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Keypoints

e Regular exercise increases insulin sensitivity in both individuals with
and without diabetes.

e In individuals without diabetes, plasma insulin levels decrease during
low to moderate intensity exercise to compensate for increases in
insulin sensitivity. Glucose production and glucose disposal increase in
parallel in order to maintain blood glucose homeostasis.

e In individuals with type 1 diabetes (T1DM), low to moderate intensity
exercise can result in hypoglycemia, as insulin levels cannot be
regulated physiologically.

e During and after high intensity exercise, glucose production can exceed
glucose disposal, causing hyperglycemia in individuals both with and
without diabetes. In T1DM, hyperglycemia can be more marked and
prolonged, as insulin cannot increase in response.

e |t is recommended that individuals with T1DM adjust their insulin dose
and carbohydrate consumption prior to, during and/or after exercise to
accommodate the type, intensity and duration of exercise performed.

o While regular exercise has not conclusively been found to improve
glycemic control in T1DM, it is associated with decreased long-term
morbidity and mortality in this population.

e Structured supervised diet and exercise interventions can reduce the
risk of developing type 2 diabetes mellitus (T2DM) by about 60% in
individuals with impaired glucose tolerance.

e Regular exercise improves glycemic control significantly in T2DM.

e Individuals with T1DM and T2DM with moderate or high aerobic fitness
have long-term mortality that is 50—-60% lower than individuals with
diabetes and low cardiorespiratory fitness.

e Resistance training is a safe and effective means of improving glycemic
control in individuals with T2DM of all ages. To maximize the impact of
lifestyle measures on glycemic control, combined aerobic and resistance
exercise is more effective than either type of exercise alone.

Glossary of terms

The definitions in Table 23.1 are adapted from those found in the
Physical Activity Guidelines Advisory Committee Report, 2008 pro-
duced by the US Department of Health and Human Services [1].

Types of exercise training and their effects on
healthy individuals

Aerobic exercise

Effects of regular aerobic exercise training

Regular aerobic training generally leads to improved lung func-
tion and cardiac output, allowing for the provision of more
oxygen for working muscles. Higher plasma volume and greater
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capillary density in the muscles allow increased muscle blood flow
during peak exercise. Eventually, a shift in the fuels being used to
supply the energy demands of activity is seen as the oxidative
metabolic system becomes more efficient. In general, changes
become more noticeable when training is of higher volume and
intensity.

Fuel metabolism during acute aerobic exercise

During the first 5-10 minutes of exercise, muscle glycogen is the
main source of energy. As exercise continues, the bloodborne
substrates, glucose and non-esterified fatty acids become increas-
ingly important. If exercise of moderate intensity continues for
several hours, the contribution of glucose diminishes and non-
esterified fatty acids become the major fuel (Figure 23.1) [2].
During moderate intensity aerobic exercise, blood glucose levels
remain virtually unchanged. Insulin secretion is reduced while
the release of glucagon is promoted, encouraging a two- to four-
fold increase in hepatic glucose production (controlled by the
glucagon :insulin molar ratio at the portal vein) [3] to meet the
needs of the exercising muscle. Glucose production and utiliza-
tion fall rapidly and in parallel to baseline during the post-



Table 23.1 Glossary of terms.

Physical activity The expenditure of energy above that of resting by
contraction of skeletal muscle to produce bodily movement

Exercise A type of physical activity that involves planned, structured and
repetitive bodily movement performed for the purpose of improving or
maintaining physical fitness

Cardiorespiratory fitness/cardiorespiratory endurance/aerobic
fitness Refers to the circulatory and respiratory systems' ability to supply
oxygen during sustained exercise

Aerobic exercise Exercise that uses primarily aerobic energy-producing
systems and involves the repeated and continuous movement of the same
large muscle groups for extended periods of time (at least 10 minutes at
a time). If performed with sufficient intensity and frequency this type of
exercise increases cardiorespiratory fitness. Aerobic activities include
walking, cycling, jogging, swimming, etc.

Anaerobic exercise Short, high intensity exercise involving anaerobic
energy-producing systems. If performed with sufficient intensity and
frequency this type of exercise can increase the body's ability to tolerate
acid-base imbalance during high intensity exercise

Intensity of aerobic exercise Generally described in relation to an
individual’s maximal aerobic capacity (VO,n,), as measured using indirect
calorimetry during a graded maximal exercise test. An activity level
corresponding to 40-60% of VOsmmex i generally considered to be
“moderate” in intensity, while “vigorous" aerobic activities consist of
those performed at greater than 60% of VO,ay

Muscular fitness Includes the force a muscle can exert (strength) and the
ability of the muscle to perform continuously without fatigue (endurance)

Resistance exercise Also known as strength training or weight training.
Resistance exercise involves the use of muscular strength to work against
a resistive load or move a weight. Examples include lifting free weights,
or using weight machines. Regular resistance exercise at sufficient
(moderate to high) intensity increases muscular fitness

Intensity of resistance exercise The intensity of resistance exercise is
often considered “moderate” if the resistance provided is 50-74% of the
maximum that can be lifted a single time (1 repetition maximum [1RM]).
High intensity resistance exercise involves resistance >75% of 1RM

Repetition The number of times a resistance exercise is repeated during
each set

Set A grouping of repetitions of a specific resistance exercise

exercise “recovery” phase, as insulin levels rise and glucagon
secretion decreases. If moderate intensity aerobic exercise lasts for
several hours without caloric intake, hepatic glucose production
can no longer keep pace with increased utilization, and the
blood glucose level begins to decline, eventually resulting in
hypoglycemia [4].

Effects of regular training on fuel metabolism

Aerobically trained athletes without diabetes have low fasting
plasma insulin levels and reduced insulin responses to a glucose
challenge in the face of normal glucose tolerance, and increased
insulin-mediated glucose uptake under glucose clamp conditions
[5]. Physical training is also known to increase muscle and hepatic
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Figure 23.1 The relative contributions of muscle glycogen breakdown and
uptake of blood-bomne glucose and non-esterified fatty acids (NEFA) to fuel
utilization at various stages of prolonged low-intensity exercise in a healthy
individual. The exercise intensity corresponds to 30% of maximal. Data from
Ahlborg et al. [2].

insulin sensitivity in previously untrained individuals [6]. Lipid
and lipoprotein profiles become less atherogenic with regular
training: serum high density lipoprotein (HDL) cholesterol levels
may increase, while total and low density lipoprotein (LDL) cho-
lesterol levels may remain unchanged or decline [7,8]. Some
studies have found that serum triglyceride levels decline after
training [7,8]. Even when LDL cholesterol concentrations remain
unchanged with aerobic exercise training there is an increase in
mean LDL particle diameter, reflecting more buoyant and less
atherogenic LDL cholesterol particles [9].

Anaerobic exercise

Effects of regular anaerobic exercise training

Regular anaerobic training improves the body’s ability to provide
the fuels necessary for the production of anaerobic power.
Adenosine triphosphate (ATP) and phosphocreatine levels (the
main fuels for short powerful bursts) increase within muscle
tissue, allowing the individual to sustain higher absolute exercise
intensities for longer periods of time.

Fuel metabolism during anaerobic activity

With very intense exercise (more than 80% of VO, — a level
sustainable for no more than 15 minutes by most individuals),
hepatic glucose production may exceed the rate of glucose
utilization, leading to a 5- to 10-fold increase in blood glucose
[10-12]. During recovery from very intense exercise, hyperglyc-
emia often occurs in fit individuals without diabetes, as glucose
utilization decreases more quickly than glucose production [10-
12]. In response to the hyperglycemia, plasma insulin levels
increase and glycemia is restored to baseline within about 45
minutes.
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Resistance exercise

Effects of regular resistance exercise training

Declines in muscle strength of approximately 12—-15% per decade
have been reported after the age of 50 years [13,14], with muscle
mass decreasing as much as 6% per decade [5,16]. With regular
heavy resistance training, increases of greater than 30% in muscle
strength [15,17] and gains in muscle mass ranging from 3 to 12%
[18,19] have been found within the first couple of months of
training, with relative increases typically being higher in elderly
subjects [16,18]. Initial strength gains during the first 6 weeks are
generally as a result of peripheral nervous system adaptations
(improved muscle recruitment) and are not accompanied by
muscle hypertrophy. Resistance training can be of additional
benefit to older adults as improvements in postural stability and
dynamic balance may decrease the risk of fall-related injuries
[20].

When muscles are forced to perform for a given period of time
at or near their maximal strength and endurance capacity (either
by lifting weights or working against some other form of resist-
ance), it will result in an increase in muscle strength, endurance
and hypertrophy. Performing more repetitions (up to 2 minutes
per set of each exercise) with lower resistance tends to increase
endurance, while lifting heavier weights for fewer repetitions will
favor strength gains [21].

Fuel metabolism during resistance exercise

High intensity, short duration resistance exercise is fueled by
energy generated from the breakdown of stored intramuscular
high-energy phosphates, ATP and phosphocreatine. During such
exercise, adequate rest periods (2—-5 minutes) between sets are
necessary to allow regeneration of phosphocreatine stores.
Glycolytic anaerobic energy production (with concomitant blood
lactate accumulation) becomes more important as intensity
decreases, the number of repetitions per set increases, and rest
periods between sets become shorter [22]. This can result in local
muscle lactate accumulation even after a single set. Where mul-
tiple sets are performed, longer sets and shorter rest periods
between sets are associated with greater increases in blood lactate
(which can reduce muscle contractility) and declines in muscle
glycogen [23,24].

Metabolic and hormonal effects of
exercise in diabetes

Type 1 diabetes

Higher amounts of habitual physical activity are associated with
decreased incidence of diabetes-related complications and
reduced mortality in individuals with type 1 diabetes mellitus
(T1DM) [25]. In a prospective study, 548 patients with TIDM
were followed for 7 years to ascertain the prevalence of complica-
tions and mortality [25]. The risk of microvascular complications
varied inversely with self-reported activity levels at baseline.
Sedentary male patients were three times more likely to die than
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Figure 23.2 Proportion of men who died during a 7-year follow-up period
among 548 patients with type 1 diabetes, stratified according to the physical
activity quintile. Quintile cut-offs were <398; 398-1000; 1000-2230;
2230-4228 and >4228 kcal/week. The difference among groups is highly
significant. Data from Moy et al. [25].

the active ones after adjusting for age, body mass index, smoking
and diabetic complications (Figure 23.2) [25]. A similar, although
statistically non-significant, relationship was also seen in females.

Studies have also shown an inverse association between physi-
cal activity and the severity of several complications in T1IDM
[26-29]. A longitudinal study of 1680 individuals with T1IDM
showed that self-reported leisure time physical activity levels were
inversely correlated with measures of glycemic control and
insulin sensitivity [29]. Women with diabetes in the study with
low levels of leisure time physical activity tended to have poor
glycemic control when compared with those with higher activity
levels. Estimates of insulin sensitivity were also higher among
more active men and women [29]. A follow-up study involving
1945 individuals with T1IDM reported that those involved in
either little leisure time physical activity or low intensity activity
were more likely to have impaired renal function, a higher degree
of proteinuria, as well as greater rates of retinopathy and cardio-
vascular disease when compared with more frequently and more
vigorously active counterparts [28]. More recently, a randomized
trial showed that the onset of diabetic peripheral neuropathy can
be prevented and its progression delayed over a 4-year period by
regular exercise [26].

General metabolic considerations
The intensity and duration of exercise, the patient’s level of blood
glucose control, the type, dose and site of pre-exercise insulin
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Figure 23.3 Plasma insulin levels may vary widely
during exercise in patients with insulin-treated
diabetes, whereas healthy subjects (as well as f’lasma
patients with type 2 diabetes) show a steady decline (el .

