
Abstract

Aims/hypothesis. Low cardiorespiratory fitness is a
powerful and independent predictor of mortality in
people with diabetes. Several studies have examined
the effects of exercise on cardiorespiratory fitness in
Type 2 diabetic individuals. However, these studies
had relatively small sample sizes and highly variable
results. Therefore the aim of this study was to system-
atically review and quantify the effects of exercise on
cardiorespiratory fitness in Type 2 diabetic individu-
als.
Methods. MEDLINE, EMBASE, and four other dat-
abases were searched up to March 2002 for random-
ized, controlled trials evaluating effects of structured
aerobic exercise interventions of 8 weeks or more on
cardiorespiratory fitness in adults with Type 2 diabe-
tes. Cardiorespiratory fitness was defined as maximal
oxygen uptake (VO2max) during a maximal exercise
test.
Results. Seven studies, presenting data for nine ran-
domized trials comparing exercise and control groups

(overall n=266), met the inclusion criteria. Mean exer-
cise characteristics were as follows: 3.4 sessions per
week, 49 min per session for 20 weeks. Exercise in-
tensity ranged from 50% to 75% of VO2max. There
was an 11.8% increase in VO2max in the exercise
group and a 1.0% decrease in the control group (post
intervention standardized mean difference =0.53,
p<0.003). Studies with higher exercise intensities
tended to produce larger improvements in VO2max.
Exercise intensity predicted post-intervention weight-
ed mean difference in HbA1c (r=−0.91, p=0.002) to a
larger extent than did exercise volume (r=−0.46,
p=0.26).
Conclusions/interpretation. Regular exercise has a
statistically and clinically significant effect on VO2max
in Type 2 diabetic individuals. Higher intensity exer-
cise could have additional benefits on cardiorespirato-
ry fitness and HbA1c. [Diabetologia (2003) 46:
1071–1081]
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pacities of athletes. In recent decades, VO2max has had
a growing importance in clinical settings and has be-
come the gold standard measure of cardiovascular fit-
ness and exercise capacity [1]. There is evidence from
large cohort studies that low cardiorespiratory fitness
is a powerful and independent predictor of long-term
cardiac mortality in people with diabetes [2, 3, 4],
even after controlling for traditional risk factors such
as age, hypercholesterolaemia, smoking, and hyper-
tension and excluding individuals with evidence of
coronary ischaemia during testing. Furthermore, in
non-diabetic subjects undergoing repeated maximal

The maximal amount of oxygen consumed during ex-
ercise (VO2max) has been used for decades by exercise
physiologists to determine the maximum exercise ca-



exercise tests years apart, improvement over time in
cardiorespiratory fitness was associated with lower
subsequent mortality rates, and deterioration in car-
diorespiratory fitness over time was associated with
higher subsequent mortality rates [5,6].

The determination of VO2max in people with Type 2
diabetes could be of particular interest since it has
been suggested that people with Type 2 diabetes, even
in the absence of known complications, have a re-
duced VO2max compared to age, body mass and activi-
ty matched controls [7, 8]. Furthermore, many charac-
teristics of skeletal muscle are associated with both
low insulin sensitivity and low cardiorespiratory fit-
ness (i.e. decreased capillary density, decreased pro-
portion of Type 1 muscle fibres, higher glycolytic to
oxidative enzyme ratio) [8, 9, 10, 11, 12, 13, 14, 15].

In addition to having beneficial effects on hyper-
glycaemia, hypertension and dislipedaemia, physical
activity is essential for the management of Type 2 dia-
betes because it is the only intervention that directly
affects cardiorespiratory fitness. Cardiorespiratory fit-
ness is determined both by habitual exercise levels and
by genetic factors, and individual improvements in car-
diorespiratory fitness can vary greatly in response to
identical structured aerobic exercise programs [16].
There is no reason to suspect that the condition of dia-
betes itself (in the absence of neuropathy, cardiovascu-
lar disease and orthopaedic limitations) affects the ca-
pacity of VO2max to change in response to exercise
training. However, the VO2max response to exercise
training in people with Type 2 diabetes could be differ-
ent from what is expected in the non-diabetic popula-
tion since people with Type 2 diabetes have lower ini-
tial physical activity levels [17], lower initial VO2max
[7, 8] and perhaps a common genetic predisposition to
both Type 2 diabetes and low physical fitness.

