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Breaks in sedentary time & metabolic risk 

ABSTRACT 
 
Objective: Total sedentary (absence of whole-body movement) time is associated with 
obesity, abnormal glucose metabolism, and the metabolic syndrome. In addition to the effects 
of total sedentary time, the manner in which it is accumulated may also be important. We 
examined the association of breaks in objectively-measured sedentary time with biological 
markers of metabolic risk. 
 
Research Design And Methods: Participants (n=168, mean age 53.4 years) for this cross-
sectional study were recruited from the 2004-2005 Australian Diabetes, Obesity and Lifestyle 
study. Sedentary time was measured by an accelerometer (counts.minute-1 <100) worn during 
waking hours for seven consecutive days. Each interruption in sedentary time (counts.minute-

1 ≥100) was considered a break. Fasting plasma glucose, 2-hr plasma glucose, serum-
triglycerides, high density lipoprotein cholesterol, weight, height, waist circumference and 
resting blood pressure were measured. MatLab was used to derive the breaks variable; SPSS 
was used for the statistical analysis. 
 
Results: Independent of total sedentary time and moderate-to-vigorous intensity activity time, 
increased breaks in sedentary time were beneficially associated with waist circumference 
(standardized ß = -0.16, 95% CI -0.31 to -0.02, p=0.026), body mass index (ß = -0.19, -0.35 
to -0.02, p=0.026), triglycerides (ß = -0.18, -0.34 to -0.02, p=0.029), and 2-hr plasma glucose 
(ß = -0.18, -0.34 to -0.02, p=0.025). 
 
Conclusions: This study provides evidence on the potential importance for human health of 
avoiding prolonged uninterrupted periods of sedentary (primarily sitting) time. These 
findings suggest new public health recommendations on the breaking-up of sedentary time 
that are complementary to those for physical 
activity. 
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he world is in the grip of a diabetes 
and obesity epidemic (1). The 
reasons for this are complex, but 

modern lifestyles that allow the avoidance 
of physical activity are thought to have 
played a major role (2). In response, public 
health recommendations on participation in 
moderate-intensity physical activity have 
been widely promulgated, with the aim of 
reducing risk of type 2 diabetes, 
cardiovascular disease and some cancers 
(3). However, there is emerging evidence 
that another set of behaviors, involving 
prolonged periods of inactivity and absence 
of whole body movement, are distinctly 
related to risk of chronic disease, 
independent of physical activity (4). Self-
reported sedentary time (particularly 
television viewing time and total sitting 
time) is associated with obesity, abnormal 
glucose metabolism, and the metabolic 
syndrome (5-10). Similarly, three recent 
studies using objective sedentary time 
measures have shown significant 
associations with metabolic markers (11-
13). 
 In addition to the effects of total 
sedentary time, the manner in which it is 
accumulated may also be important. Single 
bouts of prolonged inactivity, such as days 
and weeks of bed rest, decrease insulin 
sensitivity in healthy humans (14; 15), while 
animal studies have shown rapid alterations 
in biological pathways affecting lipid 
metabolism following a single bout of 
prolonged, uninterrupted sedentary time 
(16-18). Such extreme prolonged sedentary 
behavior is rare in free-living healthy adults, 
but technological and social factors have 
made prolonged sitting ubiquitous during 
working, domestic, and recreational time. 
Occupational and leisure-time factors, as 
well as inherent individual differences, 
contribute to variations in how sedentary 
time is accumulated. Given the strong 
epidemiological evidence on the deleterious 
effects of total sedentary time, and the 
experimental evidence on the acute 
metabolic effects of prolonged sedentary 
time, there is the need to better understand 

how the patterns by which free-living 
sedentary time is accumulated may be 
associated with metabolic risk. 

In Australian adults without diagnosed 
diabetes, we examined the associations of 
breaks in objectively-assessed sedentary 
time with adiposity, lipid, blood pressure, 
and glucose measures. It was hypothesised 
that independent of total sedentary time; 
more frequent breaks in sedentary time 
would be associated with more-favourable 
metabolic attributes. 
 
