established

T2DM or were currently taking steroids.

Sedentary Time Assessment
At the baseline visit, all eligible participants were asked to wear

a tri-axial accelerometer, (Actigraph GT3X, Florida, USA), for a

minimum of seven consecutive days during waking hours. These

accelerometers translate raw accelerations into activity counts.

Freedson cut-points were used to categorise an epoch as sedentary

(,25 counts per 15 seconds) or MVPA ($488 counts per 15

seconds) [25]. Breaks in sedentary time were defined as a transition

from a sedentary (,25 counts per 15 seconds) to an active state

($25 counts per 15 seconds) [12,16,26].

Non-wear time was defined as a minimum of 60 minutes of

continuous zero counts and days with at least 600 minutes of wear

time were considered valid [12,26]. In order to be included in the

analysis, participants required a minimum of any four valid days

[27].

A commercially available data analysis tool (KineSoft version

3.3.75, Kinesoft, New Brunswick, Canada; www.kinesoft.org) was

used to process the accelerometer data.

Demographic, anthropometric and biochemical
measurements

Information on medication, ethnicity and smoking status was

obtained following an interview administered protocol conducted

by a healthcare professional. Social deprivation was determined by

assigning an Index of Multiple Deprivation (IMD) score to the

participant’s resident area [28]. IMD scores are publically

available continuous measures of compound social and material

deprivation which are calculated using a variety of data including

current income, employment status and previous education. Body

weight, body fat % (Tanita TBE 611, Tanita, West Drayton, UK)

and waist circumference (midpoint between the lower costal

margin and iliac crest) were measured to the nearest 0.1 kg, 0.1%

and 0.5 cm respectively.

Venous blood samples were obtained following an overnight

fast. All assays were measured in the same laboratory using stable

methodologies and conducted by individuals blinded to the

patients’ identity. Glycosylated haemoglobin (HbA1c) was analysed

using the Bio-Rad Variant II HPLC system (Bio-Rad Clinical

Diagnostics, Hemel Hempstead, UK). Plasma glucose was

measured using a glucose oxidase method on the Beckman Auto

Analyzer (Beckman, High Wycombe, UK). All participants

underwent an oral glucose tolerance test. Diabetes, impaired

fasting glycaemia (IFG) and/or impaired glucose tolerance (IGT)

categories were determined based on WHO 2006 criteria [29].

Here, impaired glucose regulation (IGR) refers to a composite of

IFG and/or IGT.

Biomarker Measurements
CRP was analysed using a high sensitivity (Minimum Interpre-

tation Limit = 0.1 mg/L) HORIBA ABX clinical chemistry

analyser. IL-6 was analysed using quantikine high-sensitivity

enzyme-linked immonosorbent assays (R&D systems). Leptin was

analysed using AlphaLISA no wash fluorescence immunoassay kits

(Perkin Elmer). Adiponectin was quantified using a time-resolved

fluorescence immunoassay (R&D systems antibodies) on the

AutoDELFIA (Perkin Elmer Life Sciences). All ELISA and

fluorescence immunoassays were conducted in replicate on the

same sample and the average value obtained. If the intra- assay

coefficient of variation exceeded 10% for leptin and 15% for

adiponectin, the assay was repeated using the same technique.

Similarly, the IL-6 assay was repeated if the concentration was

.2 pg/ml and the coefficient of variation .20% or the

concentration was ,2 pg/ml and the coefficient of variation

.25%.

An additional variable measuring the leptin:adiponectin ratio

(LAR) was derived as it has been shown to be highly associated

with insulin resistance [30].

Sedentary Time and Inflammation
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Statistical Analysis
All statistical analyses were conducted using IBM SPSS

Statistics v20.0. Due to their skewed distribution, adiponectin,

CRP, IL-6 and leptin were log-transformed.

Linear regression analysis was used to examine the independent

associations of sedentary time and breaks in sedentary time with

markers of chronic low-grade inflammation.

Data was adjusted for age, gender, smoking status, ethnicity,

social deprivation, anti-hypertensive (Beta (b)-blockers, angioten-

sin-converting-enzyme (ACE) inhibitors), lipid lowering (statin,

fibrates), aspirin, non-steroidal anti-inflammatory (NSAID) med-

ication, family history of T2DM and accelerometer wear time

(average minutes per day) (model 1). We additionally adjusted for

MVPA time (average minutes per day) and the associations for

breaks were examined having also adjusted for sedentary time

(average minutes per day) (model 2). In order to examine the

extent to which adiposity and glycaemia may attenuate any

observed relationships, we further adjusted for BMI and HbA1c

(model 3).

