In Brief
Physical inactivity and low cardiorespiratory fitness increase the risk of developing type 2 diabetes and are associated with higher rates of cardiovascular
disease and mortality in people with type 2 diabetes. Clinicians are encouraged to promote adoption of the consensus public health recommendation for
physical activity for their sedentary and unfit patients and to stress that the
benefit is improved health—not necessarily weight loss. Recent advances in
behavioral intervention approaches can make clinicians more successful in
helping their sedentary patients become and stay more physically active.
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The role of a sedentary lifestyle in the
pathogenesis of type 2 diabetes has
been clarified during the past 15
years. Initially, investigators conducting prospective observational studies
found higher rates of type 2 diabetes
in women and men who were sedentary than in their more active peers.1,2
By the time of the publication of the
Surgeon General’s Report on Physical
Activity and Health in 1996, there
was compelling evidence to support a
conclusion that inactivity was a cause
of type 2 diabetes.3 These early studies used self-report of physical activity
as the exposure, and investigators
reported relative risks (RR) of diabetes in sedentary people ranging
from about 1.2 to 1.6, when compared to active people. These higher
risks remained after controlling for
potentially confounding variables
such as age, BMI, family history of
disease, and other clinical measures.
In this report, we review recent
data on physical activity, cardiorespiratory fitness, and type 2 diabetes,
with an emphasis on the interpretation and application of these findings in clinical settings. The importance of improving clinical practice
in the treatment of individuals
prone to develop type 2 diabetes
and those who already have the disease is underscored by the rapidly
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The Importance of Physical Activity and
Cardiorespiratory Fitness for Patients With
Type 2 Diabetes

increasing prevalence of type 2 diabetes and recent data showing that
22% of adults in the United States
have a related condition, the metabolic syndrome.4
Importance of Cardiorespiratory
Fitness
As briefly reviewed above, sedentary
individuals are at a 1.2- to 1.6-fold
higher risk than active individuals for
developing type 2 diabetes. We
believe that these risk estimates are
actually underestimates of the effect
of sedentary lifestyles on the disease.
The reason is principally that physical activity is a complex behavior
that is difficult to assess accurately
by self-report, which was the method
of evaluating the exposure in early
studies. Self-report measures of physical activity are typically crude and
imprecise, which leads to substantial
misclassification and, in turn, to biasing study results towards the null
hypothesis.
In contrast, cardiorespiratory fitness assessed by exercise testing in a
laboratory is an objective and highly
reliable measure. We believe that cardiorespiratory fitness is a more accurate measure of habitual physical
activity in the weeks and months prior
to the assessment than are self-report
physical activity questionnaires.