RESEARCH DESIGN AND METHODS 

Detailed methods for this cross-
sectional, observational study have 
previously been published (11). In brief, 
participants were recruited during October 
to December 2005 from five testing sites of 
the population-based Australian Diabetes, 
Obesity and Lifestyle (AusDiab) Study (19; 
20). AusDiab is the largest Australian 
longitudinal, population-based study to 
examine the natural history of diabetes, pre-
diabetes, heart disease and kidney disease. 
Those with diagnosed diabetes, with visible 
limitations to mobility, and pregnant women 
were ineligible. Of those available and 
eligible, all were approached, with the 
recruitment rate exceeding 80% at each site. 
Ethics approval was obtained from the 
International Diabetes Institute; each 
participant provided written informed 
consent. 
Metabolic, Demographic, And Behavioral 
Measures. On the day of recruitment, 
participants underwent biochemical, 
anthropometric and behavioral assessments, 
including an oral glucose tolerance test, as 
part of the larger set of AusDiab survey 
procedures (19; 20). Fasting and 2-hr 
plasma glucose levels were determined by 
spectrophotometric-hexokinase methods; 
fasting serum triglycerdies and high density 
lipoprotein cholesterol (HDL-C) levels were 
measured by enzymatic methods (Roche 
Modular, Roche Diagnostics, Indianapolis, 
USA). Demographic and behavioral 
attributes were assessed using 
questionnaires administered by trained 
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interviewers using standard protocols 
described in earlier papers (19; 21). 
Duplicate waist circumference and triplicate 
resting blood pressure measurements were 
conducted by trained personnel. The self-
administered validated food frequency 
questionnaire was used to derive a diet 
quality score (Diet Quality Index – Revised, 
scale 1-100 with 100 being high diet 
quality) with under and over-reporters 
excluded from the analysis (22-25). 

A uniaxial accelerometer (Actigraph 
model WAM 7164, 
http://www.theactigraph.com/), fitted firmly 
around the trunk of the participant and 
placed on the right anterior axillary line was 
used to measure physical activity. 
Participants were instructed to wear the 
accelerometer during all waking hours for a 
continuous period of seven days, and to also 
record activity duration, type, and intensity 
during non-wearing/non-sleep periods. A 
physical activity diary supplemented the 
accelerometer data by recording non-
ambulatory activities, as well as on/off 
times of the accelerometer. A criterion of at 
least 20 minutes of continuous zero counts, 
as well as diary information, identified non-
wearing periods. For their data to be 
included in the analyses, participants were 
required to have worn the accelerometer for 
at least five valid days, including at least 
one weekend day, where a valid day was at 
least 10 hours of recorded activity (based on 
both accelerometer and diary data). The 
majority of the 168 participants (65 men, 
103 women) who met the eligibility criteria 
had seven days of data (80%), with six (4%) 
having only five days of valid physical 
activity data. 
Accelerometer data reduction. 
Accelerometer data were recorded in one-
minute epochs. Consistent with previous 
research (11; 12; 26), a pragmatic cut-off of 
<100 counts.minute-1 was chosen to classify 
sedentary time, which typically includes 
activities such as sitting, or working quietly 
(e.g. reading, typing). Each minute that the 
accelerometer counts were <100 were 
considered as sedentary time; total 

sedentary time was the sum of sedentary 
minutes while the accelerometer was worn. 
A break was considered as an interruption in 
sedentary time (minimum one minute) in 
which the accelerometer count rose up to or 
above 100 counts.minute-1. Although the 
activities that produce accelerometer counts 
per minute of at least 100 are likely to be 
different for each individual, they may 
include activities as light in intensity as 
standing from a sitting position, or walking 
a step. Mean intensity (reported as 
accelerometer counts.minute-1) and duration 
of the breaks were also reported. 
Accelerometer counts ≥100 per minute were 
classified as active time, with further 
differentiation to identify separately 
moderate-to-vigorous intensity activity 
(≥1952 counts.minute-1), and light-intensity 
activity (100 to 1951 counts.minute-1) (27). 
Statistical Analysis. Forced-entry linear 
regression models examined the 
associations of breaks in sedentary time 
with metabolic risk variables: waist 
circumference, body mass index (BMI), 
serum triglycerides (log transformed to 
account for high kurtosis), HDL-C, systolic 
blood pressure, diastolic blood pressure, 
fasting plasma glucose, and 2-hr plasma 
glucose. As no significant sex-interactions 
were observed, the data for men and women 
were pooled. Models were adjusted for 
potential confounders including age (years), 
sex, alcohol intake (self-reported as none, 
light, and moderate-to-heavy), employment 
status (full time yes/no), education (attended 
university or further education yes/no), 
income (household income ≥$1500/week 
yes/no), smoking status (current or ex/non-
smoker), family history of diabetes, diet 
quality, moderate-to-vigorous intensity time 
(average hours.day-1 from both 
accelerometer and diary data), mean 
intensity of the breaks, and total sedentary 
time (hours). Those on hypertensive (n=29) 
and/or lipid-lowering (n=23) treatment were 
included in the analysis with treatment 
considered a covariate. Waist circumference 
was then included in the model to examine 
the potential mediating effect of central 
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obesity on the associations. In order to 
pictorially describe the effect size of the 
associations, the breaks in sedentary time 
variable was also categorised into quartiles 
of breaks in sedentary time. Complete data 
were available for all variables. Statistical 
significance was set at p<0.05. The 
sedentary breaks variable was derived from 
Matlab version 7.1.0.124 (The Mathsworks, 
Inc); statistical analyses were conducted 
using SPSS version 13 (SPSS, Inc. Chicago, 
IL). 
 