Given the association between improvement in car-
diorespiratory fitness and reduced subsequent mortali-
ty in people without diabetes, even after adjustment or
stratification for other known risk factors for mortali-
ty, it is clinically important to determine the extent to
which cardiorespiratory fitness can be improved in
people with diabetes using structured exercise pro-
grams. Unfortunately previous randomized control tri-
als that have measured the effects of structured exer-
cise training on VO2max in adults with Type 2 diabetes
have had small sample sizes and have led to variable
results [18, 19, 20, 21, 22, 23, 24]. Therefore, the
main objective of this study is to use the meta-analysis
procedure to systematically review the effects of exer-
cise training on VO2max. A meta-analysis is a rigorous
process involving the systematic identification, ap-
praisal, synthesis, and statistical aggregation of all rel-
evant studies on a specific topic according to a prede-
termined and explicit method [25].

We recently published a meta-analysis showing that
structured exercise interventions improve glycaemic
control as reflected in HbA1c, while having little effect

on body weight [26]. As higher HbA1c is a key predic-
tor of risk for both microvascular and macrovascular
complications of diabetes, and structured exercise pro-
grams reduce HbA1c, we also wished to examine the
relative importance of exercise intensity and exercise
volume in determining changes in HbA1c through ex-
ercise programs.

Subjects and Methods

Criteria for considering studies for the meta-analysis. The
search strategy was developed to identify all relevant random-
ized clinical trials that included a structured aerobic exercise
intervention in adults with Type 2 diabetes and a concurrent
non-exercising Type 2 diabetic control group. Studies includ-
ing a large resistance exercise component were excluded. If
studies reported data for which it was impossible to discrimi-
nate between individuals with Type 2 diabetes and those with
impaired glucose tolerance, we attempted to contact authors
for the individual patient data.

All studies included in the meta-analysis were required to
be at least 8 weeks in duration and include VO2max measure-
ments at baseline and at the end of the intervention period. To
be considered valid, the maximal oxygen consumption values
were required to be obtained during a maximal exercise test
with either direct measures of oxygen consumption or a vali-
dated estimation of oxygen consumption. By definition,
VO2max could not be exceeded, even with an increase in exer-
cise intensity. However, in a clinical setting with older seden-
tary patients, a plateau in oxygen consumption is rarely
achieved because of factors such as leg fatigue and discomfort.
Therefore, it is customary to refer to VO2max as the peak oxy-
gen consumption during incremental exercise [1].

An exercise intervention was defined as a predetermined
supervised program consisting of continuous aerobic physical
activity, described within the corresponding manuscript. We
confined our analysis to structured, supervised interventions
rather than studies in which people were simply encouraged to
exercise on their own, because in unsupervised exercise it
would be problematic to estimate exercise intensity and vol-
ume. In order to be included, studies in which qualified per-
sonnel did not directly supervise exercise sessions were re-
quired to assess compliance using exercise diaries. Studies that
included drug co-intervention were excluded from the analysis.

Search strategy for identification of studies. We carried out
computer-based searches up to and including March 2002
(MEDLINE, EMBASE, Sport Discuss, Health Star, Disserta-
tion Abstracts and the Cochrane Controlled Trials Register).
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 strategy included common text
words and Medical Subject Headings (MeSH) terms related to
exercise and Type 2 diabetes. The MEDLINE and EMBASE
searches were limited to human subjects and utilized a validat-
ed and highly sensitive search filter for randomized controlled
trials [27].

Data extraction. Data were extracted in duplicate and entered
in Review Manager (RevMan 4.1, Cochrane Collaboration,
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Oxford, UK), statistical software from the Cochrane Collabo-
ration which permits double data entry for accuracy. The pri-
mary authors of potentially eligible studies were contacted
when necessary to resolve ambiguities in their reported meth-
odologies or results, and to seek additional pertinent informa-
tion that could have been gathered but not described in the
published manuscript. In one case, the post-intervention stan-
dard deviations (SD) were not available [18]. In this case we
imputed the baseline standard deviation. This was assumed to
be valid since baseline and post-intervention standard devia-
tion were found to be similar within other trials. In one study
[20], means and measures of dispersion were approximated
from figures in the manuscripts using an image scanner (Com-
paq RT6l5CTW, resolution 200 dpi, Compaq Computer Corp,
Houston, Tex., USA), as described previously [28].

