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Summary. Risk factors measured in a cross-sectional study in
subjects aged 65-74 years living in eastern Finland were
correlated with the risk of developing diabetes 3.5 years later.
Sixty-nine of 892 initially non-diabetic subjects developed
diabetes during the follow-up. Subjects who subsequently
developed diabetes had multiple adverse changes in risk fac-
tor levels before the diagnosis of diabetes. Subjects who de-
veloped diabetes had higher body mass index and waist-hip
ratio as well as higher levels of fasting and 2-h plasma glucose
and insulin and higher prevalence of family history of
diabetes than those who remained healthy. Furthermore,
prevalence of hypertension and levels of diastolic blood
pressure and total triglycerides were higher and HDL choles-
terol lower among subjects who developed diabetes than
among those who remained healthy. The highest risk of
developing diabetes was associated with impaired glucose
tolerance (World Health Organisation criteria) (odds
ratio = 9.8,95% confidence interval = 6.1-5.8). The risk of
developing diabetes was 3.7 (3.2-6.1) among subjects in the
highest quartile of 2-h insulin distribution, 3.5 (2.0-6.1) in

those with triglycerides greater than 2.5 mmol/l, 2.7 (1.5-4.6)
in those with waist-hip ratio greater than 1.0,2.5 (1.54.4) in
those with HDL cholesterol less than 1.0 mmol/l, 2.1 (1.2-
3.6) in those with body mass index greater than 30 kg/m?, 1.9
(1.1-3.3) among those in the highest quartile of fasting in-
sulin distribution, 1.8 (1.0-3.1) in those having hypertension,
and 1.7 (1.0-2.9) in those with a family history of diabetes.
The risk of diabetes increased by clustering of risk factors re-
lated to insulin resistance (impaired glucose tolerance, trigly-
cerides > 2.5 mmol/l, HDL cholesterol < 1.0, hypertension)
so that the risk was 3.6-fold in those having one risk factor
and 59-fold in those having all four risk factors compared to
subjects having no risk factors. In conclusion, cardiovascular
risk factors related to insulin resistance are predictors of
diabetes in the elderly.

Key words: Type 2 (non-insulin-dependent) diabetes melli-
tus, impaired glucose tolerance, incidence study, obesity,
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Prospective studies have shown that in middle-aged sub-
jects high plasma glucose level [1-3] and impaired glucose
tolerance (IGT) [4-6] are among the best predictors of
Type 2 (non-insulin-dependent) diabetes mellitus. Sub-
jects who subsequently develop diabetes also have high
plasma insulin levels [2, 3, 7-9] and they are insulin resis-
tant [9]. Furthermore, middle-aged pre-diabetic subjects
have elevated blood pressure [10-12], hypertriglycerid-
aemia [10-13], and low HDL cholesterol levels [11] even
before the onset of clinical diabetes. Due to these multiple
adverse changes in thé cardiovascular risk factor profile
pre-diabetic subjects are likely to be at an increased risk
for atherosclerosis [11].

* This study was presented at the 28 th Annual Meeting of the Euro-
pean Association for the Study of Diabetes in Prague, Czechoslova-
kia, 8-11 September 1992

Although the prevalence of diabetes increases marked-
ly in the elderly [14] information about the pre-diabetic
state and risk factors for diabetes in the elderly are scarce.
There are no data available on the natural history and pre-
dictive value of IGT for future risk of diabetesin the elderly.
Furthermore, it is not known whether hyperinsulinaemia
alsopredictsdiabetesin the elderly. Nevertheless, the Ran-
cho Bernardo study from California [12] has shown that a
less favourable cardiovascular risk factor profile precedes
the diagnosis of both Type 2 diabetes and IGT in elderly
subjects. However, it is not known whether clustering of
cardiovascular risk factors is associated with an increased
risk of developing diabetes in the elderly. To investigate
these questions risk factors measured in a cross-sectional
population-based study in subjects aged 65-74 years living
in eastern Finland were correlated with the risk of develop-
ing diabetes 3.5 years later.
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Table 1. Comparison of glucose tolerance status of non-diabetic subjects at baseline in 1986-1988 and follow-up status 3.5 years later: Kuopio,

eastern Finland, 19861991

Glucose tolerance Glucose tolerance status at 3.5 year follow-up

status 1986-1988 Normal ghucose Impaired glucose ~ Diabetes Total
tolerance tolerance