) . ; ) : concentration
during moderate intensity aerobic exercise.
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injections, and the timing of the previous insulin injection and
meal relative to the exercise can all affect the response of an
individual with diabetes to physical activity (Figure 23.3).
Accordingly, blood glucose concentrations can decline (the most
common response in moderate aerobic exercise), increase (par-
ticularly in very intense exercise) or remain unchanged (Table
23.2). Whereas insulin secretion declines during moderate inten-
sity aerobic exercise in individuals without diabetes, compensat-
ing for exercise-induced increased muscle insulin sensitivity, this
physiologic decline in insulinemia cannot occur in TIDM because
all insulin is exogenous. Insulin attenuates the appropriate rise in
hepatic glucose production and further accelerates the exercise-
induced stimulation of glucose uptake into the contracting
muscle.

Hyperinsulinemia may occur for several reasons (Figure 23.4).
Regular insulin injected a few hours previously may exert its peak
action during exercise. This effect is exaggerated if the previously
injected limb is exercised, as insulin absorption is accelerated by
exercise [30]. Moreover, the use of intermediate or long-acting
insulin generally produces higher peripheral insulin levels than
would be found in an individual without diabetes of similar body
composition. The result is often hypoglycemia, unless the insulin
dose prior to exercise is decreased or extra carbohydrate is con-
sumed. Hyperinsulinemia can also prevent the normal increase
in lipid mobilization during exercise, leading to reduced availa-
bility of non-esterified fatty acids as a fuel.

Conversely, if insulin levels are too low, the inhibitory effect of
insulin on hepatic glucose production and its stimulatory effect
on glucose uptake are both reduced. In addition, the counter-
regulatory response (catecholamines, glucagon, growth hormone,
cortisol) to exercise is higher than normal under conditions of
insulin deficiency [30]. The overall result is markedly increased
hepatic glucose production and diminished glucose utilization by
the exercising muscle, thus leading to hyperglycemia.

Table 23.2 Factors determining the glycemic response to acute exercise in
people with type 1 diabetes.

Blood glucose tends to decrease if:

o Hyperinsulinemia exists during moderate intensity aerobic exercise

e Exercise is prolonged (>30-60 minutes)

e No extra snacks are taken before or during moderate intensity exercise

Blood glucose generally remains unchanged if:

o Exercise is brief and mild to moderate in intensity

o Appropriate snacks are taken before and during moderate intensity
exercise

Blood glucose tends to increase if:

o Hypoinsulinemia exists during exercise

e Exercise is very intense

o Excessive carbohydrate is taken before or during exercise

Aerobic exercise in type 1 diabetes

Effects of regular aerobic exercise training in type 1 diabetes
Insulin sensitivity is reduced to varying degrees in patients who
have had T1DM for several years [31]. Participation in a regular
exercise training program improves whole-body insulin sensitiv-
ity in these patients, as it does in those without diabetes, which
may help to induce and prolong remission in newly presenting
T1DM [32]. It has been difficult to ascertain whether or not
regular aerobic exercise improves glycemic control in T1DM, as
outcomes of exercise intervention have been inconsistent. While
some studies have demonstrated improvements, albeit not statis-
tically significant, in blood glucose control as measured by
decreases in HbA,. [33,34], most studies have either not shown
any changes [35] or have produced increases in HbA,. [36]. The
main reason for this is probably excessive reductions of insulin
dose or disproportionate carbohydrate consumption before exer-
cise in an effort to avoid hypoglycemia. It is important to note

361



Part 5 Managing the Patient with Diabetes

Breakfast Snack
S A
i l - = Humalog®
250 M '[ Soluble insulin
[J
N [
200 \| T
\.
150 |- \
I\
100 | (2
J.\.\
i1 "Omg
. g o =
= 50/ e
=} B
E-; ' ' Exe:mse ' . |
e 0
=
g 250
S I\;
v
Y 200 | J-\T
[)
T
150 [ \0\
100 bt
J...IN._.
50
[ ]
~ Exercise
0 | 1 1 1 1 ]
-30 0 60 120 180 240
Time (min)

Figure 23.4 Insulin concentrations during exercise depend on the type of
insulin and the time interval between the injection and exercise. Serum insulin
concentrations during early exercise are higher after injection of the lispro
(Humalog) insulin analog (A) than after conventional soluble insulin (S), whereas
the opposite situation applies during delayed exercise. Soluble insulin was
injected 30-min and lispro insulin 5-min after breakfast, and exercise was started
either 40-min (early) or 180-min (late) after breakfast. *P < 0.05. Data from
Tuominen et al. [163].

that participants in several studies still experienced many exer-
cise-related benefits including lower body fat percentage [34],
improved muscle mass [37], increased aerobic capacity [34,36,37],
improved lipid profiles [34,36,37] and greater insulin sensitivity
(with a consequent lower need for exogenous insulin) [36].

Fuel metabolism during aerobic activity

Under ideal conditions of low insulin and euglycemia, fuel selec-
tion during mild to moderate exercise can be very similar in
people with TIDM as those without diabetes, with a gradual shift
towards lipid oxidation with increasing exercise duration [38].
Conversely, if the levels of circulating insulin are too high, muscle,
adipose and hepatic cells will continue to take up glucose for
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storage rather than leaving it available for working muscles.
While glucagon can still be produced in individuals with TIDM
[39], the glucagon :insulin molar ratio at the portal vein may not
reach the level necessary for adequate levels of hepatic glucose
production to occur. Compared with individuals without diabe-
tes, those with TIDM may demonstrate a lower reliance on
hepatic glycogen stores during low intensity aerobic activity [40].
If the rate of glucose appearance in the system is not high enough
to supply the demand, blood glucose levels will drop, thereby
increasing the potential for hypoglycemia [39].

Levels of insulinemia and glycemia will also affect the fuels
used during aerobic activity. Hyperinsulinemia can lead to a
greater reliance on exogenous glucose utilization during moder-
ate aerobic exercise, without sparing glycogen stores [41]. In a
study where insulinemia was kept constant, the contribution of
carbohydrates to overall energy metabolism during exercise was
greater in hyperglycemia than in euglycemia [38]. The shift
towards greater carbohydrate metabolism during exercise in
hyperglycemia was accompanied by a blunted cortisol and growth
hormone response. Insulin, glucagon and catecholamine levels
were comparable between conditions [38]. Overall, individuals
with TIDM seem to have a greater reliance on muscle glycoge-
nolysis and gluconeogenesis to produce fuel during physical
activity than their non-diabetic counterparts [40,42].

Despite the complexities of glucoregulation, well-motivated
people with TIDM can successfully undertake several hours of
exhaustive aerobic exercise if appropriate insulin and dietary
adjustments are made [43—45]. After prolonged exercise, patients
may be prone to hypoglycemia for many hours, even extending
overnight and to the following day. This can be explained by
persistently enhanced glucose uptake by the exercised muscles to
replenish the depleted glycogen stores [43]; however, after certain
types of prolonged exercise, such as a marathon run, increased
lipid oxidation can persist, as occurs in healthy individuals [44].
In this case, the use of glucose as a fuel and insulin sensitivity are
reduced after exercise, thereby decreasing the risk of post-exercise
hypoglycemia [44]. It should also be noted that individuals who
experience frequent bouts of hypoglycemia (whether exercise-
related or not), may have further blunting of counter-regulatory
responses to exercise, potentially creating a vicious cycle of
hypoglycemic events [46-50].

Effects of regular anaerobic exercise training in type 1 diabetes
There is currently a gap in the literature as to how physical and
metabolic adaptations to regular anaerobic training in individuals
with TIDM differ from those of non-diabetic individuals. People
with T1IDM who participate in competitive sports may find that
their glycemic control worsens, probably secondary to an irregu-
lar schedule of very vigorous exercise, insulin dose reduction and
high carbohydrate consumption [51]. In spite of the elevation in
physical fitness and VO, these individuals may not have
increased insulin sensitivity, but instead show enhanced use of
non-esterified fatty acids as a fuel [51]. It is likely that many
individuals with TIDM will have to compromise some tightness



of control to be able to participate effectively in competitive
sports and high intensity activities, to avoid the fear of hypogly-
cemia during exercise. Whether or not this affects their physical
and metabolic adaptations to these types of activities requires
further research. More details on carbohydrate and insulin
adjustments for exercise can be found later in this chapter.

Fuel selection during high intensity exercise

Extremely strenuous acute exercise may cause hyperglycemia
even in the presence of normal or high insulin levels. High coun-
ter-regulatory hormone action (especially catecholamines) can
stimulate glucose production beyond the limits of peripheral uti-
lization [52-56]. In addition, in T1DM the normal physiologic
doubling of insulin concentration after cessation of such intense
exercise cannot occur, resulting in more prolonged hyperglyc-
emia [52,55,56]. Augmented lipid mobilization and ketogenesis
in the liver increase blood ketone-body concentrations; the
hypoinsulinemic individuals may thus become hyperketonemic
and ketonuric after exercise.

Several recent studies have shown that such high intensity exer-
cise is effective in increasing blood glucose levels and thereby
delaying or preventing hypoglycemia related to moderate exercise
even when performed in extremely short bouts [57-61]. Bussau
et al. [57,58] showed that a 10-second sprint performed either
prior to [58] or at the completion of [57] 20 minutes of low
intensity cycling significantly attenuated post-exercise drops in
blood glucose, when compared with exercise sessions where no
sprint was performed. Similar results were found by Guelfi et al.
[59,60] where post-exercise blood glucose levels remained higher
after cycling exercise sessions where 4-second sprints were per-
formed every 2 minutes versus those where the participants
cycled continuously at constant moderate intensity (Figure 23.5).
The post-exercise window in these studies, however, was limited
to 120 minutes. One small study using continuous glucose moni-
toring systems (CGMS) found a trend towards late onset post-
exercise hypoglycemia after high intensity activity [62]; however,
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further studies with larger sample sizes will be necessary to
confirm this.

Resistance exercise

Effects of regular resistance exercise training in type 1 diabetes
There is a paucity of information regarding the outcomes of
training programs consisting of only resistance exercise in indi-
viduals with TIDM. The one study completed to date involved a
cross-over design with 10 weeks of heavy resistance exercise three
times a week followed by a 6-week period with no resistance
training, or vice versa [63]. Mean HbA,. was 6.9 * 1.4%
(52 = 15mmol/mol) at the end of the non-resistance exercise
period and 5.8 £ 0.9% (40 £ 10 mmol/mol) at the end of the
10-week resistance exercise training period. Serum cholesterol
and self-monitored glucose levels were also lower at the end of
the resistance training period.

One study has compared the effects of 12 weeks of resistance
training with those of a comparable period of aerobic training in
individuals with T1IDM [64]. While both groups showed decreases
in waist circumference, reduced insulin dosage and lower self-
monitored blood glucose after the training period, these variables
only reached significance in the aerobically trained group.
However, HbA,. levels showed a statistically significant increase
in the aerobic training group (from 8.7 + 1.6 to 9.8 & 1.8%; 72—
84 mmol/mol), while a non-significant decrease (from 8.2 £+ 2.9
to 7.6 = 1.6%; 60—66 mmol/mol) was found in the resistance
training group.

A handful of pre—post studies have also examined the effects
of combined aerobic and resistance training programs in indi-
viduals with TIDM [65-67]. Outcomes of these studies were
generally positive, with benefits including lower HbA,. [65,67],
decreased blood pressure [65,66], improved nerve conduction
[65],
strength [67], higher lean body mass [65,67] and improvements
in lipid profiles [67]. Nevertheless, it should be noted that
the interpretation of these studies is limited by their lack of

higher cardiorespiratory fitness [67], greater muscular
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Table 23.3 Clinical trials involving resistance exercise with people with type 1 diabetes mellitus.

