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ABSTRACT.
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The aim of the study was to analyze

insulin-dependent

diabetes

vey of glucose tolerance
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was conducted
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in people, aged 50-74,
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tolerance
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risk factors,
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glucose

tolerance,

insulin

resistance,

non-insulin-

The joint presence of unfavorable levels of the various car-

the World Health Organization

paired glucose tolerance

(WHO)

defined im-

[l-3],

there have been

several

and prospective

studies published

on the

prevalence of cardiovascular risk factors among people with
impaired glucose tolerance and with newly diagnosed noninsulin-dependent

that conversion

syn(Odds

proinsulin
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cross-sectional

dysfunction.

(Odds
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dependent
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dysfunction

of the insulin resistance

to normal glucose tolerance

ratio 1.58, p < 0.05).
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The mean follow-

was 34% (95% CI 16.9%

plasma glucose level (odds ratio

with the conversion

from impaired

sur-

risk factors at baseline did not predict the conversion
with the two-hour

level, as one of the determinants

to normal glucose tolerance

non-

from the registry

criteria.

of NIDDM

drome, was associated
glucose tolerance

for developing
A cross-sectional

wh o were randomly selected

according

The cumulative
in contrast

and the fasting proinsulin

ratio 2.1, p < 0.05).

risk factors

Based on the mean values of two oral glucose tolerance
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In multiple logistic regression analysis, cardiovascular

from impaired

Since

cardiovascular

in people with impaired glucose tolerance.

(NIDDM)

diabetes

Both in cross-sectional

mellitus

(NIDDM)

studies and in prospective

[d-12].
studies

increasing levels of cardiovascular risk factors with decreasing glucose tolerance have been found. Furthermore,

people

with impaired glucose tolerance turn out to be at substantial
risk of developing cardio- and cerebrovascular diseases: the
mortality due to these causes is approximately

2-fold com-

pared with people with normal glucose tolerance

[13-151.

diovascular

risk factors,

including

high tri-

levels, is conclustering has

been labeled as Syndrome X or insulin resistance syndrome
[16-211.
Saad et al. [22] hypothesized
development

a two-step model for the

of diabetes in Pima Indians. The first step, the

transition from normal to impaired glucose tolerance, would
depend mainly on the presence of insulin resistance. The
second step, worsening from impaired glucose tolerance
diabetes, although accompanied
of insulin resistance,

to

by some further worsening

is assumed to be primarily dependent

on the development of beta-cell dysfunction. It is unclear
if this is also the case in a Caucasian population. We previously reported the associations
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and
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of variation
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method
coefficient

using

the

of variation

specific insulin levels
radio-immunoassay

cross-reacts
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Data
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the results of two
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of the first follow-up

with
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not
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and to normal
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test only [9-l 11. Furthermore,

measured and not all the determinants
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of NIDDM

the inci-

the category

has been defined
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dysfunction,

difference
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2-hr post-load
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performed
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level. After
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with
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the SPSS-PC
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20th and 80th percen-

mean

follow-up

(95% CI 16.9-45.1).

The

glucose

risk

(95%

Table

for conversion
were

to NIDDM

dichotomized

[27,28].

cholesterolaemia
glyceridemia

the cardiovascular

a level
level

cholesterol

levels

in women,

different

>

As

cut-off

for hyper-

Because

approximately

cut-off

points

0.3

mean
mmol/l

were chosen

160 mmHg,
[28]. The

or current
that

BP > 95 and/or

HDL-

Table

higher

converters,

conversion

to NIDDM

of the incidence

and a high

BP >

gression
follow-up
dent
the

analyses

as potential

variables
specific

ments)

were used with

entered

(the
insulin
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cardiovascular
levels

stepwise

and

and the other

of

indepen-

at baseline,

anthropometric

measure-

into the equation.

As reference

cat-

egory non-converters
and converters
in the opposite direction was used. A p-value of 0.05 was used as the criterion
for entry
tered,

at each step. Different

interaction

terms were en-

as were the ratio between

triglyceride

level and HDL-

TABLE 1. Differences

test none

characteristics

to normal

glucose

cholesterol

or to

categories

of glu-

As can be seen from
with impaired

glucose

level at baseline,

cardiovascular

risk factors

paragraph,

NIDDM

and the results of chi-squared

cally significant
tors with
present.

the

for

dichotomized

method

the

28.5%

associations
incidence

In a separate

as described

incidence

analyses.

