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Summary. From a previously reported 5-year screening pro- 
gramme of 6,956 47-49-year-old Malm6 males, a series of 
41 subjects with early-stage Type 2 (non-insulin-dependent) 
diabetes mellitus and 181 subjects with impaired glucose 
tolerance were selected for prospective study and to test the 
feasibility aspect of long-term intervention with an emphasis 
on life-style changes. A 5-year protocol, including an initial 6- 
months (randomised) pilot study, consisting of dietary treat- 
ment and/or increase of physical activity or training with an- 
nual check-ups, was completed by 90% of subjects. Body 
weight was reduced by 2.3-3.7 % among participants, where- 
as values increased by 0.5-1.7 % in non-intervened subjects 
with impaired glucose tolerance and in normal control sub- 
jects (p < 0.0001); maximal oxygen uptake (ml. min -1. kg -1) 
was increased by 10-14 % vs decreased by 5-9 %, respective- 
ly (p < 0.0001). Glucose tolerance was normalized in > 50% 
of subjects with impaired glucose tolerance, the accumulated 

incidence of diabetes was 10.6 %, and more than 50 % of the 
diabetic patients were in remission after a mean follow-up of 
6 years. Blood pressure, lipids, and hyperinsulinaemia were 
reduced and early insulin responsiveness to glucose loading 
preserved. Improvement in glucose tolerance was correlated 
to weight reduction (r -- 0.19, p < 0.02) and increased fitness 
(r = 0.22, p < 0.02). Treatment was safe, and mortality was 
low (in fact 33 % lower than in the remainder of the cohort). 
We conclude that long-term intervention in the form of diet 
and physical exercise is feasible even on a large scale, and 
that substantial metabolic improvement can be achieved 
which may contribute to prevent or postpone manifest 
diabetes. 

Key words: Impaired glucose tolerance, Type 2 (non-insulin- 
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Diabetes mellitus and its complications constitute a major 
health problem in modern  societies [1, 2]. Type 2 (non-in- 
sulin-dependent) diabetes is associated with an increased 
frequency of cardiovascular risk factors [3] and subsequent 
cardiovascular disease and mortality [4-6]; and in the age- 
group under consideration here, the expected reduction in 
lifespanis 5-7 years [4]. Inpreviousstudies, annualprogres- 
sion rates from impaired glucose tolerance (IGT) to Type 2 
diabetes of 2-3 % have been found [7-9], though the causal 
link with known risk factors remains unclear [10]. Further 
preventive studies, with an emphasis on life-style changes, 
e. g., diet and physical exercise, are needed [11-13]. Apart  
from the fact that the efficacy of oral agents in preventing 
Type 2 diabetes and its sequelae has yet to be established 
[13], non-pharmacological t reatment  is an approach of 
great importance, not onlyvis-fi-vis glucosemetabolismbut 
also vis-a-vis the overallmetabolic profile [14,15]. 

We have previously reported on studies where 6-12- 
month periods of dietary treatment or physical training 
(or both) were found to be beneficial in cases of IGT or 

mild Type 2 diabetes [16-19], but the chief concern is 
whether these treatment programmes can be satisfactorily 
extended over longer periods [20], and drop-out mini- 
mised. Here  we report  how this was achieved in a simple 
and generally applicable manner in a large series of 
middle-aged males with Type 2 diabetes (n = 41) or IGT 
(n = 181), and on the metabolic impact of such a long-term 
intervention programme as reflected in consecutive oral 
glucose tolerance test (OGTT)  results and values for 
blood pressure and lipids. The study has its origins in two 
age-cohort screening programmes carried out in the peri- 
od 1974-1985, in the city of Malta6 in the southernmost 
province of Sweden [21,22]. 

Subjects and methods 

Study population 

In a 5-year health screening survey of 6,956 47-49-year-old Malm/5 
males (48.1 + 0.7 years; mean _+ SD) [21], an OGTI" was included. 
After 6.2+ 0.9 years (54.3 + 1.4 years), a second 3-year screening 
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survey was performed on 5,149 of the participants in the first screen- 
ing. 

At the first screening Type 2 diabetes was diagnosed [23] in 81 
cases, and 260 cases with normal (i. e. < 6.7 mmol/1) fasting glucose 
values (capillary whole blood), but 2-h glucose values in the 7.0- 
11.0 mmol/1 range on screening OGTT and on a repeat test within a 
month, were designated as IGT [21]. Diabetic subjects with gross 
hyperglycaemia or symptoms were referred to the diabetes clinic, and 
some already under medical care were referred to their own physi- 
cian. Mild (no symptoms) Type 2 diabetic subjects (Group 1) were 
referred to the "borderline diabetes clinic" and enrolled in the inter- 
vention programme. With a few exceptions, all IGT patients were in- 
vited to further examination and treatment, but based on ranking of 
intercorrelating variables referred to only one of the out-patient cli- 
nics at the department. Thus, 181 p atients (Group 2) were enrolled in 
the diabetes prevention programme, and 79 not (Group 3). In addi- 
tion, a normal control group (Group 4) was studied. 

