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Summary. The aim of this study was to assess the effects of a
1-year intensified diet and exercise education regimen on ha-
bitual physical activity and aerobic capacity in middle-aged,
obese patients with newly-diagnosed Type 2 (non-insulin-de-
pendent) diabetes mellitus. In addition, we analysed whether
the level and the changes in physical activity and aerobic ca-
pacity are related to the metabolic control of diabetes. After
a 3-month basic education programme, 78 patients (45 men,
33 women) were randomly placed in an intervention or con-
ventionally treated group. The intervention group received
intensified diet education and continuous encouragement to
increase physical activity which was monitored using exercise
records and questionnaires. Aerobic capacity was assessed
by measuring oxygen uptake at anacrobic threshold and at
peak exercise. The proportion of patients with regular recre-
ational exercise increased from 24 % to 38 % in the interven-
tion men (0.10 < p <0.20), remained at 54 % in the conven-
tionally treated men, increased from 53% to 70% in the
intervention women (0.10 < p < 0.20) and from 31 % to 50%
(0.10<p <0.20) in the conventionally treated women. No
measurable improvement was found in oxygen uptake in any
of the groups. When the groups were combined, HbA,

showed an inverse correlation with oxygen uptake at an-
aerobic threshold (r =027, p < 0.01) and maximum oxygen
uptake (r=-0.28, p <0.01) at 12 months. The change in
maximum oxygen uptake was linearly correlated with the
change in HDL-cholesterol (r = 0.28, p < 0.01) and those pa-
tients with improved aerobic capacity (n = 37) had higher
HDI-cholesterol level at the end of the study than those
(n =41) with unaltered or decreased aerobic capacity
(1.27+£027vs1.12 £ 0.25 mmol-1-',mean + SD; p <0.05).1In
conclusion, in this long-term prospective study repeated en-
couragement and follow-up using exercise records was not
sufficient to induce a significant increase in physical activity
and an improvement in aerobic capacity in diabetic patients.
Our results suggest, however, that high aerobic capacity is
beneficial for glycaemic control, and on the other hand, even
slight increase in aerobic capacity is associated with an in-
crease in HDL-cholesterol level.
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Physical training is recommended as an adjunct therapy
to diet in the management of Type 2 (non-insulin-de-
pendent) diabetes mellitus [1,2]. Recent reviews have
pointed out the potential for exercise to improve insulin
sensitivity, glucose tolerance and long-term glycaemic
control measured by HbA;. in diabetic patients [3-9].
Furthermore, there are suggestive data showing that
regular physical activity may induce favourable changes
in serum lipid profile [10-12]. The benefits in clinical
trials, however, have been quite modest from the clinical
viewpoint.

Specific and detailed recommendations are available
for prescribing exercise for diabetic patients, which sug-
gest regular exercise (50-70 % of an individual’s maximal
oxygen uptake) at least three times a week with each ses-

sion lasting 20-45 min [13]. The goal of the training is to
improve aerobic performance. However, it has been ar-
gued that the feasibility of exercise at this level is poor in
the diabetic patients [14]. In patients with Type 2 diabetes
the main problems are old age, overweight, orthopaedic
problems and co-existing cardiovascular diseases which
may hinder even moderate physical activity. So far, there
are no larger studies available on habitual physical activity
and the impact of diabetic education on it in patients with
Type 2 diabetes. In addition, the possible synergistic effect
of exercise and appropriate diet therapy in the long-term
treatment of Type 2 diabetes in the clinical setting needs
further evaluation.

This report is based on a randomised controlled trial
which was carried out to assess whether intensified treat-
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ment including diet and exercise intervention would be
more beneficial than conventional treatment in newly-
diagnosed diabetic patients. This study setting gave us an
opportunity to prospectively assess habitual physical ac-
tivity and its relationship to aerobic capacity and metabo-
lic controlin these patients. Our study also provided infor-
mation on whether Type 2 diabetic patients are compliant
and willing to exercise according to the recommendations
on a long-term basis. The detailed results on metabolic
control and cardiovascular risk factors in respect to effec-
tiveness of diet therapy will be reported elsewhere.

