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the progression from IGT to diabetes (5).
Therefore, there is firm and consistent evidence that programs of increased physical activity and modest weight loss reduce
the incidence of type 2 diabetes in individuals with IGT.

or decades, exercise has been considered a cornerstone of diabetes management, along with diet and
medication. However, high-quality evidence on the importance of exercise and
fitness in diabetes was lacking until recent
years. The present document summarizes
the most clinically relevant recent advances related to people with type 2 diabetes and the recommendations that
follow from these. Our recently published
technical review on physical activity/
exercise and type 2 diabetes (1) includes
greater detail on individual studies, on
prevention of diabetes, and on the physiology of exercise.
The present statement focuses on
type 2 diabetes. Issues primarily germane
to type 1 diabetes will be covered in a
subsequent technical review and ADA
Statement. The levels of evidence used are
defined by the ADA in ref. 2.

PHYSICAL ACTIVITY AND
PREVENTION OF TYPE 2
DIABETES — Two randomized trials
each found that lifestyle interventions including ⬃150 min/week of physical activity and diet-induced weight loss of
5–7% reduced the risk of progression
from impaired glucose tolerance (IGT) to
type 2 diabetes by 58% (3,4). A clusterrandomized trial found that diet alone,
exercise alone, and combined diet and exercise were equally effective in reducting

EFFECTS OF STRUCTURED
EXERCISE INTERVENTIONS
ON GLYCEMIC CONTROL
AND BODY WEIGHT IN
TYPE 2 DIABETES — Boulé et al.
(6) undertook a systematic review and
meta-analysis on the effects of structured
exercise interventions in clinical trials of
ⱖ8 weeks duration on HbA1c (A1C) and
body mass in people with type 2 diabetes.
Postintervention A1C was significantly
lower in exercise than control groups
(7.65 vs. 8.31%, weighted mean difference ⫺0.66%; P ⬍ 0.001). In contrast,
postintervention body weight did not differ between the exercise and control
groups. Meta-regression confirmed that
the beneficial effect of exercise on A1C
was independent of any effect on body
weight. Therefore, structured exercise
programs had a statistically and clinically
significant beneficial effect on glycemic
control, and this effect was not primarily
mediated by weight loss. A subsequent
meta-analysis by the same authors (7)
showed that exercise intensity predicted
postintervention weighted mean difference in A1C (r ⫽ ⫺0.91, P ⫽ 0.002) to a
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larger extent than exercise volume (r ⫽
⫺0.46, P ⫽ 0.26). These results provide
support for encouraging type 2 diabetic
individuals who are already exercising at
moderate intensity to consider increasing
the intensity of their exercise in order to
obtain additional benefits in both aerobic
fitness and glycemic control.
PHYSICAL ACTIVITY,
AEROBIC FITNESS, AND
RISK OF CARDIOVASCULAR
AND OVERALL MORTALITY —
Large cohort studies have found that
higher levels of habitual aerobic fitness
and/or physical activity are associated
with significantly lower subsequent cardiovascular and overall mortality (8 –10),
to a much greater extent than could be
explained by glucose lowering alone. For
example, Church et al. (8) found that men
in the lowest, second, and third quartiles
of cardiorespiratory fitness had 4.5-, 2.8-,
and 1.6-fold greater risk for overall mortality than men in the highest quartile of
cardiorespiratory fitness, even after adjustment for age, examination year, baseline cardiovascular disease (CVD),
hypercholesterolemia, hypertriglyceridemia, BMI, hypertension, parental CVD,
smoking, and baseline fasting glucose levels. Essentially all of the association between higher BMI and higher mortality
was explained by confounding with cardiorespiratory fitness; there was no difference in mortality among normal-weight,
overweight, and obese men after adjustment for cardiorespiratory fitness.
In the same cohort, it was shown that
among moderately fit subjects (21st–
60th percentile for age) whose only exercise was walking, the mean time spent per
week on exercise was 130 min for men
and 148 min for women (11). These times
are consistent with recommendations
from the U.S. Surgeon General (12) and
other respected bodies (13–15) stating
that 150 min/week of moderate-intensity
exercise should be accumulated. Moderately fit subjects whose only exercise was
jogging or running reported a mean of 90
min/week for men and 92 min/week for
women. These times are consistent with
1433
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an alternative and equally valid recommendation for 30 min of vigorous activity
three times a week.
To our knowledge, no meta-analysis
of the effects of exercise training on lipids
or blood pressure in people with diabetes
has been published. In the general, predominantly nondiabetic population, the
effects of exercise training on blood pressure (16) and lipids (17) are relatively
modest. Greater increases in HDL cholesterol and decreases in plasma triglycerides
have been seen with exercise programs
that are more rigorous in terms of both
volume and intensity than those that have
been evaluated in diabetic subjects (18).
Potential mechanisms through which exercise could improve cardiovascular
health were reviewed by Stewart (19).
These include decreased systemic inflammation, improved early diastolic filling
(reduced diastolic dysfunction), improved endothelial vasodilator function,
and decreased abdominal visceral fat
accumulation.
FREQUENCY OF EXERCISE —The
U.S. Surgeon General’s report (12) recommended that most people accumulate
ⱖ30 min of moderate-intensity activity
on most, ideally all, days of the week.
However, most clinical trials evaluating
exercise interventions in people with type
2 diabetes have used a three-times-perweek frequency (6), and many people
find it easier to schedule fewer longer sessions rather than five or more weekly
shorter sessions. The effect of a single
bout of aerobic exercise on insulin sensitivity lasts 24 –72 h depending on the duration and intensity of the activity (20).
Because the duration of increased insulin
sensitivity is generally not ⬎72 h, we recommend that there should not be more
than 2 consecutive days without aerobic
physical activity. The effect of resistance
exercise training on insulin sensitivity
may last somewhat longer (21), perhaps
because some of its effects are mediated
by increases in muscle mass.
EXERCISE FOR WEIGHT
LOSS AND WEIGHT
MAINTENANCE — The most successful programs for long-term weight
control have involved combinations of
diet, exercise, and behavior modification
(22). Exercise alone, without concomitant dietary caloric restriction and behavior modification, tends to produce only
modest weight loss of ⬃2 kg. Weight loss
is typically this small primarily because
1434

