
ORIGINAL RESEARCH

Supervised Exercise in Patients with Impaired Fasting
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Objective: To compare the effects of counseling alone with that of

additional participation in supervised training courses on exercise

capacity in patients with impaired fasting glucose.

Design: Randomized, controlled intervention trial using a nested

cohort approach.

Setting: Primary care centers in western Austria.

Patients: Thirty-six patients with impaired fasting glucose (16

males, 20 females; mean age, 57.5 6 6.9 years).

Interventions: Participants of both groups were instructed about

the preventive effectiveness of changing their lifestyle, especially

losing weight and increasing physical activity. One group had ad-

ditionally been offered supervised, progressive, individually tailored

aerobic exercise programs for 1 hour twice a week.

Main Outcome Measures: Changes in the levels of exercise

capacity, body mass, and fasting blood glucose.

Results: The subjects with supervised exercise participated in this

program for 1.8 hours (6 0.3) per week over 12 months. Supervised

exercise was sufficient to maintain exercise capacity, whereas

counseling alone was not (+4.4% versus –6.9%; P = 0.01). After the

12-month intervention period, body mass was reduced in the su-

pervised exercise group (–3.0%) compared with the counseling alone

group (+1.0%) (P = 0.03) and fasting plasma glucose levels had

similarly improved by counseling for adequate lifestyle changes alone

(–8.2%) and in combination with supervised exercise (–6.0%).

Conclusion: In contrast to counseling alone, 2 sessions of super-

vised training per week, besides the self-chosen physical activity and

nutritional measures, are sufficient to maintain exercise capacity in

patients with impaired fasting glucose.
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INTRODUCTION
The worldwide increase in the prevalence of type 2

diabetes is posing an enormous health burden in both devel-
oped and developing countries.1 Type 2 diabetes constitutes
approximately 85% to 95% of all diabetes cases in developed
countries and accounts for an even higher percentage in
developing countries. In 2007, it was estimated that 7.3% of
adults aged 20 to 79 years in all member countries of the
International Diabetes Federation had diabetes.2 The highest
rate of diabetes prevalence is to be found in the North
American region (9.2%) followed by the European region
(8.4%).1,2 The magnitude of the healthcare problem of type 2
diabetes results not just from the disease itself, but also from
its association with obesity and cardiovascular risk factors,
particularly dyslipidemia and hypertension.1 Epidemiologic
data suggest that lifestyle changes involving increased phy-
sical activity and reduced energy intake would prevent type 2
diabetes to a large degree. Recently, prospective intervention
studies have clearly confirmed the efficacy of such meas-
ures.3,4 Both weight reduction and the increase in exercise
capacity have been shown the most predictive determinants of
diabetes prevention and the mortality reduction in patients
with diabetes.5,6 Many of the lifestyle intervention studies
compared the effects of individual counseling on beneficial
effects of a healthy diet and physical activity with that of
individual counseling and offering the participation in out-of-
hospital exercise courses.3–5 Well-organized hospital-based
exercise programs have been shown to be more effective in
improving exercise capacity in patients with heart disease and
type 2 diabetes or in patients undergoing heart transplant when
compared with a home-based training intervention.7,8 In
contrast, the effects of participation in out-of-hospital courses
on exercise capacity have not been well documented.3–5 Thus,
the main goal of this study was to compare the effects of
a supervised out-of-hospital training program with those of
counseling alone on exercise capacity in patients with
impaired fasting glucose.
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METHODS

Study Design
The study has been designed to evaluate the effects of

a diabetes prevention program, including the regular partic-
ipation in supervised training courses.

Recruitment, Randomization, and
Participation of Subjects

Subjects with impaired fasting glucose (IFG) were
recruited by 10 family physicians in the western parts of
Austria, primarily through member screening for high-risk
groups such as first-degree relatives of patients with type 2
diabetes and overweight individuals (body mass index greater
than 25 kg/m2) aged between 40 and 65 years. IFG has been
defined as fasting plasma glucose concentration of 100 to 125
mg/dL.9 Exclusion criteria were the diagnosis of diabetes
mellitus, the presence of chronic disease rendering a 3-year
survival unlikely, and cardiopulmonary or musculoskeletal
diseases not compatible with the exercise program.