The characteristics of the exercise interventions were ex-
tracted, including the type, frequency, duration, intensity and
energy cost. The Compendium of Physical Activities was used
to estimate the exercise intensity in terms of metabolic equiva-
lents (METs) [29]. One MET corresponds to an oxygen con-
sumption of 3.5 ml O2·kg–1·min–1. Exercise volume, or total
energy expenditure on exercise (total MET·hrs) was calculated
by multiplying the intensity in METs by total time spent exer-
cising (number of exercise sessions multiplied by duration of
each exercise session). The relative exercise intensity (percent-
age of VO2max) was extracted directly from studies or estimat-
ed from the exercise heart rates according to previously estab-
lished guidelines [30]. The methodological quality of each in-
cluded trial was assessed using a validated five-point scale
[31]. This instrument assigned scores for reported randomiza-
tion, blinding and withdrawals. In addition to this quality scor-
ing, we recorded separately whether allocation concealment
was adequate [32].

Statistical analysis. Statistical analysis was done using Review
Manager Software (RevMan 4.1, Cochrane Collaboration, Ox-
ford, UK) and JMP Software 3.1.6.2 (SAS Institute, Cary, N.C.,
USA). In each study the size of the effect of the intervention
was calculated by the difference between the means of the exer-
cise and control groups at the end of the intervention period.
Each mean difference was weighted according to the inverse
variance method [33]. Since VO2max was reported in different
units (ml·kg–1·min–1 or L·min–1) the mean differences were
standardized by dividing them by the within-group standard de-
viation. The standardization of these units was assumed to be
valid since there were no changes in body weight during the tri-
als [26]. The overall result is known as the standardized mean
difference. The standardized mean differences in each study
were pooled with a random effects model [34]. The Chi-square
test for heterogeneity was done, and when statistically signifi-
cant heterogeneity was found, subgroup analyses were carried
out to attempt to explain the heterogeneity between the studies.

We did a meta-regression analysis to explore which charac-
teristics of the exercise programs best predicted the post-inter-
vention standardized mean difference in VO2max or the post-in-
tervention mean difference in HbA1c. In all meta-regression
analysis models, each study was assigned a weight according
the inverse of the variance of the dependant variable [33]. Ex-
ercise characteristics such as exercise frequency (ses-
sions/week), absolute intensity (METs), relative intensity
(%VO2max), duration (weeks), length (min/session), weekly ex-
ercise volume (MET·h per week) and total exercise volume
(MET·h) were entered as independent variables in regressions
models with the post-intervention standardized mean differ-
ence in VO2max or the post-intervention mean difference in
HbA1c as the dependent variable. A p value of less than 0.05
was considered statistically significant.

Results

Description of included trials. The computer search
initially yielded over 3000 potential articles. The liter-
ature search was not designed to initially limit the
search results to studies with VO2max data, and the
large majority of these articles were subsequently
found to be ineligible because of the absence of
VO2max measures. The other principal reasons for the
exclusion of trials were: (i) the absence of a random-
ized control group, (ii) the short duration of the study
(<8 weeks), (iii) subjects without Type 2 diabetes, (iv)
non-human subjects, (v) unstructured/unsupervised
lifestyle intervention.

Of the studies otherwise meeting the inclusion cri-
teria, two trials (three articles) were not included since
the fitness test was not a maximal aerobic test [35, 36,
37], three trials (four articles) were excluded because
they included a large resistance training component
combined with non-continuous aerobic exercise [38,
39, 40, 41] and two articles were excluded since we
were unable to differentiate between subjects with and
without diabetes [42, 43]. Four of the potential articles
did not have baseline and post-training VO2max data
available [44, 45, 46, 47] while one trial (two articles)
measured post training VO2max 6 months after the ini-
tiation of the 10-week exercise intervention [48, 49]
and was therefore excluded. Articles were also ex-
cluded for the following reasons: one because the ex-
ercise intervention alternated between 3 months of ex-
ercise and 3 months without exercise [50], one be-
cause the intervention did not result in an increase in
physical activity [51] and one because the control
group was substantially different from the exercise
group (the control group was composed of less heal-
thy people who could not exercise due to musculo-
skeletal problems, asthma or hypertension) [52].

