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Summary. At a health examination of men approximately 
60 years old, 48 were found to have Type 2 (non-insulin-de- 
pendent) diabetes. All had been healthy 10 years earlier. The 
intention was to randomly allocate those with mild diabetes 
to a training or a control group and study the long-term in- 
fluence of regular training on the progress of the disease. 
However, it was found that the majority - 39 of 48 - had 
other diseases or were on treatment which made regular 
training difficult and would have complicated the interpreta- 
tion of the metabolic effects of training. Eight men took part 
in a physical training programme for up to 2 years. Aerobic 
capacity, glucose tolerance and serum lipoproteins were mea- 
sured before and at the end of the training period. Another 
group of eight men with Type 2 diabetes, of similar weight, 
age and relative aerobic capacity, who did not undergo the 

physical training, served as control subjects. The oxygen up- 
take increased by 16% in the training group and decreased 
by 12% in the control group but no significant changes could 
be demonstrated in body weight, fasting blood glucose, se- 
rum lipoproteins, glucose tolerance or insulin values at a 75-g 
oral glucose tolerance test between the two groups. Two pa- 
tients in the training group developed coronary heart disease, 
two deteriorated metabolically (drug treatment had to be 
added), and there were two drop-outs. The results cast 
doubts on the feasibility and efficacy of physical training as a 
long-term treatment for the majority of Type 2 diabetic pa- 
tients, who are older than 60 years. 
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There is a fairly solid basis for the contention that  reg- 
ular physical exercise will benefit  glucose homeostasis  
in patients suffering f rom Type 2 (non-insulin-depen- 
dent) diabetes and improve the l ipoprotein pattern. 
These effects would reduce the risk for development  of  
coronary  heart  disease (CHD).  Several training studies 
in patients with Type 2 diabetes have suppor ted  this 
concept  but  some of  them have been short- term mode-  
of-action investigations rather than feasibility studies 
and per formed on selected groups of  rather young 
Type 2 diabetic patients. 

The present  study was therefore conducted during 
a 2-year per iod with the main  aim of  finding out if  a 
small group of  selected diabetic men, a lmost  60 years 
of  age, were able to carry out regular physical training 
over a fairly long period, and if so, whether  their 
maximal  oxygen uptake  increased significantly; and 
whether  such an increase would be accompanied  by 
improved  glucose tolerance and l ipoprotein metabo-  
lism. Another  diabetic but  sedentary group of  men  of  
the same age were used as control subjects. 

Subjects and methods 

All male residents in the municipality of Uppsala born between 
1920-1924 were invited to attend a health survey carried out in 
1970-1973 [11. Almost 84% (n=2322) participated. An intravenous 
glucose tolerance test was performed in over 1600 of these men, to- 
gether with other examinations including determinations of serum 
lipid concentrations, and anthropometric and blood pressure mea- 
surements. 

Re-examinations began in 1980. By June 1981 Type 2 diabetes 
had been diagnosed in 48 subjects on the basis of the criteria pro- 
posed by the National Diabetes Data Group [2], with the exception 
that only one glucose tolerance test was performed. All men were 
non-diabetic at the investigation almost 10 years earlier. 

Criteria for exclusion from physical training were the presence of 
other major diseases and treatments affecting glucose or lipoprotein 
metabolism. It was found that most diabetic patients had to be ex- 
cluded on one or more of these grounds. Thus, 14 had hypertension 
requiring several drugs for control, seven had symptoms or ECG 
signs of cardiac disease, and 11 had locomotor dysfunction not com- 
patible with calisthenics or jogging. Four were treated with oral hy- 
poglycaemic drugs and three had chronic bronchitis and/or emphy- 
sema. Thus, only nine of these men were suitable for the study; eight 
were willing to take part in training. One patient in the training 
group took digoxin (0.25 rag) daily, and all the others were either 
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Table 1. Characteristics of the training and control groups at the 
start of the study 