Initially, of 131 eligible patients, 68 and 63 patients were
randomly assigned to the counseling alone group and the
counseling + supervised exercise group, respectively. Because
of financial problems, we had to terminate the exercise program
at Month 12 after beginning with training. At that time, 18
patients of the counseling + supervised exercise group had
completed a 12-month training period. These subjects were
scheduled for retests. To minimize the possible bias resulting
from the unequal participation in the 2 study arms, we decided
to compare the 18 patients from the counseling + supervised
exercise group with 18 age- and gender-matched patients of
the counseling alone group using a nested cohort approach.
Each group consisted of 8 males and 10 females. The means
(6 standard deviations) of age and height for the counseling

alone group and the supervised exercise group were 55.8 (5.5)
versus 59.1 (7.8) years and 169 (8.5) versus 170 (9.5) cm. Baseline
values are shown in Table 1. Each subject gave informed
consent and the study protocol has been approved by the
Ethics Committee of the Medical University of Innsbruck.

Intervention Program
Participants of both groups were informed about their

risk for developing type 2 diabetes and the associated health
problems by their family physicians. At the beginning of the
study, they were instructed about the preventive effectiveness
of changing their lifestyle, especially losing weight and
performing regular physical activity by health promotion and
exercise physiology specialists (qualified by Austrian univer-
sities). They were advised to perform moderate exercise of
their preference (walking, cycling, jogging, swimming, and so
on) for at least 30 minutes per day. The dietary intervention
goals were a reduction in body weight of 5% or more,
a reduction in total fat intake to less than 30% of energy
consumed, and a reduction in saturated fat intake to less than
10% of energy consumed as described elsewhere.4 Participants
also received written information about the risk of type 2
diabetes and detailed instructions how to perform physical
activity and to compose diet. They also have been offered a list
of training facilities close to their residence. They were free to
contact their family physician whenever they had questions.

The supervised exercise group has additionally been
offered supervised, progressive, individually tailored aerobic
exercise programs and circuit-type resistance training sessions
for 1 hour twice a week. Aerobic work was performed at an
intensity corresponding to blood lactate levels of 2 to 3
mmol/L interspersed with short periods of higher intensities.
Training intensities have been derived from the individual
relationship between heart rate and blood lactate concentration

TABLE 1. Results of Pre- and Retests of Both Groups

Counseling + Supervised Exercise Group Counseling Alone Group

Pretest Retest Change
(%)

Pretest Retest Change
(%)

Analysis of Variance

N Mean (6 SD) N Mean (6 SD) N P Value N Mean (6 SD) P Value

Body mass, kg 18 86.9 (13.5) 18 84.3 (11.5)* –3.0 18 79.4 (12.3) 18 80.2 (12.0) +1.0 0.03

Body mass index, kg/m2 18 30.6 (4.1) 18 29.7 (3.6)* –2.9 18 27.3 (3.8)† 18 27.6 (3.9) +1.0 0.03

Fat, % 12 34.4 (7.5) 11 31.6 (8.8) –8.1 11 30.4 (5.7) 7 31.2 (6.0) +2.6 0.10

FBG, mg/dL 18 106.8 (6.7) 16 100.4 (7.0)* –6.0 18 107.9 (7.5) 16 99.1 (9.9)* –8.2 0.19

TC, mg/dL 18 229.8 (35.1) 16 226.4 (34.0) –1.5 18 222.6 (44.2) 16 231.3 (28.9) +3.9 0.31

HDL-C, mg/dL 18 50.6 (15.8) 16 48.9 (9.5) –3.4 18 59.2 (13.6) 14 59.6 (17.0) +0.7 0.38

