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Changes in insulin sensitivity in response to different
modalities of exercise: a review of the evidence
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Summary

Type 2 diabetes is an increasingly prevalent condition with complications in-
cluding blindness and kidney failure. Evidence suggests that type 2 diabetes
is associated with a sedentary lifestyle, with physical activity demonstrated to
increase glucose uptale and improve glycaemic control. Proposed mechanisms
for these effects include the maintenance and improvement of insulin sensitiv-
ity via increased glucose transporter type four production. The optimal mode,
frequency, intensity and duration of exercise for the improvement of insulin
sensitivity are however yet to be identified. We review the evidence from 34
published studies addressing the effects on glycaemic control and insulin sensi-
tivity of aerobic exercise, resistance training and both combined. Effect sizes
and confidence intervals are reported for each intervention and meta-analysis
presented. The quality of the evidence is tentatively graded, and recommenda-
tions for best practice proposed. © 2013 The Authors. Diabetes/Metabolism
Research and Reviews published by John Wiley & Sons, Ltd.
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Introduction

Diabetes is responsible for over one million amputees worldwide each year, is a
major cause of blindness and is the largest cause of kidney failure in the devel-
oped world [1]. The prevalence of type 2 diabetes (T2D) is alarming. In 2010,
285 million people worldwide were classified as suffering with the disease, a
figure that is expected to rise to 438 million by 2030 [2]. Latest available
figures indicate that 8.3% of the US population [3] and 5.1% of the UK popu-
lation have the disease [4]. In 2010, the estimated cost of treatment in the UK
was £3.5bn per year [5], with US costs estimated at $174bn in 2007 [3].
Type 2 diabetes is characterized by elevated glucose levels in circulating
blood, caused by impairment in glucose tolerance following the development
of insulin resistance and relative insulin deficiency. Insulin resistance,/reduced
insulin sensitivity impair the ability of the muscle cells to take up and store glu-
cose and triglycerides. This results in higher levels of glucose and triglycerides
circulating in the blood. In a healthy individual, insulin is secreted in response to
these rising levels. However, if this does not occur or has little effect, blood glucose
levels increase, leading to T2D as recognized by the American Diabetes Associa-
tion [22]. This level of impaired glucose control is regarded as a major risk factor

of cardiovascular disease [6].

© 2013 The Authors. Diabetes/Metabolism Research and Reviews published by John Wiley & Sons, Ltd.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial. NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

258

The gold standard measure of insulin sensitivity is
ascertained via a hyperinsulinemic euglycaemic clamp —
this is however highly invasive and time consuming [7].
As a consequence, other validated methods of data collec-
tion are often used to predict or indirectly measure insulin
sensitivity; these include glycated haemoglobin (HbA,)
levels in both normoglycaemic [8] and hyperglycaemic pa-
tients [9], the oral glucose tolerance test [10], homeostatic
model assessment (HOMA) [11] and, finally, a calculation
using glycaemic and insulin levels upon fasting [7].

A positive energy balance, indicating more energy be-
ing ingested than expended, results from low levels of
physical activity (PA) and a high calorific diet, resulting
in raised levels of glucose and triglycerides in the blood.
The muscular contractions associated with PA have the
ability to increase glucose uptake via increased glucose
transporter type four (GLUT 4) production and increased
insulin signalling within skeletal muscle - thus increasing
insulin sensitivity [12]. Using PA to maintain or increase
insulin sensitivity in individuals at risk of T2D may help
to reduce its incidence and lower the economic burden
T2D places upon societies.

A sedentary lifestyle has been associated with increased
levels of HbA,, [13]. HbA,. indicates average plasma glu-
cose concentration over time, with higher levels indicat-
ing poor blood glucose control and decreases in insulin

itivity that are associated with T2D [14] (=6.5% is ac-
led as a criterion for diagnosis of T2D [13]). It has

fen reported that lifestyle modifications inclusive of a
PA programme are at least as effective in treating T2D as
any single pharmacological agent [15], and increased
levels of PA are associated with significantly delaying the
onset of T2D. Further, changes in insulin sensitivity occur
independently of changes in body weight [16]. This
suggests that PA might function to decrease hepatic and
muscle insulin resistance and increase glucose disposal
through a number of mechanisms not necessarily associ-
ated with body weight. Such mechanisms might include
increased post-receptor insulin signalling and increased
glucose transporter proteins [16]. Although it has
previously been shown that there is a positive relationship
between T2D and obesity [17], these results suggest that
the association is the result of the sedentary behaviour as-
sociated with both conditions, as opposed to one being a
direct cause of the other. These findings could influence
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vigorous PA per week had a 22% lower risk of myocar-
dial infarction, for which lower HbA,, is a potential
mediator. Larsson et al. [19] found an inverse associa-
tion (p<0.05) between self-report leisure time PA
and insulin resistance (n = 1745 - Swedish participants
aged 30-74 years), whereas Dwyer et al. [20] reported
that by increasing daily step count over a S-year
period, insulin sensitivity, measured via HOMA, could
De increased [n = 592 - mean age 51.4 (men) 50.3 years
(women)]. The authors attribute this improvement to
reductions in body mass index (BMI) and waist-to-hip
ratio. Further and perhaps most significantly, there was a
linear relationship between daily step count and improve-
ments in insulin sensitivity. Those sedentary individuals
able to alter their behaviour to meet 10 000 steps per day
increased insulin sensitivity threefold compared with a
similar person who increased to only 3000 steps [20]. These
data suggest a dose-response relationship between PA and
insulin sensitivity.

The aforementioned evidence suggests that PA can
maintain (ie. prevent decreases in) insulin sensitivity.
There may be a dose-response relationship between the
volume [20] and energy expenditure [18] of PA and
improvements in insulin sensitivity. This would suggest
that an increase in volume and intensity of PA might elicit
greater improvements in insulin sensitivity. This would es-
sentially entail an increase in PA meeting the minimum
number of METs per week.

The terms ‘PA’ and ‘exercise’ are often used inter-
changeably in the literature. However, it was suggested
in the Physical Activity and Health report of the US
Surgeon General [21] that the two terms denote two
different concepts [21]. PA refers to any bodily movement
produced by skeletal muscles that results in an expendi-
ture of energy (expressed in kilocalories) and includes a
broad range of occupational, leisure and daily activities.
Exercise instead refers to planned or structured PA and
can be aerobic exercise (AE), resistance training (RT) or
combined aerobic and resistance (COM).

In relation to T2D and PA, recent reports by the Ameri-
can College of Sports Medicine (ACSM) [22] and the
Physical Activity Guidelines Advisory Committee [23]
highlight the need to design a programme that will pro-
vide appropriate exercise to attain maximal benefit at
the lowest level of risk. However, despite a large number
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