Source No. of Sessions/week, no of No. of exercises
participants  weeks
(n)

No. of sets, rest interval and
intensity of exercise

HbA,. [mean (SD)]

Type 1 diabetes — resistance training only

Durak etal.  n=8(T1DM) 3 sessions/week; 10 weeks 5 lower body and 10
(1990) Training sessions after upper body
[63] 5:00 PM exercises

Lunch time injections and
food intake completed
no later than 12:00 PM

Type 1 diabetes — combined aerobic and resistance training

Mosher n=10 3 sessions/week; 12 weeks  Aerobic and weight
et al. (T1DM) All training sessions training circuit;
(1998) n=11 performed between circuit composed of
[67] (control) 1100 and 1200. 5 aerobic stations,

Subjects consumed an
evening meal
supplemented by
5-10g complex CHO =
2h before exercise

each followed by 5
strength and
callisthenic exercises

Type 1 diabetes — comparison of aerobic training to resistance training

Ramalho n=7 3 sessions/week; 12 weeks  Aerobic training:
et al. (aerobic) All sessions supervised Treadmill walking or
(2006) n==6 running
(64] (resistance) Resistance training: 4

upper and 4 lower
body exercises using
weight machines

6.9 (1.4) after 6 weeks with
no resistance training and
5.8 (0.9) after 10 weeks
of resistance exercise
training (cross-over design)

3—7 sets (varied with exercise; 30 s to 2
min rest interval between sets,
pyramid-type training routine used with
12 RM used for set 1, decreased with
subsequent sets with addition of weight

4-5 min of aerobic exercise (75-85%
HR ) followed by 5 strength and
callisthenic exercises (upper and lower
body strength exercises performed at
50% and 40% of 1-RM, respectively).
Aerobic exercise followed by a 1-min
recovery period. 5 successive 30-s
strength and callisthenic exercises were
then performed

Control group (without
diabetes): 4.50 (0.45) to
4.47 (0.60)

Intervention group (type 1
DM): 7.72 (1.26) to 6.76
(1.07)

40 min walking/running with intensity Aerobic group: 8.7 (1.6)

increasing progressively every 2 weeks t0 9.8 (1.8)*
from 60-70% HR., at week 0 to Resistance group: 8.2 (2.9)
70-90 HR.., at 12 weeks to 7.6 (1.6)

10 min stretching and 30 min resistance
exercise training. 3 sets of 8 to 12 reps
progressing from 60 to 80% of 1-RM.
60-s rest between sets

CHO, carbohydrate; DM, diabetes mellitus; HR,.,, maximum heart rate; 1-RM, maximum weight that can be lifted once; T1DM, type 1 diabetes mellitus.

* Indicates significant difference from baseline at P < 0.05.

The following equation should be used to convert HbA;. to IFCC Units: DCCT result (%) = (0.0915 x IFCC result in mmol/mol) +2.15.

concurrent diabetic control groups. All studies involving resist-
ance exercise interventions in individuals with TIDM (alone or
in combination with aerobic exercise) published by March 1,
2009 are outlined in Table 23.3.

Fuel selection during resistance exercise

Very little is known about the acute hormonal and resulting
blood glucose responses to resistance exercise in individuals with
T1DM. Resistance exercise in individuals without diabetes pro-
duces elevated epinephrine levels, which enhance hepatic glucose
production, resulting in an increase in blood glucose levels [68].
As studies involving high intensity exercise demonstrate that cat-
echolamine responses are similar in young fit individuals with
and without TIDM [55,57,59], it is likely that resistance-type
activities are associated with increases in blood glucose during
and after exercise. However, the authors are unaware of any pub-
lished research examining the glycemic response during and after
this type of exercise in people with TIDM.
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Type 2 diabetes

Exercise and type 2 diabetes prevention

In large prospective cohort studies, higher levels of physical activ-
ity and/or cardiorespiratory fitness have consistently been associ-
ated with reduced risk of developing T2DM [69-81]. After
adjustment for confounding variables, participants who exercised
the most had a 25-60% lower risk of subsequent diabetes com-
pared to those who were most sedentary. This was true regardless
of the presence or absence of additional risk factors for diabetes
such as hypertension, parental history of diabetes and obesity in
most studies. Comparable magnitudes of risk reduction are seen
with walking compared to more vigorous activity when total
energy expenditures are similar [77].

Several clinical trials have demonstrated that supervised struc-
tured physical activity programs, with or without concomitant
dietary interventions, reduce the risk of developing T2DM in
individuals with impaired glucose tolerance (IGT) [82-85]. In the
non-randomized Malmé trial [82,86,87], 260 men aged 47-49



years with IGT were identified through population screening and
were offered a 6-12-month intervention including supervised
exercise programs and dietary counseling. Among those attend-
ing a 5-year follow-up examination, 21% of the control partici-
pants (those who had declined the intervention) had developed
diabetes, compared to only 11% of those receiving the interven-
tion. Over 12 years, mortality among the controls was 14.0 per
1000 person-years, but only 6.5 per 1000 person-years in the
intervention group [87].

In the Da Qing IGT and Diabetes Study [83], 577 people with
IGT from 33 clinics were cluster-randomized by clinic to diet
only, exercise only, diet and exercise or control, and followed for
6 years. The cumulative incidence of T2DM was 68% in controls,
but only 44%, 41% and 46% in the diet, exercise, and diet and
exercise groups, respectively. Li et al. [88] recently published a
follow-up paper to the Da Qing Study [83] assessing the long-
term effect of the 6-year intervention on the risk of diabetes. They
found that, 14 years after the end of the trial, incidence of diabetes
remained significantly lower in those originally randomized to
one of the intervention groups versus controls.

In the Finnish Diabetes Prevention Study [89], 523 Finnish
adults with IGT were randomized to an exercise and diet inter-
vention or control. Patients in the control group had one meeting
per year with a physician and dietitian, at which they received
standard advice on diet and exercise. The intervention group
received individualized exercise plans, thrice-weekly supervised
facility-based aerobic and resistance exercise, and seven 1-hour
meetings with a dietitian focusing on weight reduction, reduced
fat intake and reduced total caloric intake. At 4 years, 22% of the
control group and only 10% of the intervention group had devel-
oped diabetes — a 58% risk reduction. Three years after the end
of the study, participants originally randomized to the interven-
tion group continued to have much higher levels of physical
activity than those originally in the control group [90]. Incidence
of diabetes in the individuals who were previously in the inter-
vention group remained 43% lower than in those who were previ-
ously in the control group [90].

In the US-based Diabetes Prevention Program [85], 3234
American men and women with IGT were randomly assigned to
placebo, metformin or a lifestyle modification program. The
goals of the lifestyle modification program included a 7% weight
loss and at least 150 minutes of exercise per week. The lifestyle
intervention included 16 lessons in the first 24 weeks, covering
diet, exercise and behavior modification (delivered one-on-one
by a case manager). A minimum of two supervised exercise ses-
sions per week and at least monthly contact with the study per-
sonnel were maintained thereafter. The study was ended after a
mean of 2.8 years of follow-up, 1 year earlier than originally
planned, because of clear-cut superiority of the lifestyle arm.
Cumulative incidences of T2DM were 11.0 per 100 person-years
in the placebo group, 7.8 per 100 person-years in the metformin
group and only 4.8 per 100 person-years in the intensive lifestyle
group. The risk of T2DM was 58% lower in the lifestyle group
than in the placebo group, and 39% lower than in the metformin
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group. An epidemiologic analysis of the data by Hamman et al.
determined that, after adjusting for changes in self-reported diet
and physical activity, there was a 16% reduction in diabetes risk
for every kilogram of weight loss among the lifestyle intervention
participants [169]. Increased physical activity was a significant
predictor of weight loss and had an important role in weight
maintenance. In addition, participants who met the goal of more
than 150 minutes of moderate exercise per week had a 46%
reduction in diabetes risk.

Aerobic exercise in type 2 diabetes

Regular exercise is associated with reduced morbidity and mor-
tality in T2DM. A 10-year follow-up of a large prospective cohort
study including 347 individuals with diabetes and 1317 individu-
als without diabetes) found that the lowest aged-adjusted all-
cause death rate was among those with diabetes who walked a
mile or more daily [91]. Similarly, a prospective study of 1263
men with diabetes followed over 12 years found that, compared
with the least fit men (bottom 20% as determined by maximal
treadmill testing), those with moderate cardiorespiratory fitness
had a 60% lower risk of cardiovascular and overall mortality [79].
The effect of fitness on mortality was considerably greater than
the effect of body mass index. Further follow-up of this cohort
confirmed these findings [92,93]. Greater habitual exercise was
also associated with a lower subsequent risk of cardiovascular
disease among women in the Nurses Health Study [94].

Effects of regular aerobic exercise training in type 2 diabetes
Exercise-induced stimulation of glucose uptake may involve
many factors (Figure 23.6), as reviewed by Ivy et al. [95]. They
include increased post-receptor insulin signaling [96], increased
glucose transporter protein and mRNA [97], increased activity of
glycogen synthase [98] and hexokinase [99], decreased release
and increased clearance of free fatty acids [95], increased muscle
glucose delivery as a result of increased muscle capillary density
[99-101], changes in muscle composition favoring increased
glucose disposal [99,102,103] and changes in adipose tissue mass
and distribution [104]. Decreases in visceral fat result in decreased
concentrations of tumor necrosis factor oo [105] and free fatty
acids [106], leading to decreased insulin resistance.

Inflammatory markers present in the bloodstream predict the
onset of cardiovascular disease and related complications. Regular
aerobic exercise training is generally associated with improve-
ments in metabolic profile and results in anti-inflammatory
effects in individuals with T2DM [107,108]. Exercise training in
individuals with T2DM has been reported to produce anti-ather-
ogenic blood lipid changes and to reduce other risk factors for
coronary heart disease (hypertension, obesity, coagulation abnor-
malities) in some but not in all studies [109-115]. For instance,
in elderly patients with relatively advanced atherosclerosis, exer-
cise training may be less effective in retarding atherogenesis
[113]. The prophylactic value of exercise against atherosclerosis
might be greater in younger healthier individuals who have not
yet developed disease.
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Fuel metabolism during aerobic activity

Individuals with T2DM are characterized by both hepatic and
peripheral insulin resistance and by hyperinsulinemia in the
fasting state. During moderate intensity exercise, peripheral
glucose uptake usually rises more than hepatic glucose produc-
tion, and the blood glucose concentration tends to decline [116].
At the same time, plasma insulin levels fall, and the risk of
exercise-induced hypoglycemia in individuals with T2DM not
taking exogenous insulin is relatively small, even during pro-
longed exercise [117]. It has been shown that moderate intensity
exercise decreases glycogen content similarly in individuals with
and without diabetes [118]; however, glycogen and plasma
glucose decreases more in obese individuals with diabetes com-
pared with those without diabetes whether obese or lean [118].
The effects of moderate exercise on glucose tolerance and insulin
sensitivity are similar whether the activity is performed in single
versus multiple bouts of the same total duration [119]. Moderate
aerobic exercise has also been shown to attenuate the increase in
circulating triglyceride levels following ingestion of a high fat
meal [120].
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Fuel metabolism during high intensity activity

If individuals with T2DM perform strenuous glycogen-depleting
exercise, both peripheral and hepatic insulin sensitivity are
increased and remain so for 12-16 hours thereafter [121].
Following maximal aerobic exercise (>85% VO,.), sedentary
individuals with T2DM demonstrate higher levels of blood
glucose compared with sedentary individuals without diabetes
and active individuals with diabetes [122].

Resistance exercise

Effects of regular resistance exercise training in type 2 diabetes
The age-related decline of muscle mass may cause reduced insulin
sensitivity. Resistance training can potentially counteract the age-
associated decrease in muscle mass, and therefore warrants
important consideration as an effective intervention in managing
T2DM [95,123]. Resistance training has been shown to improve
insulin sensitivity and glucose metabolism in both men and
women [124-130] and has also been associated with modest
improvements in lipid profiles [63,67,128]. In longitudinal



studies involving healthy untrained adults, insulin responses to
an oral glucose challenge are lower in both healthy younger
[124,131] and older [131,132] individuals after resistance train-
ing. Resistance exercise, and its resulting increase in lean body
mass, has also been associated with greater resting energy expend-
iture in older adults [133]. Whether or not this occurs in T2DM
is still uncertain [134].