Patients Training group Control group 

Age 59.0 (1.4) 59.3 (1.6) 
Duration of diabetes 2.9 (2.8) 2.3 (3.1) 

(years) 
BMI (kg/m 2) 25.38 (3.15) 25.13 (2.58) 
Body weight (kg) 78.3 (14.1) 77.1 (8.9) 
B-glucose 0' (retool/l) 10.0 (4.1) 8.5 (3.4) 
B-glucose 120' (mmol/1) 16.8 (5.7) 15.1 (4.5) 
S-insulin 0' (mU/l) 19.9 (15.2) 17.4 (11.0) 
S-triglyc (mmol/1) 2.47 (0.94) 2.72 (1.10) 
S-cholesterol (mmol/1) 6.06 (0.76) 5.96 (0.86) 
S-HDL-chol (mmol/l) 1.08 (0.29) 0.93 (0.35) 
VOzmax (ml/min) 2100 (267) 2330 (172) 
B-lactate at sub-maxi- 7.2 (1.8) 8.2 (2.3) 

mal test (retool/l) 
W4, (W) 144 (17.8) 125 (19.0) 
HR at W4 149.4 (8.6) 141.4 (20.1) 

BMI =body mass index; H D L =  high density lipoproteins; 
VO2max=maximal oxygen uptake; HR=hear t  rate, W4=maximal 
load endured for >__ 4 min. Mean values (SD) are given. There were 
no significant differences between the groups. All lipid values and 
all insulin values were corrected by a factor so that the values of the 
control group were similar before and after two years of training. 
The values before training of the training group were then corrected 
by the same factor 

Table 2. Aerobic power VO2max (ml/min) before and after 2 years 
in the training (n = 6) and control (n = 8) group. Means (SD) are giv- 
en 

Before After Test of changes 
2 years 2 years within group 

Training group 2100 (267) 2430 (300) p = 0.0004 
Control group 2330 (172) 2057 (306) p=0.004 

The two drop-outs were excluded from this analysis. VO2 from a 
submaximal test at 18 months in one patient who suffered a myocar- 
dial infarction after 23 months is included in the 2-year result. The 
changes within each group were significantly different (p = 0.0001 in 
a test of equal changes over time) 

drug-free when the training began or stopped medication prior to the 
start of the training programme. 

Random allocation of trainable candidates to a training and a 
control group was not performed, as it would have meant too small a 
training group. 

The patients were informed about the aims and plan of the study 
and gave written consent to participate. Eight Type 2 diabetic pa- 
tients with musculoskeletal problems, asthma on exertion or hyper- 
tension served as control subjects. Of these eight patients two were 
hypertensive and were receiving bloodpressure-lowering treatment, 
and one of these two was taking oral hypoglycaemic medication. An- 
other control subject was being treated with sulfonylurea and an- 
other one with bronchodilators. 

Experimental schedule 

All of the patients in the training and control groups had been given 
dietetic information by a dietician more than 2 months before the 
start of the training. Six in the training group and four in the control 
group had received dietetic advice on two occasions or more. 

At least two exercise tests with ECG were carried out prior to the 
study in order to detect any signs of coronary insufficiency and to 
determine the maximal oxygen uptake (VOzmax). 

The training group was scheduled for aerobic work up to ap- 
proximately 75% of VO2max (calculated from VO2max - see above) 
for 45 min twice weekly, supervised by a physiotherapist, and were 
encouraged to carry out training sessions of their own on one addi- 
tional occasion per week. The training programme consisted of jog- 
ging, calisthenics and bicycle riding (on a cycle ergometer). The ca- 
rotid pulse rate measured by palpation during the ergometer cycle 
pedalling or at the end of a jogging round was used to assess the in- 
tensity of aerobic work. The men were also instructed to count their 
own pulse and encouraged to attain the desired heart rate. One of 
the authors took part in one training session per week in order to 
keep good contact with the patients and to be well informed about 
any complaints, for example musculoskeletal symptoms. 

