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ABSTRACT

The purpose of the study was to systematically review and quantify the effect of
exercise interventions on HbAlc and body mass in type 2 diabetes. A literature search
was conducted to find all controlled clinical trials in type 2 diabetic adults comparing an
exercise intervention (= 8weeks) to a non-exercise control. Weighted mean differences
(WMD) and standardised mean differences (SMD) were used to calculate the size of the
effect of exercise. Eleven aerobic training studies (average: 3.5 times/week for 18.6
weeks) and 2 resistance training studies (average: 10 exercises, 2.5 sets, 13 repetitions,
2.5 times/week for 15 weeks) met the inclusion criteria.

In the first set of analyses, the effects of exercise on HbAlc and body mass were
studied. Aerobic training interventions produced a significant decrease in HbAlc
compared to control (WMD = -0.74, p= 0.00003). Improvements in HbAlc with
resistance training were similar in size (WMD = -0.64, p = 0.05). Although the exercise
groups lost a mean of 2.5 kilograms, their post-intervention body mass was not
statistically different from the control groups’ (SMD = 0.10 standard deviations (SD), p=
0.76). In the -second set of analyses, aerobic training produced a 11% increase in VO,
max compared to control (SMD = 0.49 SD, p = 0.003). When only intense aerobic
interventions are considered (= 75 % VO, max) the post-intervention VO, max was 30%
higher than in the control group. Improvements in strength produced by resistance
training were also significant (SMD = 1.00, p= 0.0001).

In summary, exercise training resulted in statistically and clinically significant
improvements in HbA 1lc without change in body mass compared to control. On the other
hand, there is little information available from controlled clinical trials on the effect of

exercise on other elements of body composition and physical fitness in type 2 diabetes.
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CHAPTERI1I
INTRODUCTION
1. Background

For many years, exercise has been considered to be one of the three cornerstones
of diabetes therapy, along with diet and medication (Joslin, Root, & White, 1959).
Regular physical activity is recommended in type 2 diabetes since it may have beneficial
effects on physical and metabolic risk factors for the development of diabetic
complications. The low-cost, non-pharmacological nature of physical activity further
enhances its therapeutic appeal.

Diabetes mellitus is a metabolic disorder characterised by the presence of
hyperglycemia due to problems of insulin resistance, insulin secretion or a combination
of both (Meltzer et al., 1998). Insulin resistance and compensatory hyperinsulinemia are
linked to a cluster of metabolic and hematological abnormalities, therefore exposing
people with type 2 diabetes at high risk of developing complications such as
cardiovascular disease (DeFronzo & Ferrannini, 1991; National Diabetes Data Group &
National Institutes of Health, 1995; Reaven, 1988). Obesity, especially excess visceral
adipose tissue, is also common in this syndrome and likely plays a major role in its
etiology (Després, 1993; Després, 1994b; Després, 1997). Cardiorespiratory fitness, as
represented by maximal oxygen consumption (VO, max) is inversely associated with all-
cause and cardiovascular disease mortality (Lee, Blair, & Jackson, 1999). People with
type 2 diabetes, even in the absence of known complications, have reduced maximal
oxygen consumption compared to age and activity matched controls (Regensteiner,

Sippel, McFarling, Wolfel, & Hiatt, 1995). Mortality and diabetic complications such as
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neuropathy, are associated with a lower VO, max (Estacio et al., 1998; Roy et al., 1989;
Wei, Gibbons, Kampert, Nichaman, & Blair, 2000). A decreased exercise capacity may
predict coronary artery disease in type 2 diabetes (Rubler, Gerber, Reitano, Chokshi, &
Fisher, 1987).

Although there have been numerous small research studies on the effect of
exercise in people with type 2 diabetes, often including detailed physiological and
biochemical measures, their findings have varied. There have been no large studies with
adequate statistical power to guide practitioners in recommending specific exercise plans
for their diabetic patients. If indeed, exercise interventions in type 2 diabetes reduce
hyperglycemia, increase insulin sensitivity (American Diabetes Association, 1997a;
Després, 1997), improve body composition (National Institutes of Health, 1998), reduce
blood pressure (Fagard & Tipton, 1994; Kelley & Tran, 1995) and increase physical
fitness (Bouchard, Shephard, & Stephens, 1994), physical activity should be further
emphasised as a major component of diabetic therapy. Many different types of exercise
interventions exist. It remains unclear which exercise modality would be optimal for
achieving different therapeutic goals in type 2 diabetes.

Nearly 50 review articles have been published on the topic of exercise and
diabetes. Unfortunately, these reviews have typically used the traditional narrative
approach. Synthesising research in this manner generally results in subjective,
nonreplicable conclusions. The Quality of Reporting of Meta-analysis (QUORUM)
statement defines meta-analysis as “a review in which bias has been reduced by the
systematic identification, appraisal, synthesis, and, if relevant, statistical aggregation of

all relevant studies on a specific topic according to a predetermined and explicit method™.
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Meta-analysis is especially useful in summarising prior research when the number of
subjects per study and the number of studies are small, as is the case for exercise
interventions in type 2 diabetes.

2. Objectives and hypothesis

The main objective of this study was to systematically review the effectiveness of
different exercise interventions on glycemic control, body composition and physical
fitness. Glycemic control was defined as the body’s ability to maintain blood glucose at
physiologically appropriate concentrations. Measurements of glycemic control included
glycatéd hemoglobin (HbAlc), and fasting insulin levels. Changes in body composition
were reflected in body mass (body weight or BMI), body anthropometrics, fat mass or
lean body mass. The physical fitness variables of interest were maximal and submaximal
exercise capacities, as well as resting heart rate and blood pressure.

It was hypothesised that exercise interventions are associated with improvements
in the outcome measures although the time course and dose-response relationships
between amount, intensity and frequency of exercise and clinical effects may well be
quite different for the different outcomes. We expected that all exercise interventions
would be associated with improvements in glycemic control. Furthermore, we expected
that aerobic training would increase maximal and submaximal aerobic exercise capacity
and reduce body mass through a reduction in fat mass. On the other hand, resistance
training was expected to increase lean body mass and strength. Modest improvements in
resting blood pressure and heart rate should also be evident with exercise training

This thesis has been written in article format and is comprised of 2 journal

articles. Both articles are based on a systematic review and meta-analysis of all controlled
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clinical trials (randomised and non-randomised) on the effects of exercise interventions in
tybe 2 diabetes, and are presented in chapter III. The first article is entitled: 4 meta-
analvsis of the effects of exercise on glycemic control and body mass in type 2 diabetes
mellitus. This article presents important information for practitioners on 2 clinically
significant variables that are routinely measure in patients with type 2 diabetes: glycemic
control and body mass. The second article: A systematic review of the effect of exercise
on health-related physical fitness in type 2 diabetes mellitus. Both the articles will be
submitted to the peer reviewed journals. This article presents information on the effect of
exercise on variables typically of interest for exercise physiologist such as maximal and
submaximal exercise capacities as well as a more detailed evaluation of changes in body
composition.

Before presenting these articles, brief reviews will be presented in chapter II on 1)
the importance of the selected outcome measures for the prevention of diabetic
complications; 2) the biological mechanism by which exercise has been proposed to
affects diabetic risk factors and that have guided our hypotheses; and 3) details on the
meta-analysis procedures and technique which can not be included in the articles because
of page limitations. After the presentation of the articles, a general discussion of the two
journal articles and overall conclusions and recommendations will be presented in
chapter [V. This thesis also includes a number of appendixes. In Appendix A a summary
of studies measuring the energy cost of resistance training sessions are presented.
Appendix B describes the quality assessment tools. Appendix C includes all the tables
and figures resulting from the analysis of the results, many of which are not presented in

the articles because of page limitations.
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CHAPTERII
REVIEW OF LITERATURE
1. Type 2 diabetes

1.a. Description of diabetes mellitus. Diabetes mellitus is a metabolic disorder
characterised by the presence of hyperglycemia (elevated blood glucose concentration)
due to problems of insulin action, insulin secretion or a combination of both (Meltzer et
al., 1998). Type 2 diabetes is the most common form of diabetes mellitus, accounting for
over 90% of all diabetes cases in North America (Health Canada, Laboratory Center for
Disease Control, & Diabetes Division, 1999; National Diabetes Data Group & National
Institutes of Health, 1995). Type 2 diabetes is a complex disease in which environmental
and genetic factors play major roles in the development (Gudat, Berger, & Lefébvre,
1994; Gurwitz et al., 1994). This disease has also been called non-insulin-dependent
diabetes mellitus (NIDDM), but this terminology is slowly being eliminated because of
the confusion it caused by being based on the treatment rather than the pathogenesis of
the disease.

In the United States, type 2 diabetes affects approximately 3.1% of the population
and 10.2% of people over 65 (National Diabetes Data Group & National Institutes of
Health, 1995). In Canada, these numbers are almost identical, with 3.2% of the
population and 10.4% of those over 65 being diagnosed with diabetes (Health Canada et
al., 1999). It is estimated that almost half of the cases may be undiagnosed (Bonen,
1995). For reasons that are not yet fully understood, some cells (i.e., muscle cells) of

people with type 2 diabetes are resistant to the effect of insulin. Consequently this disease

is characterised by hyperglycemia. In order to lower glucose levels, the pancreatic B-cells
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in turn secret more insulin, resulting in hyperinsulinemia. As the disease progresses, the
relative insulin deficiency may eventually evolve to an absolute secretory deficiency as
B-cells become exhausted.

Type 2 diabetes is not to be confused with Type 1| diabetes, which occurs when
the pancreas is unable to produce insulin because of the destruction of the B-cells. Type 1
diabetes is usually an auto-immune disease although in some cases the etiology is
unknown (Meltzer et al., 1998). Type 1 diabetes patients depend on exogenous sources of
insulin. This disease usually develops in childhood or adolescence but may appear at any
age. Type 2 diabetes usually develops after the age of 40 and has a strong positive
association with obesity.

1.b. Type 2 diabetes complications. Because of poor control of glucose levels,
type 2 diabetic patients are at a higher risk of developing other diseases and/or health
complications. The United Kingdom Prospective Diabetes Study (UKPDS) is a large trial
with 3896 participants with type 2 diabetes allocated to intensified glucose lowering
treatment or conventional treatment. Patients receiving intensive treatment had HbAlc only
0.9% lower than the conventional treatment (7.0% vs 7.9%, p < 0.001) but had significant
reduction in diabetes related clinical end points (40.9 vs 46 events per 1000 patients, p =
0.029) (U.K. Prospective Diabetes Study Group, 1999) The organs and tissues that are
damaged by chronic hyperglycemia include those in which glucose uptake is dependent
on glucose concentration and independent of the effect of insulin. These include the eyes,
kidneys, nerves, blood vessefs and pancreatic B-cells (Yki-Yarvinen, 1998). On the other

hand, tissues for which glucose uptake is independent of glucose concentration (i.e.,
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brain), or dependant on glucose and insulin concentrations (i.e., muscles and adipose
tissue) are not damaged by chronic hyperglycemia.

Diabetic kidney disease is the leading cause of end stage renal disease in the
Western world (National Institutes of Health & Diseases, 1995). More than 40% of
people with diabetes have elevated urinary albumin excretion (Nelson, Knowler, Pettitt,
& Bennett, 1995), which is a widely accepted and appropriate surrogate marker for
diabetic kidney disease. Hyperglycemia interferes with filtration mechanisms, but it is not
entirely clear how. The risk of diabetic kidney disease increases exponentially at higher
glucose levels (Krolewski, Laffel, Krolewski, Quinn, & Warram, 1995). Hyperglycemia
not only generates increased oxygen free radicals but also hampers antioxidative
mechanisms by glycating scavenging enzymes. Oxidative stress is also likely to play a
role in the pathogenesis of diabetic nephropathy (Ha & Kim, 1995).

Sixty to seventy percent of patients with diabetes have some form of neuropathy,
but in many cases there are no symptoms (Eastman, 1995). The two main categories of
neuropathy are peripheral neuropathy (mostly affecting the feet and hands) and
autonomic neuropathy (affecting the intemnal organs). Symptoms of neuropathy include
numbness and sometimes pain in the hands, feet, or legs. Neuropathy is also a risk factor
for foot ulcers and amputations (National Institutes of Health, 1995). Nerve damage
caused by diabetes can lead to problems with internal organs such as the digestive tract,
heart, and sexual organs (National Institutes of Health, 1995). The Diabetes Control and
Complications Trial (DCCT), a 10-year multicentre randomised controlled clinical trial
that involved 1,441 volunteers with type 1 diabetes, suggests that keeping blood sugar

levels as close to the normal range as possible slows the onset and progression of nerve
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disease caused by diabetes (DCCT Research Group, 1993). It is not known exactly how
hyperglycemia affects neuropathy. High blood glucose causes chemical changes in
nerves; these changes impair the nerves' ability to transmit signals. Furthermore, high
blood glucose damages blood vessels that carry oxygen and nutrients to the nerves
(National Institutes of Health, 1995). Neuropathy is also associated with a lower fitness
level, as represented by maximal oxygen consumption (VO; max) (Estacio et al., 1998;
Roy et al., 1989).

Diabetic retinopathy disease is the leading cause of blindness in American adults
(Klein & Klein, 1995). It is caused by changes in the blood vessels of the retina. In some
people with diabetic retinopathy, retinal blood vessels may swell and leak fluid. In other
people, abnormal new blood vessels grow on the surface of the retina. These changes
may result in vision loss or blindness. Nearly half of all people with diabetes will develop
some degree of diabetic retinopathy during their lifetime. The DCCT demonstrated that
intensive diabetes therapy (lowering of blood glucose) delays the onset and slows the
progression of retinopathy, nephropathy, and neuropathy in patients with type 1 diabetes
(DCCT Research Group, 1993).

l1.c. Type 2 diabetes and cardiovascular disease. The incidence of diabetic

complications such as nephropathy, neuropathy and retinopathy could be even higher, but
because of cardiovascular disease diabetic patients often do not live long enough for
these complications to develop. People with type 2 diabetes have cardiovascular mortality
and morbidity rates that are 2 to 4 fold higher than in age and sex matched groups from

non-diabetics population (Meltzer et al., 1998; Yki-Yarvinen, 1998). The risk of coronary
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artery disease and stroke is also increased 2 fold in men and 3 to 4 fold in women with
diabetes (Meltzer et al., 1998).

People with type 2 diabetes are at a greater risk for the development of
cardiovascular disease not only because of the associated hyperglycemia and
hyperinsulinemia but because they often also have dislipidemia, high blood pressure and
abnormalities of the coagulation system. These abnormalities tend to cluster and are often
referred to as the metabolic syndrome (Grundy, 1998). The metabolic syndrome is related
to the development of cardiovascular disease in diabetic and non-diabetic populations
(DeFronzo & Ferrannini, 1991; Després, 1997; Eriksson, Taimela, & Koivisto, 1997;
Grundy, 1998, Reaven, 1988 #893; Reaven & Laws, 1994; Zimmet, McCarty, & de
Courten, 1997). Obesity, especially excess visceral adipose tissue is common in the
metabolic syndrome and likely plays a major role in its etiology (Després, 1993; Despreés,
1994b; Després, 1998). All components of the metabolic syndrome are more common
and on average more severe in type 2 diabetic individuals than in the background
population (Cowie & Harris, 1995).

Cardiorespiratory fitness, as represented by maximal oxygen consumption (VO,
max) is inversely associated with all-cause and cardiovascular disease mortality (Lee et
al., 1999). People with type 2 diabetes, even in the absence of known complications, have
reduced maximal oxygen consumption’s compared to age and activity matched controls
(Regensteiner et al., 1995). A decreased exercise capacity may predict mortality and
coronary artery disease in type 2 diabetes (Rubler et al., 1987; Wei et al., 2000).

1.d. Summary. Hyperglycemia is a major risk factor for future diabetic

complications such as: nephropathy, neuropathy, retinopathy and macrovascular disease.
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It is therefcre a variable of major clinical importance. Insulin resistance and obesity
(especially visceral obesity) are major risk factors for the future development of
cardiovascular disease in diabetic and non-diabetic individuals. Low levels of aerobic
fitness are also associated with cardiovascular disease. Therefore, reducing these risk
factors are major goals of diabetic therapy.

The following section will briefly review the cross-sectional, longitudinal and
experimental evidence supporting the biological mechanism by which exercise may have
a beneficial impact on these risk factors. Particular attention will be placed on the
exercise characteristics (type, intensity, frequency and duration) that are related to these

improvements.

2. Mechanism by which exercise affects diabetic risk factors

2.a. Mechanism by which exercise affects glycemic control. Before describing
how exercise may affect this variable, it is important to describe how glycemic control is
measured. Glycated hemoglobin (HbA 1c) is considered the gold standard measure for
glycemic control since it reflects the average blood glucose concentration over the last
two to three months (Goldstein, Little, Wiedmeyer, England, & McKenzie, 1986).
However, glycated hemoglobin is not used for the clinical diagnosis of diabetes. Fasting
plasma glucose and/or the Oral Glucose Tolerance Test (OGTT) 2-hour plasma glucose
concentration have been and are currently recommended for the diagnosis of diabetes
(American Diabetes Association, 1997b; National Diabetes Data Group, 1979; WHO,
1980) and are often reported in scientific articles as an indication of short-term glycemic

control. Fasting insulin and the insulin response to an OGTT are often used as an
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indication of insulin resistance. The “homeostasis model Assessment” (HOMA) is a
model that estimates insulin resistance and p-cell function from fasting plasma insulin
and glucose concentrations (Matthews et al., 1985). The gold standard for measuring
insulin resistance is the euglycemic hyperinsulinemic clamp whereas the gold standard
for the quantification of f-cell sensitivity to glucose is the hyperglycemic clamp
technique (DeFronzo, Tobin, & Andres, 1979).

When describing the mechanisms by which exercise affects these factors, it is
important to distinguish between the long-term (chronic) and short-term (acute) effects.
Even if studies on the long-term effect of exercise on HbAlc in type 2 diabetes have led
to conflicting results, a single exercise bout has repetitively been shown to improve
glucose tolerance and insulin sensitivity in diabetic and non diabetic populations (Bonen,
Ball-Bumett, & Russel, 1998; Braun, Zimmermann, & Kretchmer, 1995; Gudat et al.,
1994; Wallberg-Henriksson, Rincon, & Zierath, 1998). These improvements are short
lived, lasting from 24-72 hours (Gudat et al., 1994; King et al., 1995) and are explained
by an increase in the number and activity of glucose transporters and glycogen synthase
activity in order to replenish muscle and liver glycogen (American Diabetes Association,
1997a; Devlin, 1992; Holloszy, Schultz, Kusnierkiewicz, Hagberg, & Ehsani, 1986).
Since the effects of aerobic exercise disappear shortly after the last exercise bout, the
long-term benefits of aerobic exercise on HbAlc are sometimes interpreted as being the
cumulative effect of the individual exercise bouts repetitively lowering blood glucose
concentrations (Wallberg-Henriksson et al., 1998).

Exercise may have further long-term benefits on glycemic control when its

potential influence on fat loss is considered (Wallberg-Henriksson et al., 1998). Exercise
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interventions that produce fat losses should produce improvements in glycemic control or
insulin sensitivity, especially if the fat loss is from visceral deposits. Even if fat loss is not
present, reductions in HbA lc may be observed as a result of the cumulative acute effects
of the individual exercise bouts. Because of the short duration of the acute effect of
exercise, if fasting glucose, fasting insulin or OGTT are performed more than 48 hours
after the last exercise bout, the beneficial effects of regular exercise may be
underestimated. Finally, since HbA 1c provides an estimate of the average blood glucose
values over the last 2-3 months, exercise interventions that are shorter than this will not
be of sufficient duration to exert their full effect on HbAlc.

The intensity of an exercise bout may also be an important parameter to study.
People may be more likely to adhere to low intensity home based exercise programs
(Hillsdon & Thorogood, 1996), therefore it would be important to know if low intensity
exercises are as beneficial as high intensity ones. A cross-sectional study by Mayer-Davis
et al. (Mayer-Davis et al., 1998) provided information on how the intensity and amount
of physical activity are associated with insulin sensitivity in a type 2 diabetic population.
The correlation coefficient between the estimated energy expenditure from exercise and
insulin sensitivity was 0.14 (P<0.001). Both vigorous and non vigorous levels of
estimated energy expenditure were positively and independently associated with insulin
sensitivity after adjustment for confounding variables (P<0.01). This is supported by
experimental evidence in a study by Bonen et al. (Bonen et al., 1998) wherein two
different exercise intensities matched for energy expenditure were associated with similar
improvements in plasma glucose and insulin responses to an OGTT. Similar acute

improvements in insulin sensitivity were found after low and high intensity exercise
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bouts matched for energy expenditure in women with type 2 diabetes (Braun et al., 1995).

A negative energy balance is positively associated with weight loss. Furthermore,
high intensity exercises do not seem necessary for the acute improvements in glucose
tolerance and insulin sensitivity. Therefore the volume of exercise or weekly energy
expenditure may be the strongest predictor of improvements in glycemic control and
insulin resistance.

The type of exercises performed may also have an influence on glycemic control
and insulin sensitivity. Exercises such as cycling, walking, running, swimming and skiing
have generally been grouped together under the term: aerobic (or endurance) exercises.
No published studies have compared the benefits of different types of aerobic exercise on
metabolic control. There have been few studies on the effects of exercises designed to
increase muscle strength and size such as resistance training in type 2 diabetes. It remains
unclear how the benefits of resistance training compare to aerobic training. Interestingly,
while the effects of aerobic exercise on insulin sensitivity dissipates within a few days
after exercise cessation (Gudat et al., 1994), one study in 60-75 year old men showed that
a program of resistance training could lead to an increased insulin sensitivity at least one
week after the last bout of exercise (Zachwieja, Toffolo, Cobelli, Bier, & Yarasheski,
1996). Increasing muscle mass has a theoretical appeal since muscle is the major site of
glucose disposal, increasing muscle mass could increase glucose storage area and reduce
the amount of insulin required to maintain a normal glucose tolerance (Ivy, 1997).
Furthermore, the main determinant of resting energy expenditure is lean body mass
(Pochlman, 1989), this may be important since resting metabolic rate is the principal

component of the total daily energy expenditure.
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It is unclear whether any specific type of aerobic exercise would be more
beneficial than another when matched for intensity, energy expenditure and frequency of
the workouts. Even if the energy expenditure associated with resistance exercises is not
very high (see appendix A), this type of training may promote improvements of insulin
resistance and glycemic control through other mechanisms.

2.b. Mechanism by which exercise affects body composition. In the United stated
an estimated 97 million adults are estimated to be overweight or obese (National
Institutes of Health, 1998). Overweight is defined as a body mass index (BMI) of 25-29.9
24% kg/m”>, whereas obesity is defined as a BMI equal or above 30 kg/m’. The last
results from the National Health and Nutrition Examination Survey (NHANES) suggest
that 63% of men and 55% of women over the age of 20 had a BMI equal or above 25
kg/m2 (Must et al., 1999). In Canada, these values are similar (Health Canada, 1997).
Body weight and BMI are very practical measures. Although an elevated BMI is a very
crude indication of higher body fat accumulation, it is a risk factor for the development of
the metabolic syndrome and type 2 diabetes (Després, 1997). An even stronger risk factor
is when body fat accumulates in the abdominal area, more specifically known as visceral
obesity (Bouchard et al., 1994; Després, 1993; Després, 1997). Visceral obesity is
strongly related to insulin resistance (low insulin-mediated glucose uptake), and to
clements of the metabolic syndrome including: dislipidemia, elevated blood pressure and
hyperglycemia (Bjomtorp, 1995; Després, 1997). Visceral obesity can be precisely
assessed by modern imaging techniques such as computed tomography (CT) scan or
magnetic resonance imaging (MRI), although these techniques are often impractical and

expensive. Waist circumference, sagital abdominal diameter or the waist-to-hip ratio



Exercise in type 2 diabetes 15

(WHR) are used as practical indicators of abdominal obesity. Figure 1 represents the
relative risk of developing type 2 diabetes over a 13.5 year follow-up according to the
classification of BMI and WHR into tertiles (Ohlson et al., 1985). An elevated BMI (3™
tertile) is associated with 2.9 relative risk of developing diabetes, an elevated WHR (3™
tertile) is associated with 0.5 relative risk of developing diabetes, but when both BMI and
WHR are in the 3™ tertile the relative risk is increased to 15.2.