Studies published by Dunstan et al. [135] and Castaneda et al.
[136], involving high intensity resistance training resulted in
decreases in HbA,. of 1.2% (13mmol/mol) with a 26-week
program, accompanied by a moderate energy restriction diet
[135] and 1.0% (11 mmol/mol) with a 16-week program [136],
respectively. Meta-analyses have confirmed that resistance train-
ing exercise effectively reduces HbA,. in individuals with T2DM
[137,138]. In a meta-analysis of clinical trials examining the effect
of aerobic and resistance exercise interventions on glycemic
control and body mass in T2DM (Figure 23.7), Boulé et al. [138]
found no difference in HbA,. between aerobic and resistance
exercise. Overall, participants in exercise intervention groups had
HbA,, levels that were 0.66% (7 mmol/mol) lower post-interven-
tion than those in control groups. Post-intervention body weight
did not differ between exercise and control participants, suggest-
ing that exercise is beneficial in its own right, not merely as an
avenue to reduce body weight. Snowling & Hopkins [137] found
in a more recent meta-analysis that the two types of exercise had
similar effects on glucose control. An overview of clinical trials
involving resistance exercise (both on its own and when com-
bined with aerobic exercise training) in T2DM is provided in
Table 23.4.

Fuel metabolism during resistance exercise in type 2 diabetes
The authors were unable to find any published research on fuel
metabolism during resistance exercise in T2DM.

Combined aerobic and resistance exercise training

Snowling & Hopkins [137] reviewed controlled studies published
in May 2006 or earlier that assessed the effects of aerobic training,
resistance training or combined training on glucose control in
T2DM. All three exercise modalities showed clinically significant
reductions in HbA,, while the combined training showed an
additive and large beneficial effect on insulin sensitivity. The
HbA,. meta-analyzed mean decreased by 0.8% (9 mmol/mol) in
the combined exercise training studies compared to 0.7%
(8mmol/mol) and 0.5% (5mmol/mol) for the aerobic and
resistance training groups, respectively.

Three recent studies have investigated the combination of
aerobic training and resistance training exercise on glycemic
control [19,139,140] and one other study has examined the com-
bined exercise effect on cardiac function in T2DM [114,115].
Study outcomes have been consistent, showing increases in
aerobic fitness and muscular fitness [114,115,134] as well as
improvements in body composition [139,140] and cardiovascu-
lar disease risk profile [19,114,115,139,140].

Balducci et al. [139] assessed the effects of a supervised facility-
based combined aerobic and resistance exercise training program
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on glycemic control, cardiovascular disease (CVD) risk factors
and body composition in previously sedentary individuals with
T2DM. Participants (aged 60—70 years) were randomized into an
exercising intervention group (three times per week) or a non-
exercising control group for 1 year. The exercise group showed a
significant decrease in body mass index, fasting glucose, HbA,,
and improved lipid profile. In addition, those in the exercise
group using medication showed a decreasing trend in medication
use whereas the control group showed an increasing trend. A
study of shorter duration by Cauza et al. [140] also found
improvements in HbA,, and lipid profiles in a combined aerobic
and resistance exercise intervention group in comparison to a
sedentary control group.

In the Diabetes Aerobic and Resistance Exercise (DARE) trial
[19], 251 previously sedentary individuals with T2DM were ran-
domized into four arms: aerobic exercise training; resistance
exercise training; combined aerobic and resistance exercise train-
ing; or a non-exercising control group. Intervention groups per-
formed exercise three times per week for 6 months in community
facilities, supervised by personal trainers. Improvements in glyc-
emic control were found in all exercise groups, and the improve-
ments in the combined aerobic and resistance exercise group
were significantly greater than with either aerobic training or
resistance training alone. In contrast to this, a smaller study with
participants randomized to combined exercise, aerobic exercise
or non-exercise control did not find significant differences
between the two exercising groups [141]. In this smaller study,
there was no provision to keep dietary intake and/or medication
use the same among groups, and statistical power was far more
limited than in the DARE trial.

In the Italian Diabetes and Exercise Study [142], 606 individu-
als with T2DM from 22 clinics in Italy were randomized to a full
year of either exercise counseling alone or supervised facility-
based combined aerobic and resistance exercise training twice
weekly plus exercise counseling. The group receiving the com-
bined aerobic and resistance exercise training had significantly
more favorable results for glycemic control, lipids, body compo-
sition, blood pressure and estimated cardiovascular risk than the
group receiving exercise counseling alone. This study provides
compelling evidence for incremental benefits of supervised struc-
tured exercise over exercise counseling alone for people with
T2DM.

Recommendations for exercise in diabetes

Most types of exercise can be recommended to both individuals
with T1DM and T2DM. Exercise does not need to be strenuous,
and even regular walking has beneficial effects [79,94]. Specific
recommendations and guidelines for exercise in individuals with
diabetes have been published by the American Diabetes
Association [143,144] and the American College of Sports
Medicine [145]. These and other guidelines are summarized in
Tables 23.5-23.7. Advice should be tailored to individuals, taking
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Exercise vs non-exercise control

Figure 23.7 Meta-analysis of exercise interven-
tions in type 2 diabetes and the effect of glycemic
control, as measured by HbA,.. Cl, confidence
interval; WMD, weighted mean difference. Studies
are placed in ascending order of the intensity of the
exercise intervention and represent the mean
difference and the 95% Cl for baseline and
post-intervention measurements. Exercise vs.
non-exercise control: baseline values, the
chi-squared test for heterogeneity was 4.78

(P =0.91) and the z score for overall effect was
0.45 (P = 0.65); post-intervention values, the
chi-squared test for heterogeneity was 9.76

(P = 0.46) and the z score for overall effect was
4.01 (P < 0.001). Exercise and diet vs. control:
baseline values, the chi-squared test for heterogene-
ity was 6.77 (P = 0.03) and the z score for overall
effect was 0.60 (P = 0.55); post-intervention values,
the chi-squared test for heterogeneity was 0.74

(P =0.69) and the z score for overall effect was
2.66 (P =0 008). The following equation should be
used to convert HbA, to IFCC Units: DCCT result
(%) = (0.0915 x IFCC result in mmol/mol) +2.15.
Data from Boulé et al. [138].
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Table 23.5 Exercise recommendations.

Lifestyle Issues: Exercise Chapter 23

Aerobic training

Resistance training

Reference Frequency Intensity Duration Frequency No. of exercises Sets/Repetitions
Healthy/sedentary adults
2008 CDC Guidelines At least 3 days/ Moderate/vigorous ~ Accumulate 150 min/week of At least 2 Involve all major At least 1 set of
[1] week continuous moderate activity or days/week muscle groups 8-12 reps, 2-3
75 min/week of intense activity sets preferable
2007 ACSM/AHA 3-5 days/wk Moderate/vigorous ~ 30-60 min of moderate aerobic 2 days/week 8-10 exercises 1 set, 8-12 reps
[146] Start at lower activities or 20-30 min (non- involving major
intensity if vigorous aerobic activity. consecutive) muscle groups
initially unfit or  Can be accumulated in bouts
sedentary lasting >10 min
Elderly persons (65 or older)
2007 ACSM/AHA 3-5 days/week Moderate/vigorous 3060 min of moderate aerobic 2 days/week 8-10 exercises 1 set, 10—15 reps

Physical Activity
Guidelines [147]

Cardiac patients
1995 AHA Exercise
Standards [167]

Minimum 3-5
days/week

2006 AACVPR [168]  3-5 days/week

Individuals with type 2 diabetes
2006 ADA Consensus 35 days/week
Statement on No more than 2

50-60% VOjpa
or HRR

50-60% VO
or HRR

50-70% HRax
(moderate) or

activities or 20-30 minutes of
vigorous aerobic activity

Can be accumulated in bouts
lasting >10 min

Minimum of 30 min of continuous
physical activity

3045 min of continuous or
intermittent aerobic activity

at least 150 min/week of
moderate aerobic exercise and/
or at least 90 min/week of

(non-
consecutive

2-3 days/week

2-3 days/week

3 days/week

involving major
muscle groups

8-10 exercises
involving major
muscle groups

Incorporate all major
muscle groups

Targeting all major
muscle groups

1 set, 10-15 reps

1 set, 10-15 reps

Progressing to 3
sets of 8-10

Physical Activity/ consecutive days
Exercise and Type without exercise
2 Diabetes [144]

>70% HR o
(vigorous)

reps
vigorous aerobic exercise

AACVPR, American Association of Cardiovascular and Pulmonary Rehabilitation; ACSM, American College of Sports Medicine, ADA, American Diabetes Association;
AHA, American Heart Association; CDC, Centers for Disease Control.

Table 23.6 Precautions and advice regarding exercise in diabetes.

Relative contraindications

e |f receiving insulin treatment: sports in which hypoglycemia would be dangerous (e.g. diving, climbing, single-handed sailing, motor racing). Individuals
participating in this type of sport must test the capillary blood glucose concentration very frequently and take strict measures to avoid hypoglycemia. Whenever
possible, another person should be close by and able to assist when needed. Note that the Amateur International Boxing Association prohibits people with
insulin-requiring diabetes from participating in boxing

o With untreated proliferative retinopathy: very strenuous exercise, because of the risk of hemorrhage. However, a patient whose retinopathy has been adequately
treated with laser therapy and is regularly followed by a retinal specialist can probably undertake strenuous exercise without undue risk

Cautions

Cardiovascular disease: there is a high prevalence of this in middle-aged and older people with diabetes. Middle aged and older individuals with diabetes wishing to
undertake exercise more vigorous than brisk walking should probably first have a maximal exercise stress test with continuous electrocardiography monitoring.
Patients with abnormal stress test results should be referred for additional cardiac investigations
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Table 23.7 Guidelines for exercise diabetes mellitus.

General guidelines

e Exercise used to reduce weight should be combined with dietary measures
e Moderate intensity aerobic exercise should be part of the daily schedule if
possible, accumulating 150 minutes each week. More vigorous exercise
(270% of VO, undertaken 3-5 times per week will provide additional
health benefits. Previously sedentary patients may have to build up
exercise volume gradually, starting with as little as 5-10 min/day
Multiple shorter exercise sessions lasting at least 10 min each in the
course of a day are probably as useful as a single longer session of
equivalent length and intensity

Include low intensity warm-up and cool-down periods especially if
vigorous exercise is undertaken

Exercise should be appropriate to the person’s general physical condition
and lifestyle

Resistance exercise performed 2-3 times per week will provide benefits
over and above those of aerobic training. The studies reporting greatest
impact of resistance exercise on HbA;. have had subjects progress to

3 sets of approximately 8 resistance type exercises at relatively high
intensity (8 repetitions performed at the maximum weight that can be
lifted 8 times)

o Use proper footwear and, if appropriate, other protective equipment

e Avoid exercise in extreme heat or cold

o Inspect feet before and after exercise

Specific considerations for exercise in type 1 diabetes

Avoid hypoglycemia during exercise by:

e Avoiding heavy exercise during peak insulin action

o Using non-exercising sites for insulin injection

o |f using multiple daily injections reducing pre-exercise insulin dosages by
20-50% or more if necessary. If using an insulin pump, decrease basal
rate and/or amount of last bolus before exercise. These reductions should
be individualized and based on blood glucose monitoring; not all
individuals will require an insulin dose reduction

Monitor glycemia before, during and after exercise as necessary

Taking extra carbohydrate before and hourly during exercise. This amount
should be individualized and based on blood glucose monitoring

After prolonged exercise, monitor glycemia and take extra carbohydrate to
avoid delayed hypoglycemia. The quantity required can be estimated using
the semi-quantitative technique (1g CHO/kg body weight/hour of activity)
or by consulting tables of energy requirements for particular activities

Use extra caution in monitoring glycemia if exercise is being performed
within 24 hours of a hypoglycemic episode

Specific considerations for exercise in type 2 diabetes

e Hypoglycemia is less common during exercise than in type 1 diabetes, and
extra carbohydrate is therefore usually unnecessary

e Patients taking insulin or sulfonylureas may need to reduce the doses of
these medications during days when they exercise. Such adjustments
should be guided by glucose monitoring

into account their interests, personal goals, levels of fitness, pos-
sible contraindications and available resources. If the patient is
interested in sports or is even a professional athlete, diabetes
should not interfere with his or her athletic career, and treatment
should be adjusted according to the demands of the activity. For
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activities and competitions considered to be higher risk for indi-
viduals with insulin-treated diabetes (e.g. car racing, flying,
boxing), individual governing bodies should be consulted regard-
ing restrictions in competition. It is also important to note that
insulin is considered a banned substance by the World Anti-
Doping Agency, and that elite level athletes with diabetes will be
required to apply for a Therapeutic Use Exemption certificate
prior to competition.