Significant associations were followed up with interaction terms

to assess differences in the strength of the associations between

sedentary time and gender using a model adjusted for the above

covariates. Participants were also categorised into two groups

(active vs. inactive) according to their level of MVPA (dichot-

omised into low and high levels around the median) in order to

assess whether associations were consistent across activity catego-

ries.

Sensitivity analyses were conducted to investigate whether

results were affected if a different measure of adiposity (waist, %

body fat) or glycaemia (2-h glucose) were used as covariates. In

order to be consistent with previous studies [31,32], a sensitivity

analysis also investigated whether results were affected by

removing participants with a CRP level .10 mg/L, as this may

be indicative of acute inflammation [33].

All analyses were two-sided; p,0.05 was considered significant

for main effects and p,0.1 was considered significant for

interactions.

Results

A total of 558 (67%) participants had complete adipokine and

accelerometer data. The main reasons for participants not having

complete data was insufficient accelerometer wear time over too

few days and insufficient volumes of blood for additional analyses.

There was no significant difference in the percentage of males/

females, ethnic origin, BMI or social deprivation score in those

included vs. excluded. However, those excluded were more likely

to be younger (61.868.9 vs. 63.667.7years, p = 0.004). Table 1

reports the characteristics of the study participants.

Table 2 displays the standardised regression coefficients for the

association between sedentary time and breaks in sedentary time

with markers of chronic low-grade inflammation.

Sedentary time
Following adjustment for various confounders, sedentary time

was detrimentally associated with IL-6 (b = 0.24260.056,

p = ,0.001), CRP (b = 0.17660.057, p = 0.002), leptin

(b = 0.14660.043, p = ,0.001) and LAR (b = 0.20860.052,

p = ,0.001). Associations were attenuated after adjustment for

MVPA; with the exception of IL-6 (b = 0.23160.073, p = 0.002),

which remained significant after further controlling for BMI and

HbA1c.

Table 1. Participant characteristics.

Variable

N 558

Age (years) 63.667.7

Male 364 (64.7)

Index-of-Multiple Deprivation score 13.0 (8.0–23.9)

Current smokers 45 (8.1)

Family History of Diabetes (1st degree) 208 (37.3)

BMI (kg/m2) 32.265.2

Waist circumference (cm) 101.7611.6

Weight (kg) 92.1616.5

Body fat (%) 35.668.8

HbA1c (%) 5.9 (5.6–6.1)

HbA1c (mmol/mol) 41 (38–43)

2-hour plasma glucose (mmol/L) 6.1 (4.9–7.7)

High sensitivity C-reactive protein (mg/L) 1.6 (0.6–4.0)

Interleukin-6 (pg/mL) 2.0 (1.4–3.0)

Leptin (ng/mL) 9.0 (4.9–15.0)

Adiponectin (ug/ml) 11.3 (8.1–16.4)

Leptin/adiponectin ratio 0.8 (0.4–1.4)

Blood pressure medication

b-blockers 96 (17.2)

Angiotensin-converting enzyme inhibitors 111 (19.9)

Aspirin medication 89 (15.9)

Non-steroidal anti-inflammatory medication 32 (5.7)

Lipid lowering medication

Lipid lowering fibrates 2 (0.4)

Lipid lowering statins 187 (33.5)

Diagnosis

Normal glucose tolerance 391 (70.1)

Isolated Impaired Fasting Glycaemia 26 (4.7)

Isolated Impaired Glucose Tolerance 96 (17.2)

Both 27 (4.8)

Diabetes 18 (3.2)

Impaired Glucose Regulation 149 (26.7)

Any abnormal glucose tolerance 167 (29.9)

Ethnicity

White European 502 (90.0)

South Asian 40 (7.1)

Other 16 (2.9)

Accelerometer variables (time in hours)

Time accelerometer worn 14.361.4

Sedentary Time 10.261.5

Moderate-to-vigorous physical activity 0.5 (0.3–0.8)

Breaks per day 269664

Sedentary time = ,25 counts per 15s and moderate-to-vigorous physical
activity $488 counts per 15s. Continuous parametric results as mean6SD,
number (column percentage) and continuous non-parametric results as median
(interquartile range).
doi:10.1371/journal.pone.0078350.t001
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Breaks in sedentary time
Independent of known confounders, breaks in sedentary time

were significantly inversely associated with IL-6 (b = –

0.09460.047, p = 0.045) and leptin (b = –0.07560.037,

p = 0.039). However, these associations were attenuated when

further adjusted for sedentary time and MVPA.