Pmax, watts 18 133.5 (39.1) 18 137.5 (40.3) +3.0 18 133.3 (38.6) 18 123.8 (40.8)* –7.1 0.04

METsmax 18 6.8 (1.2) 18 7.1 (1.5) +4.4 18 7.2 (1.1) 18 6.7 (1.3)* –6.9 0.01

HRmax, b/min 18 146 (20) 18 148 (18) +1.4 17 142 (20) 18 136 (21) –4.2 0.12

BPmax, mmHg

Systolic 18 192 (20) 18 207 (27) +7.8 17 190 (31) 18 194 (29) +2.1 0.12

Diastolic 18 94 (10) 18 92 (11) –2.1 17 89 (12) 17 88 (13) –1.1 0.59

Lactatemax, mmol/L 17 4.4 (2.4) 17 4.3 (1.9) –2.3 15 3.4 (1.1) 15 3.6 (1.1) +5.9 0.83

*Significant differences between pre- and retests within groups.
†Significant differences between groups at baseline.
SD, standard deviation; FBG, fasting blood glucose; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; Pmax, maximal power output; METsmax, maximum oxygen

consumption calculated in metabolic equivalent tests; HRmax, maximum heart rate; BPmax, systolic and diastolic maximum blood pressure; Lactatemax, maximum blood lactate.
P value (analysis of variance) for different changes between groups (group 3 time).
N varies because of missing measurements.

q 2009 Lippincott Williams & Wilkins www.cjsportmed.com | 395

Clin J Sport Med � Volume 19, Number 5, September 2009 Supervised Exercises in Patients with IFG



assessed at the initial exercise test and have been adapted by
recording heart rates and perceived exertion10 during the
training. Aerobic exercises used large muscle groups in
activities that are rhythmic, dynamic, and aerobic in nature, for
example, walking, running, dancing, skating, swimming, cross
country skiing, and endurance games. In most of the sessions,
6 to 8 strength training exercises, with 8 to 12 repetitions per
exercise, were incorporated. Experienced sport scientists were
responsible for the exercise programs. The training sessions
took place in well-equipped gyms or adequate outdoor places.
Once monthly, sport scientists called attention to the dietary
intervention goals. Nutritional intake of the counseling +
supervised exercise group was recorded for 1-week periods at
the beginning and at the end of the study period. Data from the
dietary records were analyzed with the DGE-PC professional
software (Version 3.2; Bonn, Germany). All patients were
asked to record physical activities in a prepared log book.

Measurements
All measurements have been performed before and after

the intervention program by exercise physiologists at a similar
time of day.

Anthropometry
Anthropometric measurements were recorded by a stan-

dardized protocol. Height and weight were determined using
proper calibrated devices. Bioelectrical impedance analysis
was performed to quantify body fat (FAT%) using a Body Fat
Analyser (BIA 2000; Darmstadt, Germany).

Exercise Testing
All exercise tests were assessed on a cycle ergometer

(Ergoline 900; Schiller, Dietikon, Switzerland). Tests began at
a work load of 25 watts and was increased by 25 watts every 2
minutes until exhaustion. The pedal rate had to be held at 70 to
80 rpm. The test was stopped when the pedaling rate dropped
below 40 rpm. Heart rate was continuously monitored with
electrocardiogram recording and blood pressure and blood
lactate concentration (Biosen 5040, Magedeburg, Germany)
were measured at the end of each workload.

Exercise capacity was expressed in power output and in
metabolic equivalents, which were calculated from the maxi-
mum power output (watts) according to the formula provided
by the American College of Sports Medicine.11 Abnormal
exercise capacity was defined by the following formula:
metabolic equivalent test = 18.0 – 0.15 3 age.12

Laboratory Assessments
The determination of IFG was based on fasting glucose

levels (FBGs) as recommended by the American Diabetes
Association.9 Additionally, levels of total serum cholesterol
and levels of high-density lipoprotein cholesterol have been
measured. Venous blood samples were taken in the early
morning hours after overnight fasting and were analyzed in
accredited laboratories.