obese people often have difficulty performing sufficient exercise to create a
large energy deficit, and it is relatively
easy to counterbalance increased energy
expenditure through exercise by eating
more or becoming less active outside of
exercise sessions (22). However, in a randomized trial, high-volume aerobic exercise (700 kcal/day, ⬃1 h/day of moderateintensity aerobic exercise) produced at
least as much fat loss as the equivalent
degree of caloric restriction and with
greater resulting improvements in insulin
sensitivity (23).
The optimal volume of exercise to
achieve sustained major weight loss is
probably much larger than needed to
achieve improved glycemic control and
cardiovascular health. In observational
studies (24 –27), individuals who successfully maintain large weight loss over
at least a year have typically performed
⬃7 h/week of moderate- to vigorousintensity exercise. Two randomized trials
found that higher exercise volumes
(2,000 and 2,500 kcal/week) produced
greater and more sustained weight loss
than lower exercise volumes (1,000 kcal/
week) (28,29).
Because of the increased evidence for
health benefits from resistance training
during the past 10 –15 years, the American College of Sports Medicine (ACSM)
now recommends that resistance training
be included in fitness programs for
healthy young and middle-aged adults
(13), older adults (30), and adults with
type 2 diabetes (15). With increased age,
there is a tendency for progressive declines in muscle mass, leading to “sarcopenia,” decreased functional capacity,
decreased resting metabolic rate, increased adiposity, and increased insulin
resistance, and resistance training can
have a major positive impact on each of
these (30). Resistance exercise improves
insulin sensitivity to about the same extent as aerobic exercise (31).
RESISTANCE TRAINING
Studies of resistance training in type
2 diabetes
Two clinical trials provided the strongest
evidence for the value of resistance training in type 2 diabetes (32,33). In both
studies, the average age of participants
was 66 years, and the resistance-training
regimen involved multiple exercises at
high intensity (three sets, three times per
week), and absolute A1C declined 1.1–
1.2% in resistance-training subjects ver-