Treatment groups 1-2 

Group 1 consisted of 41patients with newly-detected Type2 
diabetes of whom 39 attended a check-up after 5 years of treatment 
(second screening). Five patients were already on medication for 
hypertension at the outset. 

Of the 181 consecutive IGT subjects enrolled in the programme 
(Group 2), 161 attended the 5-year treatment follow-up; 27 subjects 
were on antihypertensive medication at the outset. 

Comparison groups 3-4 

The 79 non-randomised subjects with IGT (Group 3), who for vari- 
ous reasons were not enrolled in the programme, were informed 
about their condition either at the clinic or by letter. Although they 
received no specific diabetes prevention treatment at the clinic, most 
of them underwent intervention in some form. Twenty subjects were 
referred to the hypertension out-patient clinic, 20 were further 
examined to evaluate alcohol consumption (including long-term 
check-ups), 17 were referred to their own or another physician for 
further check-ups, and another 22 either failed to attend at the out- 
patient clinics, declined further check-ups or had moved out of the 
district. This group (3) is included to complete the picture of IGT in 
the cohort. Mean glucose values for the group were identical to those 
of Group 2 (2-h glucose 8.4 + 1.1 vs 8.2 + 1.0 mmol/1; mean + SD; 
NS), and except for a small difference in blood pressure no other dif- 
ferences were found in baseline variables. Fifty-six members of the 
group attended the follow-up at the second screening. Fourteen sub- 
jects were already on medication for hypertension at the outset. 

In 114 randomly selected subjects (Group 4) with strictly normal 
OGTT (fasting < 6.7 mmol/1 and 2 h < 7.0 mmol/1, drawn from the 
5,347 subjects at the first screening), ergometry was included in both 
screenings. 

Methods 

Details of the screening procedure and methods used have been re- 
ported previously [21, 22]. An oral glucose load of 30 g glucose/m 2 
body surface area was used (NB, the study was started before the 
World Health Organization (WHO) standardisation, but results are 
comparable to those obtained with the WHO standard 75-g load 
[24]), and blood samples were taken both at fasting and at 40 and 
120 min post-load, capillary whole blood glucose being analysed with 
a hexokinase method [25] and plasma insulin with a radioimmunoas- 
say [26]. Serum cholesterol and plasma triglycerides were measured 
with standard methods. Body mass index (BMI) was calculated from 
body weight and height (kg/m2). Triceps skinfold was measured with 
Harpenden callipers over the middle of the upper arm, values being 
subjected to logarithmic transformation [27]. Blood pressure was 
measured with the subject recumbent after 10 min rest. 
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Maximal oxygen untake was estimated as described by Astrand 
[28] from heart response to a given submaximal workload (i. e. 50- 
150 W, depending on weight and reported physical activity), using a 
bicycle ergometer (Monark, Varberg, Sweden) and recorded at 
steady-state with a heart rate of > 120 beats/min. This estimation 
procedure is also appropriate for IGT cases [29]. Ergometry was not 
generally performed in subjects reporting heart symptoms or under- 
going treatment with beta-blockers or antiarrhythmic drugs. 

Intervention procedure 

The screening activity and work at the different clinics at the Depart- 
ment of Preventive Medicine are integrated on the same floor of a 
building located close to the main hospital complex. The interven- 
tion programme at the "borderline diabetes clinic", previously de- 
scribed [16, 17, 19], included dietary advice and increase of physical 
activity. Investigation rooms, laboratory, lecture room and training 
halls were all housed in the same building. For the main work at 
the clinic, a qualified full-time nurse and a part-time dietician, 
physiotherapist, secretary and physician were engaged, who to- 
gether represent approximately 1/6 of the staff resources at the de- 
partment. Screening investigations were free of charge, but a small 
charge is levied for treatment at the clinics. 

At  first attendance at the borderline clinic, subjects found to be 
otherwise healthy (i. e. apart from minor, unconnected ailments or 
mild hypertension) were invited to participate in a long-term or- 
ganised programme with consecutive testing (i. e. 6, 12,18, 24, 36, 48 
and 60 months after enrollment, and 2-3 days after the latest train- 
ing session) including OGTI',  weight control and ergometry. Of 
those who were eligible, 95 % accepted the invitation to participate. 
The subjects were offered the choice of group-wise participation 
(10-15 to a group) or following the protocol on their own after initial 
instruction. There was a small variation in the number of subjects at 
the intervening check-ups but at least 80% attended each check-up 
and (except for drop-outs) no subject missed more than one. The fol- 
low-up after five years in treatment formed part of the second 
screening programme (after a mean period of 6 years), and was per- 
formed in the same month of the year as the baseline test (if 
possible). For all participants, every OGTI" was followed by an ap- 
pointment with the same physician (K.-E Eriksson) for examination 
and to be given information about their results. If glucose values 
were found to have increased significantly, the participant was given 
check-ups at shorter intervals. In some subjects with completely nor- 
malized OGTT, the 4-year check-up was omitted. All participants 
were kept informed as to the risk of future diabetes and any possibly 
diabetes-related macrovascular complications. Smokers were 
generally advised to stop or at least reduce smoking. 