Statistical Analysis
A 2-way analysis of variance for repeated measurements

(group and time) was applied to analyze whether changes
between groups (group3 time) were different. Post hoc paired
t tests applying Bonferroni correction were used to analyze
differences within groups. The relationship between changes
of performance and training parameters (total time, intensity,
frequency) were evaluated by correlation analyses (Pearson’s
or Spearman’s correlation coefficients as adequate). P values
,0.05 were considered to indicate statistical significance. The
numbers of subjects analyzed vary sometimes because of
missing measurements.

RESULTS
With the exception of body mass index, baseline values

regarding anthropometric data, blood determinations, exercise
capacity, and exercise responses did not differ between groups
(Table 1). All individuals were overweight, had a mild degree
of IFG, and had a relatively low exercise capacity (Table 1).
Abnormal exercise capacity was demonstrated in all subjects
of both groups.

After the 12-month period of intervention, both groups
had lower FBG (–6.0% and –8.2%) irrespective of having
supervised exercise or not (Table 1). Seven subjects of the
counseling alone group and 8 subjects of the supervised
exercise group had FBG levels below 100 mg/dL. Mean values
of total cholesterol and high-density lipoprotein cholesterol
did not change within or between groups. Whereas the percen-
tages of body fat remained unchanged within and between
groups, a small but significant decrease of body mass (–3.0%)
and body mass index (–2.9%) was observed only in the super-
vised exercise group. The dietary recordings of this group
revealed small and nonsignificant changes in the composition
of nutrition from pre- to postintervention (Table 2).

The available completed log books on physical activity
during the last 3 months of the study period (winter season)
indicate that the supervised exercise group (218 6 105
minutes/week) was approximately twofold as active as the
counseling alone group (111 6 166 minutes/week) (Table 3).

TABLE 2. Dietary Composition (Percent of Total Energy Intake or Grams Per Week) of the Counseling + Supervised Exercise
Group During the First (Pre) and the Last (Post) Week of the Intervention Period*

Carbohydrates (%) Fat Total (%) Saturated Fat (%) Proteins (%) Fibers (g/wk)

Pre 47.2 (7.4) 32.4 (5.0) 12.5 (2.4) 16.8 (2.6) 23.2 (2.4)

Post 49.3 (8.1) 31.8 (5.2) 12.4 (2.9) 16.5 (1.7) 26.1 (18.8)

Change +2.1 20.6 20.1 20.3 +2.9

*Changes are not significant.

396 | www.cjsportmed.com q 2009 Lippincott Williams & Wilkins

Burtscher et al Clin J Sport Med � Volume 19, Number 5, September 2009



The subjects of the supervised exercise group visited the
supervised exercise program for 1.8 hours (6 0.3) per week
over 12 months. The extent of unsupervised exercise was
similar within both groups (approximately 1.8 hours/week;
Table 3). No adverse effects or health problems were reported
during exercise. Counseling alone was insufficient to maintain
or even increase exercise capacity (Table 1). The exercise
capacity in this group decreased by 6.9% (P , 0.05) and no
one of the subjects showed a normal exercise capacity. In
contrast, counseling + supervised exercise was sufficient to
maintain exercise capacity (+4.4%; P . 0.05). Three subjects
of this group showed even normal exercise capacity in the
retest. Responses (heart rate, blood pressure, blood lactate) to
maximal exercise remained unchanged within and between
groups. Changes in exercise capacity were related to the
frequencies of exercise sessions per week (R2 = 0.7; P, 0.05;
Figure 1) and to the total duration of exercise per week (R2 =
0.6; P , 0.05) during the last 3 months of the study period.

DISCUSSION
The main findings of the present study after the 12-

month intervention period are 1) that counseling + supervised
exercise for 1.8 hours per week was sufficient to maintain

exercise capacity, whereas counseling alone was not; 2) that
changes in exercise capacity were closely related to the
frequency and duration of exercise sessions (supervised +
unsupervised) per week; 3) that the counseling + supervised
exercise group did not accomplish the dietary goals but lost
body mass; and 4) that fasting plasma glucose levels had
similarly improved by counseling for adequate lifestyle
changes alone and in combination with supervised exercise.