where

risk fac-

to NIDDM

the ratio

to

No statisti-

of the cardiovascular
of conversion

model,

in the

of conversion

were

triglyceride/

HDL-cholesterol
was used instead of triglyceride
and HDL
cholesterol,
no significant
associations
were found with the
incidence
of NIDDM.
Table 4 presents the result of a multiple

logistic

analyses

as the dependent

with the conversion

25

to NIDDM

in the study
Nowparticipants
(percentile)

75

50

25

75

70.3
30
0.99
6.4
9.6
125.6
887.3
7.4
1.46
2.4

58.8%
41.2%
66.6
27.4
0.93
5.7
8
82.3
518.6
6.5
1.2
1.6

60
25.3
0.87
5.4
7.4
62.8
326.6
5.8
1.01
1.2

70.7
30
0.97
6.1
9.7
136.6
876.6
7.3
1.43
2.2

SCX

58.5%
41.5%
65.4
27.7
0.93
6
8.9
95.7
589.8
6.9
1.2
1.7

for the nontolerance

level, about 30% a low HDL-cholesterol

Participants
(percentile)

Female
Male
Age
Body Mass Index
Waist/Hip
ratio
Fasting plasma glucose (mmol/l)
2-hour plasma glucose (mmol/l)
Fasting spec. insulin (pmol/l)
2-hour spec. insulin (pmol/l)
Cholesterol
(mmol/l)
HDL cholesterol
(mmol/l)
Triglycerides
(mmol/l)

between

rates of high cardiovas-

in the three

70% of the subjects

between participants and nomparticipants

50

be-

In a non-para-

were significant.

the baseline

a high

was O.lZ/year

the differences

of the differences

at the end of follow-up.

have

was 34%

and finally about 45% a high blood pressure at baseline.
Table 3 presents the unadjusted
relative risk of a high

on
re-

risk factors

density

1 presents

at baseline

a high triglyceride

on the

age, sex, and months

13-55

incidence

NIDDM and for all people.
Figure 1 presents the prevalence

tolerance

cardio-

one hand, and conversion
to normal glucose tolerance
the other hand, two backward stepwise multiple logistic

(range

of NIDDM

non-participants.

converters

the figure about

the null

to NIDDM

2 presents

cose tolerance

To analyze potential

of conversion

[29].

incidence

and non-participants

cular risk factors

medication

test was used for evaluating

risk factor were independent.

predictors

systolic

use of antihypertensive

chi-squared

hypothesis
vascular

by diastolic

and

Wilcoxon

participants

nition
of abnormal
HDL-cholesterol
levels in men and
women: < 0.9 and < 1.2 mmol/l, respectively.
Hypertension was defined

participants

metrische

for the defi-

cumulative

CI 0.02-0.22).

tween

> 6.2 was used and for hypertri2.2 mmol/l.

are

risk factors

point

were

package

was 36 months

months).

the crude relative

The

time

valoral

test. For analyzing

5.0 statistical

procedure,

analyses

RESULTS

with

tiles. The plasma glucose values and the specific insulin
ues are the average of two measurements
of the paired
tolerance

procedure

was used. All statistical

59.7
25.4
0.85
5.6
7::;
408.8
6
0.99
1.3

regression
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TABLE 2. Baseline characteristics of non-converters
(NIDDM),
and the total cohort

and converters to normal glucose tolerance, non-insulin diabetes mellitus
Converters to
NIDDM
n = 56

Non-converters
n = 67

Age (year)
Months follow-u1,
Percentage n& (%)
Body ~nassin&x (kg/m’)
Waist/hip ratio
Male
Female
Alood pressure
Systolic
Diastolic
HbA,, (%)
Fasting plasma glucose (mrnol/l)
2-hour plasina glucose (mmol/l)
Fasting specific insulin (pmol/l)
2-hour specific insulin (pmol/l)
Cholesterol (mmol/l)
Triglycerides (mmol/l)
HDL-cholesterol
(mmol/l)
Male
Female

63.9 (57.1-71.6)”
36.5 (31-45.5)
46.3
27.4 (25.4-30.4)

66.4 (59-72.8)
32 (21-41.5)
49.1
27.5 (25.2-31.4)

0.96 (0.94-1.0)
0.89 (0.82-0.98)

0.98 (0.9-1.01)
0.92 (0.84-1.0)

140 (128-158)
86 (78-92)
5.5 (5.1-5.9)
5.5 (5.1-5.9)
8.6 (8.2-9.1)
87.4 (59.6-128.4)
551 (417.5-1043.8)
7.0 (5.8-8.1)
1.7 (1.2-2.4)

138 (124-158)
82 (76-90)
5.7 (5.4-6.2)
6.2 (5.7-6.8)
9.4 (8.5-10.3)
98.8 (69.1-155.7)
620.4 (361.2-1235.1)
6.9 (5.8-7.8)
1.9 (1.3-3.0)