Aerobic training

It is generally recommended that all individuals accumulate at
least 150 minutes of moderate aerobic activity, and/or at least 90
minutes of vigorous aerobic exercise every week, and that this
activity be spread over at least 3—5 days [143,146,147]. A day’s
activity need not occur in a single session, but may be accumu-
lated in bouts of 10 or more minutes at a time, performed
throughout the day. Performing progressively greater amounts of
moderate activity (in excess of the minimum 150 minutes) is
associated with progressively greater benefits. Studies have also
shown that group exercise environments can provide motivation,
social support and enjoyment for individuals starting and main-
taining exercise training programs [148].

Resistance training

A recent meta-analysis showed that resistance exercise can be safe
and effective even for vulnerable cardiac patients [149]. High
intensity weightlifting in healthy older men (mean age 64 years)
caused less circulatory stress than walking up 192 stairs [150].
Weightlifting was not associated with increased proliferative
retinopathy risk in the Wisconsin Epidemiologic Study of Diabetic
Retinopathy, although the statistical power of the study was
limited [151]. When properly performed, resistance training can
be safe and enjoyable while at the same time producing significant
health benefits.

Resistance training programs should be progressive in nature.
Previously sedentary individuals should always start with a low
intensity workload. It is important that individuals receive proper
instruction on lifting and breathing techniques used during
resistance training in order to maximize the benefits of the exer-
cise, while at the same time minimizing the risk of injury. The
authors recommend that beginners use weight machines in the
initial stages of a training program, before moving on to free-
weight exercise once sufficient strength has been gained and
appropriate lifting techniques have been mastered [21]. Warming
up before each training session with low intensity aerobic activity
or light sets of selected exercises is also thought to help minimize
the risk of injury [21]. When multiple exercises are performed in
a workout, exercises involving the use of large muscle groups (e.g.
lunges or pull-downs) should be performed before exercises
requiring the use of smaller muscle groups (e.g. calf raises or
bicep curls). Multiple joint exercises such as squats, chest press
or seated row should precede single joint exercises such as leg
extensions or tricep extensions [21]. Although one set of each
exercise may be sufficient to increase muscle strength [152], the



resistance exercise studies with the greatest HbA, . reductions
[63,153,154] have used three or more sets of each exercise. The
authors therefore suggest that three sets of each exercise be per-
formed on three non-consecutive days per week (assuming the
same muscle groups are being targeted) to ensure the best pos-
sible metabolic benefits [1,143,146,147].

Special considerations in people with long-term
complications of diabetes

Some advanced long-term complications of diabetes may
limit individuals’ ability to perform certain types of exercise
safely, but should not prevent them from becoming active at all.
Where proliferative or severe non-proliferative retinopathy is
present, it has been suggested that individuals may want to avoid
vigorous activity (both aerobic and resistance) because of the
possible increased risk of triggering vitreous hemorrhage or
retinal detachment [155]. Mild to moderate activity can still be
encouraged for these individuals. In individuals with peripheral
neuropathy, weight-bearing activity could, in theory, increase the
risk of skin breakdown and infection as well as Charcot joint
destruction [156,157]; however, a recent study showed that the
incidence of foot ulcers was no greater in individuals with dia-
betic neuropathy than in individuals without neuropathy after a
6-month walking intervention [158]. As exercise training is
important in delaying the progression of peripheral neuropathy
[26], it can be recommended that these individuals stay active by
walking, swimming or bicycling. Before changing or adding activ-
ities for individuals with autonomic neuropathy, it is generally
recommended that these individuals undergo cardiac investiga-
tion [159,160], as the risk of CVD in such individuals is high.
Decreased cardiac responsiveness to exercise, postural hypoten-
sion, unpredictable carbohydrate delivery increasing the risk of
hypoglycemia where gastroparesis is present and impaired ther-
moregulation have all been associated with autonomic neuropa-
thy, warranting caution in the practice of certain activities in this
population [157]. The authors know of no evidence justifying any
specific exercise restrictions in nephropathy.

Insulin and oral hypoglycemic agent adjustments

for exercise

In individuals with T1IDM or T2DM treated with multiple insulin
injections, the dosage of short-acting insulin taken before exercise
can be reduced instead of using dietary adjustment. The amount
of such reduction, if required, should be tailored to each indi-
vidual, based on blood glucose monitoring results before, during
and after exercise, at least until the pattern of glucose response to
exercise for that individual is known. Depending on the intensity
and duration of exercise, the reduction required can be as much
as 75% of the usual dose [30], although dose reductions of 20—
50% are more typical. The insulin formulation (short- or inter-
mediate-acting) to be reduced is that which has its maximal
action at the time of exercise. For brief, very intense exercise such
as competitive hockey, weightlifting or sprinting, there may be
no need to reduce insulin dose. If the blood glucose concentra-
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tion increases during exercise, the insulin dosage may need to be
slightly increased or the injection schedule changed in order to
achieve higher plasma insulin concentrations during exercise.
Use of an insulin pump may be advantageous for many physically
active individuals, as circulating insulin levels can be more easily
adjusted to accommodate meals, snacks and exercise [161]. The
variability of glucose absorption is also generally decreased, low-
ering the risk of hypoglycemia [161]. Decreases in insulin for
pump users may or may not need to be accompanied by carbo-
hydrate supplementation [161].

In individuals with T2DM, exercise does not usually cause
hypoglycemia, and in obese individuals it can be a valuable tool
to improve glycemic control and assist with weight maintenance.
For these reasons, carbohydrate supplementation is usually
unnecessary with exercise (Table 23.7). If blood glucose declines
rapidly during exercise, as may occur in individuals taking oral
hypoglycemic agents or insulin, the dosage of the drug should be
reduced or the drug withheld on exercising days.

Carbohydrate supplementation

There are few controlled studies regarding the appropriate type
and amount of carbohydrates to be taken with exercise in people
with TIDM. A reasonable starting point is to take approximately
15¢g carbohydrate before and 15-40¢g at 30-60-minute intervals
during longer exercise sessions. Supplementation should be
advised if pre-exercise blood glucose levels are <5.6 mmol/L. The
amount of carbohydrate consumed should be adjusted according
to blood glucose monitoring results; some individuals will not
require any carbohydrate supplementation whereas some will
require large amounts. During strenuous exercise, at least part of
this can be taken as a sucrose-containing beverage. If exercise is
performed post-prandially, there is less need for carbohydrate
supplementation, whereas larger snacks should be taken if some
hours have elapsed since the last meal. Also, the risk of hypogly-
cemia and subsequent need for exogenous carbohydrate supple-
mentation decreases as the amount of time since the last insulin
injection increases [162,163].

A recent review by Perkins & Riddell [161] describes several
methods of carbohydrate supplementation. The goal is for the
patient to consume a quantity of oral carbohydrate that matches
the amount of glucose being used by the working muscles during
activity. This can involve either a basic approach (where 15-30g
of carbohydrate is consumed for every 30-60 minutes of exer-
cise), a semi-quantitative approach (consuming approximately
1g glucose/kg body weight/hour of activity) or a quantitative
method, based on standardized tables of energy requirements for
specific activities, intensities and individual body weights [161].
The latter is referred to as “excarbs” (extra carbohydrates for
exercise), developed originally by Walsh & Roberts [164].
However, it should be noted that only a finite amount of carbo-
hydrate (40-60 g/hour) can be absorbed while the body is mod-
erately or vigorously active [165], requiring that a certain amount
of the carbohydrate be consumed prior to exercise or during
recovery. Regular glucose monitoring is still recommended, espe-
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cially where the participant is experimenting with new types,

intensities or durations of exercise training.

Acknowledgments

The authors are grateful for the contributions of Veiko Koivisto

to this chapter in previous editions of this textbook. Jane Yardley

was supported by a Doctoral Student Award from the Canadian

Diabetes Association and funds from the Ottawa Hospital

Research Institute Research Chair in Lifestyle Research. Glen

Kenny holds a University Research Chair from the University of
Ottawa. Ronald Sigal is a Senior Health Scholar of the Alberta
Heritage Foundation for Medical Research.

References

—_

w

w

~N

(o]

10

11

12

374

Physical Activity Guidelines Advisory Committee. Physical Activity
Guidelines Advisory Committee Report, 2008. Washington, DC: US
Department of Health and Human Services, 2008.

Ahlborg G, Felig P, Hagenfeldt L, Hendler R, Wahren J. Substrate
turnover during prolonged exercise in man: splanchnic and leg
metabolism of glucose, free fatty acids, and amino acids. J Clin Invest
1974; 53:1080-1090.

Wasserman DH, Davis SN, Zinman B. Fuel metabolism during exer-
cise in health and diabetes. In: Ruderman N, Devlin JT, Schneider
SH, eds. Handbook of Exercise in Diabetes. Alexandria, VA: American
Diabetes Association, 2002:63—99.

Felig P, Cherif A, Minagawa A, Wahren J. Hypoglycemia during
prolonged exercise in normal men. N Engl ] Med 1982;
306:895-900.

Koivisto VA, Yki-Jarvinen H, DeFronzo RA. Physical training and
insulin sensitivity. Diabetes Metab Rev 1986; 1:445-481.

DeFronzo RA, Sherwin RS, Kraemer N. Effect of physical training
on insulin action in obesity. Diabetes 1987; 36:1379-1385.

Halbert JA, Silagy CA, Finucane P, Withers RT, Hamdorf PA.
Exercise training and blood lipids in hyperlipidemic and normolipi-
demic adults: a meta-analysis of randomized, controlled trials. Eur
J Clin Nutr 1999; 53:514-522.

Miller TD, Balady GJ, Fletcher GF. Exercise and its role in the pre-
vention and rehabilitation of cardiovascular disease. Ann Behav Med
1997; 19:220-229.

Despres JP, Lamarche B. Low-intensity endurance exercise training,
plasma lipoproteins and the risk of coronary heart disease. J Intern
Med 1994; 236:7-22.

Calles J, Cunningham JJ, Nelson L, Brown N, Nadel E, Sherwin RS,
et al. Glucose turnover during recovery from intensive exercise.
Diabetes 1983; 32:734-738.

Kjaer M, Farrell PA, Christensen NJ, Galbo H. Increased epine-
phrine response and inaccurate glucoregulation in exercising ath-
letes. J Appl Physiol 1986; 61:1693—1700.

Marliss EB, Sigal R], Miles PDG, et al. Glucoregulation in intense
exercise, and its implications for persons with diabetes mellitus. In:
Kawamori R, Vranic M, Horton E, Kubota M, eds. Glucose
Fluxes, Exercise and Diabetes. London: Smith Gordon/Nishimura,
1995:55-66.

13

14

15

16

17

19

20

2

—_

22

23

24

25

26

27

28

29

30

Kamel HK. Sarcopenia and aging. Nutr Rev 2003; 61:157-167.
Doherty TJ. The influence of aging and sex on skeletal muscle mass
and strength. Curr Opin Clin Nutr Metab Care 2001; 4:503-508.
Lynch NA, Metter EJ, Lindle RS, Fozard JL, Tobin JD, Roy TA, et al.
Muscle quality. I. Age-associated differences between arm and leg
muscle groups. ] Appl Physiol 1999; 86:188—194.

Kenny GP, Yardley JE, Martineau L, Jay O. Physical work capacity
in older adults: implications for the aging worker. Am J Ind Med
2008; 51:610-625.