Eighteen participants from Group 1 (44 %) and 68 from Group 2 
(38 %) followed the protocol as organised groups, with a 6-month 
period of supervised physical training followed by a 6-month period 
of dietary treatment, or vice versa. After 12 months all participants 
continued to follow the protocol, with both diet and training, either on 
their own or together with previous group partners (one group under- 
went supervised training for a total of 18 months), and some groups 
continued training at local sports clubs. Those who did not participate 
in group sessions followed the protocol on their own after initial in- 
struction, attending for check-ups at the same intervals as the group- 
wise participants. The attendance rate was comparable in both ca- 
tegories. In 23 randomised IGT or Type 2 diabetes subjects, final 
selection for enrollment in the intervention programme was post- 
poned for 6 months, mean 2-h glucose being unchanged on retesting. 

Statistical analysis 

The paired t-test was used to test within-group changes (%) and 
analysis of variance (ANOVA) to test between-group differences of 
these changes, Bonferroni's t-test being used to test differences (5 % 
level) between groups if significant F-values (p < 0.05) were ob- 
tained (Table 1). The Chi 2 test was used to compare frequencies be- 
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Table 1. Baseline characteristics and differences (%) at 6-year follow-up by Groups 1-4 
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Group i Group 2 Group 3 Group 4 
(Type 2 diabetes) (IGT) (IGT) (control) 

At baseline n = 41 n = 181 n = 79 n = 114 
At follow-up n=39  n=161 n=56  n=114 

Body mass index B 27.7 +_ 3.7 26.6 +_ 3.1 
D - 3.7 + 4.8 ~ (34)  - 2.3 _+ 5.4 c (3-4) 

Triceps skin-fold index B 202 + 18 203 _+ 18 
D -3.9_+9.0 a - 5.8 +8.0c (4) 

Oxygen uptake B 27.6 +_ 5.7 30.0 + 7.4 
(ml.min -~ .kg -1) D 14.5 +24.8 b (4) 10.0 -+28.7 c (4) 

Systolic BP B 140 + 17 137 + 16 
D - 7.2 + 12.2 b - 6.4 +_ 14.0 ~ 

Diastolic BP B 92 _+ 10 92 _+ 10 
D -6.3+11.3 b - 5.4_+ 10.0c (4) 

Cholesterol B 6.16 +_ 1.06 5.86 _+ 0.91 
D -3.8_+ 11.4 a 0.9+14.7 

Triglycerides B 2.58 + 1.19 2.14 + 1.51 
D - 8.2 + 60.4 - 8.6 _+ 44.0 ~ (3) 

Medication for B 12.2 14.9 
hypertension (%) D d 20.6 (2,4) 7.4 (1,3-4) 

26.7 + 4.0 24.3 + 2.8 
0.5 _+ 4.1 (1-2) 1.7 _+ 4.5 ~ (1-2) 

205 + 18 195 + 18 
- 3.9 +_ 13.5 - 2.3 _+ 7.7b (2) 

31.4 _+ 9.3 38.7 _+ 8.3 
-- 4.9--+ 19.0 -- 9.0 _+ 15.6 c (1--2) 

144 --+ 24 127 _+ 12 
-6.2+18.0 ~ - 3 . 0 _ + 1 0 . 5  b 

96 + 13 86 + 8 
- 7.2_+ 12.2 ~ ( 4 )  - 1 .3  + 9 . 8  ( 2 - 3 )  

6.04 _+ 1.08 5.87 + 1.00 
- 0 . 3  + 15.0 1.0 _+ 10.9 

2.09 _+ 1.21 1.74 + 0.68 
22.5 _+ 115.7 (2-4) - 24,6 + 29.0 ~ (3) 

17.7 0,9 
23.9 (2,4) 0.0 (1-3) 

Group values are presented as means + SD, for baseline (B) data as 
absolute values and for follow-up data as %-age difference (D) from 
baseline values, a p < 0.05; b p < 0.01; Cp < 0.001 for within-group 
differences (paired t-test). Figures in parentheses indicate groups 
with significantly (p < 0.05) different values for %-age change from 

baseline. If parentheses are missing in a whole row, the F-value the 
analysis of variance was > 0.05. d p < 0.05 for Chi ~ between groups 
within parentheses. Groups 1 and 2, treatment groups; Groups 3 and 
4, comparison groups. IGT, impaired glucose tolerance; BP, blood 
pressure 

tween groups. Student's t-test and the Wilcoxon test (insulin values) 
were used to test differences between means for the two comparable 
IGT groups (2 and 3). The Wilcoxon's matched-pairs signed rank test 
was used in Figure 2. 