Men

Normal glucose tolerance (%) 79.1 (200) 16.6 (42) 43 (11) (253)

Impaired glucose tolerance (% ) 30.0 (21) 42.9 (30) 27.1(19) (70)

Wormen

Normal glucose tolerance (%) 77.5(338) 20.2 (88) 2.3 (10) (436)

Impaired glucose tolerance (%) 383 (51) 39.8 (53) 21.8 (29) (133)

Sexes combined

Normal glucose tolerance (%) 78.1 (538) 18.9 (130) 3.0(21) (689)

Impaired glucose tolerance (% ) 355(72) 409 (83) 23.6 (48) (203)

Subjects and methods Laboratory methods

Subjects Blood samples were taken between 07.30 and 09.30 hours after a

The baseline cross-sectional study was conducted in Kuopio, eastern
Finland in 1986-1988. The formation [15] and representativeness
[16] of the study population have been previously described in detail.
The 1300 subjects who participated in the study at baseline were ran-
domly selected from the Kuopio population aged 65-74 years. The
follow-up was performed in 1990-1991, on average 3.5 years
(42 £ 4 months) after the baseline cross-sectional study. After the
baseline study 108 subjects died leaving 1192 subjects eligible for fol-
low-up. Eventually 1054 subjects participated in the follow-up giving
an overall participation rate of 88%. A total of 159 subjects had
diabetes at baseline and three subjects had incomplete oral glucose
tolerance test at the follow-up examination and they were excluded
from the analyses in this report leaving 323 men and 569 women.

Methods

Weight and height were measured in light clothing without shoes.
Body mass index (BMI) was calculated as weight (kg) divided by
height (m) squared and was used as an index of overall adiposity. The
waist-hip ratio was used as a measure of body fat distribution. Waist
circumference was measured at the level of the umbilicus with the
subject standing and breathing normally. Hip circumference was
measured at the level of the greatest hip girth. Blood pressure was
measured in the supine position with amercury sphygmomanometer
after a 5-min rest. Two readings were taken (interval 1.5 min), and
the latter one was used in statistical analyses. A subject was defined
as having hypertension if systolic blood pressure was 160 mm Hgor
over, or diastolic blood pressure was 95 mm Hg or over, or if he/she
was receiving drug treatment for hypertension. Alcohol consump-
tion was determined according to the subject’s estimate of the aver-
age number of glasses of beer, wine, or other alcoholic drinks in-
gested per week. In statistical analyses subjects were classified as
alcohol users or non-users. Smoking was defined if the subject was a
current smoker. Family history of diabetes was regarded positive if
one of the parents or siblings had Type 2 diabetes.

Previously known diabetes was considered to be present, if the
diagnosis of diabetes had previously been made by a physician. The
World Health Organization diagnostic criteria for diabetes were
used in the classification of subjects without previously known
diabetes [17]. The criteria are as follows: 1) diabetes mellitus, fasting
venous plasma glucose 7.8 mmol/l or above or 2-h venous plasma
glucose 11.1 mmol/l or above in a 75-g oral glucose tolerance test
(OGTT); 2) impaired glucose tolerance (IGT), fasting venous plas-
ma glucose less than 7.8 mmol/l and 2-h venous plasma glucose 7.8—
11.1 mmol/l; 3) normal glucose tolerance, fasting and 2-h venous
plasma glucose less than 7.8 mmol/l.