All details of the investigation had been approved by the local 
ethical committee of the Faculty of Medicine at Uppsala University. 

Study plan 

Before the training programme commenced, and 12 and 24 months 
after its start, the patients in the training and control groups were 
subjected to the following tests: an oral glucose tolerance test 
(OGTI') was performed by giving 75 g of glucose in 300 ml of water. 
Blood was sampled for analysis of glucose and serum insulin before 
and 30, 60, 90 and 120 min after the glucose intake. The OGTT and 
other blood samplings were performed after an overnight fast. 

Blood was also sampled on these three occasions for lipoprotein 
and apolipoprotein assays, the blood pressure was measured after 
10 min of rest in the supine position, and the body weight and height 
were measured. Body mass index (BMI) was defined as the ratio of 
weight (kg) to height squared (m2). The exercise ECGs (see below) 
were performed on other occasions. Three, 6, 9, 15 and 18 months 
after the start of training, blood glucose and serum triglyceride, cho- 
lesterol and HDL-cholesterol concentrations were measured. 

Laboratory methods 

Glucose concentrations in whole blood were determined by the glu- 
cose oxidase method, using GOD-Perid from Boehringer-Mannheim 
GmbH Diagnostica (Mannheim, FRG) and an LKB 7400 photome- 
ter. Serum insulin was measured with the Phadebas test method 
(Pharmacia, Uppsala, Sweden) based on a radioimmunological tech- 
nique [3]. During the first year of the study triglyceride and cholester- 
ol concentrations in serum and in the isolated lipoprotein fractions 
were determined by semi-automated methods in a Technicon Auto- 
analyzer II [4] using a combination of preparative ultracentrifugation 
[5] and heparinmanganese precipitation [6]. During the second year a 
phosphotungstate/MgC12 precipitation [7] technique was used and 
cholesterol and triglyceride concentrations analysed in a Multi- 
stat III centrifugal analyser using enzymatic techniques (Boehringer 
Mannheim GmbH Diagnostica, FRG). Despite careful monitoring 
of the laboratory procedures, these changes might have affected the 
accuracy of the results for these variables. A correction factor has 
been used for comparison of some variable values in Tables 1 and 3. 

Maximal aerobic capacity (VO2max) was determined by means 
of an electromechanically braked ergometer cycle (Monark, Varberg, 
Sweden) and the concentration of oxygen in expired air on a Beck- 
man OM 14 polarographic oxygen analyser (Beckman Instruments 
Inc., Schiller Park, Ill, USA). VO2max was calculated as the oxygen 
uptake at the highest recorded heart rate and was based on VO2 
measured at a submaximal load and using resting heart rate and esti- 
mated basal VO2 as baseline values [8]. At least two tests were per- 
formed before the start of training or inclusion in the control group. 

Capillary blood samples were collected immediately after the 
maximal and during the submaximal tests for analysis of the blood- 
lactate concentrations [9]. 
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Statistical analysis 

A fixed, two-way crossed analysis o f  variance model  including main 
factors for group and time points was used to test the hypothesis o f  
no change over time in the training and control groups respectively. 
The same model  was also used to test the hypothesis o f  equal 
changes over time in the two groups. 

Some missing 24-month values were replaced by values obtained 
at 18 and 21 months. 