The importance of obesity in the development of type 2 diabetes and of elements
of the metabolic syndrome makes weight reduction one of the main objectives in the
control and prevention of diabetes and of diabetic complications. Diet and exercise are
the primary methods used to achieve fat loss. A significant amount of research has been
conducted on the effects of exercise on weight loss. The Clinical Guidelines on the
Identification, Evaluation, and Treatment of Overweight and Obesity in Adults (National
Institutes of Health, 1998) summarises the results of different clinical trials with the
following recommendations: “Physical activity is recommended as part of a weight loss
therapy and weight maintenance program because it: (2) modestly contributes to weight
loss in overweight and obese adults (Evidence category A), (b) may decrease abdominal
fat (Evidence category B), (c) increases cardiorespiratory fitness (Evidence category A),
and (d) may help with maintenance of weight loss (Evidence category C).”. The term
“evidence category A" indicates that a rich body of data from randomised controlled
trials (RCTs) support the findings, whereas “evidence category B” indicates that limited
body of RCTs support the findings and “evidence category C” indicates that evidence is
from outcomes of uncontrolled, non randomised trials (National Institutes of Health,

1998).
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WHR Tertiles

BMI Tertiles

Figure 1: Probability of developing type 2 diabetes in men of the G6teborg prospective

study classified into tertiles of BMI and WHR, reproduced from (Ohlson et al., 1985).
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Exercise may influence the reduction in body fat by contributing to a negative
energy balance. The size of this negative balance is proportional to the energy cost of
exercise if the energy intake is kept constant (Bouchard et al., 1994). Exercise may
influence energy expenditure acutely and chronically. Acute increases in energy
expenditure corresponds to the energy cost of the exercise session itself. Therefore,
exercise sessions that use larger muscle masses for longer periods of time at higher
intensities will help promote a larger energy deficit. Whereas chronic increases in energy
expenditure are due to an increase in resting metabolic rate, often due to increases in lean
body mass which is the major determinant of resting metabolic rate (Poehlman, 1989).
With diet induced weight loss, there is usually an accompanied loss in lean body mass,
resulting in a decrease in resting metabolic rate (Ballor & Poehlman, 1995). A decreased
resting metabolic rate may make further weight loss even more difficult. In a recent
study, aerobic exercise alone did not increase lean body mass or resting metabolic rate
while resistance or concurrent resistance and aerobic training did (Dolezal & Potteiger,
1998).

Exercise training can result in a loss of adipose tissue. Furthermore, the adipose
tissue loss resulting from exercise is often preferentially of visceral rather than
subcutaneous fat (Després, 1994a). Recent reviews highlights the importance of energy
expenditure associated with exercise as the main contributor to exercise induced weight
loss (Bouchard et al., 1994; Després, 1997; Després & Lamarche, 1994). Traditionally,
aerobic exercises have been recommended for the loss of body fat whereas resistance

training has been recommended for increasing muscle mass.
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2.c. Effect of exercise on other components of health-related fitness. Many )
definitions of physical fitness exist. As a general concept, fitness can be interpreted as the
matching of an individual to his or her physical environment (Bouchard & Shephard,
1994). The World Health Organisation defines fitness as “ the ability to perform muscular
work satisfactorily” (Organization, 1968). Therefore physical fitness is often measure by
various maximal and submaximal exercise test.

Over the last decades, the definition of fitness has evolved. In 1992, the Second
International Consensus Symposium on Physical Activity, Fitness, and Health was held
in Toronto, Canada. The proceedings from this conference differentiated between
performance-related fitness and health-related fitness (Bouchard & Shephard, 1994)
(p-80): “Performance related fitness refers to those components of fitness that are
necessary for optimal work or sport performance”.... “It (health related fitness) has been
defined as a state characterised by (a) an ability to perform daily activities with vigor and
(b) demonstration of traits and capacities that are associated with a low risk of premature
development of hypokinetic diseases and conditions™. Health related fitness include 5
components: morphological, muscular, motor, cardiorespiratory and metabolic fitness.
These components are further described in table 1.

The concepts of metabolic and morphological fitness have been described in
previous sections. We now direct our attention to other potentially important components

of health-related fitness in type 2 diabetes: muscular and cardiorespiratory fitness.
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Table 1: The components of health related fitness as described by Bouchard and

Shephard (Bouchard & Shephard, 1994) (P.81)

Fitness components

Morphological component
Body mass for height
Body Composition
Subcutaneous fat distribution
Abdominal visceral fat
Bone density
Flexibility
Muscular component
Power
Strength
Endurance
Motor component
Agility
Balance
Co-ordination
Speed of movement
Cardiorespiratory component
Submaximal exercise capacity
Maximal aerobic power (VO; max)
Heart functions
Lung functions
Blood pressure
Metabolic component
Glycemic control
Insulin sensitivity
Lipid and iipoprotein metabolism
ubstrate oxidati isti
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Although not traditionally considered a risk factor for diabetic complicatiohs,
exercise capacities may be important variables to consider in type 2 diabetes. The
cardiorespiratory component has often been seen as the most important component of
physical fitness. People with type 2 diabetes often have a lower maximal oxygen uptake
(VO max) during exercise than people in the general population (Schneider,
Khachadurian, Amorosa, Clemow, & Ruderman, 1992). It is unclear if this is a
consequence of the diabetic state, genetic predisposition, or lower physical activity levels.

Many studies have demonstrated an inverse relationship between VO, max and all
cause mortality or cardiovascular mortality (Blair et al., 1996; Blair et al., 1995; Lee et
al., 1999). However, this type of study cannot establish a cause and effect relationship
between VO, max and cardiovascular mortality. On a population based scale, VO, max
and physical activity participation are well correlated but some authors believe that it is
the energy expenditure associated with physical activity and not the increase VO, max
that causes the reduction in cardiovascular disease risk (Després, 1997; Després &
Lamarche, 1994).

Even if increased submaximal and maximal exercise capacities may not directly
reduce the risk of cardiovascular mortality, they may have beneficial effects on quality of
life. Aerobic exercise has been associated with improved quality of life in type 2 diabetes
(Kaplan, Hartwell, Wilson, & Wallace, 1987). Exercise interventions designed to
increase strength have also been shown to increase quality of life in cardiac rehabilitation
populations (Beniamini, Rubenstein, Zaichkowsky, & Crim, 1997). With increased
strength, increased levels of physical activity have been seen in older participants

(American College of Sports Medicine, 1998a). Poor maximal and submaximal physical
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work capacities may make every day activities more demanding or impossible, thereby
lowering patients’ quality of life and reducing the probability of patients participating in
potentially beneficial physical activity.

Exercise may help promote many beneficial adaptations. These physiological
adaptations may make every day activities seem relatively easier and help promote more
independence in the elderly. The typical training adaptations associated with aerobic and
resistance training are described in table 2 and 3.

The physiological changes described in tables 2 and 3 are typical adaptations
found in a normal healthy population. Little information is available on many of these
parameters in type 2 diabetes and results have not been consistent. People with type 2
diabetes are often very inactive and therefore an increase in any type of physical activity
may have benefits usually not seen in a more active group. For example, it would not be
surprising for a walking program to cause an increase in leg strength in a very inactive
population, this is usually not the case in more active segments of the population.

When designing exercise interventions to improve maximal and submaximal
exercise capacities, it is important to keep four fundamental physiological principles in
mind: a) overload, b) specificity, c) reversibility and d) individuality.

The application of an appropriate stressor is sometimes called “overloading™ the
system (Brooks, Fahey, & White, 1995). An exercise load can be quantified in terms of
intensity, duration, frequency and type. Not all exercises produce increases in exercise
capacities. The stimulus must be of strong enough intensity and of appropriate frequency
in order to be effective (i.e. jogging once a week typically does not produce a significant

change in maximal oxygen uptake after 3 months of training).
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Functionasar

1t of aerobi trainin

Variables Resting Submaximal exercise Maximal exercise
Oxygen consumption No change No change Increase
Heart rate Decrease Decrease No change
Stroke Volume Increase [ncrease Increase
Cardiac Output No Change No change No change
Muscle blood flow Reduce No change Increase
Pulmonary capillary

Increase Increase Increase
blood volume
Recovery rate Not applicable Increase Increase
Oxygen extraction No change No change Increase

Note. Table 2 was partially reproduced from (Brooks et al., 1995; Mitchell & Raven,

1994)



Table 3.

Exercise in type 2 diabetes 23

Comparison of physiological adaptations to resistance training and aerobic training.

Varniable

Following resistance training

Following aerobic training

Muscle strength

Muscle endurance

VO; max

Anaerobic power
Muscle fibre size
Capillary density
Mitochondrial density
Stored glycogen
Fat-free mass

Percent body fat

Increases

Increases for high power
output

No change or slight increase
Increase

Increase

No change or slight decrease
Decrease

Increase

Increase

Decrease

No change

Increases for low power
output

Increase

No change

No change or small increase
Increase

Increase

Increase

No change

Decrease

Note. Table 3 was partially reproduced from (Baechle, 1994).
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Another important principle is specificity. The closer the training routine is to the
requirement of the test, the better the outcome on the test will be (Canadian Society for
Exercise Physiology, 1993). For example: a participant whose training program consists
of exercise on a stair climber will show greater improvements in the heart rate response
to a step test than a participant whose exercise program consist of swimming.

The training response is not permanent, it is reversed by inactivity. This is the
principle of reversibility, once a desired level of training is obtained a regular
maintenance exercise program must sustain it. Therefore the results of maximal and
submaximal exercise testing are dependent on the timing of the test and the presence of
maintenance programs.

Finally, it is important to remember that individuals differ widely in their
response to a training program. This principle of individuality is strongly influenced by
the individual’s previous training level because of the overload principle that was
previously described. The contribution of genetic factors may also influence exercise
capacities. Aerobic fitness depends on many phenotypes associated with cardiac,
respiratory, vascular and muscular functions. Heredity has been shown explains less than
10% of the variance in submaximal aerobic capacity and less than 25% of maximal
aerobic capacity (Bouchard & Pérusse, 1994).

As described in table 1, other elements of cardiorespiratory fitness also include
blood pressure and heart function. Hypertension is considered as both a risk factor for
cardiovascular disease and a disease in itself. Primary or essential hypertension represents
above 90% of all diagnosed cases. With prolonged hypertension there is an increased

workload on the heart, which may result in heart failure. Hypertension is also a risk factor
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for the development of kidney disease in people with diabetes. Furthermore, since
hypertension accelerates atherosclerotic changes in larger arteries, hypertensive patients
often die as a result of the progression of atherosclerosis to a thrombus and the occlusion
of coronary or cerebral blood vessels (Bouchard et al., 1994). The chronic elevation in
blood pressure is thought to begin with an elevated cardiac output. This leads to
vasoconstriction of the blood vessels in order to decrease the blood flow that was beyond
the needs of the organs. Over time, structural changes occur in the walls of the
chronically vasoconstricted vessels, hypertension causes small arteries and arterioles to
show medial hypertrophy and intima fibrous thickening. The walls of the heart also
thicken (known as concentric hypertrophy) leading to a reduced chamber size. Increase
cardiac output may have different causes such as the increase in sympathetic stimulation
and primary retention of electrolytes and water by the kidneys.

Genetic predisposition is one of the primary risk factors for the development of
hypertension. In recent years, the “insulin theory” of hypertension has been proposed to
explain the link between increased body mass and hypertension (Fagard & Tipton, 1994).
This is especially important in type 2 diabetes patients who often have elevated blood
insulin concentrations in response to hyperglycemia (Yki-Yarvinen, 1998). Higher
insulin concentration may increase sympathetic nervous system activity as well as
sodium retention in the kidneys (Fagard & Tipton, 1994).

Aerobic exercise training has generally been shown to lower blood pressure in
non-diabetic population (Fagard, 1993; Halbert et al., 1997; Kelley & Tran, 1995; Suskin
& McKelvie, 1996). In meta-analyses of randomised trials, regular aerobic exercise

lowered blood pressure (systolic/diastolic) by 4.5/3.8 mmHg in normotensives (Kelley &
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Tran, 1995) and 7/6 mmHg in hypertensives (Arroll & Beaglehole, 1992; Kelley &
McClellan, 1994). A recent meta-analysis of studies using resistance exercise found an
overall mean decrease of 4.5/3.8 (Kelley, 1997). Since this effect is comparable to that of
aerobic exercise in normotensive men, and hypertensive men were excluded or rare in the
resistance exercise studies, it is reasonable to believe that the effects of the two
modalities of exercise on blood pressure are similar in magnitude.

As was the case for glycemic control, exercise may have acute and chronic effects
on hypertension. It is well demonstrated that resting blood pressure is reduced
immediately following an exercise bout in normotensive and hypertensive participants.
This effect may persist for hours (Fagard & Tipton, 1994). An inverse relationship has
been reported between blood pressure and physical activity levels (Fagard & Tipton,
1994). There seems to be no consensus on an optimal type, duration, frequency or
intensity for exercise intervention to reduce hypertension. Although some have slightly
larger reductions in blood pressure when workouts were more frequent and at low to
moderate intensities, while others have noticed that the improvements were related to
improvements in exercise capacity (Fagard & Tipton, 1994). As mentioned, high levels
of body fat and insulin resistance are positively related to hypertension, therefore
exercise-induced improvements in hypertension may also be due to the reduction in body
fat or insulin resistance.

Cross-sectional studies have often established an inverse relationship between
physical activity levels and resting heart rate. Over months or years of aerobic training
there is a gradual increase in left ventricular mass and chamber size. This is known as

eccentric hypertrophy and may be beneficial (unlike the concentric hypertrophy seen with
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hypertension). Although cardiac output at rest remains similar, heart rate is reduce
because of the larger stroke volume.

2.d. Summary. The general consensus is that aerobic exercise may have positive
effects on different elements of the metabolic syndrome, such as: glycemic control,
insulin resistance, obesity and blood pressure. One of the main mechanisms for the
improvements may be through weight loss. Exercise training may also be associated with
other improvements in health-related fitness such as an increase in muscle mass and
exercise capacities. Although cross-sectional, longitudinal and experimental studies
suggest exercise training may be beneficial in type 2 diabetes, these benefits have not
been consistently observed in controlled clinical trials (randomised and non randomised).
A systematic review of all controlled clinical trials in which an exercise intervention was

used in type 2 diabetes may be helpful in explaining these discrepancies.

3. The Meta-analytic procedure

3.a. A brief history of meta-analysis. A review of literature is a part of all types
of research. Sometimes, a literature review stands alone as a research paper when it
involves the evaluation and integration of published literature. Good research synthesis
should result in several conclusions and propose interest for future research. Review
articles are typically prone to biases and are often not reproducible. It is often not known
how thorough the literature search was, on what basis studies were included or excluded
from the review or how authors arrive at particular conclusions. Valid research should

have a systematic approach to problem solving.
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In recent years, systematic literature reviews are becoming much more popular.
One of the most notable early attempts to systematically review literature was in the )
social sciences with an article by Glass in 1976 (Glass, 1976). In 1982, he later came out
with a book proposing a technique called meta-analysis.

Systematic reviews and meta-analysis have become very popular in the medical
field as well. Health care providers and decision-makers in the health field are often
overwhelmed with information but now have a powerful tool among their information
resources to help guide their decisions. Systematic reviews have quickly gained
acceptance in the medical field over the last decades. This is in great part due to
organisations such as the Cochrane Collaboration, an international organisation that aims
to help people make well informed decisions about health by preparing, maintaining and
ensuring the accessibility of systematic reviews of the benefits and risks of healthcare
interventions. The Cochrane Collaboration was named in honour of Archie Cochrane
who wrote: “It is surely a great criticism of our profession that we have not organised a
critical summary, by specialty or subspecialty, adapted periodically, of all relevant
randomized controlled trials.” (Cochrane, 1979). The Cochrane Collaboration provides
reviewers with the support and expert knowledge needed to conduct systematic reviews.
Apart from providing instruction manuals for conducting systematic reviews (Cochrane
Collaboration, 1997), this organisation also supplies software to perform the meta-
analysis and an electronic library which includes a registry of clinical trials. The software

provided by the Cochrane Collaboration is called Review Manager (RevMan) and will be

used within the present review.
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3.b. Obtaining the data. One of the most important steps in the meta-analysis
process is in the initial stages. In order to have the least amount of bias, it is important to
obtain all the information available on the specific research question that was developed
a priori. A good research question includes the population, the intervention, the outcomes
and the study design of interest. Comprehensive literature searches must then be
undertaken to find all studies that may address the specific question. Other possible
sources included computerized bibliographic, databases, abstracts, review articles,
conference proceedings, dissertation books, journal hand-searching, personal
communications, etc... [t is often suggested that two independent reviewers determine
whether or not an article should be included in the meta-analysis in order to minimise
bias. Although still controversial, including all languages and unpublished trials in the
search strategy may help minimise biases (Cook et al., 1993; Egger et al., 1997). This
brings us to the important point of the quality of the included trials. Expert opinion and
quantitative data suggest that lower quality trials often overestimate the effect of an
intervention (Jadad et al., 1996; Schultz, Chalmers, Hayes, & Altman, 1995). That is why
meta-analyses are typically performed on high quality randomised-controlled trials. Many
different scales and checklist have been developed to estimate the quality of clinical
trials. We have chosen to use the validated 5 point scale developed by Jadad et al. (Jadad
et al., 1996) (even if it is not validated for exercise intervention trials) and the allocation
concealment variable described by Schultz et al. (Schultz et al., 1995). More details of the
quality assessment tools we have used are given in appendix B.

The next step in the meta-analytic process is extracting the data. It is important for

the data extraction procedure to be explicit, unbiased and reproducible. This step is often
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done independently by two reviewers in order to minimise transcription errors. In many
cases the desired information is not available in the article and every attempt should be
made to contact the investigators of the original studies for the missing information.

3.b. Data analysis and Review Manager (RevMan) software. RevMan 4.0.4
was the software used to analyse the data, since the outcomes of our analysis are
continuous data (as opposed to discrete) the following discussion of the techniques used
by RevMan will pertain to continuous data.

In RevMan, the size of the effect of an intervention on variable is measured with
weighted mean difference (WMD) or standardised mean difference (SMD). Weighted
mean difference may be used when the mean, standard deviation and sample size in each
group are known. The weight given to each study (e.g. how much influence each study
has on the overall results of the meta-analysis) is determined by the precision of its
estimate of effect and is equal to the inverse of the variance. This method assumes that all
of the trials have measured the outcome on the same scale. The difference between two
means divided by an estimate of the within-group standard deviation. Studies may report
an outcome on different scales. For example, in an adult population (where body height
remains stable) changes in body mass may be presented as changes in body mass index
(BMI) in some studies and as changes in body weight (kg) in others. By expressing the
effects as a standardised (divided by the standard deviation) value the resuits can be
combined since they no longer have units. This is know as standardised mean difference.

The fixed effects model is a statistical model in which only within-study vanation
is taken to influence the uncertainty of results (as reflected in the confidence interval).

This model assumes that the variable is analysed in people from the population of
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interest. Variation between the estimates of effect from study to study (heterogeneity)
does not effect the confidence interval in a fixed effect model. On the other hand,
significant heterogeneity can make it difficult to interpret the pooled estimates.

RevMan software provides an estimation of heterogeneity using the Chi-square
test, more details on how to interpret this test are provided when describing how to
interpret the figures. There are different ways to deal with heterogeneity: 1) it may be the
data should not be pooled at all, 2) ideally the heterogeneity of the results may be explain
by a pre-specified subgroup or regression analysis, 3) use a random effects model.

Using a random effects model assumes that the size of the effect really varies
across studies and is not normally distributed. There are therefore 2 sources of variation;
within studies (between patients) and between studies (heterogeneity). When using the
random effects model in RevMan, the software wiil take both components of the
variation into account and revise the weight assigned to each study. If there is significant
heterogeneity among the results of the included studies, random effects models will give
wider confidence intervals than fixed effect models.

The results obtained in RevMan are presented by MetaView software. For a
selected outcome, the figure will display an estimate (the square), 95% confidence
interval (the line) and the weight allocated to each trial (the size of the square), see
appendix C for an example. If the 95% confidence interval line crosses the solid vertical
line, then the effect is not significant (p > 0.05). The same principle applies to the
diamond, which represents the combined estimates and 95% confidence interval.
Heterogeneity is indicated in the bottom left hand corner of the figure produced by Meta-

View; a Chi-Square result which is larger than the degrees of freedom (df) is an
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indication of heterogeneity. All the data in terms of mean, standard deviation (SD) and
number of participants per study (n), is also indicated.

3.d. Limitations associated with the meta-analysis technique. As might be
anticipated with the introduction of any relatively new approach such as meta-analysis,
this approach is not free from criticism. Meta-analysis have been accused of over-
simplifying the results by focussing on overall effects and downplaying the mediating or
interaction effects. Better meta-analysis will therefore build potential mediating effects
into their design a priori rather than ignore them. Mediating characteristics must non-the
less be identified. Meta-analysis have typically been criticised of “mixing apples with
oranges” when pooling studies which have different procedures, methodological quality,
populations and outcome measures. Well-conducted meta-analyses appropriately codes
the differences between the studies in order to empirically test for differences. It is
importance to justify if studies are appropriate for statistical pooling or not. Published
literature is often biased in favour of significant findings, this is known as publication
bias and may artificially increase the size of the effect of the intervention.

Never the less, meta-analysis remain an efficient way to summarise large
literatures and often permit reaching stronger conclusions. The meta-analysis techniques
may provide excellent guidance for future research and permits addressing the problem
from many different point of views. The ablhty to generalise the results of a meta-
analysis is dependent on the external validity of the included studies. We are aware that
most of the studies within the present meta-analysis may limit their inclusion criteria to
relatively “healthy” individuals with diabetes. Therefore the results may not be

generalisable to all diabetic patients.

32
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CHAPTER III

PRESENTATION OF THE JOURNAL ARTICLES

Two journal articles are presented in this chapter, A meta-analysis of the effects of
exercise on glycemic control and body mass in type 2 diabetes mellitus and A systematic
review of the effect of exercise on physical fitness in type 2 diabetes mellitus. Both
articles are based on a systematic review of the literature on the effects of exercise in type

2 diabetes mellitus and both have been prepared for publication in academic journals.
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Abstract

Context. Exercise is widely perceived to be beneficial for glycemic control and weight
loss in type 2 diabetes. However, clinical trials on the effects of exercise in type 2
diabetes have had small sample sizes and conflicting results.

Objective. To systematically review and quantify the effect of exercise on HbAlc and
body mass in type 2 diabetes.

Data Source. Computerized databases (MEDLINE, EMBASE, Health Star, Sports
Discuss, Dissertation Abstracts, Cochrane Library) were searched up to July 2000.

Study Selection. Randomized controlled trials and non-randomized controlled clinical
trials where exercise interventions were prescribed (=8 wk) to adults with type 2 diabetes.
Data Extraction. Two reviewers independently extracted baseline and post-intervention
data (sample size (n), mean (x—), standard deviation (SD) from the intervention and control
group. The characteristics of the exercise intervention and the methodological quality of
the trials were also extracted.