Subjects and methods

Subjects

During the period 1987-1989, the physicians working in five rural
and one urban health centres covering a total population of 130,000
inhabitants were asked to refer all 40- to 64-year old subjects with
fasting venous blood glucose greater than 6.7 mmol/l in repeated
measurements for further evaluation. Altogether 108 subjects were
originally reserved for the study, but seven of them did not fulfil the
diagnostic criteria for Type 2 diabetes [15], four had a chronic
disease affecting glucose tolerance, seven were not willing to
participate in the study and four left the study during the inter-
vention phase. In addition, seven patients did not perform the
exercise tests at 0 and 12 months due to various reasons and in one
patient the respiratory gas exchange measurements were unre-
liable, and these patients were excluded from the present analyses
as well.

The mean fasting blood glucose at the primary diagnosis of
diabetes was 11.5£42 mmol-1"' (mean+SD). During the two
months delay from diagnosis to the baseline examination, the de-
crease in fasting blood glucose and body weight were 3.3%
4.0 mmol-1-! and 1.8+ 3.9 kg, respectively. The age and anthropo-
metric data of the patients at baseline are shown in Table 1. Forty-
two percent of the men and 58 % of the women had hypertension.
Ischaemic heart disease was present in 42% of the men and in
30% of the women, although only 18 % of the men and 16 % of the
women reported having symptoms of angina pectoris [16]. One man
was on glibenclamide therapy at baseline and four men and three
women were at the end of the study. Forty-five percent of the pa-
tients were non-smokers, 37 % were ex-smokers and 18 % were cur-
rent smokers. The study was approved by the Ethics Committee of
Kuopio University Hospital. All patients gave oral informed consent
before participating in the study.

Study design

After a 3-month basic education programme patients were random-
ly placed in one of two groups for the comparison of intensified treat-
ment (the intervention group) and standard treatment (the conven-
tional treatment group). The intervention group was treated at the
outpatient clinic of the Department of Medicine, Kuopio University
Hospital. The conventional treatment group was treated at the com-
munity health centres that originally referred the patients to the
study.

During the 12-month intervention phase the intervention group
visited the outpatient clinic six times at 2-month intervals. At every
visit they were seen by a physician, a dietitian and a nurse specialised
in diabetes education. The physician was responsible for the general
motivation and follow-up of the patient. The dietitian was respon-
sible for the intensified diet education. The nurse was responsible for
further patient education including the follow-up of metabolic con-
trol. The conventional treatment group was advised to visit the local

community health centres regularly at 2-3 month intervals. This
group visited the outpatient clinic at 6 and 12 months after the orig-
inal grouping,.

Schedule of measurements

At baseline (3 months prior to the study), the following examin-
ations were done: medical history including data on medication,
smoking, alcohol consumption and habitual physical activity [17],
anthropometric measurements, cardiopulmonary exercise test, fast-
ing blood glucose, HbA,,, fasting plasma insulin and serum lipids; at
the time of the group selection (0 months): presence of cardiovascu-
lar symptoms, body weight, cardiopulmonary exercise test, fasting
blood glucose, HbA . and serum lipids; and at the end of the study
(12 months): medical history, cardiovascular symptoms, anthropo-
metric measurements, cardiopulmonary exercise test, fasting blood
glucose, HbA,, fasting plasma insulin and serum lipids.

Diet and exercise intervention

During the basic education programme all patients visited the outpa-
tient clinic twice (at baseline and after 6 weeks) and received basic
information concerning the potential benefits of physical activity.
The dietary instructions included a reduction in the intake of total
energy, total fat and dietary cholesterol.