12-h fast. All subjects underwent a 75-g OGTT both in the baseline
cross-sectional study and at 3.5 years follow-up. Venous blood sam-
ples for glucose and insulin determinations were taken before and
2 h after the glucose load into chilled tubes and plasma was sepa-
rated immediately. Plasma glucose was determined by the glucose
oxidase method (Glucose & Stat HGA-1120 analyzer; Daiichi,
Kyoto, Japan). Plasma insulin was determined from samples stored
at ~70°C by a commercial double-antibody solid-phase radioimmu-
noassay [18] (Phadeseph Insulin RIA 100; Pharmacia Diagnostics
AB, Uppsala, Sweden). Serum HDL cholesterol was determined
after the precipitation of low-density and very-low-density lipopro-
teins with dextran sulphate and magnesium chloride [19]. Commer-
cial enzymatic methods were used in the determination of serum
cholesterol [19, 20] (Monotest; Boehringer Mannheim, Mannheim,
FRG) and triglycerides [21] (Peridocrome; Boehringer Mannheim).
Commercial control sera were used to standardize the measure-
ments of cholesterol and triglycerides (Seronorm, Seronorm Lipid;
Nycomed, Oslo, Norway).

Statistical analysis

Data analyses were performed with the SPSS/PC + statistical soft-
ware [22]. The results for continuous variables are given as mean £
SEM. The Student’‘s two-tailed t-test for independent samples, anal-
ysis of covariance (ANCOVA) and chi-square test were used in
assessment of the significance of difference between subjects who
developed diabetes and subjects who did not. The risk of developing
diabetes associated with various risk factors was assessed by calcu-
lating odds ratios.

Results

Of the 892 subjects who participated, 253 men and
436 women had normal glucose tolerance and 70 men and
133 women had IGT at baseline (Table 1). Of the subjects
with IGT at baseline 23.6% developed diabetes during
3.5 years follow-up whereas incidence of diabetes was
3.0% only among subjects with normal glucose tolerance
at baseline. Thus, the overall 3.5 year incidence of
diabetes was 7.7 % (69/892).

Table 2showsbaseline demographiccharacteristicsand
levels of cardiovascular risk factors in subjects who de-
veloped diabetes and in those who remained healthy dur-
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Table 2. Baseline demographic characteristics and cardiovascular risk factors according to diabetes status at 3.5 year follow-up: Kuopio, east-

ern Finland, 19861991

Developed Remained

diabetes healthy p-value

(n=69) (n=2823)
Sex (%, male/female) 43/57 (30/39) 36/64 (293/530) NS
Age (years) 68.6+0.3 68.9+0.1 NS
Body mass index (kg/m?) 29.0+0.5 27.0+0.1 < 0.001
‘Waist-hip ratio 0.95£0.01 0.92+0.01 <0.001
Fasting plasma glucose (mmol/l) 6.2%0.1 57+£01 < 0.001
2-h plasma glucose (mmol/1) 8.4+02 6.4+0.1 <0.001
Fasting plasma insulin (pmol/l) 1278 104£2 <0.01
2-h plasma insulin (pmol/l) 851+86 492 +14 < 0.001
Total triglycerides (mmol/l) 2.22+0.14 1.66£0.02 <0.001
Total cholesterol (mmol/l) 6.48 £0.15 6.59 £0.04 NS
HDL cholesterol (mmol/l) 1.18 £0.04 1.3140.01 <0.01
Systolic blood pressure (mmHg) 159+3 1561 NS
Diastolic blood pressure (mm Hg) 84+1 81+1 <0.05
Hypertensives (%) 68.1 (47) 54.4 (448) <0.05
Drug treatment for hypertension (%) 34.8 (24) 23.6 (194) <0.05
Current smokers (%) 1.4(1) 10.0 (82) <0.05
Alcohol users (%) 29.0 (20) 30.5(251) NS
Family history of diabetes (%) 42.0(29) 30.1 (248) <0.05