Data Synthesis. Eleven aerobic training studies (average: 3.5 times/week for 18.6
weeks) and 2 resistance training studies (average: 10 exercises, 2.5 sets, 13 repetitions,
2.5 times/week for 15 weeks) met the inclusion criteria. Exercise interventions produced
a significant decrease in HbAlc compared to control (weighted mean difference = -
0.74%, p= 0.00003). Although the exercise groups lost a mean of 2.5 kilograms, their
post-intervention body mass was not statistically different from the control groups’
(standardized mean difference = 0.10 standard deviations (SD), p= 0.76).

Conclusion. Exercise training resulted in statistically and clinically significant

improvements in HbA 1¢ without greater change in body mass compared to control.
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INTRODUCTION

For many years, exercise along with diet and medication has been considered to

be one of the three comerstones of diabetes therapy . Regular physical activity is

recommended in type 2 diabetes since it may have beneficial effects on metabolic and

hemodynamic risk factors for the development of diabetic complications 2. The low-cost,
non-pharmacological nature of physical activity further enhances its therapeutic appeal.

Two of the major goals of diabetes therapy are to reduce hyperglycemia and body
fat. Chronic hyperglycemia is associated with significant long-term complications,
particularly damage to various organs such as the kidneys, eyes, nerves, heart and blood
vessels 3. Obesity, especially abdominal obesity, is associated with insulin resistance,
hyperglycemia, abnormal blood lipid profiles and hypertension 4, 5. These abnormalities
tend to cluster and are often referred to as the “metabolic syndrome™ 6. Elements of the
metabolic syndrome are strong risk factors for cardiovascular disease 7,8

Many different types of exercise interventions exist. Aerobic training refers to
forms of exercise such as walking, cycling or jogging, which demand repetitive
movements of large muscle groups. Resistance training refers to forms of exercise that
use muscular strength to move a weight or work against a resistive load. Examples
include exercise with free weights and or weight machines.

Although there have been numerous small research studies on exercise in type 2
diabetic participants their findings have varied. There have been no large studies with

adequate statistical power to guide practitioners in recommending adequate exercise

plans for their diabetic patients. Exercise interventions reduced HbAlc in some studies 9,
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10 but not in others 11, 12, Meta-analysis may be especially useful in summarizing prior

research when the number of subjects per study is small and the results are somewhat

conflicting, as is the case for exercise interventions in type 2 diabetes 13,

Nearly 50 review articles or position statements have been published on the topic
of exercise and diabetes, reflecting the immense interest in this topic 14 However, only
one of these 15 was a meta-analysis. Brown et al. 15 systematically reviewed the effects
of different weight loss strategies in type 2 diabetes. Among the 89 studies included, only
9 were aerobic exercise intervention studies and just 6 of these had control groups.
Exercise produced a statistically significant 1.5 kg decrease in bodyweight and
approximately 0.8% reduction in HbAlc. The present meta-analysis includes 6 new tnals
that have been published since 1994, and has less potential for bias since all included
studies had a non-exercising diabetic control group.

The main objective of this study was to systematically review the effect of
exercise interventions on glycemic control as represented by HbA 1¢ and body mass as

represented by body weight (Kg) or body mass index (BMI = kg/m?).
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METHODS

Study Selection

Computer based searches (MEDLINE, EMBASE, Sport Discuss, Health Star,
Dissertation Abstracts and the Cochrane Controlled Trials Register) were performed up
to and including July 2000. The reference lists of major textbooks, review articles and of
all included articles identified by the search were hand searched to find other potentially
eligible studies. Potential missing articles and unpublished literature were sought from
contact with experts in the field. Studies were not excluded due to their language of
publication.

The computer-based search is described in figure 1, it included common text
words and Medical Subject Headings (MeSH) related to exercise and type 2 diabetes. The
findings limited to human subjects and were combined with a validated and highly
sensitive search filter for randomized controlled trials (RCTs) and controlled clinical
trials (CCTs) 16.

Only RCTs and CCTs that prescribed an exercise intervention in adult type 2

diabetic participants were included. Acceptable diagnostic criteria for type 2 diabetes
include those described by the National Diabetes Data Group 17, the World Health

Organization 18 or the American Diabetes Association 19. If studies reported data for
which it was impossible to discriminate between participants with type 2 diabetes and
those with IGT, we attempted to contact authors for the individual patient data for those
with diabetes.

All studies included in the present meta-analysis were limited to exercise

interventions lasting at least 8 weeks in duration since our main outcome of interest,
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HbAc, reflects average blood glucose concentration from the previous 8-12 weeks. An
exercise intervention was defined as a predetermined program of physical activity,
described in terms of type, frequency, intensity and duration. Studies in which the
intervention consists of recommending increasing physical activity were not included
within the analyses since it would be impossible to quantify the exercise intervention and
to be sure of compliance. In order to be included, exercise interventions compliance had
to be assessed by to be supervision or by exercise diaries. Studies that included drug co-
interventions were excluded from the analysis.

Two reviewers (N.B. and E.H.) independently assessed the titles and abstracts of
the articles for inclusion. All potentially eligible articles were obtained and further

assessed, any disagreements on inclusion were resolved by discussion with a third party

(R.S)).

Data Extraction

The same two reviewers then independently extracted all relevant baseline and post-
intervention data (sample size (n), mean (x), standard deviation (SD)) from both the
intervention and control group. For trials with more than 2 groups data were analyzed
comparing groups in which only difference between groups was the exercise intervention.
For example, if a study had a 2 x 2 factorial design and assigned participants to 4 groups
(1-exercise alone, 2-non-exercise, non-diet control, 3-exercise and diet, 4-diet alone) we
analyzed the data as 2 comparisons: 1- exercise alone vs. control, 2- exercise and diet vs.
diet alone. Data were entered in Review Manager (RevMan 4.1), statistical software from

the Cochrane Collaboration that permits double data entry in the system for accuracy.
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The primary author of potentially eligible studies was contacted when necessary to
resolve ambiguities in reported methodologies or results, and to seek additional pertinent

information that may have been gathered but not described in the published manuscript.

In some cases (i.e. 20‘22) post-intervention standard deviations (SD) were not available.
In these cases we imputed the baseline standard deviation. This was assumed to be valid
since baseline and post-intervention standard deviation were found to be similar within
other trials. Where necessary, means and measures of dispersion were approximated from
figures in the manuscripts using an image scanner (Compaq Keyboard Scanner
RT61SCTW) and a computer to count the number of pixels with a resolution of 200 dpi.
Particular attention was place on extracting the characteristics of the exercise
intervention, including its type, frequency, duration, intensity and energy cost. Most

studies did not provide estimates of energy expenditure; therefore the compendium of
physical activity was used to estimate the energy expenditure in the other studies 23,

The methodological quality of each included trial was assessed by the 2 reviewers
using a validated S-point scale as described by Jadad 24_ This instrument assigned scores
for reported randomization, blinding and withdrawals. In addition to this quality scoring,
we recorded separately whether allocation concealment was adequate, as described by
Schultz 25, Disagreements in quality assessment were resolved by discussion with a third

reviewer (R.S.).

Statistical Analysis
Statistical analysis was performed using Review Manager (RevMan 4.1) and SPSS

software. In each study the size of the effect of the intervention was calculated by the
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difference of the means between the exercise and control groups at the end of the
intervention. Each mean difference was weighted according to the inverse of its variance,
this is known as the weighted mean difference (WMD). When the same outcome was
measured by two different scales (i.e. body weight and BMI), the mean difference was
standardized by dividing it by the within-group standard deviation; this is known as the
standardized mean difference (SMD). The weighted mean differences or standardized
mean differences in each study were pooled with a fixed effects model 26. The chi-square
test of homogeneity was performed. If the test was significant (heterogeneity) the studies
were examined for outliers. If the heterogeneity was secondary to an outlier, the analysis
was repeated without it.

Subgroup and sensitivity analyses were also performed and in some cases
explained the heterogeneity of the results. Where the amount of data permitted, subgroup
analyses were conducted to compare aerobic vs. resistance exercise intervention.
Sensitivity analyses was performed to examine the robustness of the results according to
the quality of the included trials. Meta-regression 26 was used to determine whether the
post-intervention weighted mean differences in HbA 1¢c were associated with changes in
body mass or energy expenditure (expressed as MET hours; one MET is equivalent to an
oxygen uptake of 3.5 mlO,-kg™-min™"). This was done with a linear regression model with

studies assigned weights according to their sample sizes. The Funnel Plot technique, as

described by Cooper 27, was used in order to detect any publication bias.
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RESULTS

Participants, Study Design and Exercise Interventions

The computer searches revealed 2093 potential articles. After application of the filter for
controlled clinical trials, the number of potential studies was reduced to 1193. Eventually,
13 trials were deemed appropriate for inclusion, but because of duplicate publications of

trials 20 articles met inclusion criteria. One of the publications trials (in abstract form)

was found through hand searching of reference list (Ronnemaa 28), while the others were
found from the computer search. Further details are presented in table 1.

A total of 512 participants were included in the 13 trials. The mean age of
participants in studies for which this information was available was 55.0 years, and the
average duration of diabetes was 6.0 years. In most trials participants were simply
assigned to an exercise group or a control group, although 4 studies presented data for 2
comparisons (see table 2), therefore 17 comparisons were included.

Of the 13 trials, 9 were RCTs and 4 were CCTs (see table 2). None of the trials

was double blinded or had adequate allocation concealment. Nine trials had adequately
described dropouts 9; 10, 22, 29-34, there were no dropouts in two of the studies 21, 35,
while two studies did not describe dropouts 36, 37. The average quality score on the scale

described by Jadad 24 was 1.54 out of possible 5 points. The quality assessment criterion,
which permitted the greatest discrimination between studies, was judged to be
randomization since the studies obtained similar scores on other methodological quality

characteristics. The compliance to the exercise interventions was relatively high. Two

studies 10, 32 simply indicated that compliance was good while in 8 studies 9> 22,129,131,
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33, 34, 36, 37 the mean participation rate was above 76% and 3 studies did not describe

compliance 21, 30, 35

All data used for the analysis were available in the published articles except for
those of Dunstan 22, 30, 38 where additional details were found in the PhD. thesis he
provided us. Abstracts and unpublished literature other than Dunstan’s thesis were not the
source of any information that was available in journal articles.

The exercise interventions in each study are described in table 2. The exercise
interventions typically prescribed 3 workouts per week, each lasting for 53 minutes on
average (including 10 minutes of warm-up and cool-down). The exercise interventions
lasted a mean of 23 weeks. The intensity of the aerobic exercise was moderate and
typically consisted of walking or cycling. Two studies used resistance exercise training as
an intervention.

The results are presented for two types of comparisons. The exercise vs. non-
exercise control comparison included studies in which there were no diet co-intervention
or in which the same diet co-intervention was given to both the exercise and control
groups. The second set of comparisons was between combined exercise and diet

interventions vs. a control group.

Effect of Exercise on Glycemic Control

HbAlc was measured in 10 studies. For the 10 comparisons between exercise and non-
exercise control groups there were no significant differences at baseline (weighted mean
difference = 0.06%, p = 0.8). As shown in figure 2, when the post-intervention results

are pooled, HbA 1¢ was significantly reduced in the exercise group compared to control
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(weighted mean difference = -0.74%, p = 0.00003). Figure 2 also illustrates the effects of
exercise and diet interventions compared to control. When diet and exercise were
combined, the effect on HbAlc was almost identical to the effect of exercise alone
(weighted mean difference = —0.76%, p =0.008).

A sensitivity analysis identified no significant differences between the results
from RCTs and CCTs, the weighted mean difference for the 5 RCTs post-intervention
was -0.72% (p = 0.001), whereas the weighted mean difference for the CCTs was -0.78
(p = 0.009). Further subgroup analysis comparing aerobic or resistance training to the
control condition revealed no significant difference between the two, aerobic training
weighted mean difference = -0.78%, p = 0.0002; resistance training weighted mean
difference =-0.64%, p = 0.05.

Fasting insulin concentration was measured before and after the intervention
period in 5 exercise vs. control studies. The difference in post-intervention fasting insulin

values failed to reach statistical significance (weighted mean difference = -2.46, p =0.09).

Effect of Exercise on Body Mass

In all but 1 of the 12 trials the details on the changes in body mass were given in
Kilograms (Raz et al. 33 only provided changes in BMI values). Body weight (kg) and
BMI were pooled using the standardized mean difference (SMD) method. No significant
difference was found when exercise and control groups were compared for all studies
post-intervention (standardized mean difference = 0.1, p = 0.4), see figure 3. Similar
results were obtained when RCTs, CCTs, aerobic training and resistance training studies

were considered separately. Although there were no significant post-intervention
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differences between exercise and control groups, it would seem that both groups lost
weight. In the 13 exercise vs. non-exercise control comparisons that measured body
weight, the exercise group lost 2.5 kg (from 82.7 kg to 80.2 kg), while the non-exercise
control group lost 1.8 kg (from 80.1 kg to 78.3 kg).

A greater trend for weight loss was found when exercise and diet interventions
were compared to control (see figure 3), but this did not reach statistical significance
(standardized mean difference =-0.2, p =0.2).

Abdominal obesity was represented by changes in WHR or waist circumference.
This information was available in 4 studies. No significant differences were observable
when exercise was compared to a non-exercise control (standardized mean difference = -

0.38 p =0.12) or when exercise and diet interventions were compared to control

(standardised mean difference = 0.26, p=0.3). Only one study in our meta-analysis 9
directly measured abdominal obesity by magnetic resonance imaging (MRI). Their
aerobic training program (55 minutes, 3 times/week, 10 weeks) resulted in a significant
reduction in both abdominal subcutaneous adipose tissue (227.3 t0186.7 cm?, p <0.05)
and visceral adipose tissue (156.1 to 80.4 cm2, p < 0.05) while no significant reductions
were found in the control group. Interestingly, in the same study, waist circumference and
waist-to-hip ratio did not significantly change, from 98.4 cm to 97.4 cm and from 0.97 to

0.94 respectively.

Meta-regression Analyses
Further analyses were performed to determine the degree to which changes in body

weight predicted changes in HbAlc. There were no significant association between post-
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intervention weighted mean difference for body weight and those for HbAlc (r=-.146, p
= (0.344). On the other hand, there was a strong association between the change in body
weight and HbAlc from baseline to post-intervention within the control group (r =.78, p
= 0.001), the exercise group (r = .69, p = 0.005) and for the exercise and control group
combined (r = .787, p < 0.001). The regression slopes between body weight changes and

HbA 1c changes for the exercise and control groups were parallel and co-linear.

Evaluation of Potential Bias
Figure 4 illustrates a funnel plot of weighed mean differences in HbA lc post-intervention
plotted against the sample size of the study. Significant publication bias was not likely, as
the plot did not show any asymmetry towards large trials and beneficial results.
Furthermore, although the quality scores of the included studies was relatively
low according to criteria described by Jadad et al. and Schultz et al. 24, 25 3 sensitivity
analysis failed to detect any differences between results of RCTs and CCTs. Other
traditional characteristics of methodological quality such as blinding, allocation
concealment and withdrawals were very constant among studies and therefore were not

used in sensitivity analyses.
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COMMENT

The general findings of the present meta-analysis were that post-intervention
HbA lc values were significantly reduced in the exercise group compared to control while
body mass was not. The post-intervention HbA 1c values were 0.74% lower in the
exercise groups when compared to non-exercise control groups. A reduction in HbAlc of
this magnitude is clinically significant. The United Kingdom Prospective Diabetes Study
(UKPDS) was a large trial with 3896 participants with type 2 diabetes allocated to
intensified glucose lowering treatment or conventional treatment. Patients receiving
intensive treatment had HbA 1c only 0.9% lower than the conventional treatment (7.0%

vs 7.9%, p < 0.001) but had significant reduction in diabetes related clinical end points

(40.9 vs 46 events per 1000 patients, p = 0.029) 39. An even greater reduction in
cardiovascular complications might be anticipated with exercise since, unlike some of the
oral medications in the UKPDS, exercise is associated with other cardio-protective
benefits 4, 38, 40-43 i both diabetic and normal populations and does not cause weight
gain. The importance of good glycemic control is supported in a recent meta-regression

study, which demonstrated an exponential relationship between glucose concentration

and the incidence of cardiovascular events 44,

Insulin resistance and compensatory hyperinsulinemia are risk factors for the

development of the metabolic syndrome and cardiovascular disease 7> 45, 46, In our
analysis, the small sample size (exercise n = 82, control n =82) and the inter-individual
variability in fasting insulin gave us little power to detect significant changes in this value

(weighted mean difference =-2.46, p =0.12).
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The previous meta-analysis by Brown 13 reported a 1.54 kg reduction in body
mass with exercise training. In the present analysis we found a 2.5 kg reduction in the
exercise group and a 1.8 kg reduction in the control group, with no significant post-
intervention body mass differences between the exercise and control groups. Brown'’s
analysis considered differences between pre-test and post-test body mass values, without
comparing to a control group even when they existed, this method increases the potential
for biased conclusions and overestimates the benefits of exercise on the reduction of body
mass. In many exercise studies, dietary advice is given in both the exercise and control
group for ethical reasons, therefore weight loss may not be a direct result of exercise.
Furthermore, participants may become more health-conscious simply by becoming
involved in the study. Combining diet and exercise interventions may be preferable for
producing weight loss

We believe that the short mean duration (22.7 weeks) of the exercise
interventions and their relatively low mean associated energy expenditure (12 MET

hours/ week) explains the lack of statistically significant reductions in body mass. In

contrast, a NIH meta-analysis 47 of 13 clinical trails concluded that exercise produces

significant weight loss. In the NTH analysis, six of the trials lasted 1 year (range: 16

weeks to 1 year) 47.

A reduction in other daily physical activities or an increase in calorie intake may
have counterbalanced the increased energy expenditure from exercise. Alternatively,
people assigned to the control group may have become more careful about their diets.
Another explanation for the non-significant effect of exercise compared to control on

body mass found in our meta-analysis is that in relatively inactive people, increasing
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levels of physical activity may be associated with an increase in lean body mass 48,49 If
these changes were present, they may have masked a reduction in body fat. More direct
measures of body composition may be necessary to measure changes in body fat

associated with exercise training. In the one study in diabetic subjects with MRI analysis

of body composition measures 9 significant increases in muscle mass and decreases in
subcutaneous and visceral abdominal fat mass were seen while no significant change in
waist circumference or waist-to-hip ratio were observable. Abdominal obesity has been

suggested to play a major role in type 2 diabetes and other elements of the metabolic

syndrome 30-52_ The results from Mourier et al. 9 and by other authors 33 lead us to
question the sensitivity of changes in waist circumference or waist-to-hip ratio as

surrogates of visceral fat distribution in studies with small sample sizes. Very few other

studies presented details on body composition changes 30,32,
Reduction in body weight through diet or exercise improves glycemic control.
The results of this meta-analysis suggest that although weight loss is beneficial, it is not
necessary in order to achieve improvements in glycemic control through exercise.
There is little research on resistance training in diabetes. There are several

relevant resistance training studies that were excluded from the present analysis because
of the absence of an appropriate control group 34 or because they were performed in non-
diabetic participants 35-63. With age, there is a progressive decline in lean body mass but

regular resistance training may slow or reverse this trend 64. In type 2 diabetes,
increasing muscle mass has a theoretical appeal since muscle is the major site of glucose

disposal. Increasing muscle mass could therefore decrease insulin resistance and improve
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glycemic control 63. In the present meta-analysis, the post-intervention weighted mean
difference for HbAlc in the resistance training vs. non-exercise control was slightly
lower than in aerobic training (0.64% and 0.78% respectively). Further well-designed
studies on the effects of resistance training are needed in order to better understand the
impact of this type of training in type 2 diabetes and how it compares to the more
traditional aerobic training. Particular emphases should be placed on the role the
reduction of fat mass and the increase lean body mass

Adherence rates to the exercise programs were high in most studies included in
the present meta-analysis (mean > 76%). Participants included in exercise studies are
volunteers who may have stronger motivation to exercise than is the average person with
type 2 diabetes. Exercise studies often have inclusion and exclusion criteria that limit
participants to people with relatively well-controlled type 2 diabetes. Furthermore, almost
all the studies included in the present meta-analysis include an exercise specialist within
the intervention team and these specialized professionals may have enhanced adherence.
Adherence rates may strongly affect the size of the anticipated changes.

In conclusion, exercise reduces HbAlc by approximately 0.74%, an amount that
would be expected to reduce the risk of microvascular and macrovacular diabetes
complications significantly. The studies reviewed in this meta-analysis did not find
significantly greater weight loss in the exercising participants compared to control.
Therefore exercise should be viewed as beneficial on its own, not merely as an avenue to
weight loss. Future research should include longer interventions with better quantification
of body composition changes. In the interim, our analysis has strengthened the evidence

for exercise as a cornerstone of diabetes therapy.
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Table 1. The number of studies at each step in of the literature search and reasons for exclusion.

Stage In trial flow Number of
Studies
Potentially relevant publications identified by computer search 2093
Publications identified after filter for RCT and CCT 1193
Studies excluded 1151

Reasons: review articles, animal study, not type 2 diabetes
Control group, acute effect if exercise only, or no control group
Trials retrieved for more detailed evaluation 72
Trials excluded 49
Reasons: no supervision or exercise diaries, exercise intervention < 8 weeks, no

control group or control group without type 2 diabetes, drug/medication co-

intervention
Potentially appropriate publications to be included in mete-analysis 23
Publications included in meta-analysis 20
Publications meeting inclusion criteria excluded from meta-analysis 3

Reasons: exercise intervention was 3 months on/ 3 month off 66, could

not distinguish results between IGT and type 2 diabetes67. 68

Trials with usable information (7 duplication of publications) 13
HbAlc 10
Fasting insulin 6
Body weight or BMI 12

Waist circumference or Waist-to-hip ratio 4
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Figure 2: Differences in HbA 1c from baseline to post-intervention.
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Figure 3: Differences in body mass from baseline to post-intervention.
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Figure 4: Funnel plot for determination of publication bias
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Abstract

Aims: To systematically review the effectiveness of different exercise interventions on
improving physical fitness in type 2 diabetes mellitus.

Methods: A literature search (MEDLINE, EMBASE, Health Star, Sports Discuss,
Dissertation Abstracts, Cochrane Library) was conducted to find all controlled clinical
trials in type 2 diabetic adults comparing an exercise intervention to a non-exercise
control. Two reviewers independently extracted data from all trials meeting the inclusion
criteria. Weighted mean differences and standardised mean were used to calculate the
size of the effect of exercise.

Results: Eleven aerobic training studies (average: 3.5 times/week for 18.6 weeks) and 2
resistance training studies (average: 10 exercises, 2.5 sets, 13 repetitions, 2.5 times/week
for 15 weeks) met the inclusion criteria. Aerobic training interventions produced a 11%
increase in VO2 max compared to control (standardised mean difference = 0.51,p =
0.049). When only intense aerobic interventions are considered (= 75 % VO2 max) the
post-intervention VO2 max was 30% higher than in the contro! group. There was a
significant improvement in strength following resistance training compared to baseline
values (standardised mean difference = 1.00, p= 0.0001).

Conclusion/interpretation: Results suggests that exercise should be recommended
because of its statistically and clinically significant effects on some aspects of the
cardiorespiratory and muscular components of healith-related physical fitness. Clinical

trials often fail to measure or report important aspects of health related-fitness.
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1. Introduction

For many years, exercise along with diet and medication has been considered to

be one of the three conerstones of diabetes therapy !. One of the most recognised effects
of regular physical activity is the associated improvement in physical fitness.
Cardiorespiratory fitness, as represented by maximal oxygen consumption (VO; max),
has traditionally been seen as the most important component of heaith-related fitness. In
non-diabetic participants, cardiorespiratory fitness is inversely associated with all-cause
and cardiovascular disease mortality 2. People with type 2 diabetes, even in the absence
of known complications, have reduced maximal oxygen consumption’s compared to age
and activity matched controls 3. Diabetic complications, such as neuropathy, are
associated with a lower VO, max 4 3. A decreased exercise capacity may predict
mortality and coronary artery disease in type 2 diabetes 6. 7.