RESULTS 

The age range of the participants was 30 
to 87 years and the majority (98.8%) spoke 
English at home. On average, participants 
spent 57% of their waking hours sedentary, 
39% in light-intensity activity, and 4% in 
moderate-to-vigorous intensity time. The 
bivariate correlation of total breaks with 
total sedentary time was moderately low 
(Pearson R = 0.20). 

Table 1 reports the socio-demographic, 
metabolic and sedentary time-use 
characteristics of the participants. The 
number of total breaks reported in Table 1 
was the mean total number of breaks across 
the entire data-collection period. The 
average intensity of the breaks was 514 
counts.minute-1, which is in the light-
intensity range (11), while the average 
duration of the breaks was less than five 
minutes. Compared to the broader 2004-
2005 AusDiab study population with the 
same exclusion criteria (n=5,449), 
participants in this sub-study were younger 
(53.4 vs. 56.1 years, p=0.007), and had 
lower systolic blood pressure (120 vs. 123 
mmHg, p=0.027), log triglycerides (0.05 vs. 
0.10 mmol.L-1, p=0.002), and fasting plasma 
glucose (5.21 vs. 5.34 mmol.L-1, p=0.006). 
No other statistically significant differences 
in either the behavioral measures (self-
reported physical activity or television 
viewing time), or the metabolic risk 
variables were observed. 

Table 2 reports the standardized 
regression coefficients of breaks in 
sedentary time with metabolic risk. As both 

the independent (breaks) and dependent 
(metabolic risk) variables are expressed in 
the same unit (standard deviations), it is 
possible to directly compare the magnitude 
of the effect for the different risk variables. 
Overall, independent of total sedentary time, 
the total number of breaks in sedentary time 
was associated with significantly lower 
waist circumference, BMI, triglycerides, 
and 2-hr plasma glucose (Table 2). The 
associations with triglycerides (ß=-0.13, 
95%CI -0.29 to 0.03, p=0.097) and 2-hr 
plasma glucose (ß=-0.14, 95%CI -0.29 to 
0.02, p=0.082) were attenuated when waist 
circumference was included in the model. 
To provide a visual representation of the 
effect size of the associations, Figure 1 
shows the estimated marginal means for the 
associations of quartiles of breaks in 
sedentary time with waist circumference, 
BMI, triglycerides, and 2-hr plasma glucose. 
Compared to those in the lowest quartile of 
breaks in sedentary time, those in the 
highest quartile had, on average, a 5.95cm 
lower waist circumference (p=0.025) and a 
0.88mmol.L-1 lower 2-hr plasma glucose 
(p=0.019). 
 
CONCLUSIONS 

Total sedentary time, both self-reported 
and objectively-assessed, has been shown to 
be detrimentally associated with health 
outcomes and with markers of metabolic 
risk across diverse population groups (5-13). 
We report the first study to examine the 
associations of breaks in objectively-
assessed sedentary time with metabolic 
outcomes. We found that independent of 
total sedentary time, moderate-to-vigorous 
intensity time, and mean intensity of the 
breaks, more interruptions in sedentary time 
were beneficially associated with metabolic 
risk variables, particularly adiposity 
measures, triglycerides, and 2-hr plasma 
glucose. These findings suggest that it is not 
only the amount of sedentary time that is 
important, but also the manner in which it is 
accumulated. 