Values are mean + SEM

Table 3. Prevalence of adverse levels of risk factors at baseline and risk of developing Type 2 diabetes associated with univariate risk factors:

Kuopio, eastern Finland, 1986-1991

Prevalence Odds ratio 95 % Confidence interval

% , (cases)
Impaired glucose tolerance (yes/no) 22.8 (203) 9.85° 6.14-15.8
2-h plasma insulin > 621 pmol/l 24.9 (222) 3.74¢ 3.20-6.08
Total triglycerides > 2.5 mmol/l 126 (112) 3.52¢ 2.03-6.11
Waist-hip ratio > 1.0 16.3 (145) 2.66° 1.54-4.62
HDL cholesterol < 1.0 mmol/l 17.7 (158) 2.55° 1.48-4.39
Body mass index > 30 kg/m® 20.3 (181) 2.10° 1.21-3.65
Fasting plasma insulin > 124 pmol/l 24.9 (222) 1.93 1.13-331
Hypertension (yes/no) 55.5(495) 179 1.03-3.10
Family history of diabetes (yes/no) 31.1277) 1.68 0.99-2.86

*p< 005, *p<0.01, ¢ p<0.001. Odds ratio compares odds for sub-
jects with a risk factor level above the cut-off point to odds for sub-
jects with a risk factor level below the cut-off point; cut-off points for

ingfollow-up. Subjects who developed diabetes had higher
BMI, waist-hip ratio, and fasting and 2-h plasma glucose
andinsulin levels than subjects who remained healthy. Fur-
thermore, total triglyceride level and diastolic blood pres-
sure were higher and HDL cholesterol level was lower
among subjects who developed diabetes than among those
who did not. In addition, prevalence of hypertension and
family history of diabetes were higher and proportion of
current smokers was lower among subjects who developed
diabetes than among those who remained healthy. How-
ever, there were no differences in age, total cholesterol or
systolic blood pressure levels, or proportion of alcohol
users between subjects who developed diabetes and sub-
jects who did not. These differences in risk factor levels be-
tween subjects who developed diabetes and those who did
not persisted except the differences in HDL cholesterol
and diastolic blood pressure which disappeared after the
adjustment for BMIand waist-hipratioin ANCOVA (data
not shown). Adjustment for BMI, waist-hip ratio and fast-
ing plasma glucose abolished all the differences exceptin
the 2-h plasmainsulin and total triglyceride levels (data not

fasting and 2-h plasma insulin levels were lower limits of highest
quartiles; odds ratios were calculated by Mantel-Haenszel chi-
square test

shown). However, adjustment for BMI, waist-hip ratioand
fasting plasma insulin abolished only the differences in
HDL cholesterol and diastolic blood pressure levels be-
tween subjects who developed diabetes and those who re-
mained healthy, but not differences in other risk factor
levels {(data not shown). .

Table 3 shows the prevalence of adverse levels of risk
factors at baseline and the risk of developing diabetes as-
sociated with univariate risk factors. Prevalence of ad-
verse levels of univariate risk factors ranged from 12.6 %
for total triglyceride level over 2.5 mmoV/l to 55.5% for
hypertension. The risk of developing diabetes was as-
sessed by calculating odds ratios. Odds ratio compared
odds for subjects with a risk factor level above the cut-off
point to odds for subjects with a risk factor level below the
cut-off point. The highest risk of diabetes was associated
with IGT. Altogether 22.8 % of participants had IGT and
they had a 9.8-fold risk of developing diabetes compared
to subjects with normal glucose tolerance, The risk of
diabetes associated with other risk factors was markedly
lower compared to the risk associated with IGT. The risk
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Table 4. Prevalence of clusters of impaired glucose tolerance (IGT), hypertriglyceridaemia (hyper TG), low HDL-cholesterol (low HDL),
and hypertension (HT), risk of developing Type 2 diabetes in various clusters of these risk factors, and plasma insulin level in various risk factor