sus no significant change in control
subjects. One of these trials had a second
phase (months 7–12), where training was
home based rather than facility based
(34). Body composition changes were
maintained, but exercise intensity and adherence were lower than in the first 6
months and the A1C difference between
groups became statistically nonsignificant. Other published studies of
resistance exercise in type 2 diabetic participants have used less intense exercise
regimens (35– 40). All showed beneficial
effects of the resistance exercise program
but to a lesser extent than the Dunstan et
al. (32) and Castaneda et al. (33) trials.
Safety of resistance training
Some medical practitioners have concerns about the safety of higher-intensity
resistance exercise in middle-aged and
older people who are at risk of CVD. Often, the main concern is that the acute
rises in blood pressure associated with
higher-intensity resistance exercise might
be harmful, possibly provoking stroke,
myocardial ischemia, or retinal hemorrhage. We have found no evidence that
resistance training actually increases
these risks. No serious adverse events
have been reported in any research study
of resistance training in patients with type
2 diabetes, although the total number of
subjects enrolled in these studies was
small (32,33,35–37,40). A review of 12
resistance exercise studies in a total of 246
male cardiac rehabilitation patients found
no angina, ST depression, abnormal hemodynamics, ventricular dysrhythmias,
or other cardiovascular complications
(41). A study of 12 men with known coronary ischemia and electrocardiogram
(ECG) changes inducible by moderate
aerobic exercise found that even maximal-intensity resistance exercise did not
induce ECG changes (42). Therefore,
moderate- to high-intensity resistance
training was found to be safe even in men
at significant risk of cardiac events.
While it is well known that blood
pressure rises while lifting a heavy weight,
it is often not appreciated that blood pressure can also rise considerably in healthy
older people performing aerobic exercise.
Benn et al. (43) demonstrated that in
healthy older men, the myocardial
demands of high-intensity resistance exercise were comparable to those occasionally needed for activities of daily living,
such as climbing stairs, walking up a hill,
or carrying 20 –30 lb of groceries.
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FLEXIBILITY EXERCISE — Flexibility exercise (stretching) has frequently
been recommended as a means of increasing range of motion and hopefully
reducing risk of injury. However, two systematic reviews found that flexibility exercise did not reduce risk of exerciseinduced injury (44,45). Most studies
included in these systematic reviews evaluated younger subjects undertaking very
vigorous activity programs, such as those
in military basic training; these results
may not be generalizable to older subjects. Flexibility exercise has been successfully used in clinical trials as a
“placebo” exercise (32,46), since there is
no evidence that flexibility exercise affects
metabolic control or quality of life. One
small randomized trial (n ⫽ 19) found
that range-of-motion exercises modestly
decreased peak plantar pressures (47).
We found no studies that directly evaluated whether flexibility training reduced
the risk of ulceration or injury in people
with diabetes. Therefore, we feel that
there is insufficient evidence to recommend for or against flexibility exercise as a
routine part of the exercise prescription.
EVALUATION OF THE
DIABETIC PATIENT BEFORE
RECOMMENDING AN
EXERCISE PROGRAM — F o r a
more detailed review on this subject, see
ref. 48. Before beginning a program of
physical activity more vigorous than brisk
walking, people with diabetes should be
assessed for conditions that might be associated with increased likelihood of CVD
or that might contraindicate certain types
of exercise or predispose to injury, such as
severe autonomic neuropathy, severe peripheral neuropathy, and preproliferative
or proliferative retinopathy. The patient’s
age and previous physical activity level
should be considered.
The role of stress testing before beginning an exercise program is controversial.
There is no evidence that such testing is routinely necessary for those planning moderate-intensity activity such as walking, but it
should be considered for previously sedentary individuals at moderate to high risk of
CVD who want to undertake vigorous aerobic exercise exceeding the demands of everyday living (49). The prevalence of both
symptomatic and asymptomatic coronary
artery disease (CAD) is greater in diabetic
individuals compared with nondiabetic individuals of the same age-group. However,
many younger diabetic patients have relatively low absolute risk for a coronary event.
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

Ten-year CVD risk can be estimated using
the UKPDS (U.K. Prosepctive Diabetes
Study) Risk Engine (50) (http://www.dtu.
ox.ac.uk/index.html?maindoc%20⫽%20/
riskengine/), while 30-year risk of a wide
variety of outcomes, including CVD, can be
estimated using the American Diabetes Association’s Diabetes PHD (Personal Health
Decisions) (51) (http://diabetes.org/
diabetesPHD). The lower the absolute CAD
risk, the higher the likelihood of a falsepositive test. A recent systematic review for
the U.S. Preventive Services Task Force
came to the conclusion that stress tests
should usually not be recommended to detect ischemia in asymptomatic individuals
at low CAD risk (⬍10% risk of a cardiac
event over 10 years) because the risks of
subsequent invasive testing triggered by
false-positive tests outweighed the expected
benefits from detection of previously unsuspected ischemia (52,53).
There is little or no evidence to guide
practitioners in terms of whether stress
testing before undertaking resistance
training is necessary. One might ask
whether such testing should use resistance exercise rather than the usual aerobic exercise during a stress test in such
circumstances. Very few test centers
would currently be equipped for such
testing, and such tests have not been standardized. In contrast, aerobic exercise
stress testing is widely available, standardized, and of proven prognostic value.
EXERCISE IN THE PRESENCE
OF NONOPTIMAL
GLYCEMIC CONTROL
Hyperglycemia
When people with type 1 diabetes are deprived of insulin for 12– 48 h and ketotic,
exercise can worsen the hyperglycemia and
ketosis (54). Previous ADA exercise position statements suggested that physical activity be avoided if fasting glucose levels are
⬎13.9 mmol/l (⬎250 mg/dl) and ketosis is
present and that it be performed with caution if glucose levels are ⬎16.7 mmol/l (300
mg/dl), even if no ketosis is present (55).
We agree that vigorous activity should
probably be avoided in the presence of ketosis. However, the recommendation to
avoid physical activity if plasma glucose is
⬎300 mg/dl, even in the absence of ketosis,
is probably more cautious than necessary
for a person with type 2 diabetes, especially
in a postprandial state. In the absence of
very severe insulin deficiency, light- or
moderate-intensity exercise would tend to
decrease plasma glucose. Therefore, pro-