These findings have important 
methodological and public-health 
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implications. As sedentary time comprises a 
large proportion of waking hours (>50% for 
the majority of participants), small, but 
important changes in sedentary behavior 
may go undetected using total sedentary 
time measures - particularly when self-
report measures are used. We have 
described an objective method that may 
provide additional insight into important 
nuances of how adults’ metabolic health is 
determined by how they spend time in 
sedentary and physically-active behaviors. 
The accelerometer also enables assessment 
of difficult to capture light-intensity 
physical activity, which is typically 
incidental in nature. As beneficial metabolic 
associations were observed with breaks that 
were relatively short in duration and light in 
intensity, advice to regularly break up or 
interrupt sustained sedentary time may be 
feasible to implement across numerous 
settings, including the workplace. In 
practice, this might be as simple as getting 
up during television advertising breaks, or 
taking brief ambulatory breaks during 
prolonged periods of sitting at work. 

Mechanisms underlying these findings 
are likely to be complex. Insights may be 
gained from experimental studies examining 
the acute effects of prolonged inactivity.  
However, given the ethical issues associated 
with these studies, including the possibility 
of deep vein thrombosis, the majority of 
work has been conducted using animal 
models.  Time-course studies in animals 
have reported substantial decreases in 
lipoprotein lipase activity and impaired 
triglyceride and HDL-C metabolism 
measured after prolonged inactivity (4; 16-
18). As skeletal muscle is one of the major 
sites for the clearance of both plasma 
triglycerides (16) and an oral glucose load 
from plasma (28), one potential mechanism 
for these detrimental changes is the absence 
of skeletal muscle contractions. In rats, 
plasma triglyceride and HDL-C clearance 
was impaired locally in leg skeletal muscles 
during a day of reduced low-intensity 
standing/spontaneous cage ambulation of 
movement (16). This was associated with a 

~90% reduction in the skeletal muscle 
lipoprotein lipase activity locally in the legs 
(16). These detrimental changes were 
physiologically corrected with light 
intensity ambulatory activities (16). 
However, the long term consequences of 
repeated bouts of prolonged inactivity have 
not been determined. The increased risk 
associated with fewer breaks in sedentary 
time observed in our study may reflect a 
chronic metabolic adaptation to repeated 
bouts of prolonged inactivity, though this 
inference requires further investigation. 

The beneficial association of breaks in 
sedentary time with metabolic markers may 
also reflect higher total energy expenditure 
in those with more frequent breaks. Even 
activities as minimal as standing, rather than 
sitting, have been shown to result in 
substantial increases in total daily energy 
expenditure and resistance to fat gain (29-
31). It was not possible to adjust for total 
energy expenditure, as accelerometers were 
not worn for 24 hours per day. However, we 
did adjust for the mean intensity of the 
breaks, as well as total moderate-to-
vigorous intensity time. 

This study was conducted in a non-
clinical sample that was similar to the 
broader AusDiab study population, using 
objective measures of sedentary and 
physical activity time. Even following 
adjustment for several potential 
confounding factors including total 
sedentary and moderate-to-vigorous 
intensity time, the effect sizes of the 
associations with the metabolic risk markers 
were clinically significant. For example, 
those in the highest quartile of breaks in 
sedentary time had, on average, a 5.9cm 
lower waist circumference than those in the 
lowest quartile. However, this is an 
observational study using cross-sectional 
data, and further investigations are required 
to determine possible causal associations. 
Summarizing accelerometer counts can be 
problematic. Counts as low as 100 and as 
short as one minute were considered as 
“active” and thus as breaks in sedentary 
time. Although we can report the average 
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duration and intensity of the breaks, it is not 
possible to determine in this observational 
study whether there is a minimum amount 
of time and/or intensity for interrupting 
sedentary time that may be required for 
beneficial metabolic effects. Future 
experimental research is needed to examine 
the effects of manipulating interruptions to 
sedentary time on acute metabolic changes. 
Additionally, given that sleep duration has 
been associated with metabolic risk (32), 
future studies on the effects of sedentary 
time accumulation in free-living populations 
should also include a measure of sleep 
duration. In this study, we report the 
association of breaks in sedentary time with 
metabolic risk adjusted for total sedentary 
time. However, although statistically 
appropriate for assessing the independent 
association of breaks in sedentary time with 
metabolic risk, this measure is one that is 
neither clinically nor intuitively easy to 
interpret. For the purposes of characterizing 
how sedentary time is broken up, a 
composite measure, such as breaks per 
sedentary hour, may provide more 
meaningful information. 

