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Adding exercise or subtracting sitting time for glycaemic control:

where do we stand?
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Abstract While regular structured exercise is a well-
established (though arguably under-utilised) cornerstone in
the prevention and management of type 2 diabetes, population
adherence to recommended exercise guidelines remains stub-
bornly low. Indeed, most adults are exposed to environmental
settings (at work, in automobile travel and in the domestic
environment) that may not only limit their physical activity,
but also promote sitting for prolonged periods of time.
However, recent experimental evidence indicates that reduc-
ing and breaking up sitting time may also be a useful strategy
to improve glycaemic control. In this issue of Diabetologia,
Duvivier and colleagues report findings which suggest that
reducing sitting time with standing and light-intensity activity
could be a potential alternative to structured exercise for im-
proving glycaemic control in type 2 diabetes patients. We
review and discuss the findings of this study, its potential
clinical implications, and a number of knowledge gaps and
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opportunities that could be considered in the interest of future
research. The findings from Duvivier and colleagues should
encourage healthcare practitioners, researchers and type 2 dia-
betes patients to consider the whole spectrum of physical ac-
tivity, from sedentary behaviour through to structured exercise.

Keywords Cardiometabolic - Cardiovascular - Continuous

glucose monitor - Diabetes - Energy expenditure - Exercise -
Glycaemic control - Lipids - Objective - Patterns - Physical

activity - Public health - Sedentary - Sitting - Sitting

Abbreviation
CGM  Continuous glucose monitoring

In our modem chair-dependant society, many people with type
2 diabetes may be sitting on a ticking time bomb. Recent epi-
demiological evidence, including a harmonised meta-analysis
of 16 prospective studies with over | million individuals
(2—18 years follow-up) [1] probably confirm what the
Diabetologia readership already suspected—too much sitting
and too little physical activity are bad news. Indeed, these stud-
ies indicate that low levels of physical activity and large volumes
of sedentary time (sitting) are jointly associated with increased
cardiometabolic morbidity and mortality in a dose-dependent
manner [1-7]. However, for many of those with type 2 diabetes,
the more pertinent question continues to linger: what are the
most effective countermeasures? Should healthcare practitioners
be preferentially encouraging ‘good behaviours’ (exercising
more) or discouraging ‘bad behaviours’ (sitting less) to improve
cardiometabolic health? Is there an ‘optimal’ approach?

In this issue of Diabetologia Duvivier and colleagues [8]
report the results of an interesting experimental study in 19
physically inactive, overweight/obese adults with type 2
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diabetes. Using a randomised crossover design, the authors
compared the effects of three 4 day activity regimens: (1)
‘Sitting’: 4415 steps/day with sitting 14 h/day; (2) ‘Exercise’:
4823 steps/day with 1.1 h/day of sitting replaced with three
consecutive 20 min bouts of moderate-to-vigorous cycling, per-
formed at least 2 h after breakfast; and (3) ‘Sit Less’: 17,502
steps/day with 4.7 h/day of sitting replaced with intermittent
standing (2.5 h) and light-intensity walking (2.2 h) across the
day. Continuous glucose monitoring (CGM) was used to mea-
sure interstitial glucose levels throughout the activity regimens.
Standardised meals were provided for dinner on day 3 and for
all meals and snacks on day 4 of each regimen, and 24 h glucose
control was assessed on day 4 using CGM. Fasting blood sam-
ples were collected on the morning of the fifth day for the
assessment of glucose, insulin and lipids.

The study demonstrated that, compared with the Sitting
condition, Sit Less reduced mean 24 h glucose levels, 24 h
glucose excursions and duration of hyperglycaemia (glucose
>10 mmol/l). Further, estimated insulin resistance (HOMA2-
IR) and fasting triacylglycerol levels were reduced on day 5
for Sit Less. While the Exercise protocol also tended to im-
prove most of the above parameters, the magnitude of im-
provement for Exercise was less pronounced than for Sit
Less, despite reportedly comparable energy expenditure.

Why is this study of interest?

Exercise is an established cornerstone in the management of
type 2 diabetes. However, despite its known benefits, meeting
prescribed exercise guidelines can be challenging and many
with type 2 diabetes remain physically inactive [9-11].
Furthermore, sedentary behaviours increase the risk of type
2 diabetes and cardiovascular disease, even after controlling
for leisure time spent in moderate-to-vigorous physical activ-
ity [2, 6]. Therefore, reducing and breaking up prolonged
sitting with more light-intensity activities may be a pragmatic
option for type 2 diabetic individuals, particularly for those
who are physically inactive, older, overweight/obese, or have
reduced exercise tolerance [12].