clusters: Kuopio, eastern Finland, 1986-1991

Prevalence Oddsratio 95% Confidence 2-h plasma insulin
%, (cases) interval (pmol/l)
No risk factors 30.2 (269) 1.00 - 323+ 11
Clusters of two risk factors
Low HDL and HT 10.3 (92) 7.40 3.07-17.8 835+68
Hyper TGand HT 8.1(72) 9.32 3.80-22.8 974+ 89
Hyper T'G and low HDL 6.1(54) 10.3 4.04-26.5 975£108
IGT and HT 15.7 (140) 11.7 5.28-26.0 903 +52
IGT and low HDL 5.4 (48) 17.9 7.14-44.9 1152+111
IGT and hyper TG 4.6(41) 282 11.1- 717 1200+127
Clusters of three risk factors
Hyper TG and low HDL and HT 3.7(33) 12.2 4.32-34.6 1077+151
IGT andlow HDL and HT 34(30) 285 10.4-78.0 1202+155
IGT and hyper TG and HT 353D 30.6 11.3-82.8 1210+153
IGT and hyper TG and low HDL 2.5(22) 39.1 13.1-117 1394 £209
Cluster of four risk factors
1GT and hyper TG and
low HDL and HT 1.6( 14) 587 16.0-215 1520+289

Odds ratio compares odds for subjects with a stated risk factor cluster to odds for subjects with no risk factors

Table 5. The number of metabolic disorders at follow-up in relation to baseline 2-h insulin concentration: Kuopio, eastern Finland, 1986-1991

Quartiles of 2-h insulin at baseline p-value?
I IT I I\
Entire study population (n) (223) (224) (223) (222)
Mean number of disorders 0.51£0.04 0.58+£0.04 0.82+0.05° 1.1320.06° <0.001
> 72 disorders (%) 6.3 (14) 6.3 (14) 12.6 (28)° 26.6 (59)° <0.001
Subjects with no disorders at baseline (n) (78) (79 ) (78)
Mean number of disorders 0.18+£0.04 0.18+£0.04 026 £0.05 0.42 £0.06° 0.002
=2 disorders (%) 0 0 0 3.8(3) 0.019

ap<0.05, °p<0.01, °p<0.001 (+test or chi-square test; II, I11, or
IV insulin quartile vs I insulin quartile). ¢ p-value for ANOVA or
chi-square test over insulin quartiles. In the entire study population
2-h insulin levels in the various quartiles were I, <252 pmol/l; 1I,
252391 pmol/l; 111, 391-621 pmol/l; IV, 2621 pmol/l. In subjects

of diabetes was 3.7 among subjects in the highest quartile
of 2-h plasma insulin distribution, 3.5 in those with total
triglyceride level over 2.5 mmol/l, 2.7 in those with waist-
hip ratio over 1.0, 2.5 in those with HDL cholesterol level
less than 1.0 mmoV/l, 2.1 in those with BMI over 30 kg/m?,
and less than two among subjects in the highest quartile of
fasting plasma insulin distribution, in those with hyperten-
sion, and in those with a family history of diabetes.
Further analyses were made to investigate whether
clustering of risk factors related to insulin resistance (IGT,
hypertriglyceridaemia, low HDL cholesterol level, hyper-
tension) was associated with an increased risk of develop-
ing diabetes. Altogether 30.2% of subjects did not have
any of these risk factors, 69.7 % had one risk factor, 28.8 %
had two risk factors, 8.3 % had three risk factors, and only
1.6% had four risk factors. The group with no risk factors
was chosen to serve as a reference group with the risk of
diabetes equal to one (Table 4). Odds ratios for develop-
ing diabetes compared odds for subjects with a stated risk
factor cluster to odds for subjects with no risk factors. The
risk of diabetes increased by escalating the number of risk
factors so that the risk was 3.6 in those having one risk fac-

