
Diabetologia (1990) 33:526-531 

Diabetologia 
�9 Springer-Verlag 1990 

Impaired glucose tolerance in a middle-aged male urban population: 
a new approach for identifying high-risk cases 
K.-E Eriksson and E Lindgfirde 

Department of Medicine, University of Lund, Malta0 General Hospital, Maim0, Sweden 

Summary. From an urban population (n = 9,033) of 4%49- 
year-old males, 6,956 participated in a multiphase screening 
programme, of whom 1.5% were already registered as 
diabetic patients, 1.7% were then found to be diabetic; of 
6,325 subjects given oral glucose tolerance tests, 6.6% were 
found to have impaired glucose tolerance (WHO criteria, 
1985). In 889 asymptomatic cases with initial capillary whole 
blood glucose values > 6.6 mmol/1 fasting and/or 2 h post- 
load, fluctuation in oral glucose tolerance was studied at re- 
peat tests within one month; the mean differences in glucose 
values between the first and second test were < - 1% (fast- 
ing) and - 15% (2 h post-load); there were no differences in 
body weight, and 62% of those with initially impaired glucose 
tolerance had normalised by the repeat test. Only in 
109cases (1.7%) were 2 h  post-load values in the 7.8- 
11.0 mmol/1 range both at the first and the repeat test; these 

cases were comparable vis-fi-vis body mass index, triceps skin 
fold, blood pressure and initial glucose and insulin values, 
but had significantly lower oxygen uptake (2.34 + 0.54 l/rain 
vs 2.63 + 0.68 l/rain; p < 0.003), as compared with subjects 
with initially impaired glucose tolerance but normal repeat 
test outcome. However, subjects with high normal first test 
results (2 h value in the 7.0-7.7 mmol/1 range) and second test 
results in the 7.0-11.0 mmol/1 range, resembled those with 
persistent impairment of glucose tolerance in all respects (in- 
cluding oxygen uptake). The repeat test procedure (includ- 
ing ergometry), is therefore to be recommended in selecting 
true risk cases. 

Key words: Diabetes mellitus, impaired glucose tolerance, 
population study, oral glucose tolerance test reproducibility, 
body weight, oxygen uptake. 

Type 2 (non-insulin-dependent) diabetes mellitus devel- 
ops from a preliminary phase of impaired glucose toler- 
ance (IGT) to manifest disease after an interval of varying 
duration [1-13]. The oral glucose tolerance test (OGTT)  
has been regarded as the best procedure for the diagnosis 
of mild diabetes in fasting normoglycaemic subjects [14], 
but there is a considerable divergence in the definition of 
IGT between that of the National Diabetes Data Group 
(based on midtest and 2 h value) [15] and that of the W H O  
(based on the 2 h value alone) [16]. A central problem has 
been identifying those really at risk [17], as there is a high 
incidence of spontaneous improvement or normalisation 
of glucose tolerance which is seldom taken into account 
when cases of IGT are selected for prospective study. Indi- 
vidual fluctuation has been demonstrated both in glucose 
tolerant subjects [18-20] and in IGT cases [20], but not in 
a large series with 2 h values ranging from high normal to 
diabetic levels. 

The aim of the present study was to make an epidemi- 
ological survey of impaired glucose tolerance and 
diabetes mellitus in a well-defined urban population of 

middle-aged males, and to identify the approximate 5% of 
the population who, though non-diabetic, are at the 
highest risk of developing diabetes, and thus select a 
group of suitable size for prospective study, where inter- 
vention would be justified and for which adequate resour- 
ces for follow-up are available. Owing to the low predic- 
tive value of a single glucose tolerance test, a repeat test 
procedure was used to identify those with reproducible 
test results. 

