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Introduction Methods
In planning future health care for an

aging Western population, one of the main
problems is the number of patients with
chronic diseases expected in the next few
decades. Diabetes mellitus is a major and
growing cause of prolonged ill health and
premature mortality that affects tens of
millions of people in countries at all levels
of development.' Therefore, diabetes mel-
litus was selected as a case study for fur-
ther investigation in The Netherlands.2,3

The results of two prognostic models
(static and dynamic) for computing the
number of patients with diabetes mellitus
expected in The Netherlands in 2005 are
presented. The static model takes into ac-
count only actual prevalence data and de-
mographic changes. The dynamic model
also makes use of information about ac-
tual incidence as well as life expectancy
data. The dynamic model was developed
because there is evidence that in past dec-
ades type I (insulin-dependent) as well as
type II (non-insulin-dependent) diabetes
mellitus increased independently of de-
mographic changes,48 which makes the
static model inadequate.

With a historic simulation procedure,
it was possible to compute prevalence fig-
ures and compare them with actual prev-
alences. This procedure can be consid-
ered a validation of the dynamic model.
Varying the actual incidence, prevalence,
and life expectancy data on diabetic pa-
tients made it possible to test the sensitiv-
ity of the dynamic model in forecasting the
number of diabetic patients in 2005 (sen-
sitivity analysis).

To our knowledge this is the first
study that uses more than demographic
changes to compute the number of dia-
betic patients expected.

Description of the Two Models

Two distinct models are used to com-
pute the number of patients expected in
the year 2005. The first is called a "static"
or "equilibrium" model. In this model the
assumption is made that the age- and sex-
specific prevalence of diabetes mellitus
will remain constant over time. Apart
from the prevalence, the only parameter
of importance is demography (changing
quantity and composition of the Dutch
population until 2005). A simple multipli-
cation of the age- and sex-specific preva-
lence by the population estimates at a cer-
tain moment yields the expected number
of diabetic patients. This model makes it
possible to determine the influence of de-
mographic changes on the number of pa-
tients expected.

The second model is called a "dy-
namic" or "disequilibrium" model. In this
model the age- and sex-specific preva-
lence is not presumed in advance to be
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FIGURE 2-lncidence of diabetes mellitus per 10 000 Inhabitants In The Netherlands In
1980, by age and sex.

stable over time. Extra data are needed on
the age- and sex-specific influx ofnew pa-
tients into and the age- and sex-specific
efflux ofknown patients out of the pool of
diabetic patients. The incidence repre-
sents the influx. The efflux is the sum of
the diabetic patients who die and the dia-
betic patients who recover from the dis-
ease. In our model, data on the reduction

of life expectancy from the moment dia-
betes mellitus is diagnosed, instead of
mortality figures from death certificates,
are used to define the efflux. Data based
on death certificates are considered to be
unreliable. On 25% to 77% of the death
certificates of patients with diabetes mel-
litus, this disease is not mentioned at all.9
Recovery from diabetes mellitus is not un-

likely, but it is often temporary and med-
ical care in terms of blood glucose and
weight control is still recommended.
Therefore the assumption is made that re-
covery does not occur.

In the dynamic model two variants
are used. In the first variant the incidence
remains constant over time; in the second
variant a regular age- and sex-specific in-
crease in incidence is taken into account.
In both variants the reduction of life ex-
pectancy is kept constant over time, be-
cause in the literature there is no evidence
that life expectancy has changed substan-
tially for the majority of the patients (type
II patients). The impact of improved sur-
vival, of type I patients only, on the pro-
jections would be limited. First, type I pa-
tients represent only 10% to 20% of all
patients. Second, because ofdemographic
changes in the period from 1980 to 2005
(i.e., the aging of the Dutch population),
the absolute numbers of type II patients
will strongly increase, while the propor-
tion of type I patients will decrease. For a
more detailed description of the models,
see Appendix A and Hoogenveen et al.10

To start the dynamic modelwe had to
estimate the age- and sex-specific distri-
bution of the diabetic patients over the
years of remaining life expectancy in the
first year of the simulation period.A more
detailed description of this precalculation
procedure is given in Appendix B.

