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OBJECTIVE — To assess possible changes in the incidence of diabetes in all age-groups in
The Netherlands during a 10-year period (1980-1983/1990-1992).

RESEARCH DESIGN AND METHODS— Since 1970, a network of sentinel stations
(the Dutch Sentinel Practice Network) consisting of —1% of the Dutch population has been in
operation to gain insight into the morbidity patterns of the Dutch population as recorded by
general practitioners. One of the items recorded from 1990 to 1992 was the incidence of
diabetes. The first study with a similar design that registered the incidence of diabetes was
conducted from 1980 to 1983.

RESULTS — The overall incidence of diabetes increased significantly by 12.1% in the period
between the two studies. This overall increase can largely be attributed to a statistically significant
increase in the age-group 45-64 years (30.5%). Although not statistically significant, the 36%
increase of diabetes in the age-group 0-19 years is in accordance with the increase of type 1
diabetes based on the first and second nationwide retrospective studies covering the total Dutch
population.

CONCLUSIONS — There is a marked increase in the incidence of diabetes in the age-group
45-64 years. This selective increase is probably not due to a real rise caused by changes in
exposure to risk factors but to an earlier recognition of symptoms and signs of diabetes followed
by blood glucose measurements and/or to more intensive case finding in general practice.

I n recent decades, an increase in the in-
cidence of type I (insulin-dependent)
diabetes has been found in several

countries (1-6). A study among the
1960-1970 birth cohorts of 18-year-old
male army conscripts (7) and a compari-
son of the first (1978-1980) and second
(1988-1990) nationwide retrospective
studies (1988-1990) among individuals
<20 years of age (8,9) revealed that the
incidence of type I diabetes is also rising
in The Netherlands.

Whether the incidence of diabetes
is also increasing for those >19 years of
age in The Netherlands is not known. One

of the results of a Delphi investigation that
we conducted in 1989-1990 among 33
experts on diabetes in The Netherlands
indicated an average expected increase in
incidence of 8% for the period 1980-
2005 (10,11). The study presented here
offers an opportunity to assess empirically
based changes in the incidence of diabe-
tes, especially for those >19 years of age,
during a 10-year period (1980-1983/
1990-1992).

RESEARCH DESIGN AND
METHODS— In The Netherlands,
general practices are a useful source for
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gaining insight into the morbidity pat-
terns of the population. In the Dutch
health care system, everyone has their
own general practitioner, who operates as
a "gatekeeper." This implies that health
problems will first be presented to the
general practitioner and that no patient
will visit a specialist without being re-
ferred by his or her general practitioner.
In addition, the specialist informs the
general practitioner about clinical or poli-
clinical findings (such as diagnosis and
laboratory results). However, it should be
emphasized that the morbidity patterns
registered in general practice specifically
reflect the health problems presented by
those who make an appeal to the health
care system.

Since 1970, a network of sentinel
stations (the Dutch Sentinel Practice Net-
work) has been in operation to gain in-
sight into the morbidity patterns of the
Dutch population as recorded by general
practitioners (12). This network has been
designed to be as representative for the
Dutch population as possible (for age,
sex, and degree of urbanization) and cov-
ers ~ 1% of the population. It was realized
when recruiting the "spotter" physicians
that there could be no question of a ran-
dom sample of Dutch general practitio-
ners; an expressly positive attitude on the
part of the participating physicians was
called for, plus an intention to participate
for a number of years. Primarily physi-
cians that had participated in the fore-
runner of this network (the first Dutch
National Morbidity Survey), which con-
sisted of 50 general practitioners (12),
were involved. In addition, interested
general practitioners who applied them-
selves or were recommended by others
were selected, taking into account the cri-
teria that the network should be represen-
tative for the Dutch population and cover
1% of the total. The same criteria were
used when a general practitioner left the
network and had to be replaced by an-
other. To determine how representative
the study sample is compared with the
total Dutch population, a census is per-
formed every 2 years. Since 1970, the net-
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Table 1—Estimated incidence (per 1,000 person-years) and total number of newly diagnosed patients with diabetes in The Netherlands in
1990 according to the Dutch Sentinel Practice Network

Age-group (years)
0-19
20-44
45-64
65-79
>80

Total

1

10
45

132
110
23

320

2

52,236
89,192
46,255
19,438
4,186

211,307

Men

3

0.2(0.1-0.4)
0.5 (0.4-0.7)
2.9 (2.4-3.4)
5.7 (4.6-6.8)
5.5 (3.5-8.2)
1.5(1.3-1.6)

4

372
1,605
4,443
3,597

732
10,749

1

8
25

143
121
37

334

2

50,411
88,029
47,336
24,922
8,735

219,433

Women

3

0.2(0.1-0.3)
0.3 (0.2-0.4)
3.0 (2.5-3.5)
4.9 (4.0-5.7)
4.2 (3.0-5.8)
1.5(1.3-1.7)

4
4
1

11

4

296
868
,710
,152
,270
,295

1

18
70

275
231

60
654

2

102,647
177,221
93,591
44,360
12,921

430,740

Total

3

0.2(0.1-0.3)
0.4 (0.3-0.5)
3.0 (2.6-3.3)
5.2 (4.5-5.9)
4.6 (3.5-6.0)
1.5(1.4-1.6)

4

2,473
9,153
7,749
2,00;.