Lemmer JT, Hurlbut DE, Martel GE, Tracy BL, Ivey FM, Metter EJ,
et al. Age and gender responses to strength training and detraining.
Med Sci Sports Exerc 20005 32:1505-1512.

Tracy BL, Ivey FM, Hurlbut D, Martel GF, Lemmer JT, Siegel EL, et
al. Muscle quality. II. Effects Of strength training in 65- to 75-yr-old
men and women. J Appl Physiol 1999; 86:195-201.

Sigal RJ, Kenny GP, Boule NG, Wells GA, Prud’homme D, Fortier
M, et al. Effects of aerobic training, resistance training, or both on
glycemic control in type 2 diabetes: a randomized trial. Ann Intern
Med 2007; 147:357-369.

Bellew JW, Symons TB, Vandervoort AA. Geriatric fitness: effects of
aging and recommendations for exercise in older adults. Cardiopulm
Phys Ther J 2005; 16:20-31.

American College of Sports Medicine position stand. Progression
models in resistance training for healthy adults. Med Sci Sports Exerc
2009; 41:687-708.

Jacobs I, Tesch PA, Bar-Or O, Karlsson J, Dotan R. Lactate in human
skeletal muscle after 10 and 30 s of supramaximal exercise. ] Appl
Physiol 1983; 55:365-367.

Vanhelder WP, Goode RC, Radomski MW. Effect of anaerobic and
aerobic exercise of equal duration and work expenditure on plasma
growth hormone levels. Eur J Appl Physiol Occup Physiol 1984;
52:255-257.

Tesch PA, Colliander EB, Kaiser P. Muscle metabolism during
intense, heavy-resistance exercise. Eur J Appl Physiol Occup Physiol
1986; 55:362-366.

Moy CS, Songer TJ, LaPorte RE, Dorman JS, Kriska AM, Orchard
TJ, et al. Insulin-dependent diabetes mellitus, physical activity, and
death. Am ] Epidemiol 1993; 137:74-81.

Balducci S, Iacobellis G, Parisi L, Di Biase N, Calandriello E, Leonetti
E et al. Exercise training can modify the natural history of diabetic
peripheral neuropathy. ] Diabetes Complications 2006; 20:216—223.
Kriska AM, LaPorte RE, Patrick SL, Kuller LH, Orchard TJ. The
association of physical activity and diabetic complications in indi-
viduals with insulin-dependent diabetes mellitus: the Epidemiology
of Diabetes Complications Study: VII. J Clin Epidemiol 1991;
44:1207-1214.

Waden J, Forsblom C, Thorn LM, Saraheimo M, Rosengard-Barlund
M, Heikkila O, et al. Physical activity and diabetes complications in
patients with type 1 diabetes: the Finnish Diabetic Nephropathy
(FinnDiane) Study. Diabetes Care 2008; 31:230-232.

Waden J, Tikkanen H, Forsblom C, Fagerudd J, Pettersson-Fernholm
K, Lakka T, et al. Leisure time physical activity is associated with
poor glycemic control in type 1 diabetic women: the FinnDiane
study. Diabetes Care 2005; 28:777-782.

Rabasa-Lhoret R, Bourque ], Ducros E, Chiasson JL. Guidelines for
premeal insulin dose reduction for postprandial exercise of different
intensities and durations in type 1 diabetic subjects treated inten-
sively with a basal-bolus insulin regimen (ultralente, lispro). Diabetes
Care 2001; 24:625-630.



31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

Yki-Jarvinen H, Koivisto VA. Natural course of insulin resistance in
type I diabetes. N Engl ] Med 1986; 315:224-230.

Koivisto VA, Leirisalo-Repo M, Ebeling P, Tuominen JA, Knip M,
Turunen U, et al. Seven years of remission in a type I diabetic patient.
Diabetes Care 1993; 16:990-995.

Stratton R, Wilson DP, Endres RK, Goldstein DE. Improved glyc-
emic control after supervised 8-wk exercise program in insulin-
dependent diabetic adolescents. Diabetes Care 1987; 10:589-593.
Laaksonen DE, Atalay M, Niskanen LK, Mustonen J, Sen CK, Lakka
TA, et al. Aerobic exercise and the lipid profile in type 1 diabetic
men: a randomized controlled trial. Med Sci Sports Exerc 2000;
32:1541-1548.

Wallberg-Henriksson H, Gunnarsson R, Rossner S, Wahren J. Long-
term physical training in female type 1 (insulin-dependent) diabetic
patients: absence of significant effect on glycaemic control and lipo-
protein levels. Diabetologia 1986; 29:53-57.

Yki-Jarvinen H, DeFronzo RA, Koivisto VA. Normalization of
insulin sensitivity in type I diabetic subjects by physical training
during insulin pump therapy. Diabetes Care 1984; 7:520-527.
Wallberg-Henriksson H, Gunnarsson R, Henriksson J, DeFronzo R,
Felig P, Ostman J, et al. Increased peripheral insulin sensitivity and
muscle mitochondrial enzymes but unchanged blood glucose
control in type I diabetics after physical training. Diabetes 1982;
31:1044-1050.

Jenni S, Oetliker C, Allemann S, Ith M, Tappy L, Wuerth S, et al.
Fuel metabolism during exercise in euglycaemia and hyperglycaemia
in patients with type 1 diabetes mellitus: a prospective single-blinded
randomised crossover trial. Diabetologia 2008; 51:1457—1465.

Shilo S, Sotsky M, Shamoon H. Islet hormonal regulation of glucose
turnover during exercise in type 1 diabetes. J Clin Endocrinol Metab
19905 70:162-172.

Robitaille M, Dube MC, Weisnagel SJ, Prud’homme D, Massicotte
D, Peronnet F, et al. Substrate source utilization during moderate
intensity exercise with glucose ingestion in type 1 diabetic patients.
J Appl Physiol 2007; 103:119-124.

Chokkalingam K, Tsintzas K, Norton L, Jewell K, Macdonald IA,
Mansell PI. Exercise under hyperinsulinaemic conditions increases
whole-body glucose disposal without affecting muscle glycogen uti-
lisation in type 1 diabetes. Diabetologia 2007; 50:414—421.

Petersen KEF, Price TB, Bergeron R. Regulation of net hepatic glycog-
enolysis and gluconeogenesis during exercise: impact of type 1 dia-
betes. J Clin Endocrinol Metab 2004; 89:4656—4664.

Meinders AE, Willekens FL, Heere LP. Metabolic and hormonal
changes in IDDM during long-distance run. Diabetes Care 1988;
11:1-7.

Tuominen JA, Ebeling P, Vuorinen-Markkola H, Koivisto VA. Post-
marathon paradox in IDDM: unchanged insulin sensitivity in spite
of glycogen depletion. Diabet Med 1997; 14:301-308.

Sane T, Helve E, Pelkonen R, Koivisto VA. The adjustment of diet
and insulin dose during long-term endurance exercise in type 1
(insulin-dependent) diabetic men. Diabetologia 1988; 31:35-40.
Sandoval DA, Guy DL, Richardson MA, Ertl AC, Davis SN. Acute,
same-day effects of antecedent exercise on counterregulatory
responses to subsequent hypoglycemia in type 1 diabetes mellitus.
Am ] Physiol Endocrinol Metab 2006; 290:E1331-E1338.

Galassetti P, Tate D, Neill RA, Richardson A, Leu SY, Davis SN.
Effect of differing antecedent hypoglycemia on counterregulatory
responses to exercise in type 1 diabetes. Am J Physiol Endocrinol
Metab 2006; 290:E1109-E1117.

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

Lifestyle Issues: Exercise Chapter 23

Davis SN, Galassetti P, Wasserman DH, Tate D. Effects of antecedent
hypoglycemia on subsequent counterregulatory responses to exer-
cise. Diabetes 2000; 49:73-81.

Galassetti P, Tate D, Neill RA, Morrey S, Wasserman DH, Davis SN.
Effect of antecedent hypoglycemia on counterregulatory responses
to subsequent euglycemic exercise in type 1 diabetes. Diabetes 2003;
52:1761-1769.

Sandoval DA, Guy DL, Richardson MA, Ertl AC, Davis SN. Effects
of low and moderate antecedent exercise on counterregulatory
responses to subsequent hypoglycemia in type 1 diabetes. Diabetes
2004; 53:1798-1806.

Ebeling P, Tuominen JA, Bourey R, Koranyi L, Koivisto VA. Athletes
with IDDM exhibit impaired metabolic control and increased lipid
utilization with no increase in insulin sensitivity. Diabetes 1995;
44:471-477.

Purdon C, Brousson M, Nyveen SL, Miles PD, Halter JB, Vranic M,
et al. The roles of insulin and catecholamines in the glucoregulatory
response during intense exercise and early recovery in insulin-
dependent diabetic and control subjects. ] Clin Endocrinol Metab
19935 76:566—573.

Sigal R, Fisher SJ, Manzon A, Morais JA, Halter JB, Vranic M, et al.
Glucoregulation during and after intense exercise: effects of alpha-
adrenergic blockade. Metabolism 2000; 49:386—394.

Sigal RJ, Fisher S, Halter JB, Vranic M, Marliss EB. The roles of
catecholamines in glucoregulation in intense exercise as defined by
the islet cell clamp technique. Diabetes 1996; 45:148—156.

Sigal RJ, Fisher SJ, Halter JB, Vranic M, Marliss EB. Glucoregulation
during and after intense exercise: effects of beta-adrenergic blockade
in subjects with type 1 diabetes mellitus. J Clin Endocrinol Metab
1999; 84:3961-3971.

Sigal RJ, Purdon C, Fisher SJ, Halter JB, Vranic M, Marliss EB.
Hyperinsulinemia prevents prolonged hyperglycemia after intense
exercise in insulin-dependent diabetic subjects. J Clin Endocrinol
Metab 1994; 79:1049-1057.

Bussau VA, Ferreira LD, Jones TW, Fournier PA. The 10-s maximal
sprint: a novel approach to counter an exercise-mediated fall in
glycemia in individuals with type 1 diabetes. Diabetes Care 2006;
29:601-606.

Bussau VA, Ferreira LD, Jones TW, Fournier PA. A 10-s sprint
performed prior to moderate-intensity exercise prevents early post-
exercise fall in glycaemia in individuals with type 1 diabetes.
Diabetologia 2007; 50:1815-1818.

Guelfi KJ, Jones TW, Fournier PA. The decline in blood glucose
levels is less with intermittent high-intensity compared with moder-
ate exercise in individuals with type 1 diabetes. Diabetes Care 2005;
28:1289-1294.

Guelfi KJ, Jones TW, Fournier PA. Intermittent high-intensity exer-
cise does not increase the risk of early postexercise hypoglycemia in
individuals with type 1 diabetes. Diabetes Care 2005; 28:416—418.
Guelfi KJ, Ratnam N, Smythe GA, Jones TW, Fournier PA. Effect of
intermittent high-intensity compared with continuous moderate
exercise on glucose production and utilization in individuals with
type 1 diabetes. Am ] Physiol Endocrinol Metab 2007; 292:E865—
E870.

Iscoe KE, Campbell JE, Jamnik V, Perkins BA, Riddell MC. Efficacy
of continuous real-time blood glucose monitoring during and after
prolonged high-intensity cycling exercise: spinning with a continu-
ous glucose monitoring system. Diabetes Technol Ther 2006;
8:627-635.

375



Part 5 Managing the Patient with Diabetes

63

64

6

w

66

67

68

69

70

7

—_

72

73

74

7

w

76

77

78

376

Durak EP, Jovanovic-Peterson L, Peterson CM. Randomized crosso-
ver study of effect of resistance training on glycemic control, mus-
cular strength, and cholesterol in type I diabetic men. Diabetes Care
1990; 13:1039-1043.

Ramalho AC, de Lourdes Lima M, Nunes F, Cambui Z, Barbosa C,
Andrade A, et al. The effect of resistance versus aerobic training on
metabolic control in patients with type 1 diabetes mellitus. Diabetes
Res Clin Pract 2006; 72:271-276.