vided the patient feels well, the patient is
adequately hydrated, and urine and/or
blood ketones are negative, it is not necessary to postpone exercise based solely on
hyperglycemia.
Hypoglycemia
In individuals taking insulin and/or insulin secretagogues, physical activity can
cause hypoglycemia if medication dose or
carbohydrate consumption is not altered.
This is particularly so at times when exogenous insulin levels are at their peaks
and if physical activity is prolonged. Hypoglycemia would be rare in diabetic individuals who are not treated with insulin
or insulin secretagogues. Previous ADA
guidelines suggested that added carbohydrate should be ingested if preexercise
glucose levels are ⬍5.6 mmol/l (100 mg/
dl) (55). We agree with this recommendation for individuals on insulin and/or
an insulin secretagogue. However, the
revised guidelines clarify that supplementary carbohydrate is generally not
necessary for individuals treated only
with diet, metformin, ␣-glucosidase inhibitors, and/or thiazolidinediones without insulin or a secretagogue. We found
no published studies examining responses to exercise in subjects taking
pramlintide (synthetic amylin analog) or
exenatide (incretin analog). Neither is
likely to cause hypoglycemia when used
as monotherapy or combined with only
metformin or a thiazolidinedione. However, patients taking either of these drugs
in combination with insulin or a secretagogue may need to take additional carbohydrate before physical activity and/or
reduce doses of insulin or secretagogue to
avoid hypoglycemia. For a detailed discussion of medication adjustments to reduce risk of hypoglycemia, see ref. 56.
Concomitant medications other than
hypoglycemic agents. Diabetic patients
frequently take diuretics, ␤-blockers,
ACE inhibitors, aspirin, and lipidlowering agents. In most type 2 diabetic
individuals, medications will not interfere
with the physical activities they choose to
perform, but patients and health care providers should be aware of potential problems to minimize their impact. Diuretics,
especially in higher doses, can interfere
with fluid and electrolyte balance.
␤-Blockers can blunt the adrenergic
symptoms of hypoglycemia, possibly increasing risk of hypoglycemia unawareness. They can reduce maximal exercise
capacity to ⬃87% of what it would be
without ␤ blockade (57) through their
1435
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negative inotropic and chronotropic effects. However, most people with type 2
diabetes do not choose to exercise at very
high intensity, so this reduction of maximum capacity is generally not problematic. In people with CAD, ␤ blockade
actually increases exercise capacity by reducing coronary ischemia (58). For additional discussion on the impact of
concomitant medications on physical activity, see ref. 48.
EXERCISE IN THE PRESENCE
OF SPECIFIC LONG-TERM
COMPLICATIONS OF
DIABETES — There is a paucity of research on the risks and benefits of exercise
in the presence of diabetes complications.
Therefore, recommendations in this section are based largely on “expert opinion.”
Retinopathy
Exercise and physical activity are not
known to have any adverse effects on vision or the progression of nonproliferative diabetic retinopathy or macular
edema (59). This applies to both resistance and aerobic training. However, in
the presence of proliferative or severe
nonproliferative diabetic retinopathy,
vigorous aerobic or resistance exercise
may be contraindicated because of the potential risk of triggering vitreous hemorrhage or retinal detachment (59). We
found no research studies providing guidance as to an appropriate time interval between successful laser photocoagulation
and initiation or resumption of resistance
exercise. Ophthalmologists, with whom
one of us (C.C.-S.) consulted, suggested
waiting 3– 6 months after laser photocoagulation before initiating or resuming
this type of exercise.
Peripheral neuropathy
We are unaware of research studies assessing the risk of exercise-induced injury in
people with peripheral sensory neuropathy.
Common sense, however, would indicate
that decreased pain sensation in the extremities would result in increased risk of skin
breakdown and infection and of Charcot
joint destruction. Therefore, in the presence
of severe peripheral neuropathy, it may be
best to encourage non–weight-bearing activities such as swimming, bicycling, or arm
exercises (60,61).
Autonomic neuropathy
Autonomic neuropathy can increase the
risk of exercise-induced injury by decreasing cardiac responsiveness to exer1436