Physical Activity for Patients
With Type 2 Diabetes
Physical inactivity substantially
increases risk for developing type 2
diabetes, but what is the effect of
activity for patients who already have
the disease? It is clear that an active
and fit way of life has health benefits
for virtually all individuals, and this
includes most patients with type 2
diabetes.
Physical activity recommendations
for patients with diabetes have been
published by the American Diabetes
Association and the American College
of Sports Medicine.6,7 These recommendations are generally consistent
with the consensus public health physical activity recommendation published in the mid-1990s: all adults
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Figure 1. Odds ratios for development of type 2 diabetes in 8,633 healthy
men, adjusted for age, examination year, BMI, smoking habit, alcohol intake,
parental history of diabetes, and elevations in blood pressure and lipids.
Adapted from Ref. 5.
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should accumulate at least 30 minutes
of moderately intense physical activity
over the course of most, preferably all,
days of the week.3,8,9 Thus, three 10minute walks a day can provide
important health benefits, including
for patients with type 2 diabetes.
It is not the purpose of this report
to provide detailed discussions of specific physical activity recommendations, issues regarding evaluation of
patients before exercise, and risks of
activity such as retinopathy and neuropathy. These topics are covered in
the position statements. Instead, we
will focus on some often overlooked
benefits of physical activity for
patients with type 2 diabetes and provide some suggestions on how clinicians can provide evidence-based physical activity intervention strategies.
Benefits of Regular Physical Activity
Regular physical activity provides the
same benefits for patients with type 2
diabetes as for healthy individuals—
increased fitness and function,
enhanced feelings of well-being,
reduced risk of depression, better
weight control, and improvements in
glucose control, blood pressure, and
lipids. 3,8,9 In our experience, it is
weight management that receives the
most emphasis from clinicians when
talking with their patients about
becoming and staying more physically
active. It is true that regular physical
activity produces modest weight loss
in most overweight people, helps prevent additional weight gain, and is
most likely critical in maintaining
weight loss once it has occurred.
However, we do not believe that clinicians should stress weight management as the primary benefit or reason
for regular physical activity (“You
should get more exercise. It will help
you lose weight.”)
Tying exercise recommendations to
weight issues can set patients up for
failure. It is clear that most overweight or obese adults are not likely
to achieve and maintain some hypothetical “ideal weight” and that they
are often dissatisfied with the modest
7–10% weight loss that provides
many health benefits.10,11 Our concern
is that if patients have expectations
that increased physical activity will
allow them to achieve the slim figures
of models and movie stars, at least in
the relatively short term, they are
highly likely to be disappointed, and
this will lead to discontinuation of
their activity program. They may feel
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men who declined in fitness also had a
higher risk. For each 1-unit decline in
maximal metabolic equivalents (MET;
1 MET = resting metabolic rate or 3.5
ml · kg-1 · min-1) on the treadmill test,
there was a 30% higher risk of developing type 2 diabetes (S.N.B., unpublished observations).
In summary, we find a strong, independent, and biologically plausible
association between objectively measured cardiorespiratory fitness and risk
of developing type 2 diabetes. This
risk remains after adjustment for several potentially confounding variables,
which is a conservative approach to
the issue because several of these variables are probably in the causal
pathway.
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Cardiorespiratory Fitness and Risk
of Incident Type 2 Diabetes
We evaluated cardiorespiratory fitness
as a predictor of the development of
impaired fasting plasma glucose (FPG)
and type 2 diabetes in a group of
8,633 men participating in the
Aerobics Center Longitudinal Study
(ACLS).5 These men had an average
age of 43.5 years (range 30–79 years)
and had two clinical examinations and
laboratory evaluations, with an average of 6 years between the examinations. We assessed cardiorespiratory
fitness by a maximal exercise test on a
treadmill. Type 2 diabetes was diagnosed by an FPG ≥ 126 mg/dl. We
therefore had an objective measure of
both the exposure (cardiorespiratory
fitness) and the outcome (type 2 diabetes), which should have resulted in
low rates of misclassification and
improved precision in assessing risk.
All men were free of type 2 diabetes at baseline, and 149 men developed the disease during 52,588 manyears of follow-up, for an overall incidence of 2.8 per 1,000 man-years. We
observed incidence rates of 5.9, 2.7,
and 1.6 per 1,000 man-years across
low, moderate, and high fitness
groups, respectively. This steep and
significant inverse gradient of risk
across fitness groups remained after
statistical adjustment for numerous
potential confounding variables
(Figure 1).
In addition to the strong association between baseline cardiorespiratory fitness and incident type 2 diabetes,
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that “I tried exercise, but I only lost a
few pounds, and it did not seem to be
worth the effort.”
We propose that the major reason
for patients with type 2 diabetes to be
physically active is to prevent major
morbidities and to reduce the risk of
mortality. This should be the primary
benefit of physical activity that clinicians emphasize. (“You need to
become more physically active. It will
provide several health benefits, but
most importantly will reduce substantially your risk of heart attack and
death.”)
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Reduction in morbidity and mortality
through regular physical activity
Patients with type 2 diabetes who are
physically active or have moderate to
high levels of cardiorespiratory fitness
are much less likely than their sedentary and unfit peers to develop cardiovascular disease or to die. We evaluated risk of dying in 1,263 men with
type 2 diabetes in the ACLS.12 These
men were 50 years of age on average
and had documented type 2 diabetes
determined by FPG, use of diabetes
medication, or an established clinical
history of diabetes. There were 180
deaths during 14,777 man-years of
observation. All men completed a
maximal exercise test at baseline to
evaluate their cardiorespiratory fitness
and were assigned to low-, moderate-,
or high-fitness categories based on
exercise test results. Specific cutpoints
for maximal METs achieved on the
treadmill test are shown in Table 1 for
the three fitness categories.
We also assessed physical activity in
this study by self-report on the medical
history questionnaire. We classified
men who reported no physical activity
in the past 3 months as inactive and all
others as active. The age- and examination year–adjusted risk of mortality
in inactive men was 1.8 and in low-fit
men was 2.9 compared to that in
moderate- or high-fit men.
These data support our hypothesis
that objectively measured cardiorespiratory fitness results in less misclassifi-
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Figure 2. Age- and examination year–adjusted odds ratios for all-cause mortality across cardiorespiratory fitness categories for men in the ACLS.
cation than does self-reported physical cardiovascular disease and total moractivity, and we believe the fitness tality in men with type 2 diabetes in
data are closer to the true association the Health Professionals’ Follow-up
between sedentary habits and mortali- Study. Study participants were 3,058
ty risk. The protective effect of moder- men aged 30 years or older who
ate-to-high fitness was evident and reported a diagnosis of diabetes.
was comparable in overweight or There were 266 cardiovascular events
obese men and in normal-weight men. (96 of them fatal) during 18,894 manCompared to fit men, unfit men had years of observation. The investigaRRs of 2.8 and 2.9 for all-cause mor- tors assessed physical activity by mailtality in the normal weight (BMI < back questionnaire and calculated
25.0 kg/m2) and overweight or obese total volume of physical activity in
(BMI ≥ 25.0 kg/m2) men, respectively. MET · hours-1 · week-1 .
In additional analyses not reported
Risk of total cardiovascular disease
in the article, we observed a steep (fatal and nonfatal) and all-cause
inverse mortality gradient across fitness mortality are shown in Figure 3. The
categories. The age- and examination inverse gradient of risk across quinyear–adjusted risk of all-cause mortali- tiles of total activity remained,
ty across low-, moderate-, and high- although it was somewhat attenuated,
fitness categories is shown in Figure 2. after adjustment for characteristics
There is a steep inverse gradient, with such as risk factors and BMI.
the high-fit men having an 80% lower
In summary, we believe that the
risk of dying compared to the low-fit principal benefit of regular physical
men. This association between fitness activity in patients with type 2 diabetes
and mortality was stronger than the is that it protects against cardiovascuassociation between BMI and mortali- lar disease and all-cause mortality.
ty, where we observed RRs of 1.0, 1.2, Clinicians should strongly inform their
and 1.3 across normal-weight, over- patients of this benefit and tell them
weight, and obese categories, respec- that this is the primary reason for
tively (S.N.B., unpublished observa- becoming and staying physically
tions).
active. The beneficial dose of physical
Tanasecu et al.13 recently reported activity is consistent with the consenon the relation of physical activity to sus public health recommendation.
Thus, three 10-minute walks a day can
provide the benefits described herein.
Table 1. Fitness and Mortality in Men: Maximal METs Attained