There were no significant interactions between gender and

sedentary time or breaks in sedentary time across all markers of

low-grade inflammation (all interactions p.0.1).

When the results were stratified by MVPA (active vs. inactive),

sedentary time had a larger impact on IL-6 (p for interac-

tion = 0.061) in the inactive group (Table 3). For breaks in

sedentary time, the inactive cohort displayed a stronger association

for CRP and HADP (p for interaction = ,0.01).

Sensitivity Analyses
Results reported above were unaffected if waist circumference

or % body fat rather than BMI was used in Model 3. The pattern

and significance of results were unaffected if 2-hour glucose (as

Table 2. Associations of sedentary time and breaks in
sedentary time with markers of chronic low-grade
inflammation.

Model 1

Sedentary time Breaks

b (SE) p b (SE) p

C-reactive protein 0.176 (0.057) 0.002 –0.088 (0.047) 0.064

Adiponectin –0.098 (0.053) 0.068 0.062 (0.044) 0.159

Interleukin-6 0.242 (0.056) ,0.001 –0.094 (0.047) 0.045

Leptin 0.146 (0.043) 0.001 –0.075 (0.037) 0.039

Leptin/adiponectin
ratio

0.208 (0.052) ,0.001 –0.079 (0.043) 0.064

Model 2

Sedentary time Breaks

b (SE) a p b (SE) b p

C-reactive protein 0.093 (0.073) 0.205 –0.054 (0.065) 0.367

Adiponectin –0.042 (0.069) 0.542 0.051 (0.060) 0.363

Interleukin-6 0.231 (0.073) 0.002 –0.024 (0.064) 0.694

Leptin 0.025 (0.056) 0.654 –0.053 (0.049) 0.243

Leptin/adiponectin
ratio

0.030 (0.066) 0.650 –0.048 (0.052) 0.371

Model 3

Sedentary time Breaks

b (SE) a p b (SE) b p

C-reactive protein 0.073 (0.072) 0.312 –0.032 (0.064) 0.587

Adiponectin –0.040 (0.067) 0.551 0.044 (0.057) 0.421

Interleukin-6 0.212 (0.072) 0.003 –0.023 (0.063) 0.696

Leptin 0.026 (0.055) 0.634 –0.025 (0.044) 0.519

Leptin/adiponectin
ratio

0.026 (0.064) 0.684 –0.027 (0.057) 0.580

Model 1 was adjusted for age, gender, smoking status, ethnicity, social
deprivation, family history, beta blockers, lipid lowering medication, aspirin,
angiotensin-converting enzyme inhibitors, non-steroidal anti-inflammatory
medication and time accelerometer worn.
Model 2 was adjusted for the above covariates and amoderate-to-vigorous
physical activity or bsedentary time and moderate-to vigorous physical activity.
Model 3 was adjusted for the same covariates as Model 2 and BMI and HbA1c.

doi:10.1371/journal.pone.0078350.t002
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opposed to HbA1c) was used in model 3; standardised beta-

coefficients were consistently within 10% (data not shown). From

the 558 subjects with CRP values, 47 (8.4%) had levels .10 mg/

L. After exclusion of these participants, the standardised beta-

coefficients were consistently weaker across all markers of chronic

low-grade inflammation (Table S1).

Discussion

In this sample of high risk individuals, sedentary time was

positively associated with CRP and adipokines (IL-6, leptin and

LAR) after controlling for various confounding variables. All of

these associations were attenuated after further adjustment for

MVPA, with the exception of IL-6, which remained significant

when also adjusted for BMI and HbA1c. Associations with breaks

in sedentary time and inflammatory markers were less consistent,

with all results being attenuated after controlling for total

sedentary time and MVPA. To our knowledge, this is the first

study to examine the effect of objectively measured sedentary time

and breaks in sedentary time on inflammatory adipokines linked to

T2DM in a high risk population. Indeed, this study enhances

previous studies conducted in the general population, whilst

highlighting the potential importance of sedentary time as a

distinct modifiable health risk behaviour.