A low cardiorespiratory fitness level or exercise capacity
is not only associated with increased mortality,13 but also
represents an important risk factor for the incidence of type 2
diabetes. There are at least 3 prospective cohort studies
demonstrating an inverse relationship between exercise
capacity and the incidence of type 2 diabetes.14–16 This
relationship may be partly explained by the fewer glucose
transporters and the enhanced insulin resistance in less fit
subjects compared with more fit.17 Thus, it is important that
physical activity is targeted to increase or at least to maintain
exercise capacity. Our findings indicate that 1.8 hours per week
of supervised training, besides the self-chosen physical
activity and nutritional measures, are sufficient to maintain
exercise capacity. However, more than 2 exercise sessions
(approximately 3 hours) per week are necessary to improve
exercise capacity (Figure 1). Although this underlines the
general recommendations for regular physical activity,11 our
findings also demonstrate the difficulties to reach these
recommendations in the setting of a healthcare center.

The low frequency of self-chosen physical activity in
both groups is probably related to the fact that the last 3
months of the study period were part of wintertime with more
unfavorable conditions for outdoor activities in our region.
This underlines the importance to offer supervised training
programs.

Because we did not find any changes in dietary habits,
the small but significant reduction of body mass in the group
with supervised exercise may be related to the higher
frequency of physical activity.

We found that counseling alone and combined with
supervised exercise had similar beneficial effects on FBG.
Exercise training and caloric restriction interventions are well
known to improve insulin sensitivity by changes in both
glucose and fat metabolism.18,19 Our findings indicate that some
lifestyle changes resulting from counseling alone, despite losing
weight and even with a decrease in exercise capacity, may have
beneficial effects on FBG. Unfortunately, the presented data do
not offer any explanation for that observation.

Limitations
The results of our study are limited by the restriction of

the analyses to a group of subjects that had to terminate the

TABLE 3. Characteristics of Physical Activity During the Last 3 Months of the Study Period Derived from the Available Completed
Log Books

N
Duration

(Minutes/Week)

Intensity Frequency
(Sessions/Week)Low (%) Moderate/High (%)

Counseling + supervised exercise group 10 218 (105) 69.4 (21.4) 30.4 (21.4) 2.7 (1.1)

Counseling alone group 9 111 (166) 79.3 (17.9) 20.7 (17.9) 1.3 (1.3)

FIGURE 1. Relationship between the frequencies of exercise
sessions per week during the last 3 months of the study period
and changes in exercise capacity during the 12-month study
period (R2 = 0.7). Triangles mark members of the counseling +
supervised exercise group and circles mark members of the
counseling alone group. The duration of the exercise sessions
(approximately 80–85 minutes) were similar for both groups.
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intervention program prematurely and the incomplete log
books. Of course, this could decrease the statistical power of
the comparison and increase the chances for a systemic over-
or underestimation of the true effects. The fact that even in
such small groups statistically significant differences are
evident shows the potential of supervised training in diabetes
prevention. Despite the fact that only approximately 50% of
the log books were usable for analyses, the relation between
the frequency of exercise sessions and exercise capacity is
convincing.

Another limitation could arise from the fact that body
mass index was different between groups at baseline.
However, when we repeated analyses including body mass
index as a covariate into the analysis of variance models, P
values did not change or showed only very small, irrelevant
differences.

In conclusion, adequate counseling of patients with IFG,
with and without supervised exercise, improves fasting
glucose levels after a 12-month intervention period, but
approximately 2 hours of additional supervised training per
week helps to maintain exercise capacity and to lose body
mass. More than 2 exercise sessions (approximately 3 hours)
per week seem to be necessary to improve exercise capacity
and this remains a big challenge for patients and health
professionals as well.
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