Peterson CM, Jones RL, Dupuis A, Levine BS, Bernstein R, O’Shea
M. Feasibility of improved blood glucose control in patients with
insulin-dependent diabetes mellitus. Diabetes Care 1979; 2:329—
335.

Peterson CM, Jones RL, Esterly JA, Wantz GE, Jackson RL. Changes
in basement membrane thickening and pulse volume concomitant
with improved glucose control and exercise in patients with insulin-
dependent diabetes mellitus. Diabetes Care 1980; 3:586—589.
Mosher PE, Nash MS, Perry AC, LaPerriere AR, Goldberg RB.
Aerobic circuit exercise training: effect on adolescents with well-
controlled insulin-dependent diabetes mellitus. Arch Phys Med
Rehabil 1998; 79:652-657.

French DN, Kraemer WJ, Volek JS, Spiering BA, Judelson DA,
Hoffman JR, et al. Anticipatory responses of catecholamines on
muscle force production. ] Appl Physiol 2007; 102:94-102.
Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr. Physical
activity and reduced occurrence of non-insulin-dependent diabetes
mellitus. N Engl ] Med 1991; 325:147-152.

Manson JE, Rimm EB, Stampfer M]J, Colditz GA, Willett WC,
Krolewski AS, et al. Physical activity and incidence of non-insulin-
dependent diabetes mellitus in women. Lancet 1991; 338:774-778.
Manson JE, Nathan DM, Krolewski AS, Stampfer MJ, Willett WC,
Hennekens CH. A prospective study of exercise and incidence of
diabetes among US male physicians. JAMA 1992; 268:63—67.
Burchfiel CM, Sharp DS, Curb JD, Rodriguez BL, Hwang L], Marcus
EB, et al. Physical activity and incidence of diabetes: the Honolulu
Heart Program. Am ] Epidemiol 1995; 141:360-368.

Perry IJ, Wannamethee SG, Walker MK, Thomson AG, Whincup
PH, Shaper AG. Prospective study of risk factors for development of
non-insulin dependent diabetes in middle aged British men. Br Med
J 1995; 310:560-564.

Gurwitz JH, Field TS, Glynn RJ, Manson JE, Avorn J, Taylor JO,
et al. Risk factors for non-insulin-dependent diabetes mellitus
requiring treatment in the elderly. ] Am Geriatr Soc 1994; 42:1235—
1240.

Schranz A, Tuomilehto J, Marti B, Jarrett R], Grabauskas V, Vassallo
A. Low physical activity and worsening of glucose tolerance: results
from a 2-year follow-up of a population sample in Malta. Diabetes
Res Clin Pract 1991; 11:127-136.

Lynch J, Helmrich SP, Lakka TA, Kaplan GA, Cohen RD, Salonen
R, et al. Moderately intense physical activities and high levels of
cardiorespiratory fitness reduce the risk of non-insulin-dependent
diabetes mellitus in middle-aged men. Arch Intern Med 1996;
156:1307-1314.

Hu FB, Sigal RJ, Rich-Edwards JW, Colditz GA, Solomon CG,
Willett WC, et al. Walking compared with vigorous physical activity
and risk of type 2 diabetes in women: a prospective study. JAMA
1999; 282:1433-1439.

Wei M, Gibbons LW, Mitchell TL, Kampert JB, Lee CD, Blair SN.
The association between cardiorespiratory fitness and impaired
fasting glucose and type 2 diabetes mellitus in men. Ann Intern Med

79

80

8

—_

82

83

84

85

86

87

88

89

90

9

—_

92

93

1999; 130:89-96. [Published erratum appears in Ann Intern Med
1999; 131:394. ]

Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN. Low
cardiorespiratory fitness and physical inactivity as predictors of mor-
tality in men with type 2 diabetes. Ann Intern Med 2000; 132:605—
611.

Villegas R, Shu XO, Li H, Yang G, Matthews CE, Leitzmann M, et
al. Physical activity and the incidence of type 2 diabetes in the
Shanghai women’s health study. Int | Epidemiol 2006; 35:1553—
1562.

Krause MP, Hallage T, Gama MP, Goss FL, Robertson R, da Silva
SG. Association of adiposity, cardiorespiratory fitness and exercise
practice with the prevalence of type 2 diabetes in Brazilian elderly
women. Int | Med Sci 2007; 4:288-292.

Eriksson KF, Lindgarde F. Prevention of type 2 (non-insulin-
dependent) diabetes mellitus by diet and physical exercise: the 6-year
Malmo feasibility study. Diabetologia 1991; 34:891-898.

Pan XR, Li GW, Hu YH, Wang JX, Yang WY, An ZX, et al. Effects
of diet and exercise in preventing NIDDM in people with impaired
glucose tolerance: the Da Qing IGT and Diabetes Study. Diabetes
Care 1997; 20:537-544.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H,
Ilanne-Parikka P, et al. Prevention of type 2 diabetes mellitus by
changes in lifestyle among subjects with impaired glucose tolerance.
N Engl ] Med 2001; 344:1343-1350.

Diabetes Prevention Program Research Group. Reduction in the
incidence of type 2 diabetes with lifestyle intervention or metformin.
N Engl ] Med 2002; 346:393—403.

Berglund G, Nilsson P, Eriksson KE Nilsson JA, Hedblad B,
Kristenson H, et al. Long-term outcome of the Malmo preventive
project: mortality and cardiovascular morbidity. J Intern Med 2000;
247:19-29.

Eriksson KF, Lindgarde F. No excess 12-year mortality in men with
impaired glucose tolerance who participated in the Malmo Preventive
Trial with diet and exercise. Diabetologia 1998; 41:1010-1016.

Li G, Zhang P, Wang J, Gregg EW, Yang W, Gong Q, et al. The
long-term effect of lifestyle interventions to prevent diabetes in the
China Da Qing Diabetes Prevention Study: a 20-year follow-up
study. Lancet 2008; 371:1783-1789.

Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, Hamalainen H,
Ilanne-Parikka P, et al. Prevention of type 2 diabetes mellitus by
changes in lifestyle among subjects with impaired glucose tolerance.
N Engl ] Med 2001; 344:1343-1350.

Lindstrom J, Ilanne-Parikka P, Peltonen M, Aunola S, Eriksson JG,
Hemio K, et al. Sustained reduction in the incidence of type 2 dia-
betes by lifestyle intervention: follow-up of the Finnish Diabetes
Prevention Study. Lancet 2006; 368:1673—1679.

Smith TC, Wingard DL, Smith B, Kritz-Silverstein D, Barrett-
Connor E. Walking decreased risk of cardiovascular disease
mortality in older adults with diabetes. J Clin Epidemiol 2007;
60:309-317.

Church TS, Cheng YJ, Earnest CP, Barlow CE, Gibbons LW, Priest
EL, et al. Exercise capacity and body composition as predictors of
mortality among men with diabetes. Diabetes Care 2004; 27:83—
88.

Church TS, LaMonte MJ, Barlow CE, Blair SN. Cardiorespiratory
fitness and body mass index as predictors of cardiovascular disease
mortality among men with diabetes. Arch Intern Med 2005;
165:2114-2120.



94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

Hu FB, Stampfer MJ, Solomon C, Liu S, Colditz GA, Speizer FE, et
al. Physical activity and risk for cardiovascular events in diabetic
women. Ann Intern Med 2001; 134:96-105.

Ivy JL, Zderic TW, Fogt DL. Prevention and treatment of non-
insulin-dependent diabetes mellitus. Exerc Sport Sci Rev 1999;
27:1-35.

Dela F, Handberg A, Mikines KJ, Vinten J, Galbo H. GLUT4 and
insulin receptor binding and kinase activity in trained human
muscle. J Physiol (Lond) 1993; 469:615-624.

Dela F, Ploug T, Handberg A, Petersen LN, Larsen JJ, Mikines KJ, et
al. Physical training increases muscle GLUT4 protein and mRNA in
patients with NIDDM. Diabetes 1994; 43:862—865.

Ebeling P, Bourey R, Koranyi L, Tuominen JA, Groop LC, Henriksson
J, et al. Mechanism of enhanced insulin sensitivity in athletes.
Increased blood flow, muscle glucose transport protein (GLUT-4)
concentration, and glycogen synthase activity. J Clin Invest 1993;
92:1623-1631.

Coggan AR, Spina R], Kohrt WM, Holloszy JO. Effect of prolonged
exercise on muscle citrate concentration before and after endurance
training in men. Am J Physiol 1993; 264:E215-E220.

Mandroukas K, Krotkiewski M, Hedberg M, Wroblewski Z,
Bjorntorp P, Grimby G. Physical training in obese women: effects of
muscle morphology, biochemistry and function. Eur ] Appl Physiol
1984; 52:355-361.

Saltin B, Henriksson J, Nygaard E, Andersen P, Jansson E. Fiber
types and metabolic potentials of skeletal muscles in sedentary man
and endurance runners. Ann N 'Y Acad Sci 1977; 301:3-29.
Andersson A, Sjodin A, Olsson R, Vessby B. Effects of physical exer-
cise on phospholipid fatty acid composition in skeletal muscle. Am
J Physiol 1998; 274:E432—E438.

Krotkiewski M, Bjorntorp P. Muscle tissue in obesity with different
distribution of adipose tissue: effects of physical training. Int ] Obes
1986; 10:331-341.

Despres JP. Visceral obesity, insulin resistance, and dyslipidemia:
contribution of endurance exercise training to the treatment of the
plurimetabolic syndrome. Exerc Sport Sci Rev 1997; 25:271-300.
Halle M, Berg A, Northoff H, Keul J. Importance of TNF-alpha and
leptin in obesity and insulin resistance: a hypothesis on the impact
of physical exercise. Exerc Immunol Rev 1998; 4:77-94.

Busetto L. Visceral obesity and the metabolic syndrome: effects of
weight loss. Nutr Metab Cardiovasc Dis 2001; 11:195-204.
Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, Ampatzidis G,
Liapis CD, et al. The anti-inflammatory effects of exercise training
in patients with type 2 diabetes mellitus. Eur J Cardiovasc Prev
Rehabil 2007; 14:837-843.

Yates T, Davies M, Brady E, Webb D, Gorely T, Bull E, et al. Walking
and inflammatory markers in individuals screened for type 2 diabe-
tes. Prev Med 2008.

Ruderman NB, Schneider SH. Diabetes, exercise, and atherosclero-
sis. Diabetes Care 1992; 15:1787-1793.

Schneider SH, Kim HC, Khachadurian AK, Ruderman NB. Impaired
fibrinolytic response to exercise in type II diabetes: effects of exercise
and physical training. Metabolism 1988; 37:924-929.

Holloszy JO, Schultz J, Kusnierkiewicz ], Hagberg JM, Ehsani AA.
Effects of exercise on glucose tolerance and insulin resistance: brief
review and some preliminary results. Acta Med Scand Suppl 1986;
711:55-65.

Dunstan DW, Mori TA, Puddey IB, Beilin L], Burke V, Morton AR,
et al. A randomised, controlled study of the effects of aerobic exercise

113

114

115

116

117

118

119

120

12

—_

122

123

124

125

126

127

128

129

Lifestyle Issues: Exercise Chapter 23

and dietary fish on coagulation and fibrinolytic factors in type 2
diabetics. Thromb Haemost 1999; 81:367-372.

Skarfors ET, Wegener TA, Lithell H, Selinus I. Physical training as
treatment for type 2 (non-insulin-dependent) diabetes in elderly
men: a feasibility study over 2 years. Diabetologia 1987; 30:930—
933.

Loimaala A, Groundstroem K, Rinne M, Nenonen A, Huhtala H,
Vuori I. Exercise training does not improve myocardial diastolic
tissue velocities in type 2 diabetes. Cardiovasc Ultrasound 2007;
5:32.

Loimaala A, Huikuri HV, Koobi T, Rinne M, Nenonen A, Vuori I.
Exercise training improves baroreflex sensitivity in type 2 diabetes.
Diabetes 2003; 52:1837-1842.