Subjects and methods 

Study population 

Since 1974, the Preventive Medicine Section of the Department of 
Medicine at Malta0 General Hospital, has run a continuous health 
screening and intervention programme for the consecutive investi- 
gation by birth-year cohorts of the city population [21, 22]. During a 
5-year period, all 47-49-year-old Malta6 males, born 1926-1931, 
were invited to participate, 77% of whom accepted (Fig. 1). 
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The Malm6 prospective diabetes cohort study 

Males born 1 9 2 6 - 1 9 3 1  

Cohort I 
9 0 3 3  

Responders [ 
6 9 5 6  

Known to have I Glucose 
1 

diabetes I screening 
101 6855  

Non- ] 
responders 

2077  

I diabetes subjects 
80 1997 

Fig. 1. Cohort structure and prevalence of known diabetes mellitus 
in Malm/5, Sweden, at the time of screening, during the period 1974- 
1979 

Fasting blood glucose was analysed in all cases. A glucose toler- 
ance test was included in the screening procedure, except in the case 
of known diabetic subjects or those with overt diabetic symptoms. In 
cases of IGT or newly detected diabetes, and in a random sample of 
the population screened, submaximal ergometry was performed. 

Methods 

All investigations were performed after the subjects had fasted 
(from 22.00 hours) overnight for at least 10 h and had refrained from 
smoking that morning. No other changes in life-style or diet during 
the days immediately preceding screening were requested. Com- 
pliance was checked before investigation, and in cases where the in- 
structions had not been followed or sudden illness had intervened, 
investigation was postponed. 

Blood glucose in capillary whole blood from fingertip samples 
was analysed with specific methods [23, 24]. Body mass index (BMI) 
was calculated according to the formula: kg/m 2. The triceps skin fold 
index was obtained by caliper measurement over the right brachial 
triceps, 5 cm above the elbow, values being transformed into a log 
scale [25]. Blood pressure was measured after 10 min rest. Plasma in- 
sulin was measured by standard RIA [26], and blood lipids with 
standard methods. Maximal oxygen uptake was estimated from 
steady state heart rate during submaximal ergometry [27], values 
being expressed in 1/min and ml- kg- z- min. 

The glucose tolerance test (GTT) was performed with the sub- 
jects at rest, lying at a 45 ~ angle, and only rising to void urine. For 
OGTT, 30 g glucose/m 2 body surface area (according to du Bois) 
(58 + 5 g; mean and SD) in 10% aqueous solution was ingested with- 
in 5 rain [28]. Fasting and 2 h blood glucose was measured in dupli- 
cate, and plasma insulin in triplicate. From the first two birth-year 
cohorts, cases were randomly selected for an intravenous test 
(IVGTT) in which 25 g glucose/m 2 (49 _+ 14 g) in 40% aqueous solu- 
tion was injected within 3 rain and the k-value (%/rain) calculated 
[29]. 

Cut-off levels for GTT 

At screening, the cut-off levels adopted for the OGTT and IVGTT 
were those routinely used in the hospital [28]. The cut-off level 
adopted for fasting and 2 h post-load (OGTF) capillary whole blood 
glucose was 6.6 mmol/1 at the start of the screening programme, but 
after introduction of the SI-system during the second year the cut-off 
level for the 2 h value was approximated to 7.0 mmol/1. For the epi- 
demiological survey presented here, however, the WHO (1985) 
criteria for diabetes and IGT have been used [16]. For the IVGTT k- 
value, the cut-offlevel for a normal test was 1.00%/rain. 

Second GTT 

To check an abnormal or diabetic result of the first fasting value or 
GTT, with a few exceptions all such cases were invited to a second 
test within one month. The letter of invitation to the repeat test, 
stated only that the GTT result was abnormal and should be 
checked; no other information was given. In cases with diabetic 
symptoms or high fasting glucose levels, only fasting values were 
checked; in cases of abnormal test results, the GTT was repeated. 
The oral test was repeated in 889 cases with abnormal results. In an- 
other 88 cases, the first test was an OGTI" and the second test an 
IVGTT, and vice versa in 69 cases (randomly selected). In 20 cases, 
IVGTT was performed twice. The test was not repeated in some 
cases (for various reasons). 

Statistical analysis 

Values for variables are expressed as means and SD or SEM. Paired 
t-tests were used for comparing glucose values and body weights be- 
tween first and second OGTT. Tables 2 and 5 show the results of ana- 
lysis of variance, t-tests between groups having been done where F- 
values were significant (p < 0.05). 