cise, postural hypotension, impaired
thermoregulation due to impaired skin
blood flow and sweating, impaired night
vision due to impaired papillary reaction,
and impaired thirst, which increases the
risk of dehydration and gastroparesis
with unpredictable food delivery (60).
Autonomic neuropathy is also strongly
associated with CVD in people with diabetes (62,63). Individuals with diabetic
autonomic neuropathy should undergo
cardiac investigation before beginning
physical activity more intense than that to
which they are accustomed. Some experts
advocate thallium scintigraphy as the preferred screening technique for CVD in
this high-risk population (60).
Microalbuminuria and nephropathy
Physical activity can acutely increase urinary protein excretion. The magnitude of
this increase is in proportion to the acute
increase in blood pressure. This finding has
led some experts to recommend that people
with diabetic kidney disease perform only
light or moderate exercise, such that blood
pressure during exercise would not rise to
more than 200 mmHg (64). However, there
is no evidence from clinical trials or cohort
studies demonstrating that vigorous exercise increases the rate of progression of diabetic kidney disease. Several randomized
trials in animals with diabetes and proteinuria showed that aerobic exercise training
decreased urine protein excretion (65,66),
possibly in part due to improved glycemic
control, blood pressure, and insulin sensitivity. Resistance training also may be of
benefit in terms of muscle mass, nutritional
status, functional capacity, and glomerular
filtration rate (67). Because of these encouraging findings, we believe there may be no
need for any specific exercise restrictions for
people with diabetic kidney disease. However, because microalbuminuria and proteinuria are associated with increased risk
for CVD, it is important to perform an exercise ECG stress test in previously sedentary
individuals with these conditions before beginning exercise significantly more intense
than the demands of everyday living.
RECOMMENDATIONS — Levels
of evidence used are those defined by the
ADA in ref. 2.
Lifestyle measures for prevention of
type 2 diabetes
In people with IGT, a program of weight
control is recommended, including at
least 150 min/week of moderate to vigorous physical activity and a healthful diet

with modest energy restriction. Level of
evidence: A (3,4,68,69).
Aerobic exercise
The amount and intensity recommended
for aerobic exercise vary according to
goals.
●

●

●

To improve glycemic control (6,7),
assist with weight maintenance, and
reduce risk of CVD (9,10), we recommend at least 150 min/week of moderate-intensity aerobic physical activity
(40 – 60% of V䡠 O2max or 50 –70% of
maximum heart rate) and/or at least 90
min/week of vigorous aerobic exercise
(⬎60% of V䡠 O2max or ⬎70% of maximum heart rate). The physical activity
should be distributed over at least 3
days/week and with no more than 2
consecutive days without physical activity. Level of evidence: A (6,7).
Performing ⱖ4 h/week of moderate to
vigorous aerobic and/or resistance exercise physical activity is associated
with greater CVD risk reduction compared with lower volumes of activity
(10). Level of evidence: B (9,10).
For long-term maintenance of major
weight loss (ⱖ13.6 kg/30 lb), larger
volumes of exercise (7 h/week of moderate or vigorous aerobic physical activity) may be helpful (24 –27,70). Level of
evidence: B (24 –27,70).

Resistance exercise
In the absence of contraindications, people with type 2 diabetes should be encouraged to perform resistance exercise
three times a week, targeting all major
muscle groups, progressing to three sets
of 8 –10 repetitions at a weight that cannot be lifted more than 8 –10 times (8 –10
RM). Level of evidence: A (32,33). To ensure resistance exercises are performed
correctly, maximize health benefits, and
minimize the risk of injury, we recommend initial supervision and periodic reassessments by a qualified exercise
specialist, as was done in the clinical trials
(32,33).
Prevention of hypoglycemia
Those who take insulin or secretagogues
should check capillary blood glucose before, after, and several hours after completing a session of physical activity, at
least until they know their usual glycemic
responses to such activity. For those who
show a tendency to hypoglycemia during
or after exercise, several strategies can be
used. Doses of insulin or secretagogues
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006
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can be reduced before sessions of physical
activity, extra carbohydrate can be consumed before or during physical activity,
or both strategies can be implemented.
Level of evidence: E (consensus, clinical
experience).
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7. Boulé NG, Kenny GP, Haddad E, Wells
GA, Sigal RJ: Meta-analysis of the effect of
structured exercise training on cardiorespiratory fitness in type 2 diabetes mellitus. Diabetologia 46:1071–1081, 2003
8. Church TS, Cheng YJ, Earnest CP, Barlow
CE, Gibbons LW, Priest EL, Blair SN: Exercise capacity and body composition as
predictors of mortality among men with
diabetes. Diabetes Care 27:83– 88, 2004
9. Wei M, Gibbons LW, Kampert JB, Nichaman MZ, Blair SN: Low cardiorespiratory
fitness and physical inactivity as predictors of mortality in men with type 2 diabetes. Ann Intern Med 132:605– 611, 2000
10. Hu FB, Stampfer MJ, Solomon C, Liu S,
Colditz GA, Speizer FE, Willett WC, Manson JE: Physical activity and risk for cardiovascular events in diabetic women.
Ann Intern Med 134:96 –105, 2001
11. Stofan JR, DiPietro L, Davis D, Kohl HW
3rd, Blair SN: Physical activity patterns
associated with cardiorespiratory fitness
DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