Results 

Before training the control group did not differ signifi- 
cantly from the training group in relative and absolute 
VO2max (measured as ml. min - t .  kg-body weight -1 
and ml/min respectively), BMI, fasting serum insulin, 
serum lipids, high density lipoprotein (HDL) cholester- 
ol or blood glucose concentrations (Table 1). One pat- 
ient in the training group had high fasting-blood glu- 
cose values. He later proved to have Type 1 (insulin- 
dependent) diabetes and was given insulin treatment 
(see below). The mean maximal heart rate values and 
blood-lactate concentrations at the maximal test did 
not differ between the training and control groups be- 
fore training (160 vs 152 min and 7.9 vs 7.3 mmol/1 re- 
spectively). The highest load (watt) that could be en- 
dured for at least 4 min (W4) was 144 in the training 
group and 125 in the control group (NS). 
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Table 3. Metabolic changes in the training and control groups, 
mean values ( 2 ) and standard deviations (SD) 

Before training After 2 years 

Training Control Training Control 
group group group group 

SD 2 SD ~ SD ~ SD 

VLDL-TG 1.86 0.81 1.80 1.10 2.02 1.48 1.80 1.18 
VLDL-chol 1.01 0.36 0.81 0.54 0.80 0.46 0.81 0.51 
LDL-TG 0.56 0.10 0.58 0.13 0.48 0.06 0.58 0.15 
LDL-chol 4.11 0.76 4.21 0.61 4.09 0.75 4.21 0.79 
HDL-TG 0.27 0.04 0.25 0.03 0.28 0.04 0.25 0.07 
HDL-chol 1.04 0.33 0.93 0.35 1.07 0.37 0.93 0.27 
S-TG 2.82 0.78 2.72 1.10 2.87 1.36 2.72 1.34 
S-ch01 6.09 0.88 5.96 0.86 5.81 0.79 5.96 0.92 
Apo A-I 105.5 17 .8  110.6 25 .9  108.8 12 .4  133.4 39.6 
Apo A-II 107.7 16.2 98.8 9.0 108.2 8.8 96.3 10.1 
Apo B 155.0 4 4 . 6  129.9 31 .7  159.6 37 .2  126.8 39.9 
B-glucose 0' 11.0 4.4 8.5 3.4 9.6 3.4 6.8 1.8 
B-glucose 120' 18.2 5.7 15.1 4.5 16.4 6.5 11.9 3.8 
S-insulin 0' 17.1 11.1 17.4 11.0 19.4 8.0 17.4 9.4 
S-insulin 120' 41.2 23.4 61.7 56.7 48.7 25.4 61.7 27.8 

The results for the two drop-outs (training group) were excluded 
from the analysis. Subjects receiving oral antidiabetic drugs are in- 
cluded. No significant differences were found in the test of  equal 
changes over time either when the two drop-outs were included or 
when they were excluded. All lipid values and all insulin values were 
corrected by a factor so that the values of  the control group were 
similar before and after two years of  training. The values before 
training of  the training group were then corrected by the same factor. 
Statistical testing (interaction tests) were performed after this correc- 
tion. VLDL = very low density lipoprotein; LDL = low density lipo- 
protein; H D L = h i g h  density lipoprotein; TG=tr iglycer ide;  cho l=  
cholesterol; apo = apolipoprotein. 

Participation in training 

During the first 8 months the mean proportion of 
training sessions attended (participation rate) was 68%. 
Two men dropped out after this period, but were tested 
again at 12 and 24 months. One complained of pain in 
his knees when jogging (X-rays were normal), and the 
other claimed prohibitive social reasons. 

The participation rate fell during the following 
period, and the average rate over two years was 53% 
(range 24-80%, drop-outs included). 

Somatic events during the follow-up period 

One patient suffered a myocardial infarction at 
23 months and was not tested after 24 months (all 
other subjects in both groups were tested on this occa- 
sion). His diabetes deteriorated and he was given oral 
antidiabetic drugs. A second patient had vague chest 
discomfort during training and did not increase his 
oxygen uptake during the second year. His exercise 
ECG at 12 months was compatible with coronary in- 
sufficiency (he had had a myocardial infarction in 
1975). His diabetes deteriorated and he was given glib- 
enclamide. A third had to interrupt the training for 
2 months after a gall bladder operation and later he al- 
so had symptoms from achilles tendinitis. His diabetes 

deteriorated and he was given glibenclamide. How- 
ever, only the two drop-outs definitively stopped tak- 
ing part in the training sessions. 