22,044
Data are 1) observed number of newly diagnosed patients in the Sentinel Practice Network in the period 1990-1992; 2) total number of person-years in the Sentinel
Practice Network (1990-1992); 3) estimated incidence per 1,000 person-years, standardized to the Dutch population in 1990 (95% CI); 4) estimated total number
of newly diagnosed patients in The Netherlands in 1990.

work has consisted of 60-65 general
practitioners working in ~45 sentinel sta-
tions.

A committee decides annually
which items will be recorded on a regis-
tration form that has to be filled in by the
general practitioner and sent to the Cen-
tral Project Bureau once a week. At this
bureau, the forms are checked, and in the
case of uncertainties, the general practi-
tioner is contacted. One of the items re-
corded in 1990-1992 by 63 general prac-
titioners (43 sentinel stations) was the
incidence of diabetes, which is defined as
the number of patients newly diagnosed
during that period per 1,000 person-
years according to the diagnostic criteria
formulated in 1985 by the World Health
Organization (WHO) (13). The overall
denominator (expressed in person-years)
represents the sum of the separate de-
nominators per sentinel station. To esti-
mate the denominator per sentinel station
during the period 1990-1992, the num-
ber of people present in that station (ac-
cording to the census of 1991) was mul-
tiplied by the registration period (mostly
the full period of 3 years, in one station 2
years, and in another station half a year).
I:or every recorded patient, a supplemen-
tary questionnaire was filled in to collect
information about the diagnostic ap-
proach, the treatment given, and the com-
plications present at age of onset.

The first time the incidence of di-
abetes was recorded in the Dutch Sentinel
Practice Network was in the period 1980-
1983 (62 general practitioners working in
46 sentinel stations). To estimate the de-
nominator, the censuses of 1979, 1981,
and 1983 were used. At that time, the
WHO criteria of 1980 (14) were used in-

stead of the 1985 criteria (13). Depending
on the circumstances in which the blood
glucose value was measured (whole
blood/plasma, venous/capillary, fasting/2
h after a 75-g glucose load), the diagnostic
cutoff levels according to the 1980 and
1985 criteria differed 0.0-0.3 mmol/1
from each other. For instance, according
to the 1985 criteria, the diagnostic fasting
cutoff value measured in capillary whole
blood amounted to >6.7 mmol/1, while
this value was ^7.0 mmol/1 using the
1980 criteria. On the other hand, the di-
agnostic cutoff value in capillary whole
blood 2 h after a 75-g oral glucose load
was >11.1 and ^11.0 mmol/1, applying
the 1985 and 1980 criteria, respectively.
As we recorded the glucose values in our
second study (1990-1992) and retro-
spectively traced the glucose values of the
incident cases (who were still alive) in our
first study (1980-1983), it became possi-
ble to detect spurious changes in the in-
cidence caused by differences in diagnos-
tic criteria. It appeared that only one
newly diagnosed patient (out of 654) in
the second study (based on 1985 criteria)
would not have been diagnosed using the
1980 criteria (a thirsty 61-year-old
woman with a fasting blood glucose of 6.9
mmol/1), while all newly diagnosed pa-
tients in the first study (based on 1980
criteria) would have been diagnosed ac-
cording to the 1985 criteria.

To correct for changes in inci-
dence caused by demographic develop-
ments, all data was standardized (by
5-year age-groups and sex) to the Dutch
population of 1990. Because the first
study did not distinguish between men
and women, we pooled these figures in
the second study. This was also done with

the subsequent age-groups >65 years.
Changes in incidence were then calcu-
lated for the age-groups 0-19, 20-44,
45-64, and >64 years. Statistical signifi-
cance was tested with the c test to com-
pare two proportions (P < 0.05). In ad-
dition, the 95% CIs of the differences in
incidence were estimated using the nor-
mal approximation for the binomial dis-
tribution.