Results 
Diabetes prevalence (Figs. 1 and 2) 

Of the total  cohort  at the t ime of the invi ta t ion  to jo in  
the p rogramme,  77% responded  while 23% did no t  
respond  despi te  two requests.  Of  the responders ,  the pre-  
valence of previously know n  diabetes  was 1.5% of which 
34% were on  insul in  t rea tment ,  0.2% of cases with pre-  
viously u n k n o w n  diabetes  had overt  symptoms of 
diabetes  and glycosuria, while 1.5% were asymptomat ic  
mee t ing  the W H O  criteria (1985) for diabetes  at the first 
GTT. Thus,  the preva lence  of newly de tec ted  diabetes  
was 1.7%, and  the total  prevalence  of diabetes  in the re- 
sponder  group 3.1%. In  a fur ther  32 cases (0.5%), repeat  
test results indica ted  the presence  of diabetes.  Al l  newly 
detected cases were pre l iminar i ly  regarded as Type 2 
diabet ic  pat ients ,  and  n o n e  were pu t  on insul in  treat-  
ment .  

Outcome of glucose screening ] 

StudY6956Population [ 

120'  

Fig.2. Results of screening for impaired glucose tolerance and 
diabetes mellitus in the whole study population. Results of the oral 
glucose tolerance test are presented with the WHO (1985) criteria 
with the exception of separating subjects with 2 h values in the 7.0- 
7.7 mmol/1 range from normal subjects 
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Table 1. Percentiles of fasting and 2 h blood glucose (mmol/1) during 
oral glucose tolerance test in the whole study population 

Percent~es 1 5 10 25 50 75 90 95 99 100 

Fasting glucose: 
n=6,948 a 3.4 3.8 4.0 4.3 4.7 5.1 5.6 6.0 8.9 20.1 
n=6,847 b 3.4 3.8 4.0 4.3 4.7 5.1 5.5 5.8 6.9 18.4 
n=6,325 c 3.5 3.8 4.0 4.3 4.7 5.1 5.5 5.8 6.7 12.5 

2 h glucose: 
n=6,32Y 2.8 3.3 3.7 4.4 5.3 6.4 7.4 8.3 10.6 20.5 

n = number of subjects studied, a Cases of previously known 
diabetes included (n = 101). In eight subjects (of 6,956) fasting values 
failed, b Cases of previously known diabetes excluded. ~ Subjects 
in whom an oral glucose tolerance test was performed 

With regard to the non-responders,  a search was made 
in patient records at the Internal Medicine Outpatient  
Clinic, the Diabetes  Care Unit, and the central hospital 
archives (the city region is served by one main hospital 
which treats most of the local diabetic patients). At  the 
time of screening, 3.9% of subjects were registered 
diabetic, which is twice the rate in the responder  group 
(p < 0.001). If undetected diabetes is estimated at the 
same rate in the non-responder  group as in the responder 
group, the prevalence of diabetes in the non-responder  
group would be 5.5%. In the cohort as a whole, the pre- 
valence could be estimated to be 3.7%. 

Outcome of the GTTs (Fig. 2) 

G T T  was per formed in 98% of the study population. The 
screening outcome is summarised in Figure 2. O G T T  
was normal  in 92.0% and impaired in 6.6%, and diabetes 
was found in 1.4%. With the lower cut-off level for I G T  
in use at the depar tment  at the t ime of screening (2 h 
value >6.6mmol/1  before the SI-system and later 
> 7.0 mmol/1), 653 of the normal  cases (183 cases in the 
6.6-6.9 mmol/1 range and 470 cases in the 7.0-7.7 retool/1 
range) were also regarded as I G T  cases, the subjects being 
invited to a second test. 

I V G T F  results were normal  in 78.4%, 18.7% had k- 
values < 1.00%/min but normal fasting values, and 2.9% 
had increased fasting values. The mean k-value ( +  SD) 
was 1.48 + 0.61%/min (range 0.41-5.00 %/min; 2.7% of all 
values < 0.50%/min and 17.3% in the 0.50-0.99%/min 
range). 
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In Table 1, fasting and 2 h glucose values are given as 
percentiles. The mean and SD of fasting glucose values in 
the study population as a whole are 4.84 and 1.07 retool/l, 
respectively. If previously known diabetic subjects and 
subjects in whom O G T T  was not per formed are excluded, 
the corresponding figures are 4.77 and 0.77 mmol/1 (fast- 
ing values); 5.50 and 1.62 mmol/1 (2 h values). The correla- 
tion coefficient between fasting and 2 h values was 0.45 
(p < 0.001; 6,325 observations). 