After the group selection the physician gave printed and oral in-
structions for effective exercise training to every patient in the inter-
vention group. Thereafter, physical activity was regularly monitored
by daily exercise records. At each visit throughout the whole 12-
month intervention phase the patients in the intervention group
were encouraged to increase physical activity. No written individual
instructions were used and no supervised exercise sessions were
organised. The types of exercise proposed were walking, jogging,
cycling, swimming or cross-country skiing. The goal was to increase
the frequency of exercise sessions to 3—4 times a week, each lasting
30-60 min, The recommended mean heart rate during exercise ses-
sions was 110-140 beats per min.

The goals of intensified diet education were weight reduction,
normoglycaemia and correction of dyslipidaemias. The means of the
diet therapy were individually planned energy restriction, restriction
of the intake of total fat, and especially saturated fatty acids and di-
etary cholesterol, a moderate increment of unsaturated fatty acids
and foods containing complex carbohydrates, especially soluble
fibre. In addition, the target food habits were regular eating patterns
and to moderate the amount of food consumed.

Classification of physical activity

For secondary analyses concerning the level and changes in physical
activity during the intervention phase, the intervention and conven-
tionally treated groups were combined, and thereafter, both men
and women were divided into three groups by the level of physical
activity at 12 months: (1) sedentary group (patients without regular
occupational or recreational physical activities), (2) moderately
exercising group (patients with moderate occupational and/or re-
creational physical activities) and (3) intensively exercising group
(patients with heavy work and/or regular exercise training at least
three times a week, each session lasting a minimum of 30 min).

Anthropometric measurements

Body weight was measured to the nearest 1.0 kg with an electric
weighing machine (Seca, Modell 708, Hamburg, FRG). Fat free
body mass (FFM) was calculated according to the method of Durn-
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Table 1. Age and anthropometric data of the patients at baseline

Men Women

n=45 n=33
Age (years) 53+7 5416
Height (m) 1.74 £0.05 1.58 £0.07
Body weight (kg) 95+12 8816
Body mass index (kg -m %) 32+4 3516
Percentage of body fat (%) 32+5 4514

ing and Womersley [18] by using an average of three measurements
obtained from triceps, subscapular and suprailiac skinfolds. Body
mass index was calculated as weight/height squared (kg -m~2).

Cardiopulmonary exercise test

Cardiopulmonary exercise test was done as previously described
[19]. Briefly, the exercise test was performed with a bicycle
ergometer in an upright position until exhaustion [20]. During the
test a 12-lead ECG, blood pressure, heart rate, subjective symptoms
and perceived exertion were recorded. Respiratory gas exchange
was analysed continuously during the exercise test with a computer-
based system (2001 Cad/Net Cardiopulmonary Exercise System,
Medical Graphics Corp., Saint Paul, Minn., USA). Moving eight-
breath averages from representative points were used for the data
analysis. Peak values of oxygen uptake were used for maximum at-
tainable oxygen uptake (VO, max). Anaerobic threshold (VO, af)
was determined from the respiratory gas exchange data by using
standard criteria [21]. The exercise test was omitted in the first 9 men
and 12 women at -3 months baseline examination.

Biochemical determinations

All blood samples were taken between 07.30 hours and 09.00 hours
after a 12-h overnight fast prior to the exercise test. The glucose oxi-
dase method was used to measure blood glucose (Glucose
Auto & Stat HGA-1120 analyzer, Daiichi Co, Kyoto, Japan). Com-
mercial fast protein liquid chromatography (Pharmacia Fine Chemi-
cals AB, Uppsala, Sweden) was used to measure HbA,.. Plasma in-
sulin was analysed with the Phadeseph Insulin RIA 100 method
(Pharmacia Diagnostica AB Uppsala, Sweden). Enzymatic methods
were used for the determination of serum cholesterol and trigly-
cerides (Monotest and Test-Combination, respectively, Boehringer
Mannheim, Mannheim, FRG). HDL-cholesterol was determined
after precipation with dextran sulphate and MgCl, [22].