and reduced mortality: the Aerobics Center Longitudinal Study. Am J Public Health
88:1807–1813, 1998
US Department of Health and Human
Services: Physical Activity and Health: A Report of the Surgeon General. Atlanta, GA,
U.S. Department of Health and Human
Services, Centers for Disease Control and
Prevention, National Center for Chronic
Disease Prevention and Health Promotion, 1996
American College of Sports Medicine:
American College of Sports Medicine Position Stand: the recommended quantity
and quality of exercise for developing and
maintaining cardiorespiratory and muscular fitness, and flexibility in healthy
adults. Med Sci Sports Exerc 30:975–991,
1998
Pate RR, Pratt M, Blair SN, Haskell WL,
Macera CA, Bouchard C, Buchner D, Ettinger W, Heath GW, King AC, et al.:
Physical activity and public health: a recommendation from the Centers for Disease Control and Prevention and the
American College of Sports Medicine.
JAMA 273:402– 407, 1995
Albright A, Franz M, Hornsby G, Kriska
A, Marrero D, Ullrich I, Verity LS: American College of Sports Medicine position
stand: exercise and type 2 diabetes. Med
Sci Sports Exerc 32:1345–1360, 2000
Whelton SP, Chin A, Xin X, He J: Effect of
aerobic exercise on blood pressure: a
meta-analysis of randomized, controlled
trials. Ann Intern Med 136:493–503, 2002
Leon AS, Sanchez OA: Response of blood
lipids to exercise training alone or combined with dietary intervention. Med Sci
Sports Exerc 33:S502–S515, 2001
Kraus WE, Houmard JA, Duscha BD,
Knetzger KJ, Wharton MB, McCartney JS,
Bales CW, Henes S, Samsa GP, Otvos JD,
Kulkarni KR, Slentz CA: Effects of the
amount and intensity of exercise on
plasma lipoproteins. N Engl J Med 347:
1483–1492, 2002
Stewart KJ: Exercise training and the
cardiovascular consequences of type 2
diabetes and hypertension: plausible
mechanisms for improving cardiovascular health. JAMA 288:1622–1631, 2002
Wallberg-Henriksson H, Rincon J, Zierath JR: Exercise in the management of
non-insulin-dependent diabetes mellitus.
Sports Med 25:25–35, 1998
Zachwieja JJ, Toffolo G, Cobelli C, Bier
DM, Yarasheski KE: Resistance exercise
and growth hormone administration in
older men: effects on insulin sensitivity
and secretion during a stable-label intravenous glucose tolerance test. Metabolism
45:254 –260, 1996
Wing RR: Exercise and weight control. In
Handbook of Exercise in Diabetes. 2nd ed.
Ruderman N, Devlin JT, Schneider SH,
Kriska A, Eds. Alexandria, VA, American
Diabetes Association, 2002, p. 355–364

23. Ross R, Dagnone D, Jones PJ, Smith H,
Paddags A, Hudson R, Janssen I: Reduction in obesity and related comorbid conditions after diet-induced weight loss or
exercise-induced weight loss in men: a
randomized, controlled trial. Ann Intern
Med 133:92–103, 2000
24. Pavlou KN, Krey S, Steffee WP: Exercise
as an adjunct to weight loss and maintenance in moderately obese subjects. Am J
Clin Nutr 49:1115–1123, 1989
25. Schoeller DA, Shay K, Kushner RF: How
much physical activity is needed to minimize weight gain in previously obese
women? Am J Clin Nutr 66:551–556, 1997
26. Weinsier RL, Hunter GR, Desmond RA,
Byrne NM, Zuckerman PA, Darnell BE:
Free-living activity energy expenditure in
women successful and unsuccessful at
maintaining a normal body weight. Am J
Clin Nutr 75:499 –504, 2002
27. Saris WH, Blair SN, van Baak MA, Eaton
SB, Davies PS, Di Pietro L, Fogelholm M,
Rissanen A, Schoeller D, Swinburn B,
Tremblay A, Westerterp KR, Wyatt H:
How much physical activity is enough to
prevent unhealthy weight gain? Outcome
of the IASO 1st Stock Conference and
consensus statement. Obes Rev 4:101–
114, 2003
28. Jakicic JM, Marcus BH, Gallagher KI, Napolitano M, Lang W: Effect of exercise duration and intensity on weight loss in
overweight, sedentary women: a randomized trial. JAMA 290:1323–1330, 2003
29. Jeffery RW, Wing RR, Sherwood NE, Tate
DF: Physical activity and weight loss: does
prescribing higher physical activity goals
improve outcome? Am J Clin Nutr 78:
684 – 689, 2003
30. American College of Sports Medicine:
American College of Sports Medicine Position Stand: exercise and physical activity
for older adults. Med Sci Sports Exerc 30:
992–1008, 1998
31. Ivy JL: Role of exercise training in the prevention and treatment of insulin resistance and non-insulin-dependent diabetes
mellitus. Sports Med 24:321–336, 1997
32. Dunstan DW, Daly RM, Owen N, Jolley
D, de Courten M, Shaw J, Zimett P: Highintensity resistance training improves glycemic control in older persons with type 2
diabetes. Diabetes Care 25:1729 –1735,
2002
33. Castaneda C, Layne JE, Munoz-Orians L,
Gordon PL, Walsmith J, Foldvari M,
Roubenoff R, Tucker KL, Nelson ME: A
randomized controlled trial of resistance
exercise training to improve glycemic
control in older adults with type 2 diabetes. Diabetes Care 25:2335–2341, 2002
34. Dunstan DW, Daly RM, Owen N, Jolley
D, Vulikh E, Shaw J, Zimmet P: Homebased resistance training is not sufficient
to maintain improved glycemic control
following supervised training in older individuals with type 2 diabetes. Diabetes
1437