R e s u l t s  

Baseline characteristics 

A t r end  of  increas ing  obesity,  p o o r  phys ica l  f i tness,  high 
b l o o d  p re s su re  ( inc luding  m e d i c a t i o n  for  hype r t ens ion )  
and high l ip id  va lues  (Table  1 and  Fig. 1 A - B )  was found  
in con junc t ion  wi th  I G T  and  Type  2 d i abe t e s  (all  subjects  
were  of  the  same  age).  2-h insul in va lues  (Fig. 1 D )  in- 
c reased  subs tan t ia l ly  f rom those  of  n o r m a l  con t ro l  sub- 
jects  (4) to those  in the  I G T  groups  (2 and  3), whe reas  
those  in the  Type  2 d i abe t e s  g roup  (1) showed  no  fur ther  
increase  (i. e. having  a l r e a d y  r e a c h e d  the i r  max imum) .  
Moreover ,  the  insul in  i n c r e m e n t  at 40 min  p o s t - l o a d  
(Fig .2)  was subs tan t ia l ly  ( 6 9 % )  lower  in the  T y p e 2  
d i abe t e s  g roup  (1) than  in the  n o r m a l  con t ro l  g roup  (4), 
whe reas  the  I G T  groups  (2 and  3) b o t h  had  i n t e r m e d i a t e  
values.  As  g roup  a l loca t ion  was b a s e d  on  g lucose  values ,  
the  base l ine  va lues  we re  not  sub jec t ed  to  A N O V A ;  in- 
s tead,  the  two I G T  groups  were  c o m p a r e d ,  the  only dif- 
fe rence  b e t w e e n  t h e m  be ing  a s o m e w h a t  h igher  b l o o d  
p re s su re  in the  n o n - r a n d o m i s e d  r e f e r ence  g roup  (3). 

Drop-out, withdrawal 

O n e  pa r t i c ipan t  (2.5 % )  f rom the  Type  2 d i a b e t e s  g roup  
(1) was w i thd rawn  and  one  d ied  (2 .5%) ,  and  ano the r  
th ree  pa r t i c ipan t s  i n t e r r u p t e d  the  in t e rven t ion  pro-  

g r a m m e  at some  s tage  bu t  a t t e n d e d  at fo l low-up  and  
the i r  da t a  a re  inc luded.  In  the  I G T  group  (2) four  par t ic i -  
pan ts  d i ed  (2 .2%) ,  and  two pa r t i c ipan t s  who  m o v e d  
away  f rom the distr ict  and  two who  swi tched  to o t h e r  
med ica l  care  ( 2 . 2 % )  t e r m i n a t e d  check-ups .  A n o t h e r  
twelve  pa r t i c ipan t s  ( 6 .6%)  were  d rop -ou t s  and  fa i led  to 
r e s p o n d  to fu r the r  invi ta t ions .  F o u r  pa r t i c ipan t s  who  
were  r e f e r r e d  to  (or  were  rece iv ing)  o the r  med ica l  care ,  
and  six who  i n t e r r u p t e d  the  p r o g r a m m e  at some  stage 
(5 .5%) ,  a t t e n d e d  at fo l low-up and  the i r  da t a  a re  in- 
c luded.  T h e r e  were  no signif icant  d i f fe rences  in the  m a i n  
base l ine  va lues  b e t w e e n  those  who  died,  d r o p p e d  out  or  
i n t e r r u p t e d  the  p r o g r a m m e  and  the 151 pa r t i c ipan t s  in 
the  I G T  group  (2) who  c o m p l e t e d  the  whole  5-year  p ro-  
g r a mme .  Of  the  I G T  n o n - r a n d o m i s e d  r e f e rence  g roup  
(3) who  were  no t  t r e a t e d  at  the  " b o r d e r l i n e  clinic",  17 
(21.5 % )  fa i led  to r e s p o n d  to the  fo l low-up invi ta t ion,  
and  six (7.6 % )  died,  bu t  the re  were  no d i f ferences  in ba-  
sel ine va lues  b e t w e e n  r e sponde r s  and  n o n - r e s p o n d e r s  
( inc luding those  who  died) .  