During Exercise Test By ACLS Fitness Category
Fitness Group
Low
Moderate
High

20–39
≤ 10.5
10.6–12.7
> 12.7

Age Groups (Years)
40–49
50–59
≤ 9.9
10.0–12.1
> 12.1

60+

≤ 8.8
8.9–10.9
> 10.9

≤ 7.5
7.6–9.7
> 9.7
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Getting Sedentary Patients to Become
More Physically Active
Many clinicians have become frustrated with their inability to get patients
to be physically active. The environment in our society mitigates against
the routine daily activity that was
required of earlier generations, and it
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is difficult for many individuals to
overcome these environmental barriers. It is clear that efficacious physical
activity interventions must involve
more than simply admonishing sedentary people to become more active
and giving target exercise heart rates
as a prescription.
The consensus public health recommendation for physical activity
and recent behavioral intervention
research have provided new and more
effective approaches to getting sedentary individuals to increase their
physical activity level. Whereas in the
past, exercise advice included relatively rigid prescriptions focused on specific amounts, types, and intensities of
activity, the recent recommendations
and research offer more options.
Although there is nothing wrong with
the traditional, structured approach
to giving physical activity advice, this
approach does not work well for all
individuals. The lifestyle intervention
approach offers more flexibility and
encourages patients to develop the
behavioral and cognitive skills to
incorporate 30 minutes of physical
activity into their daily routines.
Controlled intervention studies to
evaluate behavioral methods for
increasing physical activity in sedentary adults are a new area of investigation, with virtually all controlled
trials being conducted since 1990. At
the Cooper Institute, we have conducted large-scale, randomized, physical activity intervention trials with
sedentary adults. 14,15 The overall
objective of these studies has been to
modify, implement, and evaluate cog-

nitive and behavioral intervention
strategies that have been applied in
smoking cessation, dietary intervention, and other behavioral change
programs.
The summary from our research
and that of others is that these methods are effective, and the results are
comparable to the more intensive and
costly traditional, structured exercise
interventions. A key finding of the
research is that individuals who
implement cognitive and behavioral
strategies such as self-monitoring, goal
setting, evaluation of progress, and
identification of barriers are the individuals who are substantially more
likely than people who do not use
these strategies to be meeting the public health physical activity recommendation at 24 months. We find that
25–30% of initially sedentary and
unfit adults exposed to the lifestyle
intervention will be meeting the public
health recommendation for physical
activity at the end of the study.
We have incorporated the findings
from three controlled behavioral intervention trials into an “off-the-shelf”
program that is available commercially. This includes a book for laypeople,
Active Living Every Day, 16 that is
accompanied by an online support
course. These materials are available
from Human Kinetics, and the company also has developed a program to
establish Active Living community
centers to disseminate the program.
Information on the book and overall
program can be obtained from Human
Kinetics at www.activeliving.info. The
authors of this article receive no per-

Acknowledgments
This work was supported in part by
National Institutes of Health grant
NIH AG06945.