Exercise in type 2 diabetes
Care 28:3–9, 2005
35. Dunstan DW, Puddey IB, Beilin LJ, Burke
V, Morton AR, Stanton KG: Effects of a
short-term circuit weight training program on glycaemic control in NIDDM. Diabetes Res Clin Pract 40:53– 61, 1998
36. Honkola A, Forsen T, Eriksson J: Resistance training improves the metabolic
profile in individuals with type 2 diabetes.
Acta Diabetol 34:245–248, 1997
37. Ishii T, Yamakita T, Sato T, Tanaka S, Fujii
S: Resistance training improves insulin
sensitivity in NIDDM subjects without altering maximal oxygen uptake. Diabetes
Care 21:1353–1355, 1998
38. Maiorana A, O’Driscoll G, Goodman C,
Taylor R, Green D: Combined aerobic and
resistance exercise improves glycemic
control and fitness in type 2 diabetes. Diabetes Res Clin Pract 56:115–123, 2002
39. Cuff DJ, Meneilly GS, Martin A, Ignaszewski A, Tildesley HD, Frohlich JJ: Effective exercise modality to reduce insulin
resistance in women with type 2 diabetes.
Diabetes Care 26:2977–2982, 2003
40. Eriksson J, Taimela S, Eriksson K, Parviainen S, Peltonen J, Kujala U: Resistance
training in the treatment of non-insulindependent diabetes mellitus. Int J Sports
Med 18:242–246, 1997
41. Wenger NK, Froelicher ES, Smith LK,
Ades PA, Berra K, Blumenthal JA, Certo
CM, Dattilo AM, Davis D, DeBusk RF, et
al.: Cardiac rehabilitation as secondary
prevention: Agency for Health Care Policy
and Research and National Heart, Lung,
and Blood Institute. Clin Pract Guidel
Quick Ref Guide Clin 1–23, 1995
42. Featherstone JF, Holly RG, Amsterdam
EA: Physiologic responses to weight lifting in coronary artery disease. Am J Cardiol 71:287–292, 1993
43. Benn SJ, McCartney N, McKelvie RS: Circulatory responses to weight lifting, walking, and stair climbing in older males.
J Am Geriatr Soc 44:121–125, 1996
44. Shrier I: Stretching before exercise does
not reduce the risk of local muscle injury:
a critical review of the clinical and basic
science literature. Clin J Sport Med 9:221–
227, 1999
45. Yeung EW, Yeung SS: Interventions for
preventing lower limb soft-tissue injuries
in runners. Cochrane Database Syst Rev
CD001256, 2001
46. Beniamini Y, Rubenstein JJ, Zaichkowsky
LD, Crim MC: Effects of high-intensity
strength training on quality-of-life parameters in cardiac rehabilitation patients.
Am J Cardiol 80:841– 846, 1997
47. Goldsmith JR, Lidtke RH, Shott S: The
effects of range-of-motion therapy on the
plantar pressures of patients with diabetes

1438

48.

49.
50.

51.
52.

53.

54.

55.

56.

57.

58.

59.

60.