Follow-up data over 6 years 

The  ma in  p u r p o s e  of  F igures  1 A - D  is to  show the  t r e n d  
dur ing  the  first two yea r s  (first pe r iod) ,  and  f rom the  2- 
yea r  to  the  5 -year  t r e a t m e n t  fo l low-up ( second  pe r iod) .  
T h e  t r e a t m e n t  p e r i o d  was at  leas t  5 years  and  the  5-year  
t r e a t m e n t  fo l low-up co inc ided  wi th  the  second  screening  
6 yea r s  a f te r  the  s tar t  of the  study. (Minor  i r regular i t ies  in 
the  curve are  due  to smal l  d i f ferences  in the  n u m b e r  of  
subjects  at  check-ups) .  M e a n  p e r c e n t a g e  d i f fe rences  f rom 
base l ine  to  the  end  of  the  s tudy are  given in the  text.  
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Fig.IA-D. Figures 1A-D show baseline and follow-up values 
(mean_+ SE) of the principal variables for groups 1-4, treatment 
groups 1-2 (-); comparison groups 3 4  (---), and in addition values 
for intervening check-ups in groups 1-2 (5 years in treatment co- 
incide with the second screening after 6 years). �9 denote Group 1, 
Type 2 (non-insulin-dependent) diabetic subjects; n =41; n =39; 
(baseline; follow-up); I ,  Group 2 (impaired glucose tolerance 
(IGT) subjects; n =181; n =161); n, Group3 (IGT non-ran- 
domised reference subjects; n = 79; n = 56); �9 Group 4 (normal 
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control subjects; n = 114; n = 114). The main purpose of the Figure is 
to show the time course of changes in the treatment groups, one 
early period over 2 years and one late period from 2 years to the 5- 
year treatment follow-up. Development of body weight and maxi- 
mal oxygen uptake over the study period as a whole was significantly 
better in the intervention Groups 1 and 2 than in the other groups 
(p <0.001). Trends for 2-h glucose and insulin values differed 
(p < 0.001 andp < 0.02, respectively) between the two comparable 
IGT Groups 2 and 3 

Development of oxygen uptake (Fig. 1 A) 

The development  of maximal oxygen uptake (1/min) with- 
in the four groups during the intervention period is shown 
in Figure 1 A. In the t reatment  groups, including all cases 
where ergometry was performed (irrespective of whether 
physical exercise was started or not), a substantial in- 
crease of oxygen uptake was achieved during the first 
6-12 months (9%, p < 0.01, in Group 1 with diabetic 
patients and 17 %, p < 0.001, in Group 2 with I G T  cases). 

The increase for those who started physical training 
was even more  pronounced, 20-25 % during the first 6-  
12 months. After  18 months mean group values reached 
the level found for the normal  control subj ects (Group 4). 
The increase in oxygen uptake was maintained for 2 years, 
thereafter  following the age-related decline found in nor- 
mal control subjects, though the difference was now much 
smaller. As compared with their baseline values, after 
6 years the t reatment  Groups i and 2 still had significantly 
higher (14 %, p < 0.03; 8 %, p < 0.002) values for oxygen 
uptake (l/min), whereas the other groups, 3 and 4 had 
lower values (2 %, NS and 8 %, p < 0.001, respectively), 
the difference in development  between the t rea tment  
groups and the two other groups being highly significant 
(p < 0.0001). Similar changes in values were found when 
oxygen uptake was calculated according to body weight 
(Table 1). Sixty-five percent of the participants in the 
Type 2 diabetes group (1) and 47 % of those in the I G T  
group (2) still manifested improved oxygen uptake 6 years 

later. By way of comparison, in a random 340-subject 
sample f rom one birth-year cohort attending the second 
health screening (mean age, 55 years), mean oxygen up- 
take was 2.30 + 0.59 l/min or 29.9 + 7.0 ml. min - 1. kg-  1. 

Development of body weight (Fig. 1 B) 

A great reduction in body weight or body mass index was 
achieved during the first period, with a mean peak  reduc- 
tion of more  than 6 kg at the end of the first year. During 
the second period, some of the weight reduction was lost, 
but mean body weight stabilized at a lower level than the 
baseline value. At  the 5-year t reatment  follow-up, mean 
weight reduction was 2.0-3.3 kg in the Type 2 diabetes and 
I G T  groups, whereas there was an increase of 0.2-2 kg in 
Groups 3 and 4. Like the different development  in oxy- 
gen uptake, this difference is also highly significant 
(p < 0.0001), 82 % of those in the Type 2 diabetes group 
(1) and 71% of those in the I G T  group (2) having main- 
tained an overall weight reduction over  5 years. In 
groups 1 and 2, mean body weight was 5-6 kg (6-7 %)  
higher among those on antihypertensive t reatment  than 
among those not, both at baseline and at follow-up, 
whereas the weight reduction in the two sub-categories 
was comparable.  
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Table 2. Results of the second screening (6-year follow-up) oral glu- 
cose tolerance test by Groups 1-4 

Outcome of oral glucose tolerance tests 
at follow-up 

0'>6.7 0'<6.7 0'<6.7 0'<6.7 
and/or and and 
2-h_>11.1 2-h7.8-11.0 2-h7.0-7.7 2-h <7.0 

Group 1 (n = 39) 18 ~ 10 2 9 
(Type 2 diabetes) (46,2%) (25.6 %) (5.1%) (23.1%) 

Group 2 (n = 161) 17 b 33 27 84 
(IGT) (10.6%) (20.5%) (16.8%) (52.2%) 

Group 3 (n = 56) 12 ~ 19 c 5 20 ~ 
(IGT) (21.4%) (33.9%) (8.9%) (35.7%) 