In the control group three patients had a deteriora- 
tion of their diabetes so that oral antidiabetic treatment 
was started. 

Metabolic and physiological changes 

There was a wide range of changes in VO2max (ml/ 
min) in the training group, from a decrease of 6.6% in 
one of the two drop-outs to an increase of 28.6% in 
one patient. The average VO2max increased by 15.7% 
after 2 years (p<0.03); with the two drop-outs ex- 
cluded, the increase was 19.8% (p<0.02, Table 2). 
VO2max in the control group decreased by an average 
of 11.7% (p<0.01). Thus the groups differed in their 
reaction (p < 0.0001). 

In contrast, there were no significantly different 
changes in HDL-cholesterol, low density lipoproteins 
(LDL) cholesterol, very low density lipoproteins 
(VLDL) triglycerides, apolipoprotein (apo) A-I, apo- 
A-II0 apo B, fasting blood glucose or fasting serum in- 
sulin, or in blood glucose or serum insulin 120 min af- 
ter the start of OGTT (Table 3). This lack of significant 
changes occurred irrespective of whether the two drop- 
outs were included in, or excluded from, the calcula- 
tions. 
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D i s c u s s i o n  

The finding that only nine out o f  48 patients were suit- 
able for physical training was not what  we had expect- 
ed. The number  could have been extended to 12 or 
maybe  13 individuals but  only at the cost of  having 
more  interference f rom pharmacologica l  (antihyper- 
tensive) t reatment  on metabol ic  variables among  the 
study subjects. Randomisa t ion  was an objective of  the 
study f rom the start but  could not be achieved due to 
this lack of  eligible subjects. 

The appearance  or aggravation of  coronary heart  
disease (two subjects in the training group) and dete- 
rioration of  diabetes (another  two subjects) and two 
dropouts  left only two who were free f rom illness and 
medicat ion and in w h o m  the effect o f  2 years of  train- 
ing could have been evaluated without  demur. Despite 
these drawbacks,  an increase in VOzmax by 20% (the 
two drop-outs  excluded) could be demonstra ted  in the 
training group. This effect o f  training on oxygen up- 
take was not accompanied  by any beneficial changes in 
metabol ic  variables in the training group as compared  
to the control group. 

There are some studies on metabol ic  effects o f  
training in Type 2 diabetes to suppor t  the contention 
that beneficial effects can be achieved [10-16]. 

The individuals in these studies were under  
55 years of  age and the per iod of  training 3 to 
6 months,  except in one study which lasted for 
12 months  [12]. The study populat ions  were not repre- 
sentative for Type 2 diabetic patients, the majori ty of  
whom (at least in Scandinavia) were more  than 
60 years old. Those who were under  55 years of  age 
represented scarcely 25% of  all patients with the dis- 
ease [17]. The motivat ion of  the patients can much  
more  easily be kept on a high level if  a s tudy lasts for 
three months  only. 

The present  study in men of  about  60 years of  age 
indicates that physical training is not feasible as treat- 
ment  of  manifest  Type 2 diabetes for the majority of  
the patients. The main  reason is the frequent concur- 
rence of  other diseases which makes  it difficult to exer- 
cise so briskly a n d / o r  frequently as to improve glucose 
metabolism. In men  about  10 years younger  the meta-  
bolic alterations after 6 months  of  regular training were 
pronounced,  the drop-out  rate was lower, and the (rel- 
ative) contraindications were fewer [16]. Furthermore,  
the absolute improvements  in metabol ism may  be ex- 
pected to be larger, as the relative and absolute im- 
provements  in VO2max can be greater. Therefore,  pa- 
tients below 50 years of  age with impaired glucose 
tolerance and positive heredity for Type 2 diabetes 
seem to form a suitable group for  training, which will 
hopeful ly prevent development  of  the disease. 
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