We provide preliminary evidence that 
breaking up sedentary time may provide 
beneficial metabolic effects, in addition to 
the beneficial effects of reducing total 
sedentary time and increasing time spent in 
moderate-to-vigorous intensity physical 
activity. The possible causal nature of these 
associations, and the biological and 
behavioral mechanisms that may underlie 
them, require further investigation. Our 
findings add to the case for public health 
recommendations on sedentary behavior and 
health (33), which are complementary to 
those for physical activity (3). 
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Breaks in sedentary time & metabolic risk 

TABLE 1.  Socio-demographic, metabolic and sedentary time-use characteristics of participants. 

Characteristic  Mean (SD) or % 

Age (years) 53.4 (11.8) 

Family history of diabetes 22.6 

Current smokers 1.8 

University/further education 54.2 

Moderate/heavy alcohol drinkers 31.6 

Full time employment 54.2 

Household income ≥ $1500 /week 38.1 

Diet Quality, scale 1-100 68.8 (12.2) 

Metabolic variables  

Waist circumference (cm) 91.3 (12.6) 

Body mass index (kg.m-2) 27.2 (4.7) 

Log triglycerides (mmol.L-1) * 0.05 (0.21) 

HDL-C (mmol.L-1) * 1.49 (0.40) 

Systolic blood pressure (mmHg) † 120 (17) 

Diastolic blood pressure (mmHg) † 68.2 (9.7) 

Fasting plasma glucose (mmol.L-1) 5.21 (0.49) 

2-hr plasma glucose (mmol.L-1) 5.72 (1.67) 

Accelerometer-derived variables  

Total sedentary time (hours) 56.7 (12.1) 

Moderate-to-vigorous intensity time (hours.day-1) 0.61 (0.38) 

Total breaks (n) 601 (115) 

Intensity of break (accelerometer counts.minute-1) 514 (94) 

Duration of break (minutes)  4.50 (1.05) 

*Means adjusted for lipid lowering medication (n=23); †means adjusted for hypertensive medication (n=29). 
Sedentary time (<100 accelerometer counts.min-1); moderate-to-vigorous intensity time (≥1952 accelerometer 
counts.min-1 and diary information).
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Breaks in sedentary time & metabolic risk 

TABLE 2.  Standardized regression coefficients of total breaks with metabolic risk variables  
Metabolic risk variable ß (95% CI) p-value Adjusted R2

Waist circumference, cm -0.16 (-0.31 to -0.02) 0.027 0.26 

Body Mass Index, kg.m-2 -0.19 (-0.35 to -0.02) 0.026 0.05 

Triglycerides (log), mmol.L-1* -0.18 (-0.34 to -0.02) 0.029 0.13 

HDL-C, mmol.L-1* 0.03 (-0.12 to 0.18) 0.685 0.25 

Systolic blood pressure, mmHg† -0.03 (-0.18 to 0.12) 0.697 0.21 

Diastolic blood pressure, mmHg† 0.03 (-0.12 to 0.19) 0.670 0.19 

Fasting plasma glucose, mmol.L-1 -0.09 (-0.25 to 0.07) 0.287 0.09 

2-hr plasma glucose, mmol.L-1 -0.18 (-0.34 to -0.02) 0.025 0.14 

Adjusted for age, sex, employment, alcohol intake, income, education, smoking, family history of diabetes, diet 
quality, moderate-to-vigorous intensity time, mean intensity of breaks, and total sedentary time. *Additional 
adjustment for lipid-lowering medication; †additional adjustment for hypertensive medication. Adjusted R2 
gives an estimate of explained variance, taking into account the sample size.  
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Breaks in sedentary time & metabolic risk 

Figure 1. Quartiles of breaks in sedentary time with metabolic risk variables: waist circumference 
(A), body mass index (B), triglycerides (C), and 2-hr plasma glucose (D). Estimated marginal means 
(SE) adjusted for age, sex, employment, alcohol intake, income, education, smoking, family history of 
diabetes, diet quality, moderate-to-vigorous intensity time, mean intensity of breaks, and total 
sedentary time. Triglycerides (log) are additionally adjusted for lipid-lowering medication. Cut-points 
for Quartiles were 506, 612, and 673 breaks; *p<0.05 compared to Quartile 1. 
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