Group4(n = 114) 0 6 2 106 
(control) (0%) (5.3%) (1.8%) (93.0%) 

Sum 47 68 36 219 
(n =370) (12.7%) (18.4%) (9.7%) (59.2%) 

a n = 2; b/'Z = 3 cases on drug treatment for diabetes; ~ n = 2 cases on 
dietary treatment for diabetes. IGT, impaired glucose tolerance. 
Groups 1 and 2, treatment groups; Groups 3 and 4, comparison 
groups 

2 h glucose (Fig. 1 (2) 

Figure 1 C shows mean group values for 2-h glucose ob- 
tained at the annual OGTT. The Type 2 diabetes and IGT 
groups (1 and 2) manifested substantial improvement in 
glucose tolerance during the first 2-year intervention peri- 
od, paralleled by the increase in oxygen uptake and reduc- 
tion of body weight already mentioned. The improvement 
was maintained throughout the study period in the IGT 
group (2); 2-h glucose decreased from 8.2 + 1.0 (mean 
_+ SD) atbaselinetoT.1 + 2.2 mmol/l( - 13 % )at follow-up; 

p < 0.0001) whereas mean 2-h glucose was essentially un- 
changed in the Type 2 diabetes group (1) (10.0+2.0 vs 
9.9 + 3.3 mmol/1, NS) at follow-up (NB, some diabetic sub- 
jects being diagnosed according to their fasting glucose 
values, while their 2-h values were just below the cut-point 
for the 2-h value). In stepwise regression analysis per- 
formed in the IGT group, changes in oxygen uptake (1/min) 
and in body weight (differences from baseline to follow-up 
aft er 6 years) were found to be independently correlated to 
changes in 2-h glucose, the partial coefficients (r 2) being 
0.05 (p < 0.011) for oxygen uptake and 0.04 (p < 0.03) for 
body weight. In the 79 % of cases with baseline oxygen up- 
take below the mean value in the normal control group (4) 
(i. e. 2.94 1/min), the corresponding coefficients were 0.08 
(p < 0.006) and 0.07 (p < 0.008). Glucose tolerance dete- 
riorated in the IGT non-randomised reference group (3) 
(fasting values increased by 12 % ,p < 0.002 and 2-h values 
by 3 %, NS), whereas the 2-h value was unchanged in the 
normal control subjects (Group 4). 

2-h insulin values and increment at 40 rain (Figs. 1 D 
and 2) 

In the Type 2 diabetes and IGT groups (1 and 2), mean 
2-h insulin (Fig. 1D) values were substantially reduced 
during the intervention period, concomitant with the fall 
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in 2-h glucose, and the reduction was closely related to 
the development of oxygen uptake and body weight 
(lower values also being obtained at 0 and 40 min; data 
not shown), and at follow-up was 30 % lower in Group 1 
(p < 0.0001) and 31% lower in Group 2 (p < 0.0001). 
In the IGT non-randomised reference group (3), there 
were no significant changes in 2-h insulin values ( - 7 %; 
p = 0.43), while fasting values tended to increase (by 
27%; p =0 .0 9 ,  NS). In normal control subjects 
(Group 4), 2-h insulin values remained essentially un- 
changed. 

Median values for the insulin increment at 40 min post- 
load (Fig. 2) were somewhat (though NS) lower at follow- 
up in the Type 2 diabetes group (1), whereas values in the 
IGT group (2) were unchanged. In contrast, values fell sig- 
nificantly in the IGT non-randomised reference group (3), 
in which glucose values increased. In normal control sub- 
jects whose glucose values were constant, the increment 
was also unchanged. 

Prevalence of Type 2 diabetes and IG T at follow-up 
(Table 2) 

In the Type 2 diabetes group (1), more than half (53.8 %) 
of the participants had improved and were in remission at 
follow-up (i. e. no longer reached glucose levels diagnostic 
for diabetes). In the IGT group (2), glucose tolerance had 
improved in 75.8 % of cases, and was even below a 2-h 
value of 7.0 mmol/1 in 52.2 % of cases; 10.6 % of Group 2 
had diabetes at follow-up. In the IGT non-randomised 
reference group (3), glucose tolerance had deteriorated in 
67.1%, and diabetes was found in 28.6 %. The relative risk 
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Fig.2. Insulin increment post-load (ratio (40min- 
0 min)/0 min) at baseline and at follow-up after 6 years. Group 1, 
Type 2 (nonqnsulin-dependent) diabetic patients (treated), n = 26; 
Group2, impaired glucose tolerance (IGT) subjects (treated), 
n = 110; Group 3, IGT subjects (not treated), n = 28; Group 4, nor- 
mal control subjects, n = 96. Absentees at the 6-year follow-up and 
subjects with incomplete insulin data are excluded. (2nd test at 
baseline was not performed hi Group 4.) ~ baseline, 1st test; 
[] baseline, 2nd test; [ ]  follow-up; *p < 0.05 
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of diabetes development in Group2 compared to 
Group 3 was 0.37 (95 % confidence interval of 0.20-0.68, 
p < 0.003). There were no cases of diabetes in the selected 
normal control group (4). 