The study by Duvivier and colleagues [8] is an important
addition to the rapidly expanding evidence base on the
glycaemic consequences of excessive sitting [7, 12—15].
However, only one previous experimental study has examined
the effects of breaking up prolonged sitting with brief, inter-
mittent bouts of light-intensity activities in a sample of type 2
diabetes patients, albeit under controlled experimental condi-
tions [16]. Several aspects of the study by Duvivier and col-
leagues [8] are particularly noteworthy. These include:

* a comparison of the relative efficacy of structured
Exercise vs Sit Less regimens against a prolonged
Sitting condition

» approximate ‘matching’ of energy expenditure in the Sit
Less and Exercise conditions using indirect calorimetry
and objectively measured posture-sensitive activity
monitors

» completion of each condition over consecutive days and
under free-living conditions.

From a clinical perspective, the findings of this study have
several potential implications for acute glycaemic control in
adults with type 2 diabetes: (1) that morning bouts of struc-
tured exercise may not fully compensate for the negative
glycaemic effects of prolonged sitting over the rest of the
day, (2) that the duration of non-sitting activities may be more
important than intensity for glycaemic control, or (3) that the
higher frequency of interrupting sitting time (every 30 min)
compared with structured exercise, as well as its timing
around meals, may have contributed to the more beneficial
glycaemic effects.

Study limitations and opportunities to develop
the evidence base

In the context of the present study, a number of opportunities
could be considered in the interest of future research, includ-
ing the following.

1. Feasibility and practicality As acknowledged by
Duvivier and colleagues [8], the increased step count accom-
plished in the Sit Less condition (17,502 steps/day vs ~4500
steps/day on the Sitting condition) would generally be consid-
ered an ‘extreme’ prescription for most people of this age and/
or with pre-existing disease. Similarly, the intensity and dura-
tion of the Exercise condition (5.9 METs for 65 min/day) is
well above current exercise recommendations. Thus, it seems
unrealistic for a large proportion of this population group to
achieve and sustain either activity regime in real-world set-
tings. Importantly, whether greater improvements in
glycaemic control would still be observed for the Sit Less
compared with the Exercise conditions at more realistic activ-
ity volumes is uncertain, and warrants further investigation.

2. Energy expenditure Matching of energy expenditure
and the achievement of ‘energy balance’ can be notoriously
challenging in physical activity interventions. Indeed, the nov-
elty and premise of the present study was predicated on the
assumption that the Sit Less and Exercise conditions were
roughly equivalent in terms of energy expenditure, which
was achieved mainly through the inclinometer-estimated en-
ergy expenditure. However, it should be noted that all activity
monitors inevitably have limited validity in determining ener-
gy expenditure across the activity spectrum, as this can only
be inferred, not measured. Moreover, energy expenditure is
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driven by more than just bodily movement. Thus, it could be
debated whether determining and matching energy expendi-
ture is a realistic and ideal philosophy in studies that aim to
reduce and interrupt sitting time—when the assessment of
relevant behaviours (e.g. sitting, standing and stepping of var-
ious intensities) and their specific contexts may be of more
relevance [17]. With this in mind, the integration of data from
multiple devices that are able to accurately capture context,
posture and activity patterning/intensity in real-time could be
emphasised in future research.

3. Activity dose, timing and patterning In the context of
high levels of sitting across the population, identifying the
doses, timing and patterning of physical activity that are
required to optimise cardiometabolic health is of great
clinical and practical relevance to type 2 diabetes manage-
ment. In the present study [8], structured Exercise was
completed 2 h after the breakfast meal, which may have
afforded the Sit Less condition an unfair advantage. In
other words, had the structured exercise bout been placed
30-60 min after breakfast, just prior to the breakfast meal,
or in the evening, then the differences between the Sit
Less and Exercise conditions for 24 h glucose control or
fasting insulin/lipid measures may have been different.
Further, it remains unknown whether those who exercise
for 30—60 min in the morning or evening, but also reduce
and break up their sitting time with more light-activity
across the day, obtain additional glycaemic benefit com-
pared with those exercising only (also see point 6).

4. Generalisability It will be important to establish the
efficacy of interventions that reduce and break up sitting
time in individuals with more advanced type 2 diabetes or
with type 1 diabetes (i.e. those taking insulin). This is be-
cause of the increased likelihood of disturbances in
glycaemic control and the risk of hypoglycaemia [18],
along with potentially reduced responsiveness to exercise-
mediated glucose reductions [19]. It was encouraging that
Duvivier and colleagues [8] observed more stable glucose
levels during the Sit Less regimen compared with struc-
tured Exercise (assessed via 30 min glucose drops
>5 mmol/l). However, in future studies it will be clinically
relevant to examine additional metrics of glycaemic vari-
ability (see point 5) across a range of diabetic severities.