with no disorders at baseline 2-h insulin levels in the various quar-
tiles were I, 211 pmol/l; I1, 211-319 pmol/i; 11T, 319-432 pmol/}; TV,
2 432 pmol/l. Metabolic disorders included hypertriglyceridaemia,
low HDL cholesterol level, and hypertension

tor, 7.1 in those having any two risk factors, 14.7 in those
having any three risk factors, and 58.7 in those having all
four risk factors (IGT, hypertriglyceridaemia, low HDL
cholesterol, and hypertension) (Fig. 1). The level of 2-h
plasma insulin level was parallel to the increase in risk of
diabetes so that the 2-h insulin level was 323 pmol/l among
subjects with no risk factors who also had the lowest risk of
diabetes, 606 pmol/l in those with one risk factor,
836 pmol/1 in those with two risk factors, 1026 pmol/l in
those with three risk factors, and 1520 pmol/l in subjects
having all four risk factors and also the highest risk of
diabetes (Fig. 1).

Among clusters of two risk factors, there was marked
variability in odds ratios between clusters. Combination
of IGT and hypertriglyceridaemia was a four-fold better
predictor of diabetes incidence than a combination of low
HDL cholesterol and hypertension. Again, the level of 2-h
insulin was parallel to the increase in the risk of diabetes.
Among clusters of three risk factors those including IGT
were associated with a two-three-fold risk of diabetes
compared to clusters of hypertriglyceridaemia, low HDL
cholesterol and hypertension.
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Table 6. Age-adjusted baseline 2-h insulin concentrations (pmol/l)
by the number of metabolic disorders at baseline and at follow-up:
Kuopio, eastern Finland, 1986-1991

Number of meta- Number of metabolic disordersat  p-value®
bolic disorders follow-up

at baseline 0 1 =2

0 352(234) 451(75)» T726(3p 0.001

1 471 (108) 517(289) 555(30)  0.468
=2 677{(16)  719(53) 954(82)  0.068

In two-way ANOVA the 2-h insulin level was significantly
{(p < 0.001) associated with the number of disorders both at follow-
up and at baseline. There was no significant interaction between the
follow-up and baseline number of disorders. *p <0.05, *p <0.01
(ANOVA; 1 or =2 disorders vs no disorders). ©p-value for
ANOVA over the follow-up disorder categories within each
baseline disorder category. Values in parenthesis are . Metabolic
disorders included hypertriglyceridaemia, low HDL cholesterol
level, and hypertension

100 10,000
10 1,000 £
o
£
2 8
g . £
] 5
z 2
1| sessmms - 100 &
w §
01 10
No One Two Three Four

No. of risk factors

Fig. 1. Risk of diabetes (bars, left y-axis) and 2-h plasma insulin le-
vels (line, right y-axis) by escalating number of risk factors including
impaired glucose tolerance (IGT, WHO criteria), hypertriglyceri-
daemia (total triglycerides > 2.5 mmol/l), low HDL cholesterol level
(HDL cholesterol < 1.0 mmol/l),and hypertension. Oddsratio com-
pares odds for subjects with one, two, three, or four risk factors to
odds for subjects with no risk factors. Both y-axes are in logarithmic
scale