Eventually there were 15 eligible articles, but there
were several multiple publications from the same tri-
als [53, 54, 55, 56, 57, 58, 59, 60]. Therefore, there
were actually seven trials with appropriate VO2max da-
ta that were included in the analysis. Two of these tri-
als presented data for two comparisons (Table 1),
therefore nine comparisons were included. One of
these trials [18] had a 2×2 factorial design in which
participants were assigned to four groups (Exercise,
Diet, Exercise + Diet and Control). For this trial we
were able to analyze two comparisons: (i) exercise
and diet compared with diet alone, (ii) exercise alone
compared with control. The second trial that had more
than one comparison analyzed the data separately for
men and women [21], we will refer to these compari-
sons as Vanninen (men) and Vanninen (women).

A total of 266 participants were included in the sev-
en trials that measured maximal oxygen consumption.
The mean age of participants in studies for which this
information was available was 55.7 years, the mean
duration of diabetes was 4.1 years, and 40% of partici-
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pants were female (Table 1). The quality of the trials
according to a previously validated scale [31] was
moderate to low. The mean score was 1.9±0.4 out of a
possible five points. All of the trials were randomized

controlled trials, none of the trials was double blinded
or had adequate allocation concealment. Five trials had
adequately described dropouts [18, 19, 22, 23, 24],
there were no dropouts in one of the studies [20], and
one of the studies did not comment on dropouts [21].

The compliance to the exercise interventions was
relatively high. In four studies [18, 19, 22, 24] the
mean participation rate was above 90%, one article
[23] simply indicated that compliance was good and
one study did not comment on compliance [20]. In
one study [21], compliance was relatively low. The
proportion of participants participating in regular rec-
reational exercise was increased to a higher level in
the intervention group (41%) compared to the control
group (19%) but the difference was not statistically
significant [21].

The exercise interventions in each study are de-
scribed in Table 1. The exercise interventions included

Fig. 1. Differences in VO2max at baseline and post-intervention
for exercise versus non-exercise control groups. Baseline
(pre): Test for heterogeneity, Chi-square =8.36, p=0.4. Test for
overall effect, z=0.10, p=0.9. Post-intervention (post): Test
for heterogeneity, Chi-square =15.04, p=0.06. Test for overall
effect, z=2.98, p=0.003. n = number of participants, SD = stan-
dard deviation CI = confidence interval, SMD = standardised
mean difference. Studies are placed in ascending order of the
intensity of the exercise intervention and pooled with a random
effects model. VO2max units are in ml·kg–1·min–1 or in
ml·min–1. Black diamonds represent the standardized mean dif-
ference for pre-intervention VO2max. White diamonds represent
the standardized mean difference in post-intervention VO2max



a mean of 3.4 workouts per week, each 49 min on av-
erage (including approximately 10–15 minutes of
warm-up and cool-down), for a mean of 20 weeks.
The intensity of aerobic exercise was moderate in
most studies and typically consisted of walking or cy-
cling. One study added light resistance training with
elastic bands (TheraBand) to their aerobic training
program [19]. As expected, most studies did not de-

scribe having specific criteria, such as the ACSM cri-
teria [61], to establish a true VO2max. The only study
that did describe criteria for reaching a true VO2max
value indicated that VO2 did not reach a plateau in
most participants [24]. Therefore, the VO2max values
reported most likely represent VO2peak rather than true
VO2max.