Development of blood pressure and blood tipids 
(Table 1) 

Blood pressure was reduced both in the Type 2 diabetes 
group (1) and in the IGT groups (2 and 3), and more sub- 
jects were on antihypertensive medication. The pre- 
valence of medication for hypertension at follow-up was 
lower in the IGT group (2) than in the IGT non-ran- 
domised reference group (3), but diabetes development 
was unrelated to anti-hypertensive treatment (mainly 
beta-blocking agents) in both groups (Chi 2 test). In 
Group 2, a comparable reduction in 2-h glucose values 
was seen in those on antihypertensive treatment (n -- 36) 
and those not (n = 125) (mean value of 1.2 mmol/1 vs 
1.0 mmol/1, NS). 

At follow-up, total plasma cholesterol had fallen signi- 
ficantly in the Type 2 diabetes group (1). Early during the 
intervention programme, the Type 2 diabetes and IGT 
groups (1 and 2) manifested a substantial reduction in 
serum triglycerides that was still evident after 6 years 
(similar pattern as for 2-h glucose values). 

Smoking 

Compared to the remainder of the cohort participating in 
both screening-programmes (n = 4.949), the fi-equency of 
smokers was lower in the treatment Groups i and 2 
(n =200): 39% vs 49% at the first screening (p < 0.01) 
and 28% vs 39% at the second screening (p < 0.005), 
whereas there was no difference in the frequency of sub- 
jects who stopped smoking. The frequency of smokers in 
Groups 1 and 2 was similar to that among the previously 
known cases of diabetes. 

Mortality 

Overall mortality in the whole cohort during the 6-year 
period was 3.3 % (230 of 6,956 subjects), or an annual mor- 
tality of approximately 0.5 %. The relative risk of death in 
the whole treatment group (5 of 222 subjects) compared to 
the remainder of the cohort (225 of 6,734 subjects) was 
0.67 (95 % confidence interval of 0.28-1.62, p < 0.37, NS). 
No case of fatal myocardial infarction was found among 
those continuing the treatment protocol. Considering 
Groups 1-3 together (Type 2 diabetes group and both 
IGT groups), accumulated mortality was lower than in the 
previously non-diabetic remainder of the cohort, 3.7 % 
(11 of 301 subjects) vs 3.2% (207 of 6,554 subjects) 
(p = 0.63 NS), but significantly (p < 0.003) lower than 
among the previously known (i.e. before screening) 
diabetic subjects (34 % Type 1 and 66 % Type 2 diabetes), 
where mortality was 11.9 % (12/101). 
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Discussion 

Probably the most important and novel outcome of the 
present study was that so large a group of sedentary and 
overweight middle-aged glucose-intolerant or diabetic 
subjects successfully participated in a 5-year intervention 
programme, with a drop-out rate of less than 10%. It 
should be emphasised that the treatment groups consisted 
of a fairly representative sample of glucose intolerant sub- 
jects in the cohort, and not of a sample of volunteers. Dur- 
ing the first 2 years, a high degree of treatment motivation 
was achieved, irrespective of whether the protocol was 
followed with a group or individually, and it was during 
this period that participants improved most. Thereafter 
participants manifested the normal pattern of age-related 
changes including seasonal variations, in fact at follow-up 
the IGT group no longer differed from the normal control 
subjects in body weight, and even a fairly small but persis- 
tent weight loss (mean 3.7-2.3 %, Groups 1 and 2) is im- 
portant for metabolic improvement. It was possible to dis- 
tinguish the effect of diet and training on body weight 
found in our previous short-term studies (see below), but 
the aim of the long-term intervention programme (over 
5 years) was to utilise the synergistic effect of diet and 
training. The triceps skinfold index tended to fall in all 
groups, probably as a result of general redistribution of 
body fat with age although the fall was greatest in the IGT 
group. As body weight increased in the non-treated group 
(3) and in the normal control group (4), their abdominal 
fat may have increased. It was possible to increase physi- 
cal activity to the extent that in about 50 % of cases (both 
IGT and Type 2 diabetes) physical fitness was still im- 
proved after 5 years of treatment and group means in- 
creased by 10-15 %. The intervention programme was as 
beneficial to the newly detected asymptomatic Type 2 
diabetic subjects as to the IGT subjects, and ability to par- 
ticipate in physical training was essentially comparable in 
the two categories. These findings suggest that environ- 
mental factors (e.g. leisure-time physical activity) are 
more responsible than genetic factors for the poor physi- 
cal fitness found in Type 2 diabetic and IGT subjects in 
this age group [30, 31]. 