Many definitions of physical fitness exist. As a general concept, fitness can be
interpreted as the matching of an individual to his or her physical environment 8. The
World Health Organisation defines fitness as “the ability to perform muscular work
satisfactorily” 9. Bouchard and Shephard differentiate between performance-related
fitness and health-related fitness 8 (p.80): “Performance related fitness refers to those
components of fitness that are necessary for optimal work or sport performance.... It
(health-related fitness) has been defined as a state characterised by (a) an ability to
perform daily activities with vigour and (b) demonstration of traits and capacities that are
associated with a low risk of premature development of hypokinetic diseases and

conditions”. Health related fitness includes 5 components: morphological, muscular,
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motor, cardiorespiratory and metabolic fitness. These components are further described in
table 1.

Although there have been numerous small research studies on exercise in people
with type 2 diabetes, it is still unclear how exercise intervention influences many aspects
of health-related fitness in type 2 diabetes. The literature pertaining to exercise in
diabetes is generally concerned with the acute and chronic metabolic effects of exercise.
The focus is typically on changes in metabolic fitness and elements such as glycemic
control or lipid profiles, rather than on the impact on other elements of health related

fitness, such as maximal and submaximal exercise capacities and body composition.

In a previous article 10, we systematically review the effects of exercise on two
variables of major clinical importance: (a) HbAlc, reflecting average blood glucose
values over the last 2-3 months, and (b) body mass, as represented by body weight or

BMI. These variables have strong epidemiological evidence supporting their importance

2, 11 and are commonly used by physicians because of the practical aspects.
Unfortunately, these variables provide only part of the information to exercise
physiologists who are also very concerned with the other aspects of health-related fitness.
The effects of exercise on all aspects of health-related fitness should be well understood
in order to help develop optimal exercise interventions in type 2 diabetes.

The main objective of this study was to systematically review the effectiveness of
different exercise interventions on the different components of health-related fitness,
including body composition, muscular fitness and cardiorespiratory fitness. We

hypothesised that, even if participants with type 2 diabetes have low initial levels of
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fitness, the general exercise adaptations found in the normal population should be
reproducible in type 2 diabetes.

Nearly 50 review articles or position statements have been published on the topic

of exercise and diabetes, reflecting the immense interest in this topic 12 Almost all of
these reviews have used the traditional narrative approach. Synthesising research in this
manner can result in subjective, nonreplicable conclusions. Meta-analysis is “a review in
which bias has been reduced by the systematic identification, appraisal, synthesis, and, if
relevant, statistical aggregation of all relevant studies on a specific topic according to a
predetermined and explicit method” 13. Meta-analysis may be especially useful in
summarising prior research when the number of subjects per study is small and the results

are somewhat conflicting, as is the case for exercise interventions in type 2 diabetes.
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2. Method
Criteria for considering studies for this review. The search strategy was developed to
identify all relevant controlled trials (randomised and non-randomised) that include an

exercise intervention in adult type 2 diabetic participants. Acceptable diagnostic criteria
for type 2 diabetes include those described by the National Diabetes Data Group 14 the

World Health Organization 15 or the American Diabetes Association 16. Studies
performed on nondiabetic participants with impaired glucose tolerance (IGT) were not
included in the analysis. If studies reported data for which it was impossible to
discriminate between participants with type 2 diabetes and those with IGT, we attempted
to contact authors for the individual patient data.

All studies included in the meta-analysis included an exercise intervention lasting
at least 8 weeks in duration. An exercise intervention was defined as a predetermined
supervised program of physical activity, described within the corresponding manuscript.
Studies in which the intervention consist of recommending increasing physical activity
were not included within the analyses since it would be impossible to quantify the
exercise intervention and to be sure of compliance. In order to be included, studies in
which qualified personnel did not directly supervise exercise sessions were required to

assess compliance using exercise diaries.

Search strategy for identification of studies. The search consisted of computer based
searches (MEDLINE, EMBASE, Sport Discuss, Health Star, Dissertation Abstracts and
the Cochrane Controlled Trials Register) up to and including March 2000. The reference

lists of major textbooks, review articles and of all included articles identified by the
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search were hand searched to find other potentially eligible studies. Potential missing
articles and unpublished literature were sought from contact with experts in the field.

The computer-based search included common text words and Medical Subject
Headings (MeSH) related to exercise and type 2 diabetes. The terms were then connected
through Boolean operators and the results were limited to those reporting only on human
subjects. No articles were excluded because of their language of publication. The findings

were combined with a validated search filter for controlled clinical trials. The filter used

is a validated and highly sensitive search strategy 17. See figure 1 for the complete
computer search strategy. Two reviewers (N.B. and E.H.) independently assessed the
titles and abstracts of these studies for inclusion. All potential articles were obtained and

further assessed, any disagreements on inclusion were resolved by discussion with a third

party (R.S.).

Data extraction. The two primary reviewers then independently extracted the relevant
data from all identified articles. Data were entered in Review Manager (RevMan 4.0.4.),
statistical software from the Cochrane Collaboration which permits double data entry in
the system for accuracy. The primary author of potentially eligible studies was contacted
when necessary to resolve ambiguities in their reported methodologies or results, and to
seek additional pertinent information that may have been gathered but not described in
the published manuscript. In some cases (i.e. 18-20y post-intervention standard deviations

(SD) were not available. We therefore imputed the baseline standard deviation. This was

assumed to be valid since baseline and post-intervention standard deviation were found to
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be similar within other trials. Where necessary means and measures of dispersion were
approximated from figures in the manuscripts.

The methodological quality of each included trial was assessed by the 2 reviewers

using a validated S-point scale as described by Jadad 21. This instrument assigned scores
for reported randomization, blinding and withdrawals. “Double-blinding” is inherently
difficult (if not impossible in exercise studies). A study was regarded as double blind if
the word “double blind” is used. An appropriate method of double blinding was present
when the person doing the assessment or the study participant could identify the

intervention being assessed. In addition to this quality scoring, we recorded separately

whether allocation concealment was adequate, as described by Schultz 22 Allocation
concealment was adequate if it was deemed that adequate measures to conceal allocation
were taken (i.e. central randomization, serial numbered, sealed envelopes or other
descriptions that contained elements convincing of concealment). Disagreements in

quality assessment were resolved by discussion with a third reviewer (R.S.)

Statistical analysis. Statistical analysis was performed using the Review Manager
(RevMan 4.0.4) and SPSS software. In each study the effect of the intervention was
calculated by the difference of the means between the exercise and control groups. Each
mean difference was weighted according to the inverse of its variance, this is known as
the weighted mean difference (WMD). When the same outcome was measured by two
different scales (i.e. body weight and BMI), the mean difference was standardised by
dividing it by the within group standard deviation; this is known as the standardised mean

difference (SMD). The weighed mean difference or standardised mean difference in each
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study were initially pooled with a fixed effects model 23 When heterogeneity was
present, the studies were examined for outliers. If the heterogeneity was secondary to an
outlier, the analysis was repeated without it.

Subgroup and sensitivity analysis were also performed and in some cases
explained the heterogeneity of the results. Where the amount of data permitted, subgroup
analyses were conducted according to aerobic vs. resistance exercise intervention. A
sensitivity analysis was performed to examine the robustness of the results according to

the quality of the included trials, duration of the intervention or the participant
characteristics. If heterogeneity was still present we used a random effects model 23. The

Funnel Plot technique, as described by Cooper 24 was used in order to detect any

publication bias.
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3. Results

Literature search findings. The computer searches revealed 2093 potential articles.
After application of the filter for controlled clinical trials, the number of potential studies
was reduced to 1193. Eventually, 13 trials were deemed appropriate for inclusion, but
because of duplicate publications of trials 20 articles met inclusion criteria. One of the
publications trials (in abstract form) was found through hand searching of reference list
(Ronnemaa 29), while the others were found from the computer search. Further details

are presented in table 2.

Description of studies A total of 512 participants were included in the 13 trials. The
mean age of participants in studies for which this information was available was 55.0
years, and the average duration of diabetes was 6.0 years. In most trials participants were
simply assigned to an exercise group or a control group, although 4 studies presented data
for 2 comparisons (see table 3), therefore 17 comparisons were included.

Of the 13 trials, 9 were RCTs and 4 were CCTs (see table 3). None of the trials

was double blinded or had adequate allocation concealment. Nine trials had adequately
described dropouts 20, 26-33, there were no dropouts in two of the studies 19> 34, while
two studies did not describe dropouts 37, 36. The average quality score on the scale

described by Jadad 21 was 1.54 out of possible 5 points. The quality assessment criterion,
which permitted the greatest discrimination between studies, was judged to be
randomization since the studies obtained similar scores on other methodological quality

characteristics. The compliance to the exercise interventions was relatively high. Two

studies 29, 32 simply indicated that compliance was good while in 8 studies 20, 26, 28,
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30, 31, 33, 35, 36 the mean participation rate was above 76% and 3 studies did not

describe compliance 19, 27, 34, .

All data used for the analysis were available in the published articles except for

those of Dunstan 20, 27, 37 where additional details were found in the PhD. thesis he
provided us. Abstracts and unpublished literature other than Dunstan’s thesis were not the
source of any information that was not available in journal articles.

The exercise interventions in each study are described in table 3. The exercise
interventions typically prescribed 3 workouts per week, each lasting for 53 minutes on
average (including 10 minutes of warm-up and cool-down). The exercise interventions
lasted a mean of 23 weeks. The intensity of the aerobic exercise was moderate and
typically consisted of walking or cycling. Two studies used resistance exercise training as
an intervention.

The results are presented for two types of comparisons. The exercise vs. non-
exercise control comparison included studies in which there were no diet co-intervention
or in which the same diet co-intervention was given to both the exercise and control
groups. The second set of comparisons was between combined exercise and diet

interventions vs. a control group.

Effects of exercise on the morphological component of health-related fitness. Only 2

studies, 1 aerobic training 30 and 1 resistance training 27 presented data on the sum of

skinfolds; neither exercise modality had a significant effect on sum of skinfolds. Two

aerobic training studies measured changes in percent body fat, they used skinfolds 30,
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and hydrostatic weighing 18. Aerobic training did not significantly improve body fat; at

baseline the exercise group had 3.16% less fat while after the intervention they had 3.2 %
less fat then the control group. Of the aerobic training studies, only one reported changes
in lean body mass. There was no significant effect of aerobic exercise on lean body mass.

No resistance training studies presented data on percent fat or lean body mass.

Mourier et al. 30 also presented detailed information on Magnetic Resonance
Imaging (MRI) at the level of the mid-thigh and of the umbilicus. Both subcutaneous and
visceral abdominal tissue were significantly reduced with exercise whereas mid-thigh

muscle mass was significantly increased, see table 4 for details.

Effects of exercise on muscular and motor component of health-related fitness.

Although Mourier et al. 30, have shown an increase muscle mass with aerobic exercise in
type 2 diabetes (morphological), there have been no controlled clinical trials that have
attempted to measure changes in muscular or motor components of health-related fitness
associated with aerobic exercise.

The resistance training studies have attempted to quantify muscular strength and

endurance gains associated with the exercise protocols. Dunstan et al.27 performed 1
repetition maximum (RM) strength testing before and after the intervention.

Improvements in strength ranged from 24 % in the circuit weight training group. Honkola

et al. 34 measured muscular endurance by multiplying the load by the amount of
repetitions performed. The 2 resistance training articles only reported changes in strength
for the exercise group. Therefore the weighted mean differences were calculated for pre

vs. post-intervention changes. Resistance training resulted in a significant increase in
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muscular strength (standardised mean difference = 0.81 SD, p = 0.00001, random effects
model), see figure 2. The thesis presenting more detailed information for the Dunstan

study described no significant changes in strength in the control group, except for the leg

curl for which strength was reduced. In the study by Honkola et al. 34 muscular
endurance was significantly improved by 220% from baseline to post intervention
(standardised mean difference = 1.24 SD, p = 0.02 random effects model) (see figure 2).
Controlled clinical trials reporting information on changes in the motor
component of health-related fitness were not available.
Cardiorespiratory component of health-related fitness. Five studies presented data on
cardiorespiratory fitness in the form of maximal oxygen consumption (VO; max) values
before and after the interventions. At baseline, the average VO, max for 187 of these
participants was 23.42 ml O,-kg™*min™'. The change in VO, max favored the exercise vs.
the control group (standardised mean difference = 0.51 SD, p = 0.049), see figure 3. This
corresponds to about a 11% increase in VO, max. The calculation was done with a
random effects model since the Chi-square test revealed heterogeneity. Heterogeneity
was mostly explained by the intensity of the exercise bouts as demonstrated by a
subgroup analysis comparing trials with exercise interventions with an intensity above
70% VO, max to those equal or below to 70 % VO, max. The two trials who had an
intensity of above 70% VO, max (Mourier et al. 30 and Skarfors et al. 33) improved VO,
max by about 30.0 % compared to control (standardised mean difference =1.59 SD, p =
0.0001). The 3 trials with lower intensities had a much smaller effect of 6.8% increase in

VO, max (standardised mean difference = 0.23 SD, p =0.15). Maximal work capacity
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demonstrated a tend for improvement (standardised mean difference = 3.95 SD, p = 0.18,

random effects model) but was only measured in 2 small studies 30, 31
Submaximal aerobic exercise capacity can be defined as the tolerance to low-

intensity power output for prolonged periods of time. None of the controlled clinical trails

directly measured this capacity, although Vanninen 36, measured oxygen consumption at
the anaerobic threshold (VO: AT), VO, at anaerobic threshold was not significantly
increased with exercise.

Heart rate and blood pressure, both at rest and during exercise, are also considered
components of cardiorespiratory fitness. None of the studies in the present meta-analysis
present data on the heart rate or blood pressure responses to exercise. Exercise
significantly reduced resting heart rate when compared to control (weighted mean
difference = -3.01 beats/min, p = 0.004), see figure 4. Systolic and diastolic blood

pressure were not significantly affected by exercise training, see figure S.

Effects of exercise on the metabolic component of health-related fitness. The effects
of exercise on the metabolic aspects of health-related fitness are often the primary

concem for clinicians and have been systematically reviewed in a previous article of this

meta-analysis 10
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4. Discussion

As described in a previous article 10, exercise did not produce a significant
change in body mass (body weight or BMI) or in waist-to-hip circumference ratio. In the
present analysis we hoped to get a better understanding of the body composition changes
associated with exercise, both in terms of fat mass or lean body mass and in terms of their
distribution. Very few studies reported detailed body composition measures and therefore
there was very little statistical power to detect changes.

Changes in skinfold thickness and lean body mass were not significant in both
resistance and aerobic training intervention studies. Aerobic exercise was not expected to
significantly increase lean body mass muscle although small increases have previously

been shown in the active musculature when high volume or intensities are performed or

when participants initial activity levels are low 38. Only 2 small aerobic training studies
presented information on changes in body fat. Since the results were very heterogeneous
there was a lack in statistical power to detect changes. Muscle mass is the primary site of
insulin resistance in type 2 diabetes. It is also the major site of glucose disposal in

response to an oral glucose load. With ageing there is a sharp decline in muscle mass,

mostly due to a marked decline in type 2 muscle fibres 39 The reduction in lean body
mass strongly contributes to the reduction of resting metabolic rate associated with
ageing. Resistance training typically increases muscle mass when performed regularly,
even in older adults 40-42_ It is unfortunate that non of the resistance training studies in
the present analysis measured lean body mass. This was probably due to the short
duration of the studies ad therefore unlikelihood of increases in muscle mass, which

become evident after longer periods of training. Choosing an appropriate measure of
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body composition is also critical in resistance training studies, it has previously been
demonstrated many body-composition techniques were not sensitive to the changes in
fat-free mass identified by hydrostatic weighing.

The measures of body composition used within these few studies should be more
sensitive to changes in fat mass and lean body mass than the measurement of body
weight, it is possible that the sensitivity of the instruments used was still weak None of

the studies used a gold standard technique for the measurement of body composition such

as hydrostatic weighing. Mourier et al. 30 used a sensitive technique for the measurement

of body fat distribution (MRI). It is somewhat surprising that in the study by Mourier et

al. 30, subcutaneous abdominal tissue and visceral adipose tissue were significantly
reduced by .l 8% and 48% respectively, while no significant changes could be detected by
waist circumference, waist-to-hip ratio or body mass. The exercise program followed in
this study was representative of the average exercise programs used within the meta-
analysis; aerobic training 55 minutes per workout, 3 workouts per week over a 10 period.

Exercise may preferentially reduce abdominal obesity, this may be especially important

since abdominal obesity is a very strong predictor of cardiovascular disease 43.

The American College of Sports Medicine Position Stand on Exercise and

physical activity for older adults 39 reports that changes of 1-4% body fat is expected
with exercise training in older adults even if body weight is maintained. The
methodological quality and the variability of the controlled clinical trials in type 2
diabetes do not provided strong evidence in favour or against the role of exercise as a

weight loss therapy in type 2 diabetes. There is no evidence suggesting that the effect of
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exercise on morphological fitness may be different in type 2 diabetes than in the general
population.

There is no evidence from controlled clinical trials suggesting the benefits of
exercise on motor control in type 2 diabetes. The exercise programs often prescribed
warm-up and cool-down periods witch included light callisthenics and stretching
exercises. It remains unclear how the warm-up/cool-down or the core exercises during a
session influenced motor control.

The aerobic training studies in the present analysis did not measure changes in
muscle strength endurance or power. Although increases in muscular strength are not
typically associated with aerobic training, they are likely to occur in participants who

initially had very low levels of physical activity. The resistance training studies measured
changes in strength or endurance. The studies by Dunstan et al. 27 used 1 repetition

maximum testing, whereas the data presented by Honkola et al. 34 is the product of the
number of repetitions multiplied by the load. It is therefore unclear if the results in
Honkola’s study represented many repetitions at a light load or a few repetitions of a
heavy load. Nevertheless it would seem that increases in muscular strength and
endurance are not impaired in type 2 diabetes.

Both motor control and muscular strength are important for quality of life and for

the prevention of falls with ageing. Few studies report the effects of exercise on quality of

life in type 2 diabetes. A studies by Kaplan et al. 28 demonstrated a changes in quality of
life over 18 months following a 10 week intervention period, this combined diet and

exercise intervention improved quality of life, when compared to diet alone,

independently of changes in body weight. In a study by Ligtenberg et al.44, which did not
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meet the inclusion criteria, feelings of well-being are positively affected by the training
program when the participation to the training activities is continued.

Cardiorespiratory fitness is often considered the most important components of

health-related fitness 8. It has support from many cross-sectional and longitudinal studies

showing an inverse relationship between cardiorespiratory fitness, as represented by VO,

max, and all cause mortality and morbidity 2> 7. In a recent study 6, both low
cardiorespiratory fitness and physical inactivity were predictors of mortality in men with
type 2 diabetes. The post-intervention VO, max favored the exercise intervention group,
standardised mean difference of 0.51, this represents approximately 3 ml O,-kg™"'*min™.
This may be clinically significant, especiallyl in a population who has very low initial
levels of cardiorespiratory fitness, such as people with type 2 diabetes. As previously
described, the average VO, max at baseline for participants in the present meta-analysis
is approximately 23 mi O,-kg™‘min™' and increased by 11% with aerobic training when
compared to control. Intensity is considered to be the most important variable for
improving VO, max 43. Therefore, as expected, improvements in maximal oxygen
uptake were even larger (30%) when intense aerobic interventions were considered. Our
findings are very similar to the ACSM position stand on exercise and physical activity in
older aduits, which suggest improvements of 10-30% 39.

The lower VO, max associated with type 2 diabetes has been investigated in
several experimental studies. It has been hypothesised that the lower VO, max may be a

consequence of a reduced rate of circulatory adjustments to an increase workload (i.e.

cardiac output) 3 5, or poor diffusion and utilisation of oxygen at the level of skeletal
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muscle 40. There is also a general decrease of 5-15% VO, max per decade, which is a

consequence of a decrease in cardiac output and maximal ateriovenous O, difference 39.
It is encouraging that despite initially low VO, max, our findings suggest that people with
type 2 diabetes show similar improvements in VO, max as does the general population
following aerobic training. Some experimental studies even suggest larger improvements
in VO; max and VO; kinetics in people with type 2 diabetes than in overweight
(otherwise healthy) participants 47, probably due to their initial low levels.

It is unfortunate that very little information is available on the submaximal
improvements associated with exercise training, as most daily activities do not elicit
require maximal exercise responses. In the general population, endurance training often

causes a reduction in heart rate at submaximal intensities as well as a reduced feeling of

breathlessness and/or muscle fatigue 43. Increased feelings of vigour may provide greater

independence, as for example: people who would like to spend more time shopping or

doing housework without feeling exhausted. The study by Vanninen et al. 36 found no
changes in VO; at the anaerobic threshold with exercise training. Previous studies

suggest that the anaerobic threshold occurs at lower absolute VO in people with type 2

diabetes than in non-diabetic control patience 3. Consequently, there may be greater
limitations on exercise performance in type 2 diabetes.

In the present meta-analysis resting heart rate was reduced as a result of aerobic
exercise training, possibly indicating an increase efficiency of the heart muscle. When
heart rate is reduced, a larger stroke volume maintains cardiac output. Less peripheral

vascular resistance or greater contractility of the heart may promote larger stroke
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volumes. Contrarily to the findings of previous meta-analysis in normal and hypertensive
people 48,49, we did not find a significant reduction in both systolic and diastolic blood

pressure. According to the insulin theory of hypertension 48 one would expect a
reduction in blood pressure associated with a reduction in hyperinsulinemia. As described

in our first meta-analysis, hyperinsulinemia was significantly reduced with exercise
training in type 2 diabetes 10. A possible reason for our results is that the participants

initially had normal blood pressure. In the meta-analysis by Fagard et al. 48 blood
pressure was only reduced by 3.2/3.1 mmHg in people with normal blood pressure,
whereas we found a non significant change of -2.04/0.99 mmHg. The difference between
the 2 meta-analyses may be explained by the small number of studies presenting data on
changes in blood pressure in the type 2 diabetes studies.

It is also important to consider the population in which the studies were conducted
before generalising the results of this meta-analysis. Participants included in exercise
studies are volunteers who may have stronger motivation to exercise than the average
person with type 2 diabetes. Adherence rates may strongly affect the size of the
anticipated changes. Furthermore, exercise studies ofien have inclusion and exclusion
criteria that limit participants to people with relatively well controlled type 2 diabetes
with the absence of major complications. It is very important for the exercise specialist to

work within the entire diabetes care team and to follow pre-established guidelines for

safe exercise participation in type 2 diabetes 50, 51,

The quality score of the included trials is relatively poor (average score of 1.64

out of 5 on the scale described by Jadad et al.21). The relatively low-quality of the
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included trials is to be expected in exercise interventions where some elements such as
blinding are very difficult to implement. Nevertheless, results of the present meta-

analysis should be interpreted with caution; studies in other fields suggest that poor

quality studies may overestimate the size of the effect in a favourable direction 22

although this may not be the case with exercise interventions. As previously described

10, sensitivity analysis comparing randomised studies vs. non-randomised studies failed
to detect any differences and significant publication bias was not detected, as a funnel

plot did not show any asymmetry towards large trials and beneficial results.

Conclusions.The present meta-analysis was conducted in order to estimate the effects of
exercise on components of health related fitness which are particularly important to the
exercise specialist working with type 2 diabetes. The evidence brought forward by this
meta-analysis is relatively week because of the surprisingly low number of controlled
clinical trials presenting detailed information on various aspects of health-related physical
fitness. This is especially true for the number of studies that precisely measure changes in
body composition. Nevertheless, it seems reasonable to conclude that, in type 2 diabetes,
maximal strength and aerobic capacity, although initially low, may be improved through
exercise training to a similar extent as in the general population.