In Table 2, mean values for body weight, body mass 
index, maximal oxygen uptake, and fasting and 2 h blood 
glucose are given for the different categories of glucose 
tolerance. There  is a strong relationship between glucose 
values and both weight and maximal oxygen uptake. The 
highest mean  weight and lowest oxygen uptake is found in 
conjunction with newly detected diabetes (mainly asymp- 
tomatic), whereas the I G T  state is characterised by moder-  
ate overnight and moderately  reduced oxygen uptake. 

Table 3 shows the outcome of first and second OGTTs  
for the 889 retested cases; cases are divided into four ca- 
tegories according to the 2 h value at the first test to make 
further comparison possible. The wide individual fluctua- 
tion is unmistakable,  and it is noteworthy that, on re-testing 
within one month, only31% of those originally meeting the 
W H O  criterion of I G T  had a comparable  test outcome, and 
in 62% the value had fallen below the cut-off level, while 
49% were even below 7.0 mmol/1. Reproducibili ty was 
highest in the diabetic group. There  was relatively little in- 
crease in glucose intolerance (diabetes being diagnosed in 
only 7% of the I G T  group at the repeat  test). 

Table 4 shows the mean values for fasting and 2 h 
blood glucose during the two OGTTs  and corresponding 
body weights. The mean difference in fasting values be- 
tween the first and the second test was negligible, while 
the mean 2 h value was 15% lower on retest. Mean body 
weight was unchanged between the two tests. 

To ascertain whether  persistence of I G T  is related to 
physiological variables and metabolic profile, non- 
diabetic subjects who underwent a second O G T T  were 
divided into three groups (Table 3): Group  1 (n = 109), 
I G T  according to W H O  on both tests; Group 2 (n = 221), 
I G T  on first test; second test being normal  (2 h value 
< 7.8 mmol/1); Group  3 (n = 104), high normal  result on 
first test (2 h value in the 7.0-7.7 mmol/1 range), second 
test outcome in the 7.0--11.0 mmol/1 range. Table 5 gives 
the mean values for these three groups. Analysis of vari- 
ance showed no differences between groups vis-fi-vis body 

Table 2. Body weight, body mass index, oxygen uptake and blood glucose by glucose tolerance as assessed with the OGTT 

Variable Glucose 0' > 6.7 Glucose 0' < 6.7 Glucose 0' < 6.7 Glucose 0' < 6.7 
and/or 2 h _> 11.1 and 2 h 7.8-11.0 and 2 h 7.0-7.7 and 2 h < 7.0 
n = 101 (1) n = 419 (2) n = 470 (3) n = 5,347 (4) 

Body weight (kg) 86.4 + 14.3 
Body mass index 27.9 _+ 4.1 
Maximal oxygen uptake (1/min) a 2.34 _+ 0.71 
Maximal oxygen uptake (ml. kg-i. min 1)a 27.5 + 6.3 
Fasting blood glucose (mmol/1) 7.7 _+ 2.3 
2 h blood glucose (mmol/1) b 10.6 _+ 3.3 

81.5 + 12.3 80.2 _+ 11.3 76.9 • 11.1 
26.4 _+ 3.7 25.9 + 3.2 24.7 +_ 3.1 
2.46_+ 0.72 2.57 + 0.61 2.79 + 0.69 

30.8 + 8.6 32.2 + 7.4 36.6 + 9.0 
5.1 + 0.6 5.0 _+ 0.6 4.7 + 0.6 
8.7 _+ 0.8 7.3 _+ 0.2 5.0 • 1.1 

n = number of subjects studied; mean + SD. a Ergometry was performed in 28 (1), 194 (2), 165 (3) and 220 (4) subjects, b Missing 2 h value 
in 12 cases in whom OGTT was not performed due to overt diabetic symptoms. All groups had significantly different values (p < 0.05) for all 
variables 
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Table 3. Outcome of first and second oral glucose tolerance test by levels at first test 
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2nd test 1st test Glucose 0 rain > 6.7 Glucose 0 min < 6.7 Glucose 0 min < 6.7 Glucose 0 min < 6.7 
and/or 2 h > 11.1 and 2 h 7.8-11.0 and 2 h 7.0-7.7 and 2 h 6.6-6.9 
n = 51 n = 353 n = 370 n = 115 