Statistical analysis

Repeated measures analysis of variance was used for orienting
analyses. Thereafter, analysis of variance and Student’s 7-test were
used to analyse differences between the groups in continuous vari-
ables. The chi-square test was used to analyse frequency distribu-
tion. The significance of the changes in each group were analysed
by paired z-test in continuous variables, by McNemar’s test in dicho-
tomous variables and by a test of proportions based on stan-
dardised normal distribution in variables expressed as proportions
[23]. Linear correlation coefficients and multiple regression proce-
dures were used to analyse associations between continuous vari-
ables. Plasma insulin values were analysed after a logarithmic trans-
formation. Differences were considered to be statistically
significant if the p-value was less than 0.05. All results are ex-
pressed as mean + SD. All data were analysed with an IBM PC /AT
compatible computer using the SPSS/PS + 3.1 statistical package
(SPSS Inc., Chicago, IlL., USA).

Results
Changes in habitual physical activity

Both occupational and recreational physical activities in
each group are summarised in Table 2. At the end of the
study 22% of the men (conventional treatment group
29%, intervention group 14%, NS) and 30% of the
women (conventional treatment group 19 %, intervention
group 41 %, NS) reported that they had markedly in-
creased recreational physical activity during the study.
There were no differences in occupational and recre-
ational physical activity between the groups at the -3 and
12 month examinations.

Changes in body size and metabolic control

Significant decreases were observed during the basic edu-
cation programme in body weight, fasting blood glucose
and HbA . but not in serum lipids in either the interven-
tion or conventionally treated groups (Table 3).

During the intervention phase the intervention men
continued to lose weight while the conventionally treated
men gained weight (Table 3). The intervention women
was the only group to show continued improvement in
fasting blood glucose and HbA,.. Fasting plasma insulin
levels decreased and serum HDL-cholesterol levels in-
creased significantly in the intervention men and women
during the intervention phase. A significant decrease in
serum triglycerides was observed in the intervention men.
At 12 months the intervention women had lower HbA .
and serum cholesterol levels than the conventionally
treated women.

Changes in aerobic capacity

There were no significant changes or differences in
VO, at or VO, max between the intervention and con-
ventional treatment groups in either sex at any of the
three exercise tests irrespective of whether aerobic
capacity was expressed in absolute values (1-min~') or

Table 2. Distribution of occupational and recreational physical ac-
tivity in the conventional treatment and intervention groups at ba-
seline and at the end of the study (-3/12 months)

Men Women
Conven-  Inter- Conven-  Inter-
tional vention  tional vention
n=24 n=21 n=16 n=17
Occupational physical activity (%)
No regular work 46/50 38/43 38/44 47/47
Light work 33/33 14/24 19/19 18/12
Moderate work 13/13 19/19 31/25 23/29
Heavy work 8/4 29/14 12/12 12/12
Recreational physical activity (%)
Sedentary 25/13 43/29 63/37 35/12
Occasional exercise 21/33 33/33 6/13 12/18
Regular exercise 54/54 24/38 31/50 53/70

2 originally a7 level scale
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Table 3. Body mass index, metabolic control and aerobic capacity at
baseline (-3 months), at the time of group selection (0 months) and
at the end of the study (12 months) in conventional treatment and
intervention groups by sex

Time

Sex Group —3 months O months 12 months

BMI (kg-m?)

Men Conventional 31.2£35 30.1+£3.1° 309+3.3
Intervention 319+37 31.1+3.7° 30.5%£3.6

Women Conventional 355+59 342+62¢ 34.0%5.9
Intervention 351+3.7 334%67¢ 32.6%£6.5

Fasting blood glucose (mmol-17)

Men Conventional 81+28 67£22¢ 73x22
Intervention 81+£27 6.6+21° 67+21

Women Conventional 10.1+41 85%£35° 72£19
Intervention 69+16 63+12° 57+1.4°

HbA1. (%)

Men Conventional 87+2.3 732170 74416
Intervention 85+20 71+15¢ 7.0%19

Women Conventional 94+31 81+£24> 72+1.6
Intervention 86+24 71£15 62%1.0°°

Fasting plasma insulin (pmol -17)