Data Used
As a baseline for computing the num-

ber of diabetic patients expected in 2005,
the year 1980 was selected. The most re-
liable and representative data for The
Netherlands stem from periods around
this year. The age- and sex-specific prev-
alence in 1980 is presented in Figure 1. It
represents known diabetic patients regis-
tered in 1980 in a Dutch sentinel network
of general practitioners, distributed all
over the country and covering about
160 000 inhabitants of all ages (1.2% ofthe
Dutch population)."1 The incidence in
1980 is presented in Figure 2. The inci-
dence for age categories older than 19
years was recorded in the period from
1980 through 1983; the data were obtained
from the same study as the prevalence fig-
ures.'1 Although the sentinel networkwas
covering about 160 000 inhabitants and 3
years were used to estimate the average
annual incidence, the incidence of diabe-
tes mellitus in the younger age categories
is too small to obtain reliable figures. For
the age categories from birth through 19
years, therefore, we used the nationwide
retrospective study of children younger

July 1993, Vol. 83, No. 7990 American Journal of Public Health

Ruwaard et aL

Prevalence per 10,000
800

-male
female

600

400-

200

0-4 5-9 10-14 15-19 20-24 25-34 35-44 45-54 55-64 65+

Age Category
Source. Adapted from the Dutch Sentnel Practice Network1 by Hoogenveen et alW.

FIGURE 1-Prevalence of diabetes mellftus per 10 000 Inhabitants In The Netherlands
In 1980, by age and sex

Incidence
60

- male
50 h M female



Forecasdng Diabetes Mdetus

than 20 years, which registered all new
type I diabetic patients in the period 1978
through 1980.12 The method chosen was
a questionnaire distributed to all Dutch
pediatricians and internists. To correct
for undercount of cases, the same ques-
tionnaire was given separately to mem-
bers of the Dutch Diabetes Association,
employing the capture-recapture census
method for calculating the ascertain-
ment-corrected incidence figures.13 Be-
cause diabetes in persons from birth
through 19 years of age is almost entirely
type I diabetes, the ascertainment-cor-
rected annual incidence is presumed to
represent all diabetic patients. Although
ascertainment did not take place in the
Dutch Sentinel Practice Network, prev-
alence and incidence figures are likely to
be reliable because in The Netherlands
every person has a general practitioner
who records the patient's health prob-
lems, whether the patient will be treated
by the general practitioner or by another
doctor. Nevertheless, it is possible that
newly diagnosed patients who will be
treated by a specialist have not yet been
recorded by the general practitioner. In
that case the recorded incidence will be
underestimated only slightly, because
nearly 70% of all patients will be diag-
nosed by the general practitioner.1'

The reduction of life expectancy for
diabeticpatients is presented in Figure 3.14
These data, which have been used in the
dynamic model, are taken from three lon-
gitudinal studies of diabetic patients.1-'17
Comparing these data and mortality data
of the Dutch population from the Central
Bureau of Statistics, we estimated the re-
duction of life expectancy for diabetic pa-
tients at onset to be 20% to 35%, depend-
ingon age at onset. Forpatientswhose age
at onset was in the category birth through
19 years and for those older than 79 years,
the reduction of life expectancy was 30%
to 35%; for patients aged 20 through 79
years the reduction of life expectancy was
20% to 30%o, decreasing with age.

An expected increase in incidence of
8% is assumed for the period 1980 through
2005 in the second variant of the dynamic
model. This assumption is based on the
average increase expected by 33 experts
on diabetes mellitus in The Netherlands,
one of the results of a Delphi investiga-
tion.18 The demographic data come from
the Dutch Central Bureau of Statistics.
The assumptions of the middle variant of
the Central Bureau of Statistics popula-
tion forecasts are used to estimate the fu-
ture number of inhabitants in The Neth-
erlands.19
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FIGURE 3-ReductIon of life expectancy for diabetic patents, by age at onset

Histonc Validation and Sensitivity
Analysis

Two validation procedures were per-
formed to analyze the stability of the
model, that is, whether the data on inci-
dence, prevalence, and reduction of life
expectancy due to diabetes mellitus and
the assumption of no remission result in a
state of relative equilibrium of the dy-
namic model. The first validation proce-
dure was a historic simulation of the
prevalence between 1955 (specific demo-
graphic data before 1955 are lacking) and
1980, assuming time-independent relative
incidence and reduction of life expectancy
to forecast the 1980 absolute prevalence.
We compared the calculated prevalence
with the 1980 data. This historic simula-
tion also made it possible to subdivide the
prevalence for those older than 64 years
into the more specific age categories 65
through 79 years and 80 years and older.
The actual data gave just one prevalence
for all those older than 64 years.

The second validation procedurewas
a sensitivity analysis. We analyzed the im-
pact on the forecast prevalence in 2005 of
variations in some main model parameters
(i.e., the 1980 prevalence, incidence, and
reduction of life expectancy data for dia-
betic patients). For the incidence and
prevalence, two variants were used: a 5%
increase and a 5% decrease in each age-

and sex-specific category compared with
the actual data for 1980. For the reduction
of life expectancy, a 25% increase and
25% decrease were used. Also, one vari-
antwith a linear increase in incidence with
age for those older than 64yearswas used.
For this age category the available empir-
ical data yielded just one value for the in-
cidence formen and one forwomen. These
values were used in the dynamic models
but may not be in accord with reality. The
literature provides evidence that the inci-
dence increases with age for those older
than 64 years.20 Therefore, in one variant a
linear increase in incidence with age was
assumed for those older than 64 years.