Glucose 0 min > 6.7 and/or 2 h _> 11.1 23 
Glucose 0 min < 6.7 and 2 h 7.8-11.0 15 
Glucose 0 min < 6.7 and 2 h 7.0-7.7 5 
Glucose 0 min < 6.7 and 2 h 6.6-6.9 2 
Glucose 0 rain < 6.7 and 2 h < 6.6 6 

23 7 0 
109 a 44 c 8 

47 b 60 c 6 
34 b 35 5 

140 b 224 96 

n = number of subjects studied a-~ indicate groups 1-3, further analysed in Table 5 

Table 4. Glucose values during first and second oral glucose tolerance test and corresponding body weights in 889 cases with abnormal first 
test results 

1st test 2nd test Dirt ~ 

Mean SD min max Mean SD rain max Mean SEM % pb 
Fasting blood glucose (mmol/1) 5.1 0.7 3.2 9.1 5.1 0.8 3.0 8.7 -0.1 0.0 - 0.7 0.004 
2 h blood glucose (mmol/1) 8.0 1.3 4.5 14.7 6.8 1.8 2.3 15.0 - 1.2 0.1 - 14.7 0.001 
Bodyweight (kg) 81.4 12.2 45.1 142.0 81.3 12.0 45.2 142.0 -0.2 0.1 - 0.1 0.011 

~ 2nd value minus 1st value (values are rounded off to one decimal); b p-value for paired t-test 

weight, BMI, triceps skin fold index, diastolic blood pres- 
sure, first fasting glucose and insulin values, first 2 h post,  
load insulin values or blood lipids, though maximal  
oxygen uptake and systolic blood pressure differed signifi- 
cantly between the groups (p < 0.005; p < 0.02). Mean 
values for oxygen uptake were similar in groups i and 3, 
and significantly lower than in g roup2  (p<0.003;  
p < 0.02). Systolic blood pressure was higher in both  I G T  
groups than in the high normal  group, though there was no 
difference between the two I G T  groups despite the differ- 
ent outcome of the second test. Although all cases in 
groups 1 and 2 had I G T  at the first test, the mean  2 h glu- 
cose value was higher in group 1. The 2 h glucose value at 
the second test was by definition lower in group 2, and the 
2 h insulin level showed a concomitant  fall. There was a 
tendency (just below the level of significance) toward in- 
creased plasma triglycerides in group 1 (significant if only 
the two I G T  groups were compared  (p < 0.02)), while no 
differences were found between any of the three groups 
with regard to plasma cholesterol. 

Discuss ion  

Further epidemiological studies are needed [16, 30] to im- 
prove our understanding of the determinants  involved in 
the deterioration process f rom normal  or impaired glucose 
tolerance to manifest  diabetes. It is thus an advantage to 
have a large, homogenous  and well-defined study popula-  
tion, especially when the prevalence of known diabetes is 
low (about 2% ) in the urban area in question. In this re- 
spect, our  study populat ion was satisfactory with an atten- 
dance rate of 77%, although there may have been a minor 
degree of selection as the prevalence of known diabetes 
was higher in the non-responder  group than in the cohort as 
a whole. The 2.0% prevalence of previously known 
diabetes in the whole cohort is comparable  to that of 
diabetes in Sweden as a whole, for males in this age group 
[31], though it is only half that repor ted  in the U S A  [32, 33]. 
However,  the proportion of previously undiagnosed cases 

was comparable  to that in the U S A  (i. e., about the same as 
that for previously known cases in this age group). 