Men Conventional 187 +175 - 139+99
Intervention 167+76 - 130 £ 96°

Women Conventional 175+94 - 154+ 80
Intervention 169+ 69 - 130+ 51°

Serum cholesterol (mmol - 1)

Men Conventional 6.4+1.1 6.1x1.0 62+1.0
Intervention 65116 63+£12 6.0+1.0

Women Conventional 6.5+09 6.5+0.8 6.7+0.7
Intervention 6.1+1.1 60x1.2 6.0+ 1.0¢

Serum HDL-Cholesterol (mmol - 1)

Men Conventional 1.10£024 1.10£0.24 1.15%0.27
Intervention 1.03+0.34 1.00+028 1.11+0.28°

Women Conventional 1.19+029 1.25+£036 1.2940.29
Intervention 1.09+£0.29 1.13£0.18 1.25+0.22°

Serum triglycerides (mmol -17)

Men Conventional 29+19 23x14 23+1.0
Intervention 30+x16  29zx1.7 2.0+0.9°

Women Conventional 28+1.6 23x15 25+1.6
Intervention 27+1.6 21+1.0 2.0£0.9

Oxygen uptake at anaerobic threshold (ml-min™-kg™)

Men Conventional 13.7+24 144+29 150%3.2
Intervention 147443 145+£34 151+41

Women Conventional 122+£2.0 128+33 12.6x28
Intervention 120+£19 127+25 128424

Maximum oxygen uptake (ml-min™ -kg™)

Men Conventional 239+53 247+57° 23.9+54
Intervention 220+6.6 241%+58 248+69

Women Conventional 157+38 187+54 182447
Intervention 183+27 189+39 194+3.6

Values mean £ SD. ®p <0.05 conventional treatment vs interven-
tion group at 12 months; ® p <0.05; <p <0.01; ¢ p <0.001 change to
previous examination

relative to total body weight (1-min~'-kg~', Table 3) or
FFM (I-min~! -kg~!). When those men with myocardial
infarction (n =2) or stroke (n =1) during the study
were excluded, the conventionally treated men showed
a significant increase in VO,ar (from 1.29+0.35
t0 1.44+£0.351-min"", p <0.05), but still no change in
VO, max was observed. In the conventionally treated
men VO,at was reached at higher percentage of

VO, max at end of the study than at the group selection
(59£9vs 63£8%, p <0.05).

Changes in body composition, metabolic control,
and respiratory gas exchange in relation
to habitual physical activity

For the secondary analyses both men and women were
divided into sedentary, moderately active and intensively
exercising groups (see Classification of physical activity).
There were no differences between these groups in age,
use of cardiovascular drugs or distribution in the inter-
vention or conventional treatment groups. In men, the
intensively exercising group improved VO, at from 1.31
£0.23t0 1.53£0.331-min~! (p < 0.01) during the inter-
vention phase, but no improvement was observed in
VO, max. None of the groups showed significant impro-
vement of metabolic control and no differences were
observed in metabolic control between the three groups
at 12 months (Table 4). In women, none of the groups
showed any improvement in aerobic capacity during the
intervention phase. The moderately exercising group of
women showed a significant decline in fasting blood glu-
cose levels from 7.6 £3.0 t0 6.5+ 0.9 mmol- 17! (p <0.05)
during the intervention phase, but no significant differen-
ces were observed between the groups at 12 months
(Table 4).

Correlations between aerobic function and metabolic
control

Inmen, VO, ar (r =0.30, p < 0.05) and VO, max (r = 0.36,
p <0.01) were inversely correlated with HbA, at
12 months, but not a 0 months. In women, the correlation
between aerobic capacity and glycaemic control was
lower, and this association was not found in the interven-
tion women, whose blood glucose levels were almost nor-
malised at this stage. VO, at /FFM and VO, max/FFM in
refation to HbA . at 12 months are shown in Figure 1. The
change in aerobic capacity and the change in HbA,, were
not correlated in either sex.