Minuk HL, Vranic M, Marliss EB, Hanna AK, Albisser AM, Zinman
B. Glucoregulatory and metabolic response to exercise in obese
noninsulin-dependent diabetes. Am ] Physiol 1981; 240:E458—
E464.

Koivisto VA, DeFronzo RA. Exercise in the treatment of type II
diabetes. Acta Endocrinol 1984; 262(Suppl.):1070111.

Sriwijitkamol A, Coletta DK, Wajcberg E, Balbontin GB, Reyna SM,
Barrientes J, et al. Effect of acute exercise on AMPK signaling in
skeletal muscle of subjects with type 2 diabetes: a time—course and
dose—response study. Diabetes 2007; 56:836—-848.

Baynard T, Franklin RM, Goulopoulou S, Carhart R Jr, Kanaley JA.
Effect of a single vs multiple bouts of exercise on glucose control in
women with type 2 diabetes. Metabolism 2005; 54:989-994.

Tobin LW, Kiens B, Galbo H. The effect of exercise on postprandial
lipidemia in type 2 diabetic patients. Eur J Appl Physiol 2008;
102:361-370.

Devlin JT, Hirshman M, Horton ED, Horton ES. Enhanced periph-
eral and splanchnic insulin sensitivity in NIDDM men after single
bout of exercise. Diabetes 1987; 36:434—439.

Villa-Caballero L, Nava-Ocampo AA, Frati-Munari AC, Rodriguez
de Leon SM, Becerra-Perez AR, Ceja RM, et al. Hemodynamic and
oxidative stress profile after exercise in type 2 diabetes. Diabetes Res
Clin Pract 2007; 75:285-291.

Ivy JL. Role of exercise training in the prevention and treatment of
insulin resistance and non-insulin-dependent diabetes mellitus.
Sports Med 1997; 24:321-336.

Miller JP, Pratley RE, Goldberg AP, Gordon P, Rubin M, Treuth MS,
et al. Strength training increases insulin action in healthy 50- to 65-
yr-old men. ] Appl Physiol 1994; 77:1122-1127.

Smutok MA, Reece C, Kokkinos PF, Farmer C, Dawson P, Shulman
R, et al. Aerobic versus strength training for risk factor intervention
in middle-aged men at high risk for coronary heart disease.
Metabolism 1993; 42:177-184.

Fluckey JD, Hickey MS, Brambrink JK, Hart KK, Alexander K, Craig
BW. Effects of resistance exercise on glucose tolerance in normal and
glucose-intolerant subjects. ] Appl Physiol 1994; 77:1087-1092.
Dunstan DW, Puddey IB, Beilin LJ, Burke V, Morton AR, Stanton
KG. Effects of a short-term circuit weight training program on
glycaemic control in NIDDM. Diabetes Res Clin Pract 1998; 40:53—
61.

Honkola A, Forsen T, Eriksson J. Resistance training improves the
metabolic profile in individuals with type 2 diabetes. Acta Diabetol
1997; 34:245-248.

Ishii T, Yamakita T, Sato T, Tanaka S, Fujii S. Resistance training
improves insulin sensitivity in NIDDM subjects without altering
maximal oxygen uptake. Diabetes Care 1998; 21:1353—1355.

377



Part 5 Managing the Patient with Diabetes

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

378

Ryan AS, Hurlbut DE, Lott ME, Ivey FM, Fleg J, Hurley BE, et al.
Insulin action after resistive training in insulin resistant older men
and women. | Am Geriatr Soc 2001; 49:247-253.

Craig BW, Everhart ], Brown R. The influence of high-resistance
training on glucose tolerance in young and elderly subjects. Mech
Ageing Dev 1989; 49:147-157.

Hurley BE, Hagberg JM, Goldberg AP, Seals DR, Ehsani AA, Brennan
RE, et al. Resistive training can reduce coronary risk factors without
altering VO, or percent body fat. Med Sci Sports Exerc 1988;
20:150-154.

American College of Sports Medicine. American College of Sports
Medicine Position Stand: exercise and physical activity for older
adults. Med Sci Sports Exerc 1998; 30:992—-1008.

Jennings A, Alberga A, Sigal R, Jay O, Boule NG, Kenny GP. The
effects of exercise training on resting metabolic rate in type 2 diabe-
tes mellitus. Med Sci Sports Exerc 2009; 41:1558—1565.

Dunstan DW, Daly RM, Owen N, Jolley D, De Courten M, Shaw J,
et al. High-intensity resistance training improves glycemic control
in older patients with type 2 diabetes. Diabetes Care 2002;
25:1729-1736.

Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith J,
Foldvari M, et al. A randomized controlled trial of resistance exercise
training to improve glycemic control in older adults with type 2
diabetes. Diabetes Care 2002; 25:2335-2341.

Snowling NJ, Hopkins WG. Effects of different modes of exercise
training on glucose control and risk factors for complications in type
2 diabetic patients: a meta-analysis. Diabetes Care 2006; 29:2518—
2527.

Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal R]. Effects of
exercise on glycemic control and body mass in type 2 diabetes
mellitus: a meta-analysis of controlled clinical trials. JAMA 2001;
286:1218-1227.

Balducci S, Leonetti F, Di Mario U, Fallucca E Is a long-term aerobic
plus resistance training program feasible for and effective on meta-
bolic profiles in type 2 diabetic patients? Diabetes Care 2004;
27:841-842.

Cauza E, Hanusch-Enserer U, Strasser B, Kostner K, Dunky A,
Haber P. The metabolic effects of long term exercise in type 2 dia-
betes patients. Wien Med Wochenschr 2006; 156:515-519.

Lambers S, Van Laethem C, Van Acker K, Calders P. Influence of
combined exercise training on indices of obesity, diabetes and car-
diovascular risk in type 2 diabetes patients. Clin Rehabil 2008;
22:483—-492.

Balducci S, Zanuso S, Fernando F, Nicolucci A, Cardelli P,
Cavallo S, et al. The Italian diabetes and exercise study. Diabetes
57:A306-A307.

American Diabetes Association Position Statement. Standards of
medical care in diabetes, 2008. Diabetes Care 2008; 31(Suppl
1):S12-S54.

Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C, White
RD. Physical activity/exercise and type 2 diabetes: a consensus state-
ment from the American Diabetes Association. Diabetes Care 2006;
29:1433-1438.

Albright A, Franz M, Hornsby G, Kriska A, Marrero D, Ullrich I,
et al. American College of Sports Medicine position stand:
exercise and type 2 diabetes. Med Sci Sports Exerc 2000;
32:1345-1360.

Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA,
et al. Physical activity and public health: updated recommendation

147

148

149

150

15

—_

152

153

154

155

156

157

158

159

160

16

—

162

for adults from the American College of Sports Medicine
and the American Heart Association. Med Sci Sports Exerc 2007;
39:1423-1434.

Nelson ME, Rejeski W], Blair SN, Duncan PW, Judge JO, King AC,
et al. Physical activity and public health in older adults: recommen-
dation from the American College of Sports Medicine and the
American Heart Association. Med Sci Sports Exerc 2007;
39:1435-1445.

Jolly K, Taylor R, Lip GY, Greenfield S, Raftery J, Mant J, et al. The
Birmingham Rehabilitation Uptake Maximization Study (BRUM).
Home-based compared with hospital-based cardiac rehabilitation in
a multi-ethnic population: cost-effectiveness and patient adherence.
Health Technol Assess 2007; 11:1-118.

Braith RW, Beck DT. Resistance exercise: training adaptations and
developing a safe exercise prescription. Heart Fail Rev 2008;
13:69-79.

Benn SJ, McCartney N, McKelvie RS. Circulatory responses to
weight lifting, walking, and stair climbing in older males. ] Am
Geriatr Soc 1996; 44:121-125.

Cruickshanks KJ, Moss SE, Klein R, Klein BE. Physical activity and
the risk of progression of retinopathy or the development of prolif-
erative retinopathy. Ophthalmology 1995; 102:1177-1182.
Carpinelli RN, Otto RM. Strength training: single versus multiple
sets. Sports Med 1998; 26:73—84.

Castaneda C, Munoz-Orians L, Layne J, Walsmith J, Foldvari M,
Gordon P, et al. A randomized trial of progressive resistance training
to improve glycemic control in Hispanic elders with diabetes.
Diabetes 2001; 50(Suppl 1):A906—-A909.

Dunstan DW, Daly RM, Lekhtman E, Bauzon H, McConell K,
Robinson L, et al. Effects of high-intensity resistance training and
diet on glycemic control in older persons with type 2 diabetes. Med
Sci Sports Exerc 2001; 33(Suppl.):258.

Aiello LP, Wong J, Cavallerano JD, Bursell S-E, Aiello LM.
Retinopathy. In: Ruderman N, Devlin JT, Schneider SH, Kriska A,
eds. Handbook of Exercise in Diabetes, 2nd edn. Alexandria, VA:
American Diabetes Association, 2002:401—413.

Levin ME. The diabetic foot. In: Ruderman N, Devlin JT, Schneider
SH, Kriska A, eds. Handbook of Exercise in Diabetes, 2nd edn.
Alexandria, VA: American Diabetes Association, 2002:385-399.
Vinik AI, Erbas T. Neuropathy. In: Ruderman N, Devlin JT,
Schneider SH, Kriska A, eds. Handbook of Exercise in Diabetes,
2nd edn. Alexandria, VA: American Diabetes
2002:463-496.

Lemaster JW, Mueller M]J, Reiber GE, Mehr DR, Madsen RW, Conn
VS. Effect of weight-bearing activity on foot ulcer incidence in
people with diabetic peripheral neuropathy: feet first randomized
controlled trial. Phys Ther 2008; 88:1385—1398.

Wackers FJ, Young LH, Inzucchi SE, Chyun DA, Davey JA, Barrett
EJ, et al. Detection of silent myocardial ischemia in asymptomatic
diabetic subjects: the DIAD study. Diabetes 2004;
27:1954-1961.

Valensi P, Sachs RN, Harfouche B, Lormeau B, Paries J, Cosson E,
et al. Predictive value of cardiac autonomic neuropathy in diabetic

Association,

Care

patients with or without silent myocardial ischemia. Diabetes Care
2001; 24:339-343.

Perkins B, Riddell M. Type 1 diabetes and exercise: using the insulin
pump to maximum advantage. Can ] Diabetes 2006; 30:72—79.
Francescato MP, Geat M, Fusi S, Stupar G, Noacco C, Cattin L.
Carbohydrate requirement and insulin concentration during



163

164

165

166

moderate exercise in type 1 diabetic patients. Metabolism 2004;
53:1126-1130.

Tuominen JA, Karonen SL, Melamies L, Bolli G, Koivisto VA.
Exercise-induced hypoglycaemia in IDDM patients treated with a
short-acting insulin analogue. Diabetologia 1995; 38:106—111.
Walsh J, Roberts R. Pumping Insulin, 3rd edn. San Diego, CA: Torry
Pines Press, 2000.

Jeukendrup AE. Carbohydrate intake during exercise and perform-
ance. Nutrition 2004; 20:669-677.

Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD,
Frohlich JJ. Effective exercise modality to reduce insulin resistance
in women with type 2 diabetes. Diabetes Care 2003; 26:2977-2982.

167

168

169

Lifestyle Issues: Exercise Chapter 23

Fletcher GF, Balady G, Froelicher VF, Hartley LH, Haskell WL,
Pollock ML. Exercise standards: a statement for healthcare profes-
sionals from the American Heart Association, Writing Group.
Circulation 1995; 91:580-615.

American  Association of Cardiovascular and Pulmonary
Rehabilitation. Cardiac Rehabilitation Resource Manual, 3rd edn.
Champaign, IL: Human Kinetics, 2006.

Hamman RF, Wing RR, Edelstein SZ, Lachin JM, Bray GA,
Delahanty L, et al. Effect of weight loss with lifestyle intervention
on risk of diabetes. Diabetes Care 2006; 29:2102-2107.

379