RESULTS— Table 1 shows the inci-
dence of diabetes. Note that the incidence
increases up to 80 years of age, after
which a decline can be seen. This applies
to men as well as to women. A significant
difference between men and women ac-
cording to age-group (z test; P < 0.05)
could not be found. However, the abso-
lute number of newly diagnosed diabetic
patients is the largest in the age-group
45-65 years.

Table 2 presents the changes in
incidence by comparing our recent study
in the sentinel network (1990-1992)
with the former one (1980-1983). The
figures indicate that the overall incidence
of diabetes increased significantly by
>12% over a period of 10 years. This
overall increase can largely be attributed
to a significant increase in the age-group
45-64 years. For the other age-groups,
the increase is not significant, although
the relative increase is most prominent in
the youngest age-group.

CONCLUSIONS— To obtain inci-
dence estimates that are less prone to
chance, a rather large population size is
needed. The Dutch Sentinel Practice Net-
work, consisting of more than 140,000
people, has the largest denominator of all
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Table 2—Estimated incidence of diabetes per 1,000 person-years in 1980-1983 and
1990-1992 standardized to the Dutch population in 1990

Age-group (years)
0-19
20-44
45-64
>65

Total

1980-1983

0.13
0.41
2.26
5.15
1.33

1990-1992

0.17
0.43
2.95
5.16
1.49

Absolute increase
(95% Cl)

0.05 (-0.03-0.13)
0.01 (-0.09-0.12)
0.69(0.25-1.13)
0.01 (-0.80-0.82)
0.16(0.01-0.31)

Increase
(%)

35.9
3.4

30.5
0.3

12.1

Dutch continuous morbidity registrations
in primary care. The others contain
50,000 people or fewer (15-18). Never-
theless, we recorded the incidence in a
3-year period to increase the denominator
even more.

To correct for an undercount of
cases, the capture-recapture census method
is recommended in the literature, using an
independent secondary source for ascer-
tainment (19). Even though a secondary
source for validation is lacking, the inci-
dence figures found in the Dutch Sentinel
Practice Network are likely to be reliable.
The network has been in operation for a
long period of time, and the general prac-
titioners who participate in it are not only
highly motivated but also experienced in
recording health problems. Most general
practitioners have been participating for
many years; —66% of the general practi-
tioners are still involved after a 10-year
period. Besides, in the Dutch health care
system, general practitioners play a cen-
tral role because they operate as gatekeep-
ers. In spite of the fact that diabetic pa-
tients are diagnosed or treated by a
specialist, the general practitioner is in-
formed by the specialist and is therefore
able to record health problems detected
by the specialist. According to the results
of the supplementary questionnaire from
our recent study (1990-1992), 17.9% of
all newly diagnosed patients were re-
corded in this way. Nevertheless, just a
few cases might have been missed at the
end of the recording period because of a
delay in transferring information. How-
ever, the same applies to the previous
study.

On the other hand, when the in-
cidence figures from the Dutch Sentinel
Practice Network are compared with
those from the relatively small samples of
other continuous morbidity registrations

in primary care, the incidence in the sen-
tinel network is 1.5- to 2-fold lower (15-
18). Discrepancies in the objectives, de-
sign, definition of the numerator (such as
diagnostic criteria), extent and definition
of the denominator, and length of the re-
cording period are assumed to be respon-
sible for the differences (20). For example,
the Dutch Sentinel Practice Network is
specially designed to obtain incidence
and prevalence figures in primary prac-
tice, while other registrations focus more
on recording medical consumption or in-
clude uncertain diagnoses.

This study is the first in The Neth-
erlands to assess possible changes in the
incidence of diabetes for all age-groups
based on a rather large denominator.
When the results of this study were com-
pared with the former study with a similar
design, it appeared that the relative in-
crease (nearly 36%) was greatest in the
age-group 0-19 years. However, the
number of cases in this younger age-
group is too few to obtain statistically sig-
nificant changes, despite the fact that the
sentinel network covers —1% of all Dutch
inhabitants and that in both studies sev-
eral years were used to estimate the aver-
age annual incidence. Nevertheless, the
change in incidence of diabetes in the age-
group 0-19 years is indicative of an im-
portant increase. This finding is in line
with the 23% increase of type I diabetes
based on the first (1978-1980) and sec-
ond (1988-1990) nationwide retrospec-
tive studies involving all pediatricians and
internists and covering the total Dutch
population (8,9). The causes of this in-
creasing incidence, observed in several
countries (1-9), are unknown.