Effects of exercise on VO2max. For the 212 partici-
pants in whom data were presented as ml·kg–1·min–1

the mean baseline VO2max was 22.4 ml·kg–1·min–1.
Since some studies reported VO2max values in
ml·kg–1·min–1 and others reported in L·min–1, it was
necessary to pool the data using standardized mean
difference rather than weighted mean difference. Stan-
dardized mean VO2max at baseline was equal between
control and intervention groups. Mean post-interven-
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Fig. 2. Associations between exercise intensity (estimated
%VO2max) or exercise volume (MET h/wk) and the post-inter-
vention standardized mean difference (SMD) in VO2max be-
tween the exercise and control group or the post-intervention
weighted mean difference (WMD) in HbA1c between the exer-
cise and control groups. Correlations were weighted by the in-
verse of the variance of the dependant variable



tion VO2max was higher in exercise groups compared
to control groups (standardized mean difference
=0.53 SD, p=0.003) (Fig. 1). When considering the
weight assigned to each study, this corresponds to an
11.8% increase in VO2max in the exercise group and a
1.0% decrease in the control group. The calculation
was done with a random effects model since the Chi-
square test suggested a tendency towards heterogene-
ity (i.e. that the effect of exercise on VO2max across
studies was not homogeneous). This heterogeneity
was mostly explained by the larger increase in VO2max
in one study [24]. In this study, the participants who
were assigned to the exercise were training at relative-
ly high intensities compared to the other studies (Ta-
ble 1) and VO2max increased by 40.9% in the exercise
group and did not change in the control group (post
intervention standardized mean difference =1.97 SD,
p=0.0004). In contrast, in the eight comparisons with
exercise intensities less than or equal to 70% of
VO2max there was a much smaller 9.5% (range:
2.6%–18.4%) increase in VO2max in the exercise group
(post intervention standardized mean difference
=0.40 SD, p=0.003). A sensitivity analysis revealed
no differences between the trials that measured
VO2max directly [18, 20, 21, 24] and those that calcu-
lated VO2max according to validated equations [19, 22,
23]. 

Meta-regression analyses. The association between es-
timated exercise intensity (%VO2max) and the standard-
ized mean difference in VO2max was of borderline sig-
nificance (r=0.60, p=0.08, Fig. 2A). None of the other
exercise characteristics, such as the exercise frequency
in sessions per week (r=−0.10, p=0.79), the duration of
the training program in weeks (r=−0.38, p=0.32), the
length of each session in min (r=0.28, p=0.15), the ex-
ercise volume in MET·h per week (r=0.03, p=0.94) or
the exercise volume in total MET·h (r=−0.35, p=0.35)
predicted the standardized mean difference in VO2max.
When both exercise volume (MET·h/week) and exer-
cise intensity (%VO2max) were entered, only exercise
intensity predicted the standardized mean difference in
VO2max (partial r=0.75, p=0.03).

The second question to address is the extent to
which exercise intensity per se or the standardized
mean difference in VO2max is associated with the
mean difference in HbA1c. Eight of the nine compari-
sons (250 of 266 participants), had HbA1c data [18,
19, 21, 22, 23, 24]. Baseline HbA1c values did not dif-
fer between exercise and control subjects. The post-in-
tervention HbA1c values were lower in the exercise
groups [weighted mean difference =−0.71, 95% confi-
dence interval (−1.10, −0.32), p=0.0004]. For a com-
plete description of changes in HbA1c refer to our pre-
vious meta-analysis [26]. The relative exercise inten-
sity (%VO2max) was the variable that showed the
strongest association with the mean difference in
HbA1c between the exercise and the control groups

(r=−0.91, p=0.002, Fig. 2B). However, the absolute
exercise intensity (METs) was not associated with the
weighted mean difference in HbA1c (r=−0.33,
p=0.42). The relationship between exercise volume
expressed as total MET·h or MET·h/week and mean
differences in HbA1c between the exercise and control
group was not significant (r=−0.12, p=0.8 and r=
−0.46, p=0.26, respectively). These correlations in-
creased after eliminating the study in which adherence
rates were low [21], but were still not statistically sig-
nificant. When both exercise volume (MET·h/week)
and exercise intensity (%VO2max) were entered, only
exercise intensity predicted the weighted mean differ-
ence in HbA1c (partial r=0.89, p=0.007).

The relationship between the post-intervention
standardized mean difference in VO2max and the post-
intervention weighted mean difference in HbA1c was
statistically significant (r=−0.72, p=0.04).