We therefore make the following recommendations. Exercise specialists working
with type 2 diabetes should recommend complete exercise programs (aerobic and
resistance training) for improvements in body composition but should not expect large

reductions in body fat. Careful consideration should be taken while choosing the
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instrument to assess exercise induced weight loss. Research on exercise in type 2 diabetes
should include also more precise evaluation of changes in morphological fitness

There is no evidence suggesting exercise may have different effects of the
muscular and motor components of health-related fitness in type 2 diabetes than in the
normal population. If safe, resistance exercise should be prescribed for people with type 2
diabetes in order to help improve and/or maintain the muscular component of fitness, this
may help increase quality of life and prevention of falls. Studies in exercise in diabetes
are typically concermned with relatively short-term outcomes. More research is needed on
longer-term aspects, such as quality of life, and how they are mediated improvements in
components of health-related fitness (especially the motor and muscular component).

Although cardiorespiratory fitness may be lower in people with type 2 diabetes,
evidence suggest that improvements occur to a similar extend as would be expected in the
general population. Higher intensity aerobic training should be used if greater
improvements in VO, max are desired. It is important to consider the importance of
submaximal exercise capacities when prescribing and designing exercise interventions.

Cardiorespiratory fitness (especially VO, max) has traditionally been recognised
as the most important component of health related fitness. It is unclear as to how much of
this is due to the association between VO, max and physical activity participation.
Research has demonstrated that people with type 2 diabetes are unlikely to participate in
physical activity of sufficient intensity to produce optimal increases in VO, max. A better
understanding of the importance of increasing VO, max as opposed to simply increasing
physical activity is needed so that exercise specialists may appropriately emphasise

specific exercise interventions.
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Table 1: The components of health related fitness as described by Bouchard and Shephard 8 (p.81)

Fitness components Number of RCTs or CCTs -
measuring the outcome

Morphological component
Body mass for height 12
Body Composition
Subcutaneous fat distribution
Abdominal visceral fat
Bone density
Flexibility

Muscular component

©C O & = N

o

Power

Strength

—

Endurance
Motor component
Agility
Balance
Coordination

Speed of movement

© © O O

Cardiorespiratory component
Submaximal exercise capacity
Maximal aerobic power (VO, max)
Heart functions
Lung functions

wn © O W m

Blood pressure
Metabolic component

Glycemic control 10 (HbAlc)

Insulin sensitivity 6 (fasting insulin)

Lipid and lipoprotein metabolism 8

Substrate oxidation characteristics 0
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Table 2. The number of studies at each step in of the literature search and reasons for exclusion.

Stage In trial flow Number of
Studies
Potentially relevant publications identified by computer search 2093
Publications identified after filter tor RCT and CCT 1193
Studies excluded 1151

Reasons: review articles, animal study, not type 2 diabetes

Control group, acute effect if exercise only, or no control group
Trials retrieved for more detailed evaluation 72
Trials excluded 49
Reasons: no supervision or exercise diaries, exercise intervention < 8 weeks, no control

group or control group without type 2 diabetes, drug/medication co-intervention

Potentially appropriate publications to be included in mete-analysis 23
Publications included in meta-analysis 20
Publications meeting inclusion criteria excluded from meta-analysis 3

Reasons:exercise intervention was 3 months on/ 3 month off 52, could

not distinguish results between IGT and type 2 diabetes33, 54

Waist circumference or Waist-to-hip ratio 4
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Figure 2: Changes is strength and changes in muscular endurance from baseline to post-

intervention.

Strength

Trestment Control SMD Weight SMD

Study [y mean(sd) n mean(ad) (35%CI Fixed) 4 (95%C1 Fixed)
Dunstan leg extermon 11 28 70(7 10} 11 36.757 10) — 138 -1 50(-247 -0 53]
Dunstan leg press 1" 35 5009 31) 1 £313(9.31) — 170 -0 79(-1 56,0 09]
Dunstan leg cusl 11 15 50(7 28) 11 18.38(7 28) —~t 179 -0.51-1.37 0 34]
Dunstan beceps curd 11 10 40(2.20) 11 13.09(2.20) —— 154 -1.18-2.10,-0.26]
Dunstan pull-down 1 45 S0(1269) 11 §3.24(1269) - 177 -0.59(-1 44 0 27}
Dunstan seated row 11 S0.50(15 06) 11 S8.01505) -t 180 -0.48(-1.33,0 37]

Total(35%CN) 66 66 'Y 100.0 -0.81[-1.17.-0.45]

Test tor heterogenety chi-squares3 84 dfeS peQ 57

Test for overal sffect z=4.38 p=0.00001

-10 -5 [ s 10
Favours tremment Favours comrol
Endurance
Trestment Control SMD Weight SMD

Study n mesn(sd) n measn(ed) (85%C! Random) % ($5%C1 Rendom)
Honkola abdominal 18 18.00(8.49) 10 S4.50(12.73) —— 184 -3 30(-4 34,-2.26)
Honkola back. 18 23.00(46 67) 18 30.00(59.40) -+ 207 -0 13{-0.78,0 53]
Honkola biceps [left] 18  33.00(186.70) 18 157 00(S3.34) - 205 -0 89(-1 58,-0 20)
Honkala biceps (right} 18 32.00(16.97) 18  164.00(89.10) - 198 -2.01[-2.83.-1 19]
Honkola quadriceps 18 20.00(58.40) 18 28.00(59 40) - 207 -0 13{-0.79,0. 52}

Total(35%CT) [0 S0 - 1000 -1 24{-2.27 0201

Test for heterogenety chi-square=38.21 dfs4 p«<0.00001

Test for oversll etfect z«2.35 p=0 02

10 -5 [ s 19
Favours tremmaernt Favours comrol

Figure 3: Differences in VO, max for exercise vs non-exercise control at baseline and

post-mtervennon.
Trestment Control SMD Weight SMD
Study n mesn(ed) n mean(ed) (95%C1 Random) % (95%Cl Random)
Enagurance traning studies (baseine)
Dunstan A 14 21.50(3.90) 12 25.40(7 90) — 138 062-1.41017]
Dunstan B 11 2300310 12 22.60(4.70) —— 126 -0.071-0.88,0.75]
Mouner 10 23.00Q3.79) 1 22 .60(4 64) —— 1S 0.09(-0.77 0 85}
Ronnemea2 13 26.70(6.50) 12 25.80(8.30) —_— 136 016-065082}
Skerfors 6 210000(26700) 8 2330.00(172.00) S § s4 -099-214,015)
Venninen A P4 24 10(5.80) 24 24.70(5.70) —— 45 -0 10{-0 69,0 48]
Varnnen B 17 18.90(3.90) 16 18.70(5 40) —— 180 004{-064072]
Subtatel(95%CT) 92 95 - 1000 014062 015)
Test for heterogensly chi-squere=4 62 dfs6 p=0.59
Test for overall etfect z=0.98 p=02
Enaursnce treneng studies (Post-Ftevention)
Dunsten A 14 23.89(3.90) 12 24.89(7 90) B 152 -0.16{-0.93,0.61]
Dunstan 8 1 24.75(310) 12 22.65(4.70) —t— 142 050-0.33,1 3¢}
Mourier 10 324004 11) 11 23.00(4 97) —— 108 1 9710.89,3 05}
Ronnemes2 13 29.30(6 20) 12 25.90(8.70) 147 051{-029,1 31}
Skertors 6  2430.00(300.00) 8 2057 0O(308.00) f—— 95 119-002232]
Vannnen A 1 24 80(6 90} 24 23.90(5.40) e 189 014-044073]
Vanninen B 17 19.40(3 .60} 16 18.20(4.70) —tlee 169 0.281-0.41,0.97;
Subtotal(35%C) R -3 > 1000 0.51{0.07.0.96]
Test tor heterogenely chi-square=1263 df=f p=0.049
Test for overal ettect 2=2.27 p=0.02
P 2 : 2 .
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Figure 4: Differences in resting heart rate for exercise vs non-exercise control at baseline
and post-intervention.

Trestmemt Control WD Weight WMD
Study n mean({sd) n mesn(sd) (95%C1 Fixed) % (95%:CI Fixed)
Al studies (baseine)
Dunstan2 11 77 09 35) 10 78.00(11.70) 3 -1 00{-10 34 8 34}
Lenmann 16 81 003 00) 13 78 0O(4 00) — 66.5 3.0000.38562}
Raz 19 80.00(13.60) 19 78.30(12.30) 6.7 1.70(-6.55.9 991
Vanrenen A 21 6403173 27 65.00(10.39) ———— 148 -1 00[-6 54 .4 54]
Vanrwnen B 18 69.0012.73) 17 67 .00(1237) —— 66 2 00(-6 32,10 32]
Suttotal(S5%Ch) 85 96 i 1000 204{-010,4 18}
Test for heterogenely chi-square=2.08 dfs4 ps=0.72
Test tor oversl ettact =187 p=006
Al studies (post-rtervertion)
Dunstan2 11 76 .00(8.29) 10 78.00(7 81) 8s -300{-983.383]
Lenmann 16 74.00(4.00) 13 77.00(3.00) + 63.1 -3.00(-5.55.-0.45]
Raz 19 72.40(12.10) 19 TB20(12.30) e 68 -5 80{-13 56,1 36]
Vanrwnen A 21 64.00(317) 27 6500(10.39) —_ e 133 -1 00(-6 54.4 54}
Vanrwen B 18 64.00(8 49) 17 68.00(1237) ¢ 8.2 -4 00[-11 07 3 071
Subtotal(95%CT) 8s 86 . 1000 -301(-503.-0 98]
Test tor heterogenety chi-squares1 08 dis4 p=0S
Test for oversl ettect =281 pw=0 004
-10 5 0 s 10
Favours tremment Favours corerol

Figure 5: Differences in systolic and diastolic blood pressure for exercise vs non-
exercise control at baseline and post-intervention.

Trestment Control WMD Weight WMD
Study n measn(sd) n mean(sd) (95%C! Fixed) % (95%Cl Fixed)
01 Systoic, ef studies (baseine)
Agurs-Colins 32 14400017 00) 32  139.00(14.00) y 283 5.00(-263,1263]
Dunsten2 11 126.00(9.85) 10 130.00(12.85) 171 -4 G0(-13.80.5 80]
Honkole 18 150.00(12.73) 20 155.00(13.42) ¢ 238 -5 00{-13.32,3.32]
ving A 10 137 .00(3.49) 12 140.00¢10.39) 238 -3.00(-11 32,5.32)
Wing 8 13 1320001803 15 141.00(2324) 70 -g 00[-24.31 6.31]
Sutoesi(I5%CT -2 o9 ~enengR—— 1000 -1.81(-5.86.2.25]
Cru-squere 4.74 (di=4) P 0.31 Z=0.87 7. 0.4
02 Systoic, al stuciies (post-irtervention)
Agurs-Colins 31 144.00021.00) 27 148.00(26.00) ¢ - 170 -4 00({-15.69,7 €9]
Ounstan2 11 127 00(S.95) 10 127.00(1285) 261 0 00(-9 80.9.80]
Honkola 18 1450001897 20  148.00(17.89) 189 -3.00(-14.09.8.09]
wing A 10 126.00(6.32) 12 127.00(13.06) 302 -1 00(-8.77.7.771
ving B 13 130.00018.03) 15 13500(23.24) & > 99 -5.00{-20.31,10.31}
SuBDIOte(I5%CT) a3 7 1000 -2.04{-6852.77]
Ch-squere 0.50 (dfed) P- 0.97 Z=083F:. 0.4
03 Diastolic, all studies (baseine)
Agurs-Colins 32 79.00(10.00} n 77 .00(10.00) ———— 240 2.00{-2.90,6.90}
Dunstan2 1 73.00(6 .63) 10 72.00(6.32) o> 108 1.00{-4.54 6.54]
Honkole 18 686.00(4 24) 20 83 .00(8.94) el 30.1 3 00(-1 38,7 38)]
vng A 10 86.00(8.32) 12 87 00(8.93) 188 -1 00[-6 54 .4 S4)
vang 8 13 80.00(10.82) 15 84.00(11.62) ¢ 83 -4.00(-12.32,4.32)
Sutitotal(I5%CT) :73 [ ] -eniie-- 1000 1 0S5{-1 35,3 45]
Chi-square 2.85 (dfed) P 0S8 Z=086F- 0.4
04 Diastoiic, eof studies (post-intervention)
Agurs-Coling N 78.00¢30.00) 27 79.00(8.00) ———— 283 -1 00(-5 64,3.64)
Dunstan2 11 73.0(663) 10 72.00(6.32) - 184 1.00(-4.54 6.54)
Honkole 18 83.00(8 .49) 2 78.00(8.94) —————— 184 5.00{-0.54,10.54)
NG A 10 80.00(6.32) 12 75.00(3.48) ———l— 23S 1.00(-3.38.5.38)
wing B 13 83.07 21) 1 85.00(15.49) « Ta -2.00{-10.76,6.76}
SURAM(ISRHCN 83 8e 1000 0.99(-1.29,3.37)

Crv-square 3 16 (at=43 P: 0.53 Z=082P:- 04
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CHAPTERIV

GENERAL DISCUSSION

Both these articles independently provided important knowledge for the
advancement of practice and research in the field of exercise in type 2 diabetes meilitus.
The first article, A mera-analysis of the effects of exercise on glycemic control and body
mass in type 2 diabetes mellitus, provides relatively strong evidence supporting the role
of exercise interventions on improving metabolic control. More specifically exercise
interventions produced statistically significant improvements in HbAlc and in fasting
insulin when compared to control. The size of the improvements in HbAlc (weighted
mean difference = 0.74% for studies of more than 8 weeks duration) is clinically
significant, as previous studies have shown that reductions of this magnitude are
associated with a reduction in clinical end points (40.9 vs 46 events per 1000 patients)
(U.K. Prospective Diabetes Study Group, 1999).

The second article presented in this thesis, A systematic review of the effect of
exercise on physical fitness in type 2 diabetes mellitus, demonstrates how other elements
of health-related fitness may be improved through exercise training. Most importantly,
although people with type may have low cardiorespiratory fitness, as represented by VO,
max, this component of fitness was shown to improve to a similar degree as in people
without type 2 diabetes (from 10-30%) (American College of Sports Medicine, 1998b). A
recent study demonstrates a strong association between cardiorespiratory fitness and

mortality in type 2 diabetes (Wei et al., 2000). Although there is some evidence that
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resistance training increases muscular strength in type 2 diabetes, there is very little
information on other potential effects of exercise on maximal or submaximal exercise
capacities in type 2 diabetes.

Even after combining the results from the two articles it is still unclear how to
interpret the lack in improvement in body mass or body composition associated with
exercise training in type 2 diabetes. Although reductions in body mass were expected
with exercise training, it is not completely surprising that no significant changes were
observed. We discuss in the first articles that body mass may not be a reliable indication
of changes in fat mass following exercise interventions. Unfortunately in the second
article reductions in waist-to-hip ratio and percent body fat did not reach statistical
significance. This non-significant trend towards improvement is probably do to the small
sample size as very few studies included these easy and important measures. This lack of
change in body composition may also be explained by the short duration of the included
trials (mean = 20.39 weeks). Significant fat loss, such as those found in National
Institutes of Health guidelines (National Institutes of Health, 1998), may be due to longer
exercise interventions.

Valuable information can be gained from these articles for both the practitioner
and exercise specialist working with people with type 2 diabetes. First of all, the concept
of metabolic fitness has only recently been introduced as a part of health related fitness
for exercise specialist (Bouchard & Shephard, 1994). Exercise specialists should
remember that exercise need not improve maximal and submaximal exercise capacities in
order to be beneficial. Improvements in the metabolic component of health-related

fitness, such as improvements in HbAlc and in insulin sensitivity have strong health
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implications in type 2 diabetes. The exercise specialists should be able to work within the
diabetes care team and have appropriate feedback on the changes in metabolic control of
their diabetic participants.

On the other hand, physicians who treat people with diabetes often do not have
the time or the resources to measure other components of health related fitness or to
prescribe appropriate exercise interventions. Exercise specialist should further be
incorporated within the diabetes care team.

The present meta-analysis strongly contributes to the growing evidence
supporting exercise interventions in type 2 diabetes. The challenge of getting people with
type 2 diabetes to exercise regularly still remains. Only then will exercise interventions
have the opportunity to have their full impact as one of the three cornerstones of diabetic

therapy.
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APPENDIX A

Summary of energy expenditure in resistance training

Study Type METs N Sex
Reilly, 1983 CWT 6.1 13 M
Wilmore, 1978 CWT 6.15 40 M+F
DeGroot, 1998 CWT 2.3 9 M
Hempel, 1985 CwWT 54 18 M=F
Burleson, 1998 CWT 5.5 15 M
Van Ettan, 1997 Weight Lifting 52 26 M
Melby, 1993 Weight Lifting 59 13 M
Hickson, 1984 Weight Lifting 52 4 M
Ballor, 1988 Weight Lifting 3.3 5 F
Ballor, 1987 Hydraulic 7.6 13 M
Katch, 1985 Hydraulic 7 20 M
AVERAGE 5.4 METs

Note: CWT = circuit weight training, M = male, F = female

Details of Studies

1. Circuit weight training (CWT) studies:

In a study by (Reilly et al., 1983), 13 males with some weight training experience
(age average 37), performed circuit weight training.

- Mean Body weigh (kg): 81.5
- Intensity: 3 sets of 10 to 20 reps (10 exercises)
- rest interval: no rest, 10 minute workout

- Reported energy expenditure: 1.75 LOy/min
Estimated METs : = 6.1

In a study by (Wilmore et al., 1978), 20 males (age 17-36) and 20 females (age
17-26), with weight training experience, performed circuit weight training.

- Mean Body weigh (kg): 77.5 for men and 61 for women
- Intensity: 3 sets of 15-18 reps, 10 exercises at 40% IRM
- rest interval: 30sec of work: 15 sec rest,

- Reported energy expenditure:  men: 9 kcal/min and women: 6.1 kcal/min
Estimated METSs : =~ 6.6 for men 5.7 for women

In a study by (DeGroot, Quinn, Kertzer, Vroman, & Olney, 1998), 9 males from a
cardiac rehabilitation population, age 56 to 72, performed circuit weight training.

- Mean Body weigh (kg): 86.74
- Intensity: 3 sets 40 or 60 %1RM
- rest interval: 30 or 60 sec rest between sets

- Reported energy expenditure:  2.98-3.81 kcal/min



- KEstimated METs : =2.3

In a study by (Hempel & Wells, 1985), 10 males and 8 females, very active but no
mention of weight training experience (age average 27), performed the Nautilus Express
Circuit.

- Mean Body weigh (kg): 66.9
- Intensity: 14 Nautilus exercises 7 sec/rep, 1 set of 8-12 reps
interval: no rest

- Reported energy expenditure: 19.2 miO»/kg/min
- Estimated METs : =5.4

In a study by (Burleson, O. Bryant, Stone, Collins, & Triplett-McBride, 1998), 15
males with 6-months of weight training experience, age 20 to 26, performed circuit

weight training.

-~ Mean Body weigh (kg): 82

- Intensity: 2 sets of 8 exercise, 8-12 reps at 60% IRM
- rest interval:

- Reported energy expenditure: 7.9 kcal/min

- Estimated METs: = 5.5 (corresponds to 44% of treadmill VO, max)

2. Weight lifting studies (non CWT)
In a study by (Van Etten, 1997), 26 males healthy but sedentary, average age 33,
performed resistance training.

- Mean Body weigh (kg): 78.8

- Intensity: 3 set of 10 exercises, 15 reps/set

- rest interval: 1:1 work:rest ratio

- Reported energy expenditure: 7.2 kcal/min

- Estimated METs: =5.2 (corresponds to 44% of treadmill VO, max)

In a study by (Melby, Scholl, Edwards, & Bullough, 1993), 13 males with weight
training experience (age 20 to 40), performed resistance training.

- Mean Body weigh (kg): 78
- Intensity: 6 sets of 10 exercises at 70% of 1RM ( 8-12 reps),
- rest interval: sets started every 3 minutes. Total 90 minutes

- Reported energy expenditure:  7-9 kcal/min
- Estimated METs : =~ 5.86

In a study by (Hickson, Wilmore, Buono, & Constable, 1984), 4 males with
weight training experience (age 19 to 26), performed resistance training.
- Mean Body weigh (kg): 82

- Intensity: 3 sets of 6-9 reps at 75-80% 1Rm, 5 exercise
(universal)
- rest interval: 30sec work:1min rest

- Reported energy expenditure:  6.7- 8.2 kcal/min
- Estimated METs : = 5.2



In a study by (Ballor, Katch, Becque, & Marks, 1988), 5 obese females (32.9),
performed resistance training.
- Mean Body weigh (kg): =75
- Intensity: 10-12 reps, for 3 sets of 8 exercises
- rest interval:
- Reported energy expenditure:  36.30 LO,/ 42 minutes
Estimated METs : =3.3

3. Hydraulic resistance training studies
In a study by (Ballor, Becque, & Katch, 1987), 13 males "highly fit" (age average
24), performed hydraulic resistance training.

- Mean Body weigh (kg): 84.6
- Intensity: 7 Hydraulic exercises at different speeds
- rest interval: 30:30 seconds work:rest ratio

- Reported energy expenditure:  26.7 ml Oy/kg
Estimated METs : =~ 7.63

In a study by (Katch, Freedson, & Jones, 1985), 20 males with no previous weight
lifting experience (age average 24), performed hydraulic resistance training.

- Mean Body weigh (kg): 73.3
- Intensity: 3 Hydraulic exercises at different speeds,
- rest interval: 20sec work: 20sec rest ratio

- Reported energy expenditure: 9 kcal/min
- Estimated METs: =7

*** all conversions from kcal/min to METs were done assuming that RQ= 1.
*** Most of these studies do not measure energy expenditure during recovery.

Energy expenditure during recovery of resistance training may be much higher
than during the recovery from aerobic exercise [Burleson, 1998].
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APPENDIX B:

Quality assessment scales

1. Scale for assessing Randomization, Blinding, and Withdrawals (Jadad et al., 1996)

Trial Characteristics Yes No Bonus

Was the study described as randomised?
This includes words such as random, randomly, and
randomization

Was the study described as double blind?

Was there a description of withdrawals and dropouts? N/A

Total score =
Scoring the items:

Give a score of 1 point for each “yes™ and a score of 0 points for each “no”. There are no
in between marks.

Give 1 additional point if:

For question 1, the method of randomization was described and was appropriate (random
number table, computer-generated schedule, coin toss).

And/or

For question 2, the method of double blinding was described and was appropriate
(identical placebo, active placebo, dummy, etc.).

Deduct 1 point if:

For question 1, the method of randomization was described and was inappropriate
(alternating allocation, date of birth, chart number, etc.).

And/or

For question 2, the method of double blinding was described and was inappropriate
(comparison of injectables and oral preparations without a “double dummy™).

Guidelines for assessment

Randomization

A method to generate sequence of randomization will be regarded as appropriate if it
allowed each study participant to have the same chance of receiving each intervention
and the investigators could not predict which intervention was next. Methods of
allocation using date of birth, date of admission, hospital numbers, or alternation should
not be regarded as appropriate.




Double-blinding

A study must be regarded as double blind if the word “double blind” is used. The method
will be regarded as appropriate if it is stated that neither the person doing the assessment
nor the study participant could identify the intervention being assessed, or if in the
absence of such a statement the use of active placebo, identical placebo or dummies is
mentioned.