It is striking that above 20 years of
age, a statistically significant increase in
the incidence is only found in the age-
group 45-64 years. As stated earlier, this

rise is probably not the result of changes
in diagnostic criteria. Besides, it seems
unlikely that changes in exposure to risk
factors, especially for type II (non-insulin-
dependent) diabetes, are responsible for
this 30.5% age-specific increase. Three
large screening projects on cardiovascular
risk factors in which height and weight
were measured indicated that in the pe-
riod 1974-1991 there was no change in
the mean BMI (kg/m2) or marked increase
in the age-adjusted prevalence of obesity
(BMI >30 kg/m2) in the Dutch popula-
tion (21,22). Data from the last screening
project among 36,000 men and women
aged 20-59 years showed a stable BMI in
the period 1987-1991, with a slight sig-
nificant increase in obesity of 0.3% per
year for men. The mean prevalence of
obesity amounted to 7.4% for men and
9.0% for women, respectively (22). A
marked change in the prevalence of phys-
ical inactivity in the period 1987-1991
was not observed either (23).

Recently, general practitioners
have become very aware of diabetes as a
public health problem. In 1988, the
Dutch College of General Practitioners
published its Standard Diabetes Mellitus
Type II (24). This standard contains
guidelines on the diagnosis, treatment,
and support of non-insulin-using type II
patients. One of the recommendations is
to examine every person with an impaired
glucose tolerance annually. In 1988-
1990 the Steering Committee on Future
Health Scenarios emphasized the phe-
nomenon of underreporting diabetes and
the importance of the disease as a major
and growing cause of prolonged ill health
and premature mortality (10). The Steer-
ing Committee brought to the attention of
medical practitioners the results of the
second National Health and Nutrition Ex-
amination Survey (NHANES II, 1976-
1980) carried out in the U.S. It was found
that diagnosed patients in the age range
20-74 years represent only 50% of all pa-
tients with diabetes (25). Recently, it ap-
peared that in The Netherlands, many in-
dividuals also suffer from undiagnosed
disturbances in glucose metabolism (26-
28). In a cross-sectional study among
2,472 people aged 50-74 years in the
Dutch town of Hoorn, the prevalence of
previously diagnosed diabetes was 4.2%,
while diabetes was newly diagnosed in
4.8% by means of an oral glucose toler-
ance test (28). The Hoorn Study findings
were in line with those from NHANES:
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roughly 50% of patients with diabetes
were undiagnosed. In accordance with
pronouncements in the literature (29,30),
the Steering Committee is cautious about
the establishment and administration of
large screening programs for type II dia-
betes. It was recommended instead to ex-
plore the possibilities of case findings in
general practice among people >50 years
of age with obesity and/or a positive fam-
ily history of type II diabetes and/or the
existence of complications that might be
attributable to diabetes. These develop-
ments may have influenced the general
practitioners' diagnostic behavior and
might be responsible for the increase
found in the age-group 45-64 years, be-
cause this group is of special interest with
respect to case-finding activities in gen-
eral practice.

To verify this hypothesis, a ques-
tionnaire was sent to the general practitio-
ners who participated during both re-
cording periods. It was confirmed that for
this age-group there is a tendency to mea-
sure blood glucose in those who make an
appeal to the health care system for other
health problems (case finding). On the
other hand, the general practitioners ob-
served that people are better able to rec-
ognize symptoms associated with diabetes,
whereas a greater alertness on the part of
the general practitioner leading to earlier
recognition may also be of importance. In
addition, blood glucose measurements to
confirm the diagnosis conducted by the
general practitioner when symptoms are
found are common nowadays (replacing
the less sensitive measurements of glu-
cose in the urine used in the past).

To underpin these observations
quantitatively, it is valuable to compare
the use of diagnostic tests and the pres-
ence of symptoms in newly diagnosed
patients over time. An increase in case-
finding activities will be accompanied by
a decline in the existence of initial symp-
toms. However, when an increase in case-
finding activities as well as in early recog-
nition of symptoms and signs is evident,
the results will be difficult to interpret.
Unfortunately, because a supplementary
questionnaire was not used in the former
study, it is difficult to establish changes in
the diagnostic approach. The recent study
indicated that in addition to glucose mea-
surements to establish the diagnosis,
6'j.4% of the cases also initially presented
symptoms and signs associated with dia-
betes.

Our findings illustrate that to in-
terpret trend data, one must be aware of
different kinds of developments that not
only are confined to etiological factors per
se, but also take into account changes in
health care practice. This is necessary not
only to interpret time trends in the inci-
dence (and prevalence) of type II diabetes
found within one study, but also to make
comparisons between studies and coun-
tries. The ideal solution for disentangling
real trends from trends due to changes in
the proportion of diagnosed and undiag-
nosed patients is to link periodic or con-
tinuous morbidity registrations (physi-
cian-diagnosed cases) both in time and on
an individual level with intermittently
performed population-based (screening)
surveys. It is worthwhile to explore the
most cost-effective ways to achieve this
ideal.
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