1.0 (0.89-1.2)
1.26 (1.05-1.58)

1.09 (0.88-1.49)
1.14 (0.93-1.49)

Converters to
NGT
n = 35

59.8 (53.9-69.7)
39 (34-44)
33.3
26.6 (24.4-29.9)

Total
n = 158

63.9 (57.1-71.3)
36 (17-45)
27.3 (24.9-30.4)

0.91 (0.84-1.01)
0.88 (0.82-0.95)

0.97 (0.90-1.01)
0.89 (0.83-0.98)

139 (130-159)
83 (78-92)
5.4 (5.0-6)
5.9 (5.4-6.3)
8.7 (8.1-9.7)
91.6 (72.2-138.3)
538.8 (344.4-1017)
6.9 (6.0-7.3)
1.5 (1.1-2.5)

140 (126-158)
84 (78-90)
5.6 (5.2-6)
5.9 (5.5-6.6)
8.9 (8.2-9.9)
93.9 (65.3-137.9)
589.6 (365.4-1068)
6.9 (5.9-7.9)
1.7 (1.2-2.7)

1.21 (0.9-1.42)
1.42 (1.15-1.61)

1.01 (0.89-1.35)
1.28 (1.02-1.57)

“Median (20-80 puccntilcs)

variable. The model presents the best fit after entering step-

2-hr glucose level and fasting proinsulin level as earlier de-

wise the independent variables into the regression equation,

scribed after 24 months of follow-up [23].

with age, sex and months of follow-up entered first as potential confounders.

Other

independent

variables were BMI,

W/H ratio, HbA,,, 2-hr glucose level, fasting and 2-hr specific insulin level, and fasting and 2-hr proinsulin level.
About the same significant associations were found for the

Table 5 presents the results of two multiple logistic regression analyses. In the first model the conversion

of NIDDM

is used as the dependent variable. In the second model the
conversion to normal glucose tolerance is used as the dependent variable. Both models present the best fit after entering

FIGURE
1. Percentage
of a
high level of each cardiovascular risk factor at baseline in
the three categories of glucose
tolerance category at followup*

high

BP

HDL-c

triglyceride

cholesterol

Cardiovascular

Risk Factors and Diabetes
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TABLE 3. The relative risk conferred
factor for the incidence of NIDDM

Cholesterol
> 6.1 mmol/l
Low HDL-cholesterol
(mmol/l)
Female
Male
High triglyceride (mmol/l)
Hypertension
(WHO-criterion)

by the presence of catgorised cardiovascular

risk

Relative risk NIDDM
(95% CI)

Chi square

p-value

1.03 (0.64-1.64)

0.01

0.91

1.60
1.29
1.42
1.06

2.2
0.63
2.5
0.78

0.14
0.43
0.11
0.78

(0.86-2.98)
(0.71-2.33)
(0.93-2.26)
(0.69-1.64)

TABLE 4. Multiple logistic regression analysis with conversion
variable
95%
Variable

Odds ratio

Age ( 1 -year difference)
Sex (female/male)
2,hour plasma glucose (1 mmol/l difference)
Fasting proinsulin (10 pmol difference)

1.06
0.48
3.56
2.1

to NIDDM

as dependent

confidence
interval
0.36-3.08
0.18-1.31
1.84-6.89
1.02-4.3

p-Value
0.29
0.97
<O.Ol
0.04

Variables not in equation: BMI, W/H ratio, HI&,
fasting, and 2-hour glucose lcvcl, fasting and 2-hourspecific
insulin level, fasting and 2-hour proinsulin Icvcl, hypertension (WHO criterion), and the product-term of sex
and W/H ratio.

TABLE 5. Multiple logistic regression analysis with conversion to NIDDM as dependent
variable in the first model and conversion to NGT as the dependent variable in the second
model

Variable
Model 1: dependent variable: conversion to NIDDM
Variables in the equation
Age (1 year difference)
Sex (f/m)
Months follow-up (1 month)
Variables not in the equation
Triglyceride, HDL-cholesterol,
fasting and
2-hour specific insulin level, hypertension
(WHO criterion), W/H ratio
Model 2: dependent variable: conversion to NGT
Variables in the equation
Age (1 year difference)
Sex (f/m)
Months follow-up (1 month)
HDL-cholesterol
(1 mmol/l difference)
Variables not in the equation
Triglyceride, fasting and 2-hour specific insulin
level, hypertension
(WHO criterion), W/H
ratio