Withdrawals and drop-outs

Participants who were included in the study but did not complete the observation period
or who were not included in the analysis must be described. The number and reasons for
withdrawal in each group must be stated. If there were no withdrawals, it should be stated
in the article. If there is no statement of withdrawals, this item must be given no points.

2. Criteria for assessing Allocation Concealment (Schultz et al., 1995)

A) Adequately concealed trials

If it was deemed that adequate measures to conceal allocation were taken (i.e. central
randomization, number or coded bottles or containers, drugs prepared by pharmacy, serial
numbered, sealed envelopes or other descriptions that contained elements convincing of
concealment)

B) Inadequately concealed trials
Trals in which concealment was inadequate (such as alternation or reference to case
number or to date of birth).

C) Unclearly concealed trials
Trials in which the author did not report allocation concealment approach at al or
reported an approach that did not fit into one of the categories just named.



APPENDIX C

Tables and figures of resuits for all analyses performed.

The following pages represent all the figures analyzed with RevMan and MetaView
software. Many of the figures have not been included in the articles because of space
limitations; this is often the case for subgroup analysis or less clinically important
findings
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Wing A 10 2.00(1.28) 12 79001.7%) —_— 78 0.10¢-1.15.1.35}
wing 8 13 8.2001.00) 15 9.0001.18) —— 77 -0.80¢-1.83.0.03]
SUDIOLIRSNCD 138 138 i 100.0 -0.74(-1.00.-0.39
Test for neterogenety chi-equare=.dé a9 p=0.40
Test for owersl eflect r=4.15 p=0.00003
03 RCT's (besetna) .
Dunstan A 1 £.30(1.50) 12 8.0001.50) —— w7 0.30(-0.08.1.48]
Dunstan 8 11 8.80(2.70) 12 £.1001.40) [ [&] 0.70f-1.08.2 48]
Dunstan2 1 £.2001.08) 10 8.1001.90) —_— "2 Q.10R-1.43,3.89
Mourer 10 &.5001.00) 1 7.4000.09 —_—— 153 1.10¢0.21.2.41}
Ronnemea2 13 9.80(1.00) 12 10.00(1.50) — 179 0.40(-1.82.0.82
wing A 10 9.7001.58) 12 9.4001.79) —_— 138 0.30¢1.08.1.68)
wing 8 13 10.60(1.80) 15 10.90(1.94) —e— 37 <0.30(-1.80.1.08
SubtotakBs%NChH [ -] 7] - 100.0 0.23{-0.29.0.74)
Test tor heterogenedy cheaquemsd.59 G p=0.73 !
Test tor overall effect 1=0.88 p=Q.4
04 RCT's (pomt ~snervertion)
Dunstan A 14 7.7001.50) 12 7.9001.50) — 1 -0.20(-1.38.0.08]
Ourstan 8 1 8.07.70) 12 7510140 —_—————— (1] 0.50-1.28.228)
Dunstan2 1 8.00(1.88) 10 8.3002.21) —_————— (V] -0.30¢-1.98.1.38]
Mourwer 10 6.20063) 1 7.70¢1.3%) —— . 25 -1.50-2.38.-0.62
Ronnemsa2 13 8.60(1.90) 12 9.90(1.70) —_———— s -1.30-2.71.0.11)
Wing A 10 8.00(1.26) 12 7.90(1.73) —_— 120 0.10f1.15.1.35)
wing8 13 8.20¢1.00) 15 9.001.16) —a— w4 -0.80(-1.63.0.03}
SuOtES%CT 82 - 100.0 0.724-1.15.0.28)
Test for eterogenady Cri-aquiresg. 18 G p=0 23
Test tor oversl effect 2%3.23 p=0.001
05 Engurance tranwg stuies (heselne)
Dunstan A 1 8.30(1.50) 2 £.00¢1.50) —_— 178 0.30(-0.80.1.48)
Ouratan B 1 8.802.70) 12 6.1001.40) —_———— T4 0.70(-1.00.2 48]
Letenann 18 7.50(1 80) 13 7.8001.70) —_—— 160 0.301-1.51.081]
Mouwr 10 £8.50¢1.00) 1 7 40(0.99) —— 138 1.10¢0.21.2.61)
Raz 19 1250290) 1 1240000 _— . 01062122327
Ronnemae2 13 9.80(1.80) 12 10.001.50) — 18.0 0.40-1.82.087)
WANg A 0 0.7001.50) 12 0.40(1.73) —— 123 0.30-1.00.1.68)
g 8 13 10800180 15 10.90(1.86) ———— 123 0.30(-1.00.1.00
SUOtaISNCY 108 s - 100.0 0.15¢0.34.0.83)
Tesat for heerogenely chh-aquaresd 20 de7 paQ.78 '
Test for owered effect 7%0.60 p=0.8 :
1
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Review:  Exercise for type 2 diabetes meliitus (JAMA, 13 studies)
Non-exercise control

Comparison: 01 Exercise vs
Outcome: 0t HbATC
Treammern Covtred Weilgre MDD
Study n a mearel) (98%Ct Pt} % {9E%C1 Flzed)
08 Endurancs Sarmng e (DOS-servarson)
Ounstan A 14 7.7001.50) 12 7.90(1.50) 128 -0.20-1.36.0.98]
Owuwtan B 1" 07T 2 75700 .40) —————m Se 050120228}
Lafrnenn s 7.50(1.60) 13 €.40(1.70) ——— ny 0.90(-2.11.0.31)
Mouner 10 6.20(0.6%) 1 7700133 —— 22 -1.50¢-2.38.-0.621
Raz 19 11.70¢2.80) 19 12.90¢4.20) —— 3s -1.206-3.42.1.00
Rormemas2 13 2.60(1 90 12 $.90¢3.70) - — (1] -1.30¢-2.71.0.11)
wing A 10 8 00(1.25) 12 7 90(1.73) - we 0.10(-1.15,1.35
wWeg 8 13 8.20(1.08) 1 9 00(1.16) 249 -0.80f- 63.0.03]
SubeotakS5%Ch 135 128 100.0 008{-0.34.0.47]
Test tor heterogenety Che-squares4 71 dts® psQ 88
Test for ovaral effect 2=0.30 5=0 8
G7 Resstance trasung shuhes (Daseine)
Ouman 1 8.20(1.86) 10 £.10(3.90) ———— 27 0.10-1.43.1 83
Honkow 18 75000.2N0 2 7.7001.34) 73 -0.20¢-1.03.0.631
Sutota8SNCy 138 138 100.0 -0.74§-1.00,-0.39¢
Test for MelerogQensty w-aues@.44 gfe@ paQ 49
Test for oversl effect zw4.15 p=0.00003
08 Resatance raewyy studies (DOS-#Rerenton
Ourstan2 1 8.00(1.08) 10 8.302.21) —————— 150 Q.30(-1.98,1.38)
Honkote 1. 7.40(0.8%) E-] 8.1001.36) _._ S0 .70¢-1.41,0.01}
SuDotaK@SnC) 82 . 100.0 0.2%-029.0.74]
Test for hewerogenety Ch-squareed 59 ang £=0.73
Test for ovarnt effect 720.08 p=0 4
13 non RCT's (baseine)
Horsols 18 7.5001.27) F-] 7 1001.30) 622 -0.20f-1.03.083
Letxnann 16 7.50(1.80) 13 7.00(1.70) — - 292 -0.30¢-1.51.0.91}
Raz 1w 12.5002.90) 1 12.40(4.00) —_.__ 87 ©.1062.122.3%
SuoeSNCH [~ [ 7] i 100.0 0.7%-1.15-0.28)
Test tor heterngenaty cre-agpere=g. 18 oG pe0.23
Test for overal effect 2%3.23 p=0.001
14 non RCT's (Gost-atervension)
Honso 18 7.4000.89) 2 .1001.34) E [ 2] «0.701-1.41.001])
Lahwmenn 18 7.5001.60) 13 8.40(1.70) —— 238 0.80(-2.11.0.31)
Raz 19 11.702.80) 1» 12.90(¢.20) —_— 70 ~1.200-3.€2.1.00
SUtIaBSHCH 108 108 100.0 Q.15-0.34.0.63

Test for Aeterogunety chi-equreed 20 die? peQ.78
Test tor oversl effect z=0.00 p=Q.&
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Review:  Exarcise for type 2 diabetes meilitus (JAMA, 13 studies)
Non-exercise control

Comparison: 01 Exercise vs
Qutcome: 02 Fasting glucose
Tregament Comtrel WMD Weight  WMD
Stugy n n mean(e®) (96%C3 Ranw) % (96%C? Fmed)
01 A shurkes (hessine)
Ounatan A 16 10.00(3.50) 12 8.90C200) —_—— 80 1.10¢1.25.3.48
Durstan 8 3] 960Q3.30 2 w01 —————— s 0.80¢-1 48.3.08
Dunstan? 11 $.80C 09 10 s.9800.7W) ———— S 0.30632¢.266}
Lefynann 18 9.00(3.20) 13 9.8001.50) —— 129 -0.80(-285.1.05
Mourer 10 9.2001.2%) 1" 8.40(1.99) e ——m 21 0.80-0.61.221]
Rz 19 1 40C2.30) 1] 11 80(4.60) ————— 82 0.401-273.1.91)
Ronnemaa2 13 11 80(3.40) 12 11 40170 ————— 182 0 40H-1.68.2 48]
Skartors [ 11 00(4 40) s 85003.40) - ——— 28 25061 74.6.74]
wing A 10 10 2002 53) 12 @902 7N - s0 0.30¢-192.25
Wing 8 3 11 60(2.16) 15 1260271) -— 135 -1.00{-281.0.81}
SubIOaKBS%CT) 123 124 - 1000 6 171-0.48.0.84]
Test for heterogensty chh-squarne=S5.88 of=9 p=Q. 7S
Test tor overall effect 7%0.52 p=O 8
02 All Shahes (POSH-rEenenton)
Ounstan A 1 S.620.50 12 805200 ————— e e 3 137100837
Durstan 8 " 9.163.30) 12 2212.10 - —————— - [T] Q12w 217
Ounstan2 1t 940285 10 9.50(¢.11) —_————— - (%] -0.40(-3.30.2.59
Letyrenn 18 8.50(3.20) 13 9.302.52) — . 106 -0.001-2.88.1.28]
Mouner 10 9.5001.58) " 8.60(1.08) ———— ne 090¢049229
Raz 19 10.20(3.30) " 12304460 o —— o 15 -210(4.57.0.37]
Ronnsmea2 13 10.50¢4.40) 12 11.2002.20) —_——— 3 -0.70(-3.40.2.00
Skartors [} 9.60(3.40) [} 6.00(1.80) —_— e s3 280£0.19.5.79
g A 10 7.802.53) 12 7%003.12 —_——— .2 0201256218
wing 8 ? 8.4001.00) 5 2.20.71) ————— 182 -0.00(-2.48.0.08]
SubIotak9SNCYy -} 12¢ - 1000 0.01:0.67.008
Test for heterogenely chv-equisw=10.85 Mg pe0.29 g
Test tor overnll effect 7%0.03 pet
03 RCT's (hassine) .
Dunstan A 14 10.0003.50) 12 8.90Q2.60) —_———— e 1.10(-1.25.3.45
Ounstan 8 (3] 9.8000.30) 12 8.902.10) —_———— 100 0.80F-1.48.3.08]
Ounsan2 " 9.00(2 98) 10 0.0003.79 S S — 60 -0.301-3.24.2.84]
Mourier 1] 9.2001.28) 1 8.4001.00 — 22 0.801-0.81.2.21]
Raz 19 11.4002.30) 10 11.00(4.00) —_— [ %4 Qe-271.181
Romremea2 13 11.8003.40) 12 11.4001.70) — 120 0.40(-1.58.2 48]
WingA 10 10.20R2.5%) 12 [X.-X)] —_——— 108 030102257
g8 13 11.6002.16) 15 128002.71) —— 160 -1 00-2.83.0.81]
Sutzctal(95%CH 101 103 - 1000 0.20(0.47.0.98]
Tast for SquUIre=1 81 O=T7 p=0.82 .
Test for owerall effect z=0.68 p=Q.5
04 RCT's (poss-suervantion)
Owrutan A 14 2.4203.50) 12 6.05Q.00) —_— . 1370983, 7
Ounstan 8 1" 9.163.30) 2 2110 —_—————— 104 Q11238217
Durmten2 1 9.402.85) 10 0.00(4.11) —_— a1 0.401-3.30.2.50
Mouner 10 9.50(1.580) 1 2.60(1.08) ——— 23 0.90(-0.40.2.29
Raz "® 10.2003.30) 19 23006400 o o . (L] -2.10(-4.57.0.37]
Ronnemas2 3 10.50(4.40) 12 11.20Q.20) —_——— 15 0.7013.40.200
Wing A 0 7602.53) 12 7.803.12 ———— [1] 0.20(-2.562.16)
wing 8 13 8.4001 .80 15 .20 1) ————— 192 0.801-2.48.0.08
SutLOLA(BSHCY 101 103 . 100.0 -0.08(-0.80.0.88]
Test for heterogensily ch-equresS 00 di=? pag 64 '
Test for oversll eflect y=0.15 p=0.§
05 Encurance tarwng sucies (haselre)
Ouratan A 14 10.00{3.50) 12 8.90¢2.90) —_——— [ ¥ 1100125345
Dunstan 8 1 $.8003.30) 12 0.80¢2.10) ——————— [ 0.80(-1.48.3.08)
Lahmann 18 9.000.20) 13 9.80(1.00) ——— 138 -0.80(-2.85.1.08)
Mouner 10 9.2001.28) " 8.4001.09 —_———— 23 0.8040.81.2.21)
Raz " 11.402.30) ] 11.004.00) —— [ &4 040F271.1.01)
Ronnemea2 3 11.80Q0.40) 12 11.40(1.70) [ S ——— 10.7 0.40-1.08.2.68
Skarfors [ 11.004.40) [ ] 0.5003.40 — 28 250¢1.740.76)
wig A 10 10.202.53) 12 0.90R.77 —_————————— [ X 030-1.02.250
wig s 13 11.0002.18) 15 1280@.17) —— 143 -1.00-2.81,0.81]
SuDtoKESNCY 12 114 - 100.0 0.20¢0.48.0.08
Test for NRerogenally Cre-aquaresS.78 dm@ pe087 !
Test for overst offect 29058 pO S i
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control

Review:  Exercise for typs 2 diabetes meilitus (JAMA, 13 studies)
Non-exercise

Compartson: 01 Exercise vs
Outcome: 02 Fasting giucose
Trestmars

Corntral Weight  WMD
Stucty n meanisd) n mearted) (3%CI Rma) % (9E%CI Fanel)
08 Encurencs trarINg Sl (POsl-susrereon)

Ourmtan A 16 202050 2 2105200 —— [V ] 13N0.903.77

Ounstan B " 9.160.30 12 272100 ——— 3 011238217

Latsnarm 16 8500320 3 93025 ————————— 12 -0.001-288.1.28

Mounsr 10 9.5001.58) 1 8.60(3 68 — 252 0.90(-0.49.2.29

Raz 19 10.20Q1.30) 19 1204640 - — - 79 -2.10{-4.57.0.37]

Ronnemsa2 13 10.50¢4.40) 12 11.202.20) - — ———— 87 0.701-3.40.2.00)

Skartors [} 96003.40) 8 6.80(1.50) [ s4 2.801-0.19.5.79]

Wing A 10 760259 122 7 80(3.1 — —— - - a7 -020¢-256.216)

WwWing 8 13 8 40(¢1 80y 15 9202 7%) — e —— 70 0801-2.48.0881
SuBtaBSNCh 13 12¢ - 1000 0.171:0 49.0.56}
Test for heteropensty Chw-square=S.88 oreg p=Q.75
Test for overall effect z=0.52 p=0.8
07 Reustance ranwg Suces (Deseing) .

Dunstang 11" 9.6002.90) 10 9.900.79) —_.____ 1000 0.301-3.24.2 84}
Suttota(S5%CN 123 12¢ - 1000 0.01-067.0.60)
Test tor heterogensty Chy-aquare=10.85 af=§ p=Q.29
Test tor overall effect 290.03 p=1
08 Resmtance rarwy) SUies (DOSE-rierventon !

Ounstan2 1 940265 10 9.80(4.11) __..—_ 100.0 04011.30.258)
SubXosKEsNCH 101 103 —— 100.0 0.250.47.0.08
Test tor heterogenety chv-sguresd 81 ai=7 psQ 2
Test tar oversl effect z=0.00 p»0.5

'
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Review:  Exsrcise for type 2 diabetes melitus (JAMA, 13 studies)

Comparison: 0t Exercise vs Non-exercise control

Outcome: 03 Fasting insulin
Treswmars

WD Weigie waD
Study a n mean(edy (96%CL Fmect) L) (96%CS Flane
01 AS st (Dasedne)
Ounstan A 14 130KS.4D 12 13.0X7.57 ——————— Nn3 Q0532598
Ounstan 8 1 14.92(16.20) 12 1872087 78 -1 80¢-1261.9.01)
Dunstan2 " 10.72€7.02 10 13.77(5.59) —_— ——— s 20580323
Lahmann 18 24.9708.60) 13 18.10(11.84) 25 S87-12.1825.9)
Skarfors [ 17 10(11.10) s 174000100 . 65 0.30¢-12.00.11.40{
Wing A 10 25 17(8.96) 2 26.17(8 0B) - el —— — 172 100§-8.19.8.19§
wing 8 13 40.00(19.63) 15 29.17(19.38) —_— ey 42 10 83-2.74.25.401
SuDItESNCT) (] [-] JS— 100.0 -0.29+-328268]
Test for hetarogerety che-squaresd 00 ar=6 ps0.68
Test tor overall effect z=0.1% p=0 8
02 AR Sutes (PoSt-eRerventon)
Ouwtan A 14 11.3K5.6n 12 1203780 — 290 -0.85[-5.98.4.09]
Ounstan 8 1 13 58(16.20) 12 17880870 . [V ] -4.30(-15.11.6.51]
Dunstar2 n 10 52(8.98) 10 1563864) . @ 236 -5.11410.83.07Y]
Lefrnann 16 20.30(19.60) 13 Z7.50019.47) . 19 -7 201-21.49.7.0901
Skartors [ 15.40(8.00) s 17 408.40) [ 1] 2007931113
Wing A 10 1267520 12 15.50(8.08) — 53 -2E-8.45.2.79
wing 8 13 30.50(18 83 15 2.33Q7.1%) 27 1.17-15.68.10.22)
SuCItBSNCD 81 [-] - 1000 24815 28.037]
Test for heterogenety chw-square=2.88 of<8 p=0.82
Test for overnd effect 2+1.70 p=0.08
)
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Review:  Exsrcise for type 2 diabetes meiiitus (JAMA, 13 stucties)

Comparison: 01 Exercise vs Non-exercise control

Quicome: 04 Body mass (Kg or BMN)

SMD Weigt WD

Sty a a meanied) (98%CI Fanet) L) (96%C) Fle)

07 Al sthurtes (heseine)
Dunstan A 14 8S.70035.00) 12 29.40013.00) o— 10 0.25-1 020.5%
Ourstan 8 " 256003000 12 88.40(18.20) -— 83 0.20(-1.02.063)
Dunmtan2 11 83.80(Y2.27 10 870170 —— 57 0071-0.78.0.83)
Fui 10 67.30010.7%) 15 s4c0(278) - a5 0.221-0.50.1.09
Horkota 18 873020.79) 2 TIN5 -— 99 0.59(-0.08.1 2¢]
Kaptan A \l} [ Fal~ak.0) 9 92.16(21.79) - 10 .13-0.77.0.50}
Kagtan 8 1) 92 0520 25) 19 83 87(16.90) s 102 043022107
Letyran 16 87302230 13 8880(13.10) .- 79 003{-0.71.0.76]
Mouner 10 8530(1213) 1] 84.40(14.82) - 57 0 08{-0.79.0.92]
Raz " 31 80(4 50} 19 30220(4.70) s 103 0 34(-0.30.0.96]
Ronnemas 13 85202163} 12 8280(44.34) -— (Y] 0071-0.72.0.88
Wing A 10 106.90(16.76) 12 97.40(13.16) — [%4 0681-0.25.1.48
wig 8 13 104.10(21.83) 15 102.00(19.36) —— 18 0.100.64.0.86]

SuDINSSNCY 3 10 PS 1000 0.16(-0.04,0.37)

Test for helerpgenesy chy-aquere=6.62 afs12 p=0.58

Test tor overall eftect v1.56 p=0.12

02 Al shuties (Dost-rienenion
Dunstan A 14 833001500 12 88.00(1380) —— 72 0.32¢-1.00.0.48]
Ouratan 8 " 83.50(10.60) 12 87.80(16.20) —— 64 0.30(-1.12.0.5%
Ounstan2 n 832001220 10 BN —— 50 0.04{-0.90.0.82]
Fud 10 6390(10.7%) 15 6280(12.79) —— (1) 0.004-0.71.0.08}
Horkola 18 88.8020.285) X 78800114D —~— 104 0.454-0.20.1.08
Kapien A 8 STS21.07 15 R2M.Te —— 92 0.20£-0.58.0.48{
Kapian 8 18 91.42003%5) 18 TI.2708.90) —— [ 0.74{0.02.1.48)
Lehmamn 18 88802220 13 S.B0(1250) —e— [} 0.0140.74.0.7
Mouner 10 5380(123% 3] $4.20(15.2%) —— 59 -0.03-0.88.0.83
Raz " 31.50(4.30) 19 30.00(4.20) —— w0r 0.2110.43.0.85)
Ronnemes 13 83.20019.47) 12 83.30(6295) —— 71 0.00¢0.70.0.78)
wing A 10 9841878 12 90.10(15.51) —— 80 0.50¢0.38.1.35)
g 8 13 94.00Q097) 15 95.e0(10.79) —— 79 0.08-0.82087)

SUIPSNCY ¢, ] n P 1000 0.104-0.11.0.300

Test lor nEragensty cre-spare=d.3S ae12 p=0. 78 :

Text for oversll effect 20.80 p=0.6

03 RCT'S (basstns)
Ounstan A 14 85.70(15.00) 12 89.40(13.00) —— [T Q25102055
Ouwtan 8 11 £5.60(10.00) 12 801820 —— 7 0.20-1.02.0.83]
Duretan2 1" 8380(12.27 10 200170 —— A} 0.07-0.70.0.8Y
Kagian A 1% nRIon v KRweum —-— 128 0.13-0.77.0.50)
Kagien 8 19 92052039 19 880690 —— 125 0.63-0221.0M
Laperteng A 30 30.80(4.00) -] 3120030 .- 195 Q11(-0.62.041)
Mouter 10 8530(123%) " 84.40(14.5) —— 71 0.08:0.70.067
Ronnemaa 13 8520218 12 6280(64.34) —— [0 0.0T1-0.72.0.88
Wig A 10 108.90(16.76) 12 97.60(12.18) — 70 0.61-0.25.1.48)
wing 8 13 104102185 15 102000038 —— [ 2] 0.10{-0.84.0.86]

SUOtAKES%CH 150 150 * 1000 0.05-0.10.027

Test for neterogensty chi-aumrend 53 dfe@ puQ 87

Test for oversd effect ze0.40 p=0.7

04 RCT'S (posi-searvention)
Ounstan A 16 813001500 12 68.00(13.00) —.— "3 0.324-1.00.0.48)
Owwan 8 1 £3.50(10.00) 12 eT.e0(16.2) —— 100 0.30¢-1.12.052
Dunstan2 1" 83.20(12.27 10 R70020D —— [E] -0.04(-0.90.0.82
Kaplen A 18 §7.8521.07) 15 RW21.TH —a— 144 0.20(-0.00.0.48¢
Kapisn 8 18 91.4200.06) 6 TI.I08 —— 13 0.7400.02.1.48
Mourer 10 53.80(1233) 1M1 42001520 —— 3 0.0%-0.80.0.83]
Ronvemas 13 832001047 12 S1.304296) —— 110 0.00£0.79.0.78¢
Wing A 10 98.40(16.78) 12 901001851 L [} 0.501-0.38.1.35
w8 13 94.00G087) 15 90.60(10.79) — 123 0.080(-0.82.087]

SutRotaBS%CH 118 18 & 1000 0.030.23.0.29

Test for heterogensly che-axeresg.79 ol p=0.58 .