No correlation was observed between aerobic power
and serum lipids at any of the examinations. However,
those patients who showed an increase in VO, max during
the intervention phase (n =37, men and women com-
bined) had higher HDL-cholesterol levels at 12 months
than those (n=41) who had decreased VO, max
(1.27£0.27 vs 1.12+0.25 mmol-17!, p <0.05). This dif-
ference could not be explained by smoking habits. The im-
provement in VO, max was linearly correlated with the
increase in HDL-cholesterol (Fig.2). This correlation was
significant in men (r =0.33, p <0.05), but not in women
(r =0.13). In a multiple regression model including the
changes in VO, max, body weight, fasting blood glucose
and serum insulin as independent variables and sexes
combined, the only significant variables explaining the
variance of the change in HDL-cholesterol were fasting
blood glucose and VO,max (r*=017, F=756,
p =<0.001).



344 E. Vanninen et al.: Physical activity and metabolic control in Type 2 diabetes

Table 4. Body mass index, metabolic control and aerobic capacity in relation to habitual physical activity at the end of the study (12 months)

in the conventional treatment and intervention groups combined by sex

Men Women
Sedentary® Moderate® Intense* pe Sedentary® Moderate® Intense® pe
n=18 n=17 n=10 n=06 n=19 n=_
BMI (kg-m~?%)
31.3+3.7 30.7t£27 29.6+£39 0.47 393+48 32867 299+4.6 0.01
Fasting blood glucose (mmol -171)
75+24 64118 7321 0.27 6804 65+2.1 6.1%1.8 0.79
HbA (%)
78+2.0 6.7+14 69£1.6 0.12 6.7£1.8 68£14 65+09 0.87
Fasting plasma insulin (pmol -1~
154 £132 124 £ 60 116 +72 0.54 182 +68 142 £ 68 109 +51 0.13
Serum cholesterol (mmol - 171)
59+£12 6.1£0.5 65+1.1 0.39 71107 6.1+10 62£0.8 0.10
Serum HDL-cholesterol (mmol 171}
1.13+£0.28 1.10£0.21 120+£035 0.66 126+031 128%£026 1.23+023 0.89
Serum triglycerides (mmol -17")
1.9£09 24+1.0 21108 0.36 3017 22+12 1.8£1.0 0.26
Oxygen uptake at anaerobic threshold (ml-min~!-kg ')
13.9+3.1 150+£32 171143 0.07 10.1+15 128+£23 141£25 0.14
Maximum oxygen uptake (ml-min~*-kg~!)*
226+54 243+64 273162 0.07 135+19 195+3.1 213+44 0.00

All values mean + SD. ® Sedentary, subjects without regular occupa-
tional or recreational physical activities; ® moderate, subjects with
moderate occupational or recreational physical activities; ©intense,

~ In women, both VO, at/FFM (r = -0.34, p <0.05) and

VO, max/FFM (r =-0.36, p <0.05) were inversely corre-
lated with body weight at the end of the study suggesting
an adverse effect of obesity on aerobic capacity. In men,
such a relationship could not be demonstrated at any of
the examinations.

Discussion

The main findings of the present study were: (1) repeated
encouragement to increase physical activity and follow-up
by exercise records was not sufficient to induce an im-
provement in VO, max in newly-diagnosed diabetic pa-
tients during a 12-month period; (2) a significant inverse
correlation between HbA . and aerobic capacity; and (3)
an association between the changes of aerobic capacity
and HDL-cholesterol independent of the change in body
weight or metabolic control.

The strategy we chose to increase physical activity in
the intervention group (i.e. close follow-up with daily
exercise records without organised and supervised exer-
cise sessions) is the way that was believed to be the most
suitable and cost-effective for the clinical practice. It can
be speculated that in the intervention group exercise re-
ceived less relative attention than diet, and that the
reverse could be true of the conventionally treated group
for which no dietitians participated in the treatment. This

subjects with heavy work and/or regular exercise training at least
three times a week, each session minimum 30 min; ¢ analysis of vari-
ance; ©oxygen uptake/total body weight

could explain in part why no differences were found in rec-
reational physical activity between the conventionally
treated and intervention groups at the end of the study.