Weight reduction and improved fitness were equally 
correlated to improved glucose tolerance, whereas sub- 
jects who both reduced weight and increased oxygen up- 
take improved most. Results are consistent with our pre- 
vious short-term (6-12 months) studies in the same cohort 
[16, 17, 19, 32] of which the present study is a direct con- 
tinuation. Several other short-term studies of physical 
training in IGT and Type 2 diabetes have been reported 
[33-42], with various results for glucose tolerance and 
oxygen uptake, depending on the age group studied, the 
duration, type and intensity of the training programme, 
and the severity of glucose intolerance. In a Swedish study 
of 48 newly detected 60-year-old diabetic patients [43], 
very few of whom were suitable for participation in a 
training programme, only six were able to complete a 2- 
year programme, and their glucose tolerance remained 
unchanged. The age of 47 to 49 years would therefore 
seem to be a favourable cut-off level for detecting enough 
cases at risk and to initiate or increase the level of exercise 
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before the period of life when the risk of coronary heart  
disease or musculo-skeletal disease starts to increase. 

The incidence of diabetes was significantly lower in the 
IGT group (2), than in the IGT non-randomised reference 
group (3). Although this difference could be due to selec- 
tion bias owing to group difference in the risk of diabetes, 
except for a small difference in baseline blood pressure 
values, the two IGT groups did not differ in any of the 
principal variables. In addition, most subjects in the refer- 
ence group were given advice also beneficial vis-fi-vis glu- 
cose tolerance (e. g. reduce sodium intake, alcohol con- 
sumption and obesity). Moreover, in a randomised IG T  
control group untreated for 6 months (i. e. during the pilot 
study), mean glucose tolerance was unchanged though 
some subjects developed diabetes even at this stage [44]. 

With a view to preserving or even improving Beta-cell 
function, efforts to increase insulin sensitivity are of the 
greatest importance [45]. Although for several reasons in- 
sulin data are difficult to interpret [46], a noteworthy find- 
ing in this study is the indication that Beta-cell damage, 
(i. e. loss of early responsiveness to glucose), was reduced 
or inhibited in the Type 2 diabetes and IGT groups (1 and 
2) paralleled by a reduction of the total insulin response 
(i. e. increased insulin sensitivity). This might in part ex- 
plain both the lower incidence of progression to diabetes 
in the IGT group (2), as compared to the IGT non-ran- 
domised reference group (3) in which decompensation of 
Beta-cell function may have started, and the high re- 
mission rate among the newly detected cases of Type 2 
diabetes. 

Blood pressure was reduced in both IGT groups (2 and 
3). In the intervention group (2), this could not be ex- 
plained by the fact that an additional percentage of cases 
were now on anti-hypertensive treatment, but by non- 
pharmacological effects deriving from the intervention 
programme. By contrast to findings in another  study [47], 
in neither of our IGT groups (2 and 3) did diabetes devel- 
opment  differ between those on pharmacological treat- 
ment for hypertension and those not. The higher in- 
cidence of hypertension in the Type 2 diabetes group (1), 
as compared to the IGT group (2), is probably a result of 
their more pronounced obesity (7% higher mean body 
weight) although comparable weight reduction was 
achieved. 

The predominant  effect of intervention (diet and exer- 
cise) on lipid metabolism was the reduction of type IV 
hyperlipidaemia in the IGTgroup  (2) throughout the inter- 
vention period, while values for triglyceridesincreased sub- 
stantially in the IGT non-randomised reference group (3). 
Although the effect on total cholesterolwas small (reduced 
in Type 2 diabetic subjects (1) but unchanged in IGT sub- 
jects (2)), nonetheless the L D L / H D L  ratio may well have 
improved, as was found in a previous short-term study [9]. 

Contrary to findings reported from other studies [4-6], 
mortality was lower in the Type 2 diabetes and IG T  
groups (1 and 2) than in the non-diabetic remainder of the 
total cohort. In fact, not a single case of fatal myocardial 
infarction was found among those following the protocol. 
In contrast, mortality was more than three-fold higher in 
previously known diabetic patients (mainly treated at the 
diabetes clinic) than in the remainder of the cohort (corn- 

parable results for both Type 1 and Type 2 diabetes), and 
five times higher than in the Type 2 diabetes group (1). 
Differences in mortality could not be explained by differ- 
ent changes in smoking habits. 

To sum up, it has be en found possible to induce and main- 
tain changes in life-style in a large group of IGT and Type 2 
diabetic subjects, in the form of enduring weight-loss, in- 
creased long-term physical activity and normalised age-re- 
lated oxygen uptake. This would seem to prevent or post- 
pone progression to diabetes in IGT subjects and delay 
metabolic deterioration in diabetic patients. The greatest 
benefit of intervention may not be improved glucose toler- 
ance per se, but the overall improvement in cardiovascular 
risk profile, with the possibility of reducing morbidity and 
mortality in cardiovascular disease. The intervention pro- 
gramme we have used could be carried out on a large-scale 
community basis, with a much simplified check-up proce- 
dure, and with a moderate input of resources. 
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