Discussion

As low cardiorespiratory fitness is a modifiable risk
factor associated with increased mortality in people
without diabetes, it is clinically important to deter-
mine the extent to which the low fitness often ob-
served in people with diabetes is also modifiable. The
present meta-analysis determined that aerobic fitness
can be improved in people with Type 2 diabetes.
Overall, there was an 11.8% increase in VO2max in the
exercise group and a 1.0% decrease in VO2max in the
control group. In meta-regression analysis, differences
in VO2max across studies tended to be associated with
the intensity of the exercise. In the study where the
exercise intensity was 75% of VO2max [24], VO2max in-
creased by 40.9% whereas the weighted average in-
crease was only 9.5% for the studies in which exercise
intensity was lower. It is also interesting to note that
the study with the highest exercise intensity was also
the study with the youngest participants (from
45.5±8.5 years of age). More intense exercise also
produced greater improvements in blood glucose con-
trol, reflected in reductions in HbA1c, and the study
using the most intense exercise was also the one in
which the greatest reduction of HbA1c was observed
(post intervention HbA1c was 1.5% lower in the exer-
cise group compared to the control group) [24]. Esti-
mated total weekly energy expenditure on exercise
(exercise volume) was not an important predictor of
either the VO2max or the HbA1c response to exercise.
When both exercise volume and exercise intensity
were entered, only exercise intensity predicted either
the HbA1c or the VO2max response.

Exercise could have many potential benefits other
than improving cardiorespiratory fitness, including
improvements in glucose disposal, insulin signalling,
and lipid profile, reduction of vascular inflammation
as reflected by reduced C-reactive protein, improved
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endothelial function and facilitation of weight mainte-
nance. Nevertheless, cardiorespiratory fitness is an
important independent modifiable risk factor in its
own right. Even the modest VO2max increase of 9.5%
(corresponding to approximately 2.1 ml·kg–1·min–1)
observed in the six studies with exercise intensity less
than or equal to 70% of VO2max is likely to have bene-
ficial consequences on morbidity and mortality. In a
large cohort study [5], it was found that for every in-
crease in Balke protocol treadmill time of 1 min,
equivalent to an increase of 1.44 ml·kg–1·min–1

VO2max, between two examinations there was a 7.9%
reduction in overall mortality. Extrapolating from
these results, the seemingly modest 2.1 ml·kg–1·min–1

VO2max increase in the moderate-intensity exercise
studies would be predicted to result in a 12% reduc-
tion in overall mortality. In order to obtain larger im-
provements in cardiorespiratory fitness, higher inten-
sity exercise training might be necessary. It is also im-
portant to note that the increases in VO2max induced
by exercise training will only be sustained if the exer-
cise stimulus is maintained. Therefore, active lifestyle
changes must be sustained beyond these relatively
short-term exercise interventions if the risk reduction
is to be preserved.

Although previous small studies have suggested
that patients with Type 2 diabetes had lower cardiores-
piratory fitness than control subjects of similar age
and body mass [7, 8], the current meta-analysis pool-
ing data from seven studies and 266 people with dia-
betes shows a surprisingly low initial VO2max
(22.4 ml·kg–1·min–1). To put this in perspective, a re-
cent American Heart Association Scientific Statement
indicates that a normal value for maximal oxygen up-
take for a 50-to 59-year-old is 36±7.1 ml·kg–1·min–1

for men and 29±5.4 ml·kg–1·min–1 for women [1]. In
practical terms, an activity having an intensity above
60% of VO2max can start to be considered hard. There-
fore, for a person with a VO2max of 22.4 ml·kg–1·min–1

any activity above four METs (equivalent to
14 ml/kg/min) could feel hard to maintain. According
to the updated compendium of physical activity most
home activities are below four METs, however some
activities, such as sweeping the garage, several lawn
and garden activities, many home repair activities and
walking up stairs could equal or exceed 4 METs [62].
The difficulty presented by a common activity such as
climbing stairs could discourage people from this type
of activity. Consequently, improving cardiorespiratory
fitness could make many daily activities more enjoy-
able, improve quality of life and promote an active
lifestyle.