The epidemiological data may have been affected by 
the loading dose used for the O G T T  being slightly smaller 
than that now recommended  by the W H O  [34, 35]. In a 
smaller Swedish study [36], however, no significant dif- 
ference in effect on the 2 h value was found between a dos- 
age of 30 g/m 2 body surface area and a fixed dose of 75 g in 
each subject. Moreover,  the use of duplicate blood sam- 
ples for the cut-off values, as adopted in this study, in- 
creases the reliability of the glucose values and minimises 
the risk of laboratory error. 

In this study, the G T T  was per formed in the whole re- 
sponder group under strictly standardised conditions after 
subjects had fasted overnight. In many studies, the O G T T  
has been per formed in selected groups only, for example 
in cases with glycosuria, and often under varying condi- 
tions. In view of the substantial individual fluctuation in 
glucose tolerance and low reproducibility of the O G T T  
previously repor ted [18, 37-40], the result of a single 
O G T T  is of ra ther  low predictive value. 

As the screening procedure used here included re-test- 
ing of all abnormal  cases, it was possible to study and 
quantify the natural fluctuations in glucose tolerance in a 
large group of cases (about 900) with initially high fasting 
or post-load glucose values. Of  all cases subjected to 
OGTT,  4.1% had a 2 h value in the 7.0-11.0 mmol/1 range 
on both tests compared to 6.6% with a 2 h value in the 7.8- 
11.0 mmol/1 range ( W H O  criterion) at the first test only. 
However,  owing to the low reproducibility only half of the 
cases identified were identical as established with both 
procedures (i. e., the W H O  criterion and repeat  testing at 
our cut-of level) (Table 3), which implies the existence of 
different subgroups of IGT. It was found that 2 h values 
decreased by as much as 15% on average, the fall being 
unrelated to any change in weight. The fall is mainly to be 
explained by the regression-to-the-mean phenomenon,  
although smaller variation in the intake of carbohydrates 
during the interval between the tests and relief of anxiety 
about the investigation may be of some importance. 
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Table 5. Physiological and metabolic variables in groups a with stable and with fluctuating impaired glucose tolerance 

Variable Group 1 Group 2 Group 3 p-value 
n = 109 n = 221 n = 104 

Body weight (kg)1st test 83.3 _+ 10.3 80.8 + 13.2 81.8 + 11.8 NS 
Body weight (kg)2ndtest 83.2 _+ 10.4 80.6 + 13.0 81.9 + 12.1 NS 

Body massindex 26.9 + 3.3 26.2 + 3.8 26.6 + 3.2 NS 

Triceps skinfoldindex 203 + 19 203 + 19 203 + 18 NS 

Maximal oxygen uptake (1/min) 2.34 + 0.54 (2) 2.63 + 0.68 (1, 3) 2.39 _+ 0.59 (2) 0.0044 

Maximaloxygenuptake(ml-kg-i-min -1) 28.8 + 6.7(2) 33.3 + 8.6(1,3) 30.5 + 7.6(2) 0.0011 

Systolic blood pressure (mmHg) 139 + 16 142 + 20 (3) 136 + 19 (2) 0.0110 

Diastolic bloodpressure (mmHg) 92 + 10 94 + 12 93 + 12 NS 

Fasting glucose (mmol/1)1st test 5.2 + 0.6 5.1 + 0.6 5.0 + 0.6 NS 
Fasting glucose (retool/l) 2nd test 5.2 + 0.7 (2) 5.0 + 0.6 (1,3) 5.1 _+ 0.7 (2) 0.0009 

2 h glucose (mmol/1) 1st test 9.0 + 0.8 (2, 3) 8.5 _+ 0.7 (1,3) 7.3 _+ 0.2 (1, 2) 0.0 
2 h glucose (mmol/1) 2nd test 8.7 + 0.8 (2, 3) 6.1 + 1.0 (1, 3) 7.8 + 0.9 (1, 2) 0.0 

Fasting insulin (mIU/1)1st test 14.7 + 1.0 14.8 + 1.0 13.7 + 1.1 NS 
Fasting insulin (mIU/1)2nd test 15.0 + 1.5 12.6 + 0.7 13.5 + 1.1 NS 