Test for overag effect 2025 p=0.8 ,

05 Encurance taring sishes (basslng) .
Dumtan A 1% 045.TO(15.000 12 89.40(13.00) — [} 025102059
Owwtan 8 11 $5.00(10.00) 12 Me0ns 78 0.201-1.02083)
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Ewuuforqpozmm(MﬂM)

SMD Weigie SMD
Suxty n n meantel (08%C: Py L 4 (9E%NC Fan)
CS Endurancs trareng shales (Dasslne)
Fud 10 67.30(3.40) 15 64.0003.30) — 12 0.78:0.05.1.62)
Kapian A 1% 8nEton 1 92.18(21.78) —— 126 «0.134-0.77.0.50§
Kagien B 19 92.0520.3%) ] 83.87(18.90 —— 21 0.ea9.221.0M
Lehmann 16 §730Q230) 13 8801310 —.— ' 00%0.71.0.78
Mouner 10 85.30(12.3%) 1 84.40014.92) —— (Y] 008(-0.79.092]
Raz 19 31 80(4.60) 19 30.2004.70) —— 122 ©344-0.30.0.98)
Ronnemas 13 85202167 12 825014430 ce— 82 00T}0.72.0.85
Wing A 10 108 90(15.78) 2 97 40(12.18) —— 87 081L0.25.1 48]
wWing 8 13 104 10¢21.63) 15 10200(19.286) -— [X] 0.10{-064.0 84}
SUCLETISNCD 183 189 Ps 100.0 0 16{-0.04.0.37}
Test for neterogenety »-quan=d 62 ars12 o=0.88
Test for overad sffect 7=1 56 p=Q 12
08 Endurance raswy] stuces (posi-reenernton}
Dunstan A 14 83.30(15.00) 12 s8.00(1360) — a8 0.32¢1 09.0.06]
Dunstan 8 11 £3.50(10.60) 1 47 80(18.20) ——— 17 0.30(-1.12.0.5
Fue 10 €3.90(10.7%) 15 (12718 - — (%] 0.08-0.71.0 88}
wapian A 18 87.951.07) 15 R2821.70) —e— 11.0 -0.20¢-0.88.0.40)
Kaplan 8 18 91.42(20.15) 16 772700900 - 100 0.7410.021.48)
Lehmann 18 86 602 20) 13 88.L001250) —— (%4 0011074078
Mourer 10 £3 80(12.33) 1 $4.20015.29) —— A -0.03-0.88.0.63
Rsz 19 31.50(¢. 30 19 30.60(4.20) - 128 0211002088
Romemea 13 83.20(19.47) 12 83.30(629%) —— se 0.00{-0.79.0.78
WingA 10 98.40(16.76) 12 90.10(15.81) ——— 71 0.50{-0.38,1.39)
wig8 13 94.8020.07) 15 85400075 —— (T3 0.086-0.82.007)
SUIOtISRCYH m "2 ® 1000 0.10{-0.11.0.308
Tast for heteragensty chh-eqrawe=8.35 a=12 pe0.7¢ :
Test for ovarad effet 7=0.80 p=0.4
07 Resmtance traswng shaies (haseine)
Ounstan2 1" 820001227 10 2.7001.70 *— »n7 C.07:-0.70.0.8%
Horkals 18 87.30Q0.79) 2 71100125 ‘- a3 0.50-0.08,1.24)
SuoBSNCH 150 150 PS 100.0 00%50.18027
Test for haterogenaty chv-sumrend 5§ dr@ p=0.87 :
Test tor ovaral effect 190.60 p=0.7 ;
!
08 Resxiancs ranwyg Sases (Post-reervention) :
Dumtar@ 1 22001227 10 R.T012.00 —— »2 -0.04¢0.90.0.87
Horhote 19 88.80Q20.39) E T.80(13.4D '— Qs 0.450.20.1.00
SutIctaBINCH 118 1us P 100.0 0.0%-0.23.029
Test for essrogensty che-aparesl.79 aeg pe0.58 ;
Tesxt for oversll sflec 2=0.25 p=0.8 )
+
i
!
+
|
|
|
1
1
|
i
- 2 ] 2 .
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Review:  Exsrcise for type 2 diabetes meiiitus (JAMA, 13 studies)
Non-exsrcise control

Comparison: 01 Exercise ve
Outcome: 05 Abdominal obesity (WHR or waist circumference)
Comral SMD VD
Study n ) mean(ad) (96%C1 Fumee) [ (98%C1 Flwed)
01 AL shaties (Daseine)
Ounmtan? 3] 0.98(0.09 10 1.0303) .- 28 0.22¢-1.08.0684
Lehmamn 8 c.98(0.11) 13 0.96(0.12 ol 406 -0.171-0.90,0.58]
Mouner 10 ce7@om 11 oeraon - 28 0.00(-0.80.0.08]
Subeota@S%NC) 7 » - 1000 -0.1%-0.60.0.3%
Test for heterogenaty chw-squires0. 14 ¢fw2 pe0 93 -
Test tor owera effec: 7=0.58 p=Q.6
$2 Al Stuthes (POSS-aterventon)
Ounstan2 1 0.98(0.03) 1 10303 & 02 <0 221-1 08.0 64}
Letynann 16 a92@ 10 13 0.880.11) - 98 Q.56-131.0.19]
Mouner 10 0.94(0.08) " 0 980.07) - 100 -0.29¢-1.18.0.57]
SUDOAKIS%C 7 34 - 1000 -0.381-0.85.0.101
Test tor heterogenety ch-square=0.18 ate2 p=0.82
Test for oversll effect ze1.58 p=0.12
!
'
I
'
- 2 a 2 .
¥ oonse suprars Favosre coreret
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Review:  Exercise for type 2 disbews meliitus (JAMA, 13 studies)
Non-exercise control

Compaertson: 01 Exercise vs
Outcome: 08 VO2 max
Tresamens Conred SMD aMD
Study n mean{sd) n mean{edy {96%Ct Random) % (96%CI Randew)
o1 g stuses !
Ounstan A 14 21.500.90) 2 25.4007.90} —— 124 Q84-1.410.17]
Ourmtan B 11 2230Q.10 12 2.9504.70) — 128 0.07:-0.89.0.79]
Mouner 10 2.00.79 n 22.60(4.66) —— 115 0.09{-0.77.0.05]
Ronnemas2 13 2.T00.50 A 25.8008.30) ——— 16 Q.14(0.65.0.9)
Skartors 8  2100.00C287 00) 4  230.00(172.00) —— (€] 099-2.14.0.15)
Vanmnen A 21 26.10(5.80) 24 24.70(5.70) -— 25 -0.10(-0 69.0.48}
Vannnen 8 17 18.90(3.90) 18 18.70(5.40) -— 180 004{-0.64.0.721
SULLMISRCH 92 [ P 100.0 0.141-0.44.0.15)
Test for heterogenety che-squares4 62 ar=¢ p=q.59
Test for overal effect 2=0 88 ps0.3
02 Enduranca traning stukes (DOSt-eXeventon)
Ounstan A 1. 23.0003.90) 1?2 26.09(7 90) - — 152 -0.16-0.93.0.61)
Ounstan B 1} 240.753.10) [ 2265(4.70) - —— 142 0.50{-0.33.1.34}
Mouner 10 32.40(6.17) 1" 23.00(6.97) - — 1ce 1.9710.89.3.0%)
Ronnemaa2 13 29.30(8.20) 12 25.90(8.70) —a— 147 0.51(-0.29.1.31]
Skartors 6 2430 00(300.00) 8 2057.00(308.00) —— —— (X1 1156002232
Vannnen A 3l 24 80(8.90) 26 22.90(5.40) —.— 189 0.1440.46.0.7Y
Vannewn 8 17 19.40(3.60) 1] 18.20(4.70) -— 169 0281-0.41.087
Suttota@S%CNH -3 % - 100.0 0.5110.07.0.90}
Test tor quere=1263 afeg pw0.049
Tast tor oversd effect 2227 p=0.02
03 Endurencs tranwg studiss (>70% VO2 maxi(besetne)
Mouner 10 23.00Q0.79) n 22.80(4.64) _._ 564 0.09-0.77.008
Shartors 8 2100.00(267.00) 8 2330.00(172.00) —— Qe 0 9-2.14.0.15)
SubIOLANSSNCT 18 19 E— 100.0 -0.30¢-1.44.0.67)
Text lor heterogenady Che-aquares2 21 die1 peQ.14
Test for owerad effect z=0.7% p=0.S
04 Endurance trainng stciies (> 70% VO2 mex) (Poss-srservention)
Mourter 10 32.406.11) " 23.00(4.07) —— 539 1.9710.09.3.08)
Skartors 6 2430.00(300.00) 8 2057.00(308.00) — @ 1.15-0.02.2.32]
SUROIRSRCY 1 L] | - 1000 1.5000.79.2.99
Test tor heteragensty chb-aquare=1.01 diw1 p=0.31
Test for overall effect 7+3.90 p=0.00010 E
)
CS Enchurance trarang ssiiss (< or = 70% VO2 max)(beseline) :
Oumtan A 4 21.5003.90) 7 25.4007.90) —— 103 0624-1.41.017]
Outan 8 11 22.3003.10) 12 22.00(4.70) —— 153 Q.07-0.80.0.7%
Rormemea2 3 2.700.50 12 25.00(8.30) —— 188 0.161085.000)
Vavwan A Pel 26.10(5.80) 24 24.70(5.70y - 20 0.10-0.80.0.45)
Varvunan 8 17 18.90(3.90) 10 18.70(5.40% —— a0 0.044-004.0.7
SuUIOUSNCH 7 ™ < 100.0 0.11(-0.63.021)
Test for Reterogenety ChH-aqures2. 18 dfes p=0.7 !
Test for overall effect z=068 p=0.S !
08 Endursnce teeing Stukes (< or = 70% VO2 max} (post-reevendion) H
Ounstan A 14 23.8903.90) 12 24.0007.90) —— 173 -0.18(-0.93.0.81)
Ounstan 8 11 26.75Q.10) 12 2856.70) —— ALY ] 0.504-0.33,1.34)
Romwemas2 13 29.308.20) 12 25.900.70) — 1.t 0.51¢-0.29.1.31)
Vawewn A 4] 24.80(8.90) 2 22.90(5.40) -o— F- 1) 0.144-0.44.0.73¢
Vamwnen B8 17 19.4003.60) 16 18.20(6.70) —.— ne 0.20¢-0.61.0.97]
SuIINE%CY) b ) ] - 1000 0.23:0.00.0.55
Test for helrogenety Che-aqpmres §7 afa pe0.74 i
Test tor overell eflect 7e1.43 p=0.1§ i
]
- 2 2 .
Fovnss esrbes ¥ oveurs sagpmens
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Review:  Exsrcise for type 2 disbetes meiiitus (JAMA, 13 studies)
Non-exercise

Compartson: 01 Exercise vs control
Outcoms: 08 Resting Heart Rate
Trestment WMD Weigle WD
Study n n L] (96NCI Fawd) % (SE%NCI Fhmch)
01 Al shufies (Deseing)
Duman2 1 77 00(9.95) 10 78.0001.70) ¢ 53 -1.00(-10.34.8.34]
Letmann 16 8100300 13 78.00(4.00) - B- L 3] 30010385 62}
Rar 19 20.00(T3.00) 19 78.30(12.50) - - -— [ %4 1.70-6.55.9.99)
Vanrsen A 21 64 00(9.17) b4 65.00(10.39) — e 149 -1 00(-8.54.4.54]
Vannen 8 18 6800(1273) 17 67T000123N [ { 200£-6.32.10.32)
SubtotaIseChH &s a5 J—— 100.0 204{-0.10.4 18]
Test for heterogenedy Che-square=2 08 afs4 peQ 72
Test for overaf effect z=1 87 p=0.08
C2 Al stiches (DOS-stenmrton)
Dunstan2 n 76 00(8 29) 10 79.0007 91) ——— ss -3.00¢-9 93.3 93}
Letwrann 16 74 008 00) 3 77.00¢3 00) - [~ X} -3 00(-5.55.-0.45)
Ra: 19 7240032100 1% 8200123 ¢ —e————— [ ¥ ] -5.80(-13.58.1.96]
Vannren A 3] 64.00(8.17) 7 6500(10.3%) ———— 133 -1.00(-6.54.4.54]
Vannnen B8 1] 64.00(8.49) 17 680N (— — 82 4.00(-11.07.3.07]
Subiotal85%CN [ ] . 100.0 ~3.01-5.03.-0.88]
Test tor heterogensty ch»-aquare=1.08 afed paQ. 8
Test for oversd sflect 2=2.91 p=0.004
}
1
)
1
I
1
|
-1 L 3 Q s "9
F svagn vestvere Fovours covm
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Review:  Exercise for type 2 diabetes meliitus (JAMA, 13 studies)

Comparison: 01 Exercise vs Non-exsrcise

- oo swp weige  3MD
Trestmera Cortral
Study n eentel a mean{el) {96%CI Ranctom) % (96%C) Randay
01 Encurance Yaswng Saies essine)

Mouner 10 46.3003.30) 1" $7.20(6.10) . 1000 -200[-4.07.-1.53%
SubotakS%CH 10 11 - 1000 -2.00-4.07.-1.83)
Test for heterogensty cfe-aqueres(.0 o0
Test for ovarad effect 12431 p=0.00002
02 Endurance trasung Suxs (POSt-rIarventon)

Mouner 10 45.90(4 20) 11 55 0003200 a 100.0 2363 52-1.19]
SubIOLESHCD 10 1 - 100.0 -236(-3.52.-119)
Test for heterogenety Chw-squareaG.0 at=d
Test for overal effect z=3 98 pw0 00007
03 Reszstance ranng stuoses (baseing) .

Ounman2 " 155.40062.35) 10 186.50(35.97) . 100.0 0.501-1.30.0.37]
SuBtONBS%CD 1 10 - 100.0 0.50¢-1.38.0.37]
Test for hetercgenety Cy-aquaresQ 00 areQ ps1
Test for overal effect 7=1.11 peQ.3
04 Resmiance ranng Shales (DON-Ctenation)

Ouwman2 " 158.80(58.37) 10 190.80(51.55) - 100.0 -0 S8-1 43.0.32)
SUDIOLRS%CY 1 10 - 100.0 -0.56¢-1 43.0.32]

Test for heterogenaty che-squanye(.0 dfeQ
Test for overall effect =124 pm02

- b
Fosse vastngn

Page 11
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Review:  Exsrcise for type 2 diabetes meititus (JAMA, 13 studies)
Non-exercise

Compaerison: 01 Exercise vs
Qutcome: 10 Percent

Study n wen{sd)

control

Corural
n

mesr(en

WD
{96%C1 Ranutom)

01 Enurance tarwng Sudies (Desstne)
Latynemn 18 3530720
Mouner 0 26.40Q3.47)
Suta@SNCT) 2
Test for heterogenady che-aquae=4 68 af=1 ps0.03
Test for overadl effect 20.56 p=0.6

02 Encurance tranwng Stutes (POSE-Tierenton)
Lehmann 18 33 0(8.00y
Mouner 10 23 80(3 18)

SutotakB5%CT) F- ]

Test for heterogenety cwsquares1.83 arst ps0.18

Test ior overal effect 7=1.25 p=02

03 Resstance tranwg shudies (Dasetne)
Sublotak95%C) Q

Test for haterogenedy cte-aquare=0.0 df=Q
Test for overad sffect 7200 p=1

04 Resistance tranwyg studies (post-rtervertion)
SuDtota(SS%ChH [}

Test for heterogensdy crwequene=G.0 ofeQ
Test for overas effect 7=0.0 pst

13
1"

13
"
24

33.4007 509
20.50(4.31)

32.90(7.30)
28.20(4 64)

548
100.0

73

1000

(-]

00

1.9043.40.720
-5.10-8.63.-1.77]
-1.9318.75.4.00]

0.10-5 62.568]
4 40LT TT 103
2774.99.1 54]

-0 £ 3
Foemon vepnrapu
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Review:  Exsrcise for type 2 diabetes melittus (JAMA, 13 studies)
Comparison: 01 Exercise vs Non-exercise control
Outcome: 11 Lean body mass

Trestmant Contrat WD Weighe WND
Sty n mesn(ed) n oasried) (9E%CI Flune) % (96%C1 Ry
0% Endurance ranng sches (asetng) !

Latynenn 18 $5.50(11.50) 13 54 60(7.70) _.___.__ 1000 Q.90(4.12.7.92]
SRotal(IS%NCD 18 13 e ——— 100.0 0.9048.12.7.92)
Test for helerogenaty Che-squaneeG.0 af=0 :

Tast for overad effect 200.25 p=Q.8
02 Engurance traswng stubes (DOst-sXervention)

Lenmann 16 56.60(10.40) 13 £5.10(7 90) —— B——-“ - 100.0 1 50(-5.16.8.16}
SUBKOtaNIS%Ch 18 13 — R —— 100.0 1 50(-5 16.8.16}
Test for heterogenedy ch»squareed.0 drQ
Test for overad effect ze0 ¢4 p=Q.7
03 Resistance tranng shudies (Deseing)

SUROLBS%HCT) 1] ] 00 Not Eshmatie

Test for hetarogenesy ch-aqueree0.0 awQ
Test for overas effect z=G.0 pst

04 Reustancs traswng stucies (DOSI-STervarmon)

Suttotal@5%Cn -] ] a0 Not Estimatie
Test for haterogenety cte-square=0.0 qre0

Test for oweras effect z=0.0 p=t

-9 L ]
Fosnse vegtvar Favmse cwera
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Review:  Exsrcise for type 2 diabetes meilitus (JAMA, 13 studies)
Non-exercise control

Comparison: 01 Exercise vs
Qutcome: 12 maximal work capecity
Trestmers SMD MO
Shudy n n L] (96%C3 Rurwtom) % {96%C Randesw)
01 a2 stuches (Dusetry
Mourer 10 161.008.000 1t 139.00( 00 - oS 29M eS.e 28
Raz 19 86.7022 60y " 69.20(22.10y B sas OT70.11.1.43]
Subtotal(SS%CH - J 0 e, 1000 1.794-0.36.3.94)
Test for heterogenety che-oQuEe=§.50 dis1 p=0 0034
Test lor gveral effect z=1 63 p=Q 10
32 a4 stuhes (post-vtervernon)
Mouner A} 220 00(13 0O0) 1t 139 00c9 O = 478 70214 51.953)
Raz 19 99 70(24.60) 1% 71 20024 5O) F ] 522 1 14{C 45.1 83
SuttoakE5%Cn F- k] ——eeS——— 1000 I95¢1819.73]
Test for heterogenety che-squares19.87 afst p<Q 00001
Test for overal effec zs3 34 p=0.18
'
‘
i
4
!
]
- R7 s ° ] 7
Foumss v S coers
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Review:  Exercise for type 2 disbetes mefiitus (JAMA, 13 studies)
Comparison: 01 Exercise vs Non-exercise control
Outcome: 13 VO2 at anaerobic
Treswmont WMD Weiglt  WMD
Sty a meanted) n mean(ed) {SENCT Fwnat) % (9S%RCI Flmecl)
01 a8 suxans (Deselrw) .
Vennnen A b4l 16.50(3.40) 2 14.4002.90) - 38 0.10-1.76.1.98
Vannen 8 17 1270@ 50) 1 12.803.30) - @2 0.106-231.1.91]
SubiotaK9S%C) b ] « P 100.0 001(-1.38.1.37]
Test for hetsrogensty Cle-aquere=0.02 df=1 p=0.89
Test tor overall effect zw0.01 p=1
G2 a3 stuches (DoSt-ntervennon)
Vannnen A 21 15 10(4 10) 2 15.0003.200 - «3 0106207227
Vannunen B 17 12 80240 16 12,6002 80y - 3 w7 0.20(-1.58.1 98}
Subtotak(95%CI) 38 «© - 100.0 0 16-1.22.1.54]

Test for neterogensty Che-3Quare=0.00 aret p=Q 94
Test tor overal effect 7=0.23 p=0.8

-0 4
Fomss ragtvnn
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Review: Eumhobrlypozdmmuﬂﬂuud.)
control

Qutcome: 14 Blood pressure
Treshmars waD
Study n n msan(es) (96%C1 Famet) % (96%C1 Flmeet)
G1 Systolc. of shstins (Damstne)
Agurs-Coline 32 164.000V7.0M 2 139.00(14.00 » 26 5.00{-263.1263
Ounstan A 16 1330001740) 12 131.00(15.30) .3 2.00¢-10.57.34.57]
Ounstan 8 11 124.00(11.90) 12 114.00(13.90) —_———— s 10 00f-0.55.20.55}
Durstan2 11 125.00(9.05) 10 130.00(126%) s 17 - 00f-13.90,5.80}
Hankols 18 150.00(12.73) 20 15500(1342) o— 190 -5 00-13.32.3.321
wing A 10 137 OO(9 49) 12 1400010 . & - —— . . . - ., 190 -3.00{-11.32.5.32]
wing 8 13 13200(1803) 1S 141002326) ¢ _ —— - - ({1 -9 00f-24 31 6.31]
SubItaKISWC 109 u3 R —— 100.0 0106372353}
Test for heterogenety cre-square=9.05 afsg p=Q.17
Test tor oversd effect 1=Q.05 p=1
02 Systoac. a8 Suthes (POSHIRSNVENtOn)
Agurs-Colirs Rl 144 00(21.00) 27 14B00R400) -~ . _.__y 170 «4.00(-15.60.7 601
Ounstan2 1" 127 00(9 95) 10 12700(1288) .- — . g . __ ., 261 G 00{-9.80.9.80)
Horkols 18 145001687 20  148.00(1789) (@ e -3 00f-14.06.8.08}
wing A 10 125.008.32) 12 127.00(13.86) - 02 -1 00¢-0.77.7.7T]
wing 8 13 130.000180%) 18 135002324) o (T} -5 00F-20.31.10.31]
SUIOLKISNCY &3 [ « 100.0 2044885210
Test for heterogenaty Iw-aqueneeQ.S0 diee p=0.97
Test for overal effect 7e0.83 pe0.6
©3 Diasiofc. al studies (Daseing)
AQus-Colire. 32 78 00(30.00) 2 77.00(10.00) 192 2.00(-2-90.6.90{
Ounstan A 14 74.00010.50) 12 74.00(7.10) [ X] 0.00¢8.81.8.81)
Ounstan 8 1] T20068.40) 12 68.00(9.80) s 102 4.004-2.71.10.71)
Dunstan2 A3 ] T2.00(8.63) 10 T2.008.3) 15.0 1.00(-4.54.5.54]
Honxole 18 88.00(4.26) 2 £3.00(8.96) — e 240 3.00-1.38.7.38}
Wing A 10 86.008.32) 12 87.00(0.53) . 15.0 -1.00-8.54.4.54)
Wing B 13 80.00010.82) 15 84.00(11.6D) , 87 4.00-12.32.4.32]
SubIotaKES%C) 108 13 e E——— 1000 1.25(-0.90.3.39]
Test for wuere=d 85 MG pm0.72 '
Test loronr- ‘ﬂou z=1.14 p=0.3
04 Diastolic. af Schs (POS-iervension)
Agurs-Coling 3 78.00(10.00) F4 79.00(8.00) — 23 -1.00-5.64.3.84)
Ounatan2 1" 73.00(8.6%) 10 T2.000.30 . s 186 1.00-4.54,8.54]
Horkola 18 23.00(8 4% 20 76.00(8.94) —_— e 5.00{-0.54.10.54]
WingA 10 80.00(8.32) 12 79.0003.48) - ns 1.004-3.38.5.38}
wng 8 3 £3.00(7 21) 15 45.00(15.«® T4 ~2.004-10.78.8.7%]
SuttotaSS%CH [~ [ R —— 100.0 0.98-1.30.3.37]
Test for heterugenslly chv-aquare=3. 16 dfed p=Q. 53
Test for overal effect 790.82 pe0.4
i
!
1}
l
- < o 2 .
Fovnsn vastvan Favours corires
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Review:  Exercise for type 2 disbetes meiiitus (JAMA, 13 studies)