Odds ratio

95%
confidence
interval

p-Value

1.05
0.49
0.94

0.99-1.11
0.23-1.09
0.90-0.98

0.07
0.08
0.04

0.94
1.95
1.03
1.58

0.88-0.99
0.71-5.32
0.98-1.08
1.17-20.4

0.04
0.2
0.19
0.03

G. Nijpels et al.

1008

stepwise the independent variables into the regression equa-

diet the conversion

tion, with age, sex, and months of follow-up entered first

NIDDM.

as potential confounders.

variables were

conversion

the fasting in-

cose tolerance,

W/H

Other independent

ratio, hypertension

criterion),

(WHO

sulin level, the triglyceride level, the cholesterol

level, and

the HDL-cholesterol
level as the independent variables.
Transformation of the skewed distributed variables and interaction

terms did not improve the fit of the models. No

statistically

significant association of the various cardiovas-

cular risk factors with the incidence of NIDDM

was found.

from impaired glucose

However high HDL cholesterol

tolerance

to

levels predict the

from impaired glucose tolerance

to normal glu-

suggesting a role for insulin sensitivity, here

some study limitations have to be mentioned.

The interpre-

tation of the fasting proinsulin level as a reflection of betacell function is a potential problem. The assay used in our
study was not able to differentiate between intact proinsulin
and des 31-32
from des 31-32

proinsulin. The inhibition

of the conversion

proinsulin to insulin by hyperglycemia,

therefore have overestimated

backward analyses, a statistically significant association was

dysfLmction as reflected by the high proinsulin levels found

found between the HDL-cholesterol

level and the conver-

DISCUSSION
The cumulative

of beta-cell

in our study. The fact that high HDL cholesterol
the conversion

sion to normal glucose tolerance.

the contribution

may

In both the stepwise foreward analyses and the stepwise

from impaired glucose tolerance

predicts
to normal

glucose tolerance

is probably a reflection of a more healthy

lifestyle behavior;

moreover, we did not study the conver-

sion from normal glucose tolerance to impaired glucose tolover an average pe-

erance. For that reason we have planned a prospective study

riod of three years was 34%, which is clearly higher than

incidence

of NIDDM

in subjects with normal glucose tolerance to study the relative contribution of beta-cell dysfunction for the conversion

in similar studies among other Caucasian populations

[lo-

121. The major reason for this might be the use of more

from normal glucose tolerance

stringent and precise criteria for both impaired glucose tol-

ance. In summary, in Caucasian

erance and NIDDM,

impaired glucose tolerance,

tolerance

as the mean value of two oral glucose

tests was used for qualification.

It has been pro-

posed that low HDL cholesterol and high serum triglyceride
levels may be due to reduced insulin sensitivity. In combination with hypertension,

hyperinsulinaemia,

tolerance,

Reaven’s “Syndrome X” or the in-

it constitutes

sulin resistance
hypothesis

syndrome [15-201.

for the development

and glucose in-

In the two step model

of NIDDM,

post-load

by insulin resistance.
are high fasting and

insulin levels, high triglycerides

cholesterol

and low HDL-

levels, and a high W/H ratio [30-321.

cross-sectional

In the

part of the Hoorn Study, as in other studies,

high fasting and high post-load insulinemia
jects with dyslipidemia

and hypertension

identified sub[33-351;

more-

over, subjects with impaired glucose tolerance and NIDDM
have a 2-4 times higher risk for dyslipidaemia and hypertension than subjects with normal glucose tolerance. The
second step, the transition from impaired glucose tolerance
to NIDDM

would be predominantly

cell dysfunction accompanied

determined

sis of the two-step model of the development
This study
forming

reported that the insulin secretory capacity is impaired in
As also reported after

the fasting proinsulin

Fonds

Ned&and.”

the study of Mrs.

We
in leer-

I’. Klinkhamer-Stevens.

4. Harris M.I. Impaired glucose tolerance in the U.S. population.
Diabetes Care 1989; 12: 464-474.
5. Kannell WB. Metabolic risk factors for coronary heart disease

6.

7.

level,

in people with impaired glucose toler-

ance, suggesting beta-cell dysfunction [22]. The HDLcholesterol, the triglyceride levels and the insulin levels, as
components

by the “Diabetes

646. Geneva:
World Health Organization;
1980: l-80.
2. Modan M, Harris MI, Halkin
H. Evaluation
of WHO
and
NDDG criteria for impaired glucose tolerance.
Diabetes
1989;
38: 1630-1635.
3. Harris MI, Hadden WC, Knowler WC, Bennett PH. International criteria for the diagnosis of diabetes and impaired glu.
case tolerance.
Diabetes
Care 1985; 4: 562-567.

apart from the 2-hr plasma glucose level, predicts the conversion to NIDDM

was supported
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