References
1

Helmrich SP, Ragland DR, Leung RW,
Paffenbarger RS, Jr.: Physical activity and
reduced occurrence of non-insulin-dependent
diabetes mellitus. N Engl J Med 325:147–152,
1991

2

Manson JE, Rimm EB, Stampfer MJ, Colditz
GA, Willett WC, Krolewski AS, Rosner B,
Hennekens CH, Speizer FE: Physical activity and
incidence of non-insulin dependent diabetes mellitus in women. Lancet 338:774–778, 1991

3

U.S. 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

4

Ford ES, Giles WH, Dietz WH: Prevalence of
the metabolic syndrome among US adults: findings from the third National Health and
Nutrition Examination Survey. JAMA
287:356–359, 2002

Downloaded from http://diabetesjournals.org/spectrum/article-pdf/16/4/236/557944/0236.pdf by guest on 25 May 2022

Figure 3. Age-adjusted relative risks for total cardiovascular disease (black
bars [fatal + nonfatal]) and for all-cause mortality (white bars), for men in the
Health Professionals’ Follow-up Study. Adapted from Ref. 13.

Summary
Physical inactivity and low cardiorespiratory fitness increase the risk of
developing type 2 diabetes and are
associated with higher rates of cardiovascular disease and mortality in people with type 2 diabetes. Clinicians are
encouraged to promote adoption of
the consensus public health recommendation for physical activity for
their sedentary and unfit patients and
to stress that the benefit is improved
health—not necessarily weight loss.
Recent advances in behavioral intervention approaches can make clinicians more successful in helping their
sedentary patients become and stay
more physically active.

From Research to Practice / Obesity and Type 2 Diabetes

sonal royalties from the sale of these
products.

Age & exam year adjusted odds ratios

5

Wei M, Gibbons LW, Mitchell TL, Kampert JB,
Lee CD, Blair SN: The association between cardiorespiratory fitness and impaired fasting glucose and type 2 diabetes mellitus in men. Ann
Intern Med 130:89–96, 1999

6

American Diabetes Association: Physical activity/exercise and diabetes mellitus (Position
Statement). Diabetes Care 26 (Suppl.
1):S73–S77, 2003

7

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

8

Pate RR, Pratt M, Blair SN, Haskell WL,
Macera CA, Bouchard C, Buchner D, Ettinger
W, Heath GW, King AC, Kriska A, Leon AS,
Marcus BH, Morris J, Paffenbarger RS, Jr.,

239
Diabetes Spectrum

Volume 16, Number 4, 2003

Patrick K, Pollock ML, Rippe JM, Sallis J,
Wilmore JH: 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
9

NIH Consensus Development Panel on Physical
Activity and Cardiovascular Health: Physical
activity and cardiovascular health. JAMA
276:241–246, 1996

10

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

11

Tuomilehto J, Lindstrom J, Eriksson JG, Valle
TT, Hamalainen H, Ilanne-Parikka P, KeinanenKiukaanniemi S, Laakso M, Louheranta A,

Rastas M, Salminen V, Uusitupa M: Prevention
of type 2 diabetes mellitus by changes in lifestyle
among subjects with impaired glucose tolerance.
N Engl J Med 344:1343–1350, 2001
12

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

13

Tanasescu M, Leitzmann MF, Rimm EB, Hu
FB: Physical activity in relation to cardiovascular
disease and total mortality among men with type
2 diabetes. Circulation 107:2435–2439, 2003

14

Dunn AL, Marcus BH, Kampert JB, Garcia
ME, Kohl HW, III, Blair SN: Comparison of
lifestyle and structured interventions to increase
physical activity and cardiorespiratory fitness: a

randomized trial. JAMA 281:327–334, 1999
15

Writing Group for the Activity Counseling
Trial Research Group: Effects of physical activity
counseling in primary care: the Activity
Counseling Trial: a randomized controlled trial.
JAMA 286:677–687, 2001

16

Blair S, Dunn A, Marcus B, Carpenter R, Jaret
P: Active Living Every Day. Champaign, Ill.,
Human Kinetics, 2001

Steven N. Blair, PED, is President and
Chief Operating Officer, and Timothy
S. Church, MD, MPH, PhD, is Vice
President, Medical and Laboratory
Research, at The Cooper Institute in
Dallas, Texas.

Downloaded from http://diabetesjournals.org/spectrum/article-pdf/16/4/236/557944/0236.pdf by guest on 25 May 2022

240

Diabetes Spectrum

Volume 16, Number 4, 2003