Compartson: 02 Others
Qutcome: 01age
Tresnwere Conres WMD Weigit  WMD
Soudy [ mean(ed) a an(ed) (6% Fanl) [ (96%C3 Flaomy
Agues-Colins 2 624005900 2 €1.005.70) —_—— 131 1.401-1.44.4.26]
Ounstan A 14 52000720 12 54.10(8.20} ————— 30 -1.50(-7 48.4.40)
Ounstan 8 1 52.30(8.30) 12 $3.00(7.00) —_—_—— 27 0.70¢-7 00.5.60)
Dunstan2 1 50.300.63) 10 $1.1005.98) — .—— 31 0. 80(-8.63.5.03]
Fub 10 38.20(4.70) 15 40.30(7.20) PR, 9 -2 100-8.77.2.57
Honkota 18 62.00(8.49) 20 6700B9¢) — o 3¢ -5.00(-10.54.0.54]
Kaptan A 19 £3.81(8.04) 19 54 50(8.83) ——— 37 -0 698 08.4 58]
Kapian 8 1H) 58 96(8.85) 1M 548701232 e e - 23 206{-4.78.8.94]
Mouner 10 45 00(8.32) " 48.00(9 95) —————— ——— 21 -1 00§-8 07.6.07)
Raz "% 56 T0(8.20) " 56.50¢8.70) ————e L&} 0 20(-3 90.6.30
Skartors [ £9 00(1 40 [ 59.30(1 60} & s 0.3063.77.117]
Wing A 19 58.20(7 50 12 52.50(8. 9 — - 23 31.70¢-3.15.10.55}
wing 8 15 55.10(8.40) 15 £5.10(7.20) —_—— .S 1.00-3.88.5.88}
TOUS%CD 198 204 - 100.0 0.184-1.21.0.84}
Test for neterogensty Che-anes7 02 af=12 p=Q 88
Test for overal effect 7%0.35 p=0.7
¥
t
]
'
|
|
-0 L ] ] s 10
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Review: Exercise for type 2 dlabetes meilitus (JAMA, 13 studles)

Comparison: 02 Others

Qutcome: 03 duration of dlabetes (baseline)
Ti Cortrol

reatment WMD Wegtn WMD
Studty a mean(se) a meanisa) (95%CI Fiaed) % (95°%C1 Fizeq)
Ounszan A 1 6 80(S.10) 12 17003 00 . e——— 1:6 3101-007627)
Oustan 8 1 3800320 12 4 e0(e 10) ———— 130 ©50(-359.239
Dunstan2 1Y S 3004 34) 10 510079 ———— 89 Q23341381
roneota 18 800(8 «9) 20 200(8 54 . —— 38 0 00[-5 54 S S4
Lgtennerg A 30 € 6C(4 60y = € «0(7 300 - — e -2 8G4-5870.37}
Lgtenpes 8 30 6 60(4 60} s 8407 30 -—— 16 -2 80(-5 $7.0 37}
Lgtendery © 30 6 60(4 88) 2 9 4T 30 - - 1ts 28545970371
Saarrees L] 2 90(2 803 8 23010 - - 113 CE0-229349)
S A At 4 203 30) 2 < 208 0 -- T2 SI45338)
oG 8 5 TS 3 15 720E10) - (%] S O0{-429409]
TetanSENCh 7T m - 0 e < E}-1 T2 e8]
Text 1or Neterogenety ChesIuarest 1 7% Crrg paC 23
Text 1or overag effecz =1 14 p=Q 3
RY] s 3 « 16
£ recnss wostrans £ suoure carers
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Review: Exercise for type 2 diabetes meliitus (JAMA, 13 studies)

Compartson: 03 £ + Diet vs Non-exercise control
Qutcome: 01 HbAtc
Trestment Cortrad WMD Wegts wWMD
Study n mean(sd) n mean({ed) (98%C1 Fiad) % {95%CI Fiundt)
31 AZ stcpes (Dasesne)
Agurs-Cotns 32 11 001 70) 2 10 00(1 50} —— < 1 00{C.12. 88}
Varrwen A 2t 710(1 50y 2 731 Ty - 7 £ 20(-1 33.07]
Varrenen 8 17 7 101 50) 16 2 10(2 40) ———— 179 -1 00f-2 38.0 38)
Sutatau$S%Cn T n - 1060 G 12{-C 40.0.76]
Test tar heterogenety Chsquare™d 77 Sfs2 paC 034
Test r3r overad eftec: Q6 p=C 6
23 A0 tuces (PO rtereel.om
AQ-Comns » $ 501 80) 27 10 33T G} - - 340 Q &t T8 0 18]
Vanraen A 2 T oGt SOy 2 7 a8 --- %3 D431 41063
Vanrren B 7 622(: S 16 721839 - - 372 -1 0Cf-1 2.0 C8)
Suttotak3%Cn 69 (14 - 100 JTE-132.820
Test far heterogenety chw-squaresC 74 crel paC 6%
Test tor overal effect =2 66 paQ OC8
- - 2 c 3 .
£ rvasre restrravy sy carery
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Review:  Exercise for type 2 disbetes meilitus (JAMA, 13 studies)
Comparison: 03 Exercise + Dist vs Non-exercise control

Outcome: oanunTgm

WMD WD
Stucty n n meented (96%UCI Fland) L' (96%C? Flumct)
01 A stuces (Dessine)
Vanmnen A a 6.00(2.10) 2 €.30(1.20) ._. ™e 0.30¢-0.72.1.32)
Vanonen 8 17 6.702.20) 16 8.5003.50) —_— 204 -1.80(-3.81.021]
Surotak(@S%Cn E L i 100.0 <0.13-1 04.0.78]
Test for squane=3.34 aiet p=0.088
Test for overas effec: 1C28 o=0.8
02 Al STUES (DOST-RENVRNION)
Vanrnen A 21 6.70(2.30) 24 5.70(1.40) i B [ <13 1 00{-0.06.2.08]
Vannnen 8 17 730220 16 7.20(1 90) -»- - e 0 10f-1 30.3.50]
SubtotakSS%CH a8 4Q - 1000 0871-0.17.1 57
Test for heterogenety chw-square=1 01 afet p=Q 31
Test tor averalt effect =1 58 p=0.12
1
{
- 2 ] 2 .
Fomsn vannwe Cownsn carerey
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Exercise for type 2 diabetes meiiitus (JAMA, 13 studies)
control

03 Fasting insulin
Trestwent Cossrad WD Weight  WMD

Stuxty n L] L] L] F%CI Famd) % (96%C? Flund)
01 Az stucies (Deseing)

Vannen A . Z72EN126D) 2 MO - M2 3.34-16.40.9.72)

Varvwnen 8 17 2.17011.50) 18 2170580 ¢ B sy +1.004-10.43.8.43)
SuDIOtal(9S%CT) s © ———e e —— 100.0 -1 50¢-0.44.5.84)
Testfor AReee0.08 gt=1 p=0.78

Test for overall effect 20 ¢8 p=0.6

02 Al StReS (DOSI-SXRrVENton)
vanneen A 2 21.67(16.00) 2¢ DIESH . - B —— - — s -1 50(-11 01.8.01)
Vanmnen B 17 21 87(8.50) 16 28670133 . — a5 4011 68.3.88)
SuUDtRBNISRCD s 40 e 100.0 -3 018 99.296)

Test tor heterogenety Cha-squane=(. 18 arst p=0.69
Test for overs effect 7#0.98 p=0.3

-6 4 L} L] w0
F oumss W $manare cuww
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Review: Exsrcise for type 2 diabetes meilitus (JAMA, 13 studies)
Compartson: 03 Exercise ¢ Diet vs Non-exercise control

Outcome: 04 Body mass (Kg or Bal)
Treetwert

SMD Weigie VD
Study n awsaniol) a L] (O8%LI Ry 9 {9E%CI Fumd)
01 Al stsnes (Dasetne)
Agurs-Colins 2 3300860 12 94.90020.10) - a3 0.00(-0.57.0.41}
Vaswen A 2t 31.10Q3.70) 2 30.100.10) - 3te 929(-0 30.0.08]
Varwwnen 8 17 0@ 70 e 34.2086.20) -a— a3 -0.121-0.80.0.58)
SubtotaKIS%C) 70 ” > 1000 6.03{-0.30.0.38]
Test tor neterogenedy Che-squarset 13 dfe2 paQ 57
Test for overall effect 7+Q 15 p=G §
Q2 Al SUCES (POSI-NLErvention)
Agurs-Coins 3t 9080(20.30) T so@2m - @s 0.26(-0.78,0.28)
Varvenen A 21 30 500 60 24 30 90(3.30) [ = 132 0.110.70.0.47]
Vannwen B W7 126006.50) 16 34.00(5.20) —o— 263 4221090047
SubttataeS%CH ] 67 - 100.0 0.201-0.54.0.14]

Test for heterogensdy Ch-aquire=0.13 af=2 p=Q 94
Test for overad effect r=1 18 p=Q 2

- 2
Foumos vammpn
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Review:  Exercise for type 2 disbetes meilitus (JAMA, 13 studies)
Compartson: 03 Exercise + Dist vs Non-exercise control
Outcome: 05 Abdominal obesity (WHR or waist circumferencs)

SMD
Stuty a L] n mean(ed) (9% Famt) L 3 (96%C1 Flael)
07 AS stucins (Deselnwe)

Agurs-Caling. 2 0.94{0.00) 2 0.9200.08) . 100.0 028:0210.771
SuoLKSSHRCY 2 2 - 100.0 o2s-0210Mn
Test for heterogensdy Cho-suuree0.00 @m0 p=t
Tast tor overal sfiect z=1 11 =03
02 AS sthuthes (pOSt-aterventon)

AQurs-Colns 2 0940 00 7 0 92(0.08) - 3 1000 0254-027.0.78]
Stk ISRCH 2 P14 - 100.0 0.26{-0.27.0.78]

Test for heterogenety cre-sraare=G.0 dt=Q
Test tor overad effect r=0 95 peG.3

- =2
o vasmr
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Review:  Exercise for

2 disbetes meliitus (JAMA, 13 stucties)
mmoliL)

type
Compartson: 10 Totai Cholestero! (|
Qutcome: 01 bassline
Tressmenm Coares WMD Weiglt  WWD
Sy n n mean(sl) (9E%CT Finpe) % (96%CI Ranc)
Agurs-Colire 2 6.67(1.00 2 180128 - s 0.3110.25.087]
Honkots 1] 6.00(1.2N 2 6.10(1.36) - 27 0106083073
Kapwr2a 1] £.0001.18) 111 53801 63 - 19 0.29(-1.28,0.70)
KapianZd " S.22(0.90 5 4.08501.19) - 3s 0.38{0.37.1.09
. Letwnarn 18 5.60(0.80) 13 ©.00(2.00 (Y] Not Eshrmatie
Raz 19 5.70(1.00) 1) ©.00(1.10) - @2 03010 97.0.37
Ronnemas 13 6.740.97) 12 6 20(1.28) - 23 0540 38.144]
Skartors [} 6.09(0.58) [} 5.96(0.86) IS 22 0.13{0.79.1 05
Vannnen A ba 6 30¢1 20 24 6.10(1.00) - 44 020(-0.45.085]
vannnen 8 17 6.00(1.20) 18 6.50(0.80 - 39 -0 50(-1.19.0.19]
Wing A 0 551042 12 5 XX0.23) - 20 -0.29(-0.58.0.00]
wing 8 3 488(0.31) 1S 4780 21) ] 470 0.08{-0.12.0.28)
Tota(esNCh 199 02 f 1000 Q0110.15.0.13]
Test for heterogensdy che-squares11.51 al=10 p=Q.32 '
Test for overad eflect z90.16 p=0.9
i
)
]
|
i
i
t
)
-0 L3 [ ] L 3 L]
£ sumsrs ventan Emungre operel
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Review:  Exsrcise for type 2 diabetes meliitus (JAMA, 13 studies)
Comparison: 10 Total Cholesterol (mmoil.)
Outcome: 02 post trestment

Tresamere Comaral WMD Weiglt WMD

Sty n ranied) n meanisl) (S6%CE Fanl} [ (96%Ct Finee)
AQus-Cotne 2 s 2 seson - 51 0.111050.0.37
Honkols 18 $3001.2D x 5.90(1.36) - 17 0.004-1.63.0.29
Kaplan2s 18 5.17(1.63) 16 4.90(1.62) - 18 0.18¢-0.68.1.04]
Kapier2d 1 $.33(1.08) 18 4.89(0.96) - 24 0.644{-025.1.13]

r  Lehmsm 16 5.00(0.80) 13 0.0000.00) [[T] Not Estsmatie
Raz 19 5.60(1.00) 19 6.001.00) - 28 0.40¢-1.04.0.2¢]
Romertas 13 6.37(0.90) 12 €.10(1.00) - 21 0.271-0.48.1.0
Skarfors [ 5.810.79) 8 5 96(0.92) s 14 0.15-1 05.0.79]
Vannnen A P4l 6 00(1.00) 26 6201 00) - 14 0.20(-0.79.0.39]
Vanrenen 8 17 S 00(1.00) 16 6.70(0.70) - 3 «0.70(-1.29.0.11)
Wang A 10 53%0.31) 12 S120.18) ™ 243 021}-0.01.043]
wing 8 3 «210.29) 15 4 440.16) [ 519 0.23{0.38.-0.08)

TOta95%CD ) 202 % 100.0 0.11(-0.22.0.00

Test for heterogenedty Che-squIKee20.81 afs10 peQ.022
Test for overall sffet 7=1.98 psQ.05

-0 4
Fovnon v Fomure awers
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Review: Exercise for type 2 diabetes mellitus (JAMA, 13 studies)

Compartson: 11 HDL (mmollL)
Qutcome: 01 baseline (mmoilL)
Treatmarng Comral WMD wMD

Shaty n L3 L ] (9ONC) Fumet) % (96%CI P}
AQurs-Colirs n 1.2700.28) > 1.3800.39) . 120 -0.09(-0.27.0.08¢
Honkols 1 1200.6 2 1.14031) . (1] 0 144-0.10.0.38)
KapterGa 18 1.140.41) 10} 1.110.29) . [X] 003021020
Kaghar2h 18 1.14(0.31) % 119020 - 23 005025015

« Letemann 18 1.150.06) 13 0.00(0.00 00 Not Estrnatie
Rar 19 1 10(0.30) 19 1.10(0.30) . 102 000%-0.19.0.19)
Ronnemaa 13 1 2202.38) 2 1 2200.31) - s4 0.004-0.28.0.2¢}
Skartors [ 104003 8 0 93(0.3%) . 29 Q11[0.25.047]
Vanrunen A 2 1.00(0 28) 2e 1.10(0.2¢) . 157 0.10-0.25.0 05}
Vanrwnen B 17 11%0.18) 16 1.25(0.36) - 98 0 124-0.32.0.08}
wWing A 10 095(0.25) 12 0.99(0.21) . (% -0.04{-0.24,0.16}
wing 8 13 1.01(0.2%) 15 09%0.21) - 124 0.021-0.15.0.19)

Totak95%Cn i 198 1 100.0 0.03¢-0.00.0.03]

Test for heterogenety dw-square=$.18 af=10 p=0.88
Test for ovarall effect 1=0.85 p=0.3

-a £
Founse vemmee
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Review.  Exercise for type 2 diabetes meliitus (JAMA, 13 studies)

Comparison: 11 HOL (mmoil)
Outcome: 02 post treatment (mmoil.)
Tressment WD WD
Study n n mean(el) (986%C1 Fiol) [y (96%C1 Faed)
Agurs-Colire n 1.19021) » 1.3200.33) [} 144 0.13-0.28.0.0
Honkola 18 1.3000.38) 2 121030 . a3 0.09¢-0.13.0.31]
Kapwn2s 18 1.1600.21) 1] 124020 - 1.0 -0.00{-0.25.0.08¢
Kapandd " 1.1600.35) 15 1.000.37) ) st 0.071-0.10.0.32
x Letmann 18 1.42(0.44) 3 0.0000.00 00 Not Estirnatie
Raz 19 1.1000.30) 9 1.1000.30) . as 0 00(-0.19.0.19]
Ronnemas 13 1. 25¢0.28) 12 1.25(0.31} . 45 o0 029
Skariors [] 1.070.37) 8 0$30.2N . 25 0.14{-0.21.0.49)
Vannnen A 21 111028) 2¢ 115027 - 1.9 0.04{0.20.0.12]
Vanwnen B 4 125022 18 1290.29) . 99 0.544-0.220.14)
Wing A 10 090(0.22 12 0.9800.21) - [ X -0.08{-0.26.0.10)
Wing 8 13 0.94(0.18) 15 096(0.19) ™ 185 -0.024-0.16.0.12}
Totax95s%cn 198 198 ' 100.0 -0.03{-0.09.0.02]
Test for heterogenety cresquaress 40 di»10 p=0.88
Test for overa effect z=1 16 pa0.2
i
+
1]
J
|
|
{
t
|
|
|
i
+
i
-9 L 3 0 s 10
¥ o wastvars Fovous cues
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Review:  Exercise for type 2 diabetes meilitus (JAMA, 13 studies)

Comparison: 14 LDL (mmollL)
Outcome: 01 baseline (mmoii.)
Tressment Corwral WD WD

Stxty n L) n meanisd) {96NCI Fiwnet) % {96%C Fumcl)
AQurs-Coling 3 4.450.99) n 40X1.20) - 06 0.4240.13.097)
Honkote 1. 3.900.9%) 2 1840.90) Ps 177 -0.04{-0 64.0.58]
«agtan2s 16 3.36(1.20) 1. 3.54(1.30) - a1 0.18¢-1.08.0.70)
Kagian2b 1 1240000 15 3.100.91) . 163 0.14{-0.48.0.76]
Lefwnam 16 312009 13 15104 - 147 -0.39¢-1 04.0.29]
Ronnemaa 13 4 62(0.83) 12 4.9901.07 - 110 434020119
Skartors ] 411078 .} 4 21(0.61) - 1S5 <0.10-0.84.0.64)

Toam9S%CnH 118 15 I 100 0 00710 180 32)

Test tor heterogenety civ-squaress 01 of=8 p=Q.54

Test for Svera eftect 7=0.52 p=0.6

-0 -
F ounss vagtvary
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Review:  Exercise for type 2 dlabetes meliitus (JAMA, 13 studies)

Comparison: 14 LDL (menoil.)
Outcome: 02 post trestment (MmMoiAL.)
Trestwen Contral WMD wMD
Sty n mean(sl} [ (sl (96%C1 Fama) [ (96%C3 Flue)
AQurs-Colins n 404085 2 3.0000.79) 'Y 28 0.10-0.28.0.58]
Horsots 18 1350.0m E- 3.7901.00) P (7% 0.44£-1.08.0.18)
Kapien2a . 3.941.20) 1 121039 o 73 0.73-0.15.1.61}
Kapienn 18 141000 15 3.380.91) - 167 0.05-0.57.067]
Letsmam 10 2.98(0.98) 3 2.19(1.09 - 103 0210.05.0.5%
Ronnemaa 3 «2908N 12 4.110.90) - 17 0.18-0.51.087]
Shartors [} 4.09(0.75) [} a0 - [ 0.121-0.93.0.89]
Tota85%ChH 18 108 . 1000 0.04{-0 20.0.28]
Test tor neterogenety ch-aqusnssS. 71 greg pag 48
Test for overad effect z=0.32 p=Q.8
1
t
]
]
1
1
]
i
i !
-9 L 3 [ ] s "0
Fowmen vemrwu Favners cwern
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Review:  Exercise fortype

2 diabetes meititus (JAMA, 13 studies)

Comm 10 Tﬂglyuﬂdo (mmolL)
QOutcome: 1 baseline (mmoll.)
Trestmars Contral WMD WMD
Studty n meantea) n meanied) L] [ [96%C1 Fandt}
Agurs-Colirs 2 1.6200.80) » 1.87¢1.70) - 121 02509204
Honkols 18 1.9101.08 F 200215 - LY ] 069%-1.75.030
Kagpter2s 18 2280151 18 220(:.01 .- .9 0.08(-0.63.0.95]
Kapien2d 18 1.850.73) 15 210(8.22 - 1o 0.25-0.95.0.45]
r  Lefmemn 16 281(1.48) 3 0.0000.00) 0o Not Estsmatie
Raz 19 2000 T0) 19 2.10¢0.60) ™ 3ts 0.10¢-0 $1.0.31]
Ronnemaa 13 2.16(1 30 2 1.$1(0.80) - T8 ©25-0.59.1.09
Skartors [ 282078 [} 2712010 - 56 0 10-0.89.1 09}
Vanninen A 21 290(1.70) 2 230(1 40} ‘. 6s 060(-0.32.1.52
vanrwnen 8 17 2.10(1 00) 18 2.30(1.50) . 79 -0 20(-1 08.0.68}
Wing A 0 2.10(0.54) 2 2932.36) .- 29 0.83-221.058]
wing 8 13 251213 15 1.820097) - s 069-0.57.1 95]
Tota9S%NCn 199 202 ¢ 100.0 -0 071-0.30.0.181
Test tor heterogenaty chesqueres7.32 ofe10 p=Q.7
Test for overali effect 720.58 p=0 &
;
;
i
1
i
;
¥
1
:
-1g L e s AL}
Fowmnss voument Famun cvoe
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Review:  Exercise for type 2 diabetss meilitus (JAMA, 13 studies)

Compartson: 18 Triglyceride (mmoil.)
Outcome: 02 post treatment (mmoil.)
Tresemere wMD Weiglt  WMD

Stxty n L ] n L] {96%LCT Fand) % (96%C) Flnd)
Agurs-Coling n 1.300.68 = 10021 - 5s -0.504-3.35.0.35)
Honkols 1% 1.530.6% 20 2230197 - 43 -0.70-1.08.0.28}
Kaptan2s 18 237259 ] 1.81(1.69) —— 1.9 0.56{-0.89.2.01]
Kapien2d 18 1.7600.08) 15 2021.16) - 93 0.25-0.91.0.39

x Letamann 16 22¢01.08) 3 0.0003.003 00 Not Estsradie
Raz ] 2000.70) 19 2.10(0.80) e 230 <0.10£-0.51.0.31]
Ronnemas 13 19109 12 1. 75062 - [-X-] Q16-0.47.0.79
Skactors [] 2870 36) 8 2720.34) -— 19 Q.15-1.28.1.58]
Vannmen A 21 290(1.70) P 2.30(1 40} . 47 0600 32.1.5Q)
Vanrnen B 17 2.10(% 00} 16 2.30(1 40y - 57 0 20£-1.03.0.83]
Wing A 18 190(0.5N 12 1.94(1.11) 78 -0.041-0.78.0.88]
wing 8 13 068(C.19) 15 1.64(0.76) ™ 22 095F-1.34.0.56]

Totaus%cn 198 198 . 100.0 0.3110.51.-0.11]

Test for heterogonety Che-auree20.54 ae10 p=0.025
Test for overad effect 1=3.08 peC 002

-10 -
¥ mse S
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