The observation that IL-6 levels are positively associated with

sedentary time after adjustment for MVPA, adiposity and glucose

regulation is a novel finding and may suggest an independent link

between sedentary time and low-grade inflammation. Further-

more, after stratifying by MVPA, the detrimental effects of

sedentary time on IL-6 were stronger in those individuals who

were classed as inactive; suggesting that the effects of sedentary

time may be more relevant in those individuals who do not engage

in sufficient levels of MVPA. These findings build upon previous

research which demonstrated a link between self-reported

sedentary behaviour and IL-6, independent of MVPA [18].

Furthermore, an increase in ambulatory activity (typically

quantified as walking), is known to have a strong inverse

correlation with sedentary behaviour [16], and has been shown

to be associated with reduced IL-6 in those with IGT, independent

of obesity [34].

IL-6 is an established inflammatory cytokine which is centrally

involved in the inflammatory cascade and chronic elevations are a

determinant of chronic disease and metabolic/vascular health.

Low-grade inflammation, as determined by an elevated IL-6 level,

has been shown to precede and be a distinct risk factor for the

development of T2DM [35,36]. As such, much research has

focused upon the pleiotropic nature of IL-6 as it can induce anti-

inflammatory effects in the acute-phase response [37,38]. Specif-

ically, IL-6 is a key myokine released from contracting muscle

during exercise. The acute elevations in localised and systemic IL-

6 during and immediately following exercise are thought to have

anti-inflammatory effects and act to mediate the link between

physical activity and metabolic health [1]. Prolonged sitting-

related sedentary behaviour may therefore act to reduce the

magnitude or otherwise impair this myokine response and thus

contribute to a pro-inflammatory state [37–40]. Others have

demonstrated in animal models that muscle immobilisation is

linked to a blunted triglyceride uptake and low HDL-cholesterol

levels [41], which in turn can influence particular cellular

processes known to exacerbate chronic low-grade inflammation

[42]. Nevertheless, experimental research specifically investigating

changes to the myokine response following acute and chronic

alterations in sedentary behaviour or light intensity ambulation, as

opposed to MVPA, have yet to be conducted. Therefore, specific

mechanisms linking sedentary behaviour to markers of inflamma-

tion remain unclear.

The association between sedentary time and IL-6 was

attenuated after excluding participants with a CRP-level

.10 mg/L. Therefore, caution needs to be applied when

interpreting the results due to potential bias through acute

inflammation. However, it has been argued that a

CRP.10 mg/L lacks sensitivity when used to distinguish between

acute and chronic inflammation [43]. Therefore, removal of such

participants may exclude many with chronic inflammation who

are at the highest risk for poor health outcomes [43]; particularly

as high CRP values (.10 mg/L) are not uncommon and previous

studies have demonstrated that .5% of the population exhibit

such values at a given time-point [44,45]. This may be particularly

pertinent in individuals who exhibit characteristics such as obesity,

smoking and physical inactivity, all known risk factors for chronic

inflammation.

The non-significant results observed for breaks in sedentary

time are in contrast to previous research carried out in the general

population, which showed associations between breaks and CRP

[16]. The discrepancy in results may be partly explained by the

fact that our subjects spent a longer time in sedentary pursuits.

Furthermore, the crude method used to quantify breaks in

sedentary time may have precluded any associations, particularly

as it was not possible to calculate the duration and intensity of each

break. However, when the results were stratified by MVPA, breaks

in sedentary time were more strongly associated with CRP and

HADP in the inactive group. Therefore, breaking sedentary time

may also be of greater relevance in individuals who do not reach

the recommended levels of MVPA; however further research is

needed in order to elucidate these findings.

This study has several strengths; it provides novel evidence in a

high risk primary care population using an objective measure of

sedentary time. Limitations include the cross-sectional design

which complicates the drawing of causal inferences. It is also

possible that unmeasured lifestyle or demographic variables were

confounding the observed relationships. However, we adjusted for

key medications and behaviours (smoking) known to affect

inflammation and metabolic health. Furthermore, the relatively

small sample size may have limited our statistical power and

therefore precluded important significant observations compared

to other studies [16].

Conclusions

These novel findings from a high risk population based study

recruited through primary care suggest that sedentary behaviour

may influence some markers of adiposity-associated inflammation,

independent of MVPA, glycaemia and anthropometric measures

attributable to central adiposity. The deleterious effects of

sedentary behaviour may be particularly pertinent for those

individuals who do not undertake sufficient amounts of MVPA.

However, further epidemiological and experimental evidence are

needed to confirm these results and to elucidate specific

mechanisms linking sedentary behaviour to chronic inflammation.
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