5. The untapped potential of CGM technologies The
advent of CGM has made it possible to measure a continuous
temporal line of interstitial glucose concentrations every 1—
5 min, 24 h/day. This rich stream of data enables researchers
to better characterise and understand both diurnal and noctur-
nal glycaemic responses in the context of their direction, pe-
riodicity and amplitude (i.e. glycaemic variability). Time-
stamped data can also be scrutinised in relation to meals and
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physical activity interventions. Moreover, CGM is minimally
invasive and can be used outside of the laboratory in free-
living environments, providing new insights in real-world set-
tings. In this context, there is great potential for CGM data to be
integrated with objectively measured physical activity and sed-
entary behaviour devices. This would enable researchers to
better identify activity patterns, interactions and dose—response
relationships between diet, physical activity and sedentary time
in relation to a suite of glycaemic parameters. Researchers are
yet to use CGM data to its full capacity. However, it should also
be made clear that, while CGM offers many clinical and re-
search advantages, it is an imperfect surrogate for venous blood
glucose. Signal stability, physiological differences in interstitial
glucose homeostasis, physiological/device lag-times and indi-
vidual differences are all factors that require consideration when
interpreting CGM data [20, 21]. Further, since CGM only mea-
sures glucose levels, it does not provide any estimation of in-
sulin sensitivity or beta cell function—key information to fully
understanding glycaemic responses.

6. Mechanisms and other outcomes Further investigation
of the relevant mechanisms associated with the differential
effects on metabolic control observed between the Sit Less
and Exercise conditions is warranted. For example, it would
be pertinent to understand whether there are varied changes in
insulin signalling and/or hepatic glucose production in re-
sponse to these interventions, and the relative timeline of such
changes. Moreover, it would be highly relevant to understand
whether the Sit Less and Exercise conditions differentially
influence other biological markers associated with diabetes
and cardiovascular disease risk (e.g. inflammation, metabolic
and endothelial/cardiac function, oxidative stress, plasma and
lipoprotein lipidomes, cognitive function and platelet func-
tion). In a broader sense, it seems likely that certain combina-
tions of the Sit Less and Exercise regimens could be pursued
to optimise both 24 h glycaemic control (via regular
contraction-mediated glucose uptake) and cardiovascular
function (increasing or maintaining endothelial function and
cardiorespiratory fitness) respectively. Investigation and inte-
gration of such mechanisms and outcomes will be important
in providing an informed basis for future interventions and
clinical guidelines.

Broadening the ‘targeted’ physical activity options
for type 2 diabetes management

The findings by Duvivier and colleagues [8] are timely in light
of the American Diabetes Association’s recently published
position statement on exercise in type 2 diabetes, which now
includes specific recommendations to reduce and interrupt
prolonged sitting as part of a “whole- day’ approach to encour-
age more movement [22]. These recommendations, in
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addition to the promotion of moderate-to-vigorous exercise,
corroborate growing concerns about the potentially deleteri-
ous role of prolonged and total daily sitting time in type 2
diabetes management. However, what is also clear is that the
evidence to underpin public health and clinical initiatives with
regard to sedentary behaviour reductions is not extensive.
Most notably, generalisability to more realistic and free-
living settings, and the longer term clinical efficacy, feasibility
and durability of reducing and breaking up prolonged sitting
time in the management of type 2 diabetes remains largely
unknown. Nevertheless, the increasing awareness of these
concerns (i.e. total and prolonged sitting) and the potential
for effective countermeasures (i.e. reducing and regularly
interrupting prolonged sitting) are an important foundation
upon which to build an evidence base to help inform future
targeted longer term interventions, policies and programme
development.

Conclusion

There are copious reasons to continue to emphasise the im-
portance of regular structured moderate-to-vigorous exercise
as a mainstay in type 2 diabetes management. However, with
stubbornly low adherence to structured exercise programmes
and an increasing shift in the balance of non-exercise (or back-
ground) activities towards prolonged sitting time, it seems
prudent to also advise: ‘Moving More AND Sitting Less’ as
part of a more malleable and comprehensive ‘whole-day’
approach. Indeed, this behavioural strategy may be an accept-
able starting point (or stepping stone) for a large proportion of
type 2 diabetes patients who are currently sedentary,
deconditioned, or unable/reluctant to embark upon structured
exercise. Moreover, environmental or occupational policies
aiming to replace prolonged sitting with more light activity,
particularly after meals, may prove particularly salient for im-
proving glycaemic control. We commend Duvivier and col-
leagues [8] for their recent research efforts, which provide
important insights and will help advance the field. Further
experimental and longer-term intervention studies are now
required to inform specific sedentary behaviour recommenda-
tions for clinical practice, and public health policies aiming to
maximise cardiometabolic health benefits.
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