mellitus. J Am Podiatr Med Assoc 92:483–
490, 2002
Ganda OP: Patients on various drug therapies. In Handbook of Exercise in Diabetes.
2nd ed. Ruderman N, Devlin JT, Schneider SH, Kriska A, Eds. Alexandria, VA,
American Diabetes Association, 2002, p.
587–599
American Diabetes Association: Standards of Medical Care in Diabetes–2006.
Diabetes Care 29:S4 –S42, 2006
Stevens RJ, Kothari V, Adler AI, Stratton
IM: The UKPDS Risk Engine: a model for
the risk of coronary heart disease in type II
diabetes (UKPDS 56). Clin Sci (Lond) 101:
671– 679, 2001
Eddy DM, Schlessinger L: Archimedes: a
trial-validated model of diabetes. Diabetes
Care 26:3093–3101, 2003
Fowler-Brown A, Pignone M, Pletcher M,
Tice JA, Sutton SF, Lohr KN: Exercise tolerance testing to screen for coronary heart
disease: a systematic review for the technical support for the U.S. Preventive Services Task Force. Ann Intern Med 140:
W9 –W24, 2004
US Preventive Services Task Force:
Screening for coronary heart disease: recommendation statement. Ann Intern Med
140:569 –572, 2004
Berger M, Berchtold P, Cuppers HJ, Drost
H, Kley HK, Muller WA, Wiegelmann W,
Zimmerman-Telschow H, Gries FA,
Kruskemper HL, Zimmermann H: Metabolic and hormonal effects of muscular
exercise in juvenile type diabetics. Diabetologia 13:355–365, 1977
Zinman B, Ruderman N, Campaigne BN,
Devlin JT, Schneider SH: Physical activity/exercise and diabetes mellitus. Diabetes
Care 26 (Suppl. 1):S73–S77, 2003
Berger M: Adjustment of insulin and oral
agent therapy. In Handbook of Exercise in
Diabetes. 2nd ed. Ruderman N, Devlin JT,
Schneider SH, Kriska A, Eds. Alexandria,
VA, American Diabetes Association,
2002, p. 365–376
Sigal RJ, Purdon C, Bilinski D, Vranic M,
Halter JB, Marliss EB: Glucoregulation
during and after intense exercise: effects
of beta-blockade. J Clin Endocrinol Metab
78:359 –366, 1994
de Muinck ED, Lie KI: Safety and efficacy
of beta-blockers in the treatment of stable
angina pectoris. J Cardiovasc Pharmacol 16
(Suppl. 5):S123–S128, 1990
Aiello LP, Wong J, Cavallerano JD, Bursell
S-E, Aiello LM: Retinopathy. In Handbook
of Exercise in Diabetes. 2nd ed. Ruderman
N, Devlin JT, Schneider SH, Kriska A,
Eds. Alexandria, VA, American Diabetes
Association, 2002, p. 401– 413
Vinik AI, Erbas T: Neuropathy. In Hand-

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

book of Exercise in Diabetes. 2nd ed. Ruderman N, Devlin JT, Schneider SH, Kriska
A, Eds. Alexandria, VA, American Diabetes Association, 2002, p. 463– 496
Levin ME: The diabetic foot. In Handbook
of Exercise in Diabetes. 2nd ed. Ruderman
N, Devlin JT, Schneider SH, Kriska A,
Eds. Alexandria, VA, American Diabetes
Association, 2002, p. 385–399
Wackers FJ, Young LH, Inzucchi SE,
Chyun DA, Davey JA, Barrett EJ, Taillefer
R, Wittlin SD, Heller GV, Filipchuk N,
Engel S, Ratner RE, Iskandrian AE: Detection of silent myocardial ischemia
in asymptomatic diabetic subjects: the
DIAD study. Diabetes Care 27:1954 –
1961, 2004
Valensi P, Sachs RN, Harfouche B,
Lormeau B, Paries J, Cosson E, Paycha F,
Leutenegger M, Attali JR: Predictive value
of cardiac autonomic neuropathy in diabetic patients with or without silent myocardial ischemia. Diabetes Care 24:339 –
343, 2001
Mogensen CE: Nephropathy: early. In
Handbook of Exercise in Diabetes. 2nd ed.
Ruderman N, Devlin JT, Schneider SH,
Kriska A, Eds. Alexandria, VA, American
Diabetes Association, 2002, p. 433– 449
Ward KM, Mahan JD, Sherman WM: Aerobic training and diabetic nephropathy in
the obese Zucker rat. Ann Clin Lab Sci 24:
266 –277, 1994
Albright AL, Mahan JD, Ward KM, Sherman WM, Roehrig KL, Kirby TE: Diabetic
nephropathy in an aerobically trained rat
model of diabetes. Med Sci Sports Exerc
27:1270 –1277, 1995
Castaneda C, Gordon PL, Uhlin KL, Levey
AS, Kehayias JJ, Dwyer JT, Fielding RA,
Roubenoff R, Singh MF: Resistance training to counteract the catabolism of a lowprotein diet in patients with chronic renal
insufficiency: a randomized, controlled
trial. Ann Intern Med 135:965–976, 2001
Diabetes Prevention Program Research
Group: The Diabetes Prevention Program
(DPP): description of lifestyle intervention. Diabetes Care 25:2165–2171, 2002
Lindstrom J, Louheranta A, Mannelin M,
Rastas M, Salminen V, Eriksson J, Uusitupa M, Tuomilehto J: The Finnish Diabetes Prevention Study (DPS): lifestyle
intervention and 3-year results on diet
and physical activity. Diabetes Care
26:3230 –3236, 2003
Klem ML, Wing RR, McGuire MT, Seagle
HM, Hill JO: A descriptive study of individuals successful at long-term maintenance of substantial weight loss. Am J Clin
Nutr 66:239 –246, 1997

DIABETES CARE, VOLUME 29, NUMBER 6, JUNE 2006