To investigate whether high baseline insulin levels
were associated with clustering of metabolic disorders at
follow-up we divided the study population into quartiles
of baseline 2-h insulin concentrations and calculated the
number of metabolic disorders including hypertriglyce-
ridaemia, low HDL cholesterol level, and hypertension at
follow-up {Table 5). The mean number of disorders at fol-
low-up increased with quartiles of baseline 2-h insulin
concentrations. At follow-up, subjects with baseline in-
sulin levels in the third quartile had two-fold and those
with baseline insulin levels in the fourth quartile had
four-fold increased prevalence of multiple disorders com-
pared to subjects in the lowest insulin quartile. Among
subjects with no disorders at baseline, all those who had
multiple disorders at follow-up were in the highest insulin
quartile. Because the number of subjects who developed
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multiple disorders during follow-up was small among sub-
jects with no disorders at baseline, we stratified the num-
ber of disorders at follow-up by the number at baseline
and analysed 2-h insulin levels for the entire study popula-
tion (Table 6). High baseline 2-h insulin concentrations
were significantly (p < 0.001, two-way ANOVA) associ-
ated with the risk of having multiple disorders at follow-
up.
The analyses of the association of baseline insulin lev-
els and the number of metabolic disorders at follow-up
were also performed separately in subjects with normal
glucose tolerance and in subjects with IGT at baseline
(data not shown). Both in subjects with normal and im-
paired glucose tolerance, the mean number of metabolic
disorders and the number of multiple disorders at follow-
up increased with quartiles of baseline 2-h insulin concen-
trations similar to the entire study population. Further-
more, high baseline 2-h insulin concentrations were
associated with the risk of having multiple disorders at fol-
low-up both in subjects with normal glucose tolerance
(p <0.05, two-way ANOVA) and in subjects with IGT
(p = 0.05).

Discussion

Several prospective studies have shown that IGT predicts
the incidence of Type 2 diabetes in middle-aged subjects
[1-4, 6]. The present study extends these observations to
an older age group and demonstrates that subjects with
IGT have a 10-fold risk of developing diabetes during
3.5 years follow-up compared to subjects with normal glu-
cose tolerance. Also, plasma glucose levels, hyperinsulin-
aemia [2,3,6-9] or insulin resistance [9] hasbeen shown to
predict subsequent development of diabetes in middle-
aged subjects. In this report we showed that insulin con-
centrations predict diabetes in elderly subjects as well.
Our study also confirms more atherogenic risk-factor
profiles in pre-diabetic subjects compared to those in sub-
jects who remained healthy during follow-up [11, 12], but
this is the first report of increasing risk of diabetes by esca-
lating the number of risk factors related to insulin resis-
tance (IGT, hypertriglyceridaemia, low HDL cholesterol
level, hypertension).

In this elderly population the role of IGT as a predictor
of diabetes was marked. More than two thirds of those
who developed diabetes during 3.5 years follow-up had
IGT at baseline. It has been previously reported that the
prevalence of IGT in this population was 17.8 % in men
and 19.1% in women [15] and altogether 22.8% of sub-
jects who participated in this study had IGT at baseline,
Thus, IGT is a common condition in elderly subjects in
Finland similar to other elderly populations [12, 14, 23].

IGT is a very heterogenous state [24]. Several follow-
up studies in middle-aged and younger populations have
indicated that about 50 % of IGT subjects revert to nor-
mal glucose tolerance, 25 % remain permanently glucose
intolerant, and less than 25 % progress to diabetes {1,4-6].
However, there are differences between populations in
the conversion rates from IGT to diabetes. In middle-aged
Caucasian populations the conversion rate is about 15 %
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during a follow-up of 5-10 years [1, 3, 4], whereas the rate
was found to be about 25 % during a 5-year follow-up of
Nauruans and Pima Indians, the two populations with the
highest prevalence of diabetesin the world [5, 6]. In ourel-
derly population the conversion rate to diabetes in sub-
jects with IGT was 23.4% in 3.5 years, i.e. two-four-fold
compared to previous findings in middle-aged Caucasian
populations [1, 3, 4]. Thus, our results suggest that IGT is
associated with a higher risk of developing diabetes in an
elderly than in a middle-aged population.