Numerous clinical studies in diabetic subjects have
demonstrated that supervised, intensive training im-
proves aerobic capacity. The problem, however, is the fea-
sibility of such training in the long-term [14]. A recent
large prospective study reported that only 20-30% of the
diabetic patients continued taking part in organised exer-
cise training after 2 years [24]. These findings, and also our
results show that the main problem in exercise training in
diabetic patients is motivation and compliance with in-
structions. In diabetic subjects, the main hindrances for ef-
fective exercise training are linked to obesity and cardio-
vascular morbidity. It is likely that those instructions for
exercise training which have been made for healthy sub-
jects are not well-suited or sufficient for diabetic patients.
Individualised instructions could be more effective to in-
crease physical exercise in these patients. In the clinical
practice, this could mean more widespread use of exercise
physiologists.

Although VO, max did not show any improvement in
the present study, some improvement was observed in
VO, at.Itispossible that VO, atismore sensitive in detect-
ing small changesin aerobic performance than VO, maxin
diabeticpatients. In previousstudies concerning the poten-
tial benefits of exercise in Type 2 diabetes the only clear
criterion for effective training wasimproved VO, max, but
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Fig.1. HbA,, in relation to VO, at/FFM (r =027, p <0.01) and
VO, max/FFM (r = 0.28, p < 0.01) at 12 months in the study popula-
tion (n =78). Correlation Hnes with 95% confidence intervals are
shown

none of these studies have evaluated changes in VO, at.
VO, at could also be useful in planning individual exercise
programmes for diabetic patients [25].

In the present study, a significant inverse correlation
between aerobic function and HbA . was observed, but
the decrease in HbA,. was not related to the change in
aerobic capacity. In contrast, the change in aerobic capac-
ity showed a linear correlation with the increase in HDL-
cholesterol independent of metabolic control. These find-
ings suggest that both the level of acrobic capacity and the
changes in it should be evaluated when assessing possible
benefits of exercise in Type 2 diabetes.

Some studies have demonstrated that exercise training
decreases HbA,, levels [26-28], but no inverse linear
correlation has been previously reported between HbA,,
and aerobic capacity. The blood glucose lowering effect of
exercise is largely due to the cumulative effects of single
exercise bouts [4, 6, 7, 9]. The interaction between gly-
caemic control and aerobic capacity may, however, be
more complex because it has been suggested that lowered
VO, at in diabetic subjects is due to a high HbA,, level
through increased oxygen affinity [25]. It is also possible
that improved glycaemic control per se may improve

aerobic function as shown previously by our group [19]. In
the present study, the intervention women with almost
normal blood glucose levels showed no correlation be-
tween HbA . and aerobic capacity at 12 months. Thus, the
inverse correlation between HbA;. may be limited to
moderate hyperglycaemia.

The improvement in HDL-cholesterol was related
both to the changes in blood glucose level and aerobic ca-
pacity in the present study, but not to the reduction in
body weight. Elsewhere, it has been shown that weight re-
duction achieved by very-low-calorie diet induces an elev-
ation in HDL-cholesterol in Type 2 diabetes [29]. Few
studies have previously suggested that exercise improves
serum lipid profile in Type 2 diabetes [10-12]. However, it
has been speculated that the most important impact of
exercise in Type 2 diabetes is the beneficial effect on car-
diovascular risk factors [6, 8]. Recently, a study on obese
healthy subjects showed that combined diet and exercise
training resulted in a significantly higher increase in HDL-
cholesterol than diet alone [30]. )

In conclusion, there was no improvement in VO, max
among newly-diagnosed patients with Type 2 diabetes
after a 12-month diet and exercise programme. However,
the inverse relationship observed between aerobic capac-
ity and HbA,,, and the linear correlation between an im-
proved aerobic capacity and increased HDI -cholesterol,
suggest that regular physical activity resulting in an im-
proved aerobic capacity is beneficial for these patients.
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