The mean baseline VO2max derived from our meta-
analysis is not meant to be representative of all people
with Type 2 diabetes. The values obtained were based
on samples of people who are willing to volunteer for
an exercise study and who were selected to have a
minimum of cardiovascular or orthopaedic limitations.

It is therefore likely that the exercise capacity in a rep-
resentative sample of people with Type 2 diabetes
would be even lower than what was estimated from
our study. It is possible that both low VO2max and the
occurrence of Type 2 diabetes are partly explained by
a low level of habitual physical activity. Physical inac-
tivity can lead to obesity, insulin resistance and Type 2
diabetes. Insulin resistance is associated with many
abnormalities in muscle tissue such as an increase in
muscle lipid content, impaired glycogen synthesis, an
enzymatic disposition towards anaerobic generation of
energy (high PFK/CS ratio), an increase in the propor-
tion of Type 2 muscle fibres and a reduced capillary
density [9, 10, 11, 63, 64]. These abnormalities could
contribute to the lower VO2max often seen in Type 2
diabetes. It has also been hypothesized that the lower
VO2max might be a consequence of a reduced rate of
circulatory adjustments to an increased workload (i.e.
cardiac output) [8, 65], or poor diffusion and utiliza-
tion of oxygen at the level of skeletal muscle [12]. De-
spite this, our present analysis suggests that people
with Type 2 diabetes respond to exercise training with
similar increases in VO2max as those reported in older
healthy adults [66].

The quality scores of the included trials were rela-
tively low (average score of 1.9 out of 5) on a previ-
ously validated scale for the assessment of the quality
of randomized clinical trials [31]. This was primarily
because none of the studies used double blinding
(which may not be practical in exercise studies) or de-
scribed a randomization process meeting current stan-
dards [31]. It is probably not realistic to have true
double blinding in a trial with exercise as the interven-
tion; this limitation is inherent to exercise studies. As
two points in the Jadad scale reflect quality of double
blinding, the maximum realistically achievable score
on this scale for an exercise study would be three.
Nevertheless, none of the included studies achieved a
score of three, primarily because none of them de-
scribed a randomization process meeting current stan-
dards. We are not aware of any studies that have
shown an effect of placebo on either VO2max or
HbA1c, so the lack of double blinding probably is not
a serious threat to internal validity of the exercise tri-
als in this meta-analysis.

In our previous meta-analysis [26] we reported no
relationship between exercise intensity (estimated
METs using the compendium of physical activities)
[29] and HbA1c.This earlier analysis included studies
in which VO2max was not measured (and thus intensity
could not be assessed with precision) and resistance
exercise studies (in which one would not expect a
change in VO2max). In contrast, in the current meta-
analysis exercise intensity was measured more pre-
cisely as a percentage of VO2max.

Our meta-regression analyses have limitations,
chiefly due to the relatively small number of studies
included, the lack of individual patient data, and the
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fact that only one study included an unequivocally
vigorous exercise intervention at 75% of VO2max. This
high intensity of exercise might prove difficult or even
hazardous for many previously sedentary people with
Type 2 diabetes, and we do not feel that this one
study's very positive results would be sufficient to ad-
vocate high-intensity aerobic exercise for all people
with diabetes. Nevertheless, we did observe a dose-re-
sponse relationship between intensity of exercise and
improvements in both VO2max and HbA1c. These find-
ings would provide support for encouraging Type 2
diabetic individuals who are already exercising at
moderate intensity to consider increasing the intensity
of their exercise because of possible additional bene-
fits in both cardiorespiratory fitness and metabolic
control. Future randomized clinical trials comparing
more intense to less intense aerobic exercise in Type 2
diabetic subjects could help clarify the relationship
between exercise intensity and changes in metabolic
control.

In conclusion, the current meta-analysis suggests
that in people with Type 2 diabetes, moderate intensi-
ty aerobic exercise training increases VO2max by about
9.5% and intense aerobic exercise can increase it
much more than this. Increases of this magnitude
would be expected to reduce the risk of cardiovascular
disease considerably. It is encouraging that, despite
initially low VO2max, our findings using an evidence
based approach suggest that people with Type 2 diabe-
tes show statistically and clinically significant im-
provements in cardiorespiratory fitness in response to
aerobic exercise interventions.
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