According to the present and previous results [11, 12]
subjects who subsequently developed diabetes had
multiple adverse changes in risk factor levels before the
diagnosis of diabetes. They had elevated glucose and in-
sulin levels [2, 3, 7-9], hypertriglyceridaemia [10-13], low
HDL cholesterol level [11], and elevated blood pressure
[10-12, 25]. Although subjects who developed diabetes
were more obese and had higher insulin levels than those
who remained healthy, obesity or fasting plasma insulin
did not explain these differences in risk factor levels.
However, all the differences in risk factor levels, except
the differences in 2-h plasma insulin and total triglyceride
levels, disappeared after adjustment for BMI, waist-hip
ratio and fasting glucose by ANCOVA implying that the
differences in 2-h insulin and triglyceride levels between
subjects who developed diabetes and who did not were
only independent of glucose levels.

Clustering of risk factors related to insulin resistance
(IGT, hypertriglyceridaemia, low HDL cholesterol level,
and hypertension) was an important predictor of develop-
ing diabetes. Indeed, the risk of diabetes increased by the
number of risk factors. Furthermore, the 2-h plasma in-
sulin level parallelled the increase in risk of diabetes sug-
gesting that insulin resistance may be associated with clus-
tering of cardiovascular risk factors. Hyperinsulinaemia
and insulin resistance are well-known predictors of Type 2
diabetes [2, 3, 6-9]. Thus, one probable explanation for
our finding that clustering of cardiovascular risk factors
predicted the development of diabetes is that this cluster-
ing of risk factors was more a marker of the degree of in-
sulin resistance than the single insulin concentration by it-
self. This hypothesis is supported by our finding that high
baseline plasma insulin concentrations were associated
with the risk of having multiple metabolic disorders at fol-
low-up. Haffner and co-workers [26] also reported recent-
ly that elevations of insulin concentration precede the
development of numerous metabolic disorders.

It is possible that some cardiovascular risk factors per
se are also risk factors for diabetes. For example central
obesity, which is a risk factor for both diabetes [27,28] and
coronary heart disease [29, 30], is characterized by en-
larged visceral fat deposits which are sensitive to lipolysis.
Increased lipolysis may lead to insulin resistance [31, 32]
and hypertriglyceridaemia [33, 34]. Furthermore, it has
been recently shown that non-obese subjects with high
baseline insulin concentrations have an increased in-
cidence of hypertension compared to non-obese subjects
with low insulin concentrations [35]. There are also cross-
sectional data showing that essential hypertension is asso-
ciated with insulin resistance both in young, lean subjects
with normal glucose tolerance [36] and in non-obese
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middle-aged diabetic subjects [37]. Thus, cardiovascular
risk factors have many connections to glucose metabo-
lism.

One of the limitations of our study was that we did not
directly measure the degree of insulin resistance in sub-
jects with various clusters of cardiovascular risk factors.
However, it has been shown that there is a significant rela-
tionship in normal subjects between the plasma insulin re-
sponse to oral glucose challenge and insulin-stimulated
glucose utilization as measured by the euglycaemic clamp
[38]. Thus, 2-h plasma insulin levels can be considered at
least a qualitative estimate of insulin resistance. The other
limitation of our study was that the OGTT was performed
only once both at baseline and at follow-up and the glu-
cose tolerance status of the participants is based on a
single test at each time point. It is known that repeated
OGTTs give a more accurate estimate of glucose toler-
ance status than a single test [39-41]. This intra-individual
variation in glucose tolerance tends to attenuate associ-
ations with other variables. Despite this, we found that
cardiovascular risk factors were associated with sub-
sequent development of diabetes.

In conclusion, our study demonstrated that cardiovas-
cular risk factors are predictors of diabetes in elderly sub-
jects and the risk of diabetes increases by clustering of risk
factors related to insulin resistance (IGT, hypertriglyce-
ridaemia, low HDL cholesterol level, and hypertension).
Since the 2-h plasma insulin level parallelled the increase
in therisk of diabetesitis probable that the mechanism ex-
plaining the association between clustering of cardiovas-
cular risk factors and the risk of diabetes is insulin resis-
tance. However, this does not exclude that cardiovascular
risk factors per se may be aiso risk factors for diabetes.
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