2 h insulin (mIU/1)lsttest 106.3 + 6.5 101.1 + 6.7 81.6 _+ 5.6 NS 
2 h insulin (mIU/1) 2nd test 102.5 + 6.6 (2) 56.3 + 3.2 (1, 3) 87.9 + 5.8 (2) 0.0001 

Plasma cholesterol (mmol/1)1st test 5.83 + 0.98 5.97 + 1.09 5.85 + 0.87 NS 

Plasma triglycerides (mmol/1)1st test 2.27 + 0.13 1.92 + 0.01 1.96 + 0.15 NS 

a Group 1 = IGT (2 h value in the 7.8-11.0 range) on both tests; Group 2 = IGT on first test; second test being normal (2 h value < 7.8 mmol/1) 
Group 3 = High normal on first test (2 h value in the 7.0-7.7 mmol/l range) and second test with a 2 h value in the 7.0-11.0 mmol/1 range. See 
also Table 3 for group definition; Mean + SD or SEM (insulin and triglycoride values). Figures in brackets indicate groups with significantly 
different values (p < 0.05 on t-test); n = number of subjects; n. s. = p > 0.05 for F-value (analysis of variance), or thep-value is given 

The  finding of  constant  fasting glucose values is chiefly 
to be explained by the fact that  mos t  cases were  selected 
for the repeat  test on the basis of  the 2 h value. The  regres- 
sion to the mean  will thus not  be comparab le  unless fasting 
and 2 h values are almost  100% correlated,  in our  study 
both  values (n = 6,325) had an overall  correlat ion coeffi- 
cient of  0.45 ( somewhat  lower  for  lower values and some- 
what higher for  higher  values), implying that  each glucose 
level is independent ly  subject to o ther  factors as well (e. g., 
measu remen t  error).  In  the g roup  with diabetic symp- 
toms, where  only fasting glucose was measured  on the first 
and repeat  test (not included in Table 3), there  was no 
mean  difference be tween  the first and second value, but  
decision to re-test was not  based  on the fasting value alone 
but  on symptomato logy  as well. 

A close overall  correlat ion be tween  maximal  oxygen 
uptake  and glucose tolerance,  has been  demons t ra ted  in 
previous studies of  ours in the same screening cohor t  [41- 
43]. The  indirect measu remen t  of  oxygen uptake  used in 
the study, has been  compared  with a direct method,  both  
in normal  subjects and I G T  cases, but  no difference was 
found [44]. In  the present  s tudy maximal  oxygen uptake  
was significantly lower in I G T  cases where  the O G T T  re- 
sult was reproducible  (group 1), and in cases with inter- 
media te  but  persistent values (group 3), than in I G T  cases 
with normal  repeat  test results (group2) .  Reduced  
oxygen uptake  has been  found  to be coupled  to reduced  
insulin sensitivity [41, 43] and in a previous study [45] 
oxygen up take  was found  to be low in cases with IGT, in- 
dicating a more  severe metabol ic  disturbance and a re- 
duced metabol ic  potential  in skeletal muscle. The  present  
findings of  a persistent increase in the 2 h insulin level and 
a tendency  toward  increased triglycerides also support  

this idea of  a more  p r o n o u n c e d  insulin resistance in cases 
with reproducible  IGT. Fluctuators  (group 2) were found  
to have a somewhat  higher  systolic but  not  diastolic b lood  
pressure, which may  indicate that  stress is a factor  of  im- 
por tance  with regard to the non-reproducib le  O G T T  re- 
sult. 

A l though  a number  of  studies have shown baseline 
glucose values to be the best  predictors  of  future diabetes 
[3-12], there has been  no evaluat ion of  the risk of  diabetes 
in patients with I G T  and poor  physical fitness but  with 
little f luctuat ion in glucose tolerance.  Fluctuat ion in com- 
binat ion with normal  physical fitness may  indicate a 
milder degree  of  I G T  and prevent ive efforts in such cases 
could be reduced.  To increase the specificity and predic- 
tive value of  the O G T T  we would  r e c o m m e n d  the use 
either of  the repeat  test procedure ,  and in that  case at a 
lower  cut-off  level for the 2 h value to obtain enough  
cases, or to extend the investigation by including ergo- 
metry, or  both,  when  I G T  cases are selected for long- term 
studies. 
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