Results
Expected Number ofPatients
Predicted by the Two Models

The static model predicted an in-
crease from 191 000 patients (1.35% ofthe
population) in 1980 to 268 000 (1.65% of
the population) in 2005, an increase of
nearly 41%. Growth and aging of the
Dutch population are responsible for in-
creases of 15% and 25%, respectively.
The dynamic model resulted in an in-
crease to 339 000 patients (2.1% of the
population) in 2005, that is, a total increase
of 78% between 1980 and 2005. The extra
increase of37% over the prediction of the
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static model is the result of the disequili-
brium between the influx and efflux of pa-
tients. The incidence exceeds the mortal-
ity. The second variant of the dynamic
model resulted in an increase to 355 000
patients (2.2% of the population) in 2005,
that is, an additional increase from 78% to
86%. In this variant the influx exceeds the
efflux of patients even more.

The absolute increase in the number of
diabetic patients in the period 1980 through
2005 according to the two models is pre-
sented inFigue 4. The estimated numberof

patients in 1990 predicted by the static
model is 222 000 (1.5% of the population),
compared with 242 000 (1.6% of the popu-

lation) and 244 000 (1.6% of the population)
predicted by the first and second variants of
the dynamic model, respectively.

Age-specific analysis reveals that the
expected absolute rise in the period 1980
through 2005 is most prominent in the age
category 45 through 64 years (Figure 5).
This applies to men as well as to women.
Relatively, the most pronounced increase
was found for the age category 80 years

and older (in the dynamic model the num-
ber of patients in this category in 2005 is
about 3.0 to 3.5 times the number in 1980,
for both men and women).

Historic Validation and Sensitivity
Anal,ysis

The historic simulation showed a 10%
higher prevalence in 1980 than the empiri-
cal numbers. This difference is statistically
significant (P < .001). The calculations
also showed that the prevalence for the old-
est category (80+ years) in 1980 (2.8% for
men, 5.8% forwomen)was lower than that
for the 65- through 79-year-old category
(6.0% for men, 7.3% for women).

The results of the sensitivity analysis
for the dynamic model (first variant) are
presented in Table 1. A 5% change in the
age- and sex-specific prevalence in 1980
changes the total number of patients in
2005 by less than 1%. For the incidence, a
5% change in each age- and sex-specific
category results in a similar 5% change in
the total number ofpatients in 2005. When
the reduction of life expectancy is changed
by 25%, the total number of patients in
2005 changes by 6% to 7%. For men, a
decrease in life expectancy influenced the
results more than an increase; forwomen,
the opposite applied. If instead of one
value for all those older than 64 years, a
linear increase in incidence is used, a de-
crease of 9000 patients (2.7%) is found in
2005 (not presented in Table 1).

Disussion
Two models were used to compute

the projected number of diabetic patients:
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a static model and a dynamic model. The
static model forecasts 268 000 patients in
2005; the dynamic model (secondvariant),
355 000. These estimates include all
classes of diabetes meliitus.1 Type II dia-
betes represents about 80% to 90% and
type I diabetes represents about 10% to
20% of all diabetic patients.21,22

Ofthe two models, the dynaicmodel
is considered to be the more valid. For the
static or equilibrium model, the assumption
was made that the age- and sex-specific
prevalence remains constant over time.
This type ofmodel for chronic diseases can
be used only if the age- and sex-specific in-
cidence and life expectancy of diabetic pa-
tients are constant during a long period. For
diabetes this is unlikely, because an increas-
ing incidence has been reported in the
literature.4-8 Our historic simulation proce-
dure supports this observation. It appeared
that the forecasted prevalence for 1980 was
about 10%o higher than the actual registered
prevalence in 1980.

In the dynamic or disequilibrium
model, it appeared that the influx of new
patientswas higherthan the effluxofknown
patients, particlarly in the second variant,
m which an mcreasmg mcidence was as-
sumed. There is no reason to assume that
the past increase in incidence, as reported in
the literature, has stopped. Furthermore,
there are no indications of a significant
change in life expectancy for the majorityof
the diabetic population (type II patients).
Therefore, this parameter was kept con-
stant. Consequently, the second variant,
which resulted in a total increase of 86%, is
viewed as the more valid. On the other
hand, it is quite obvious that the increase in
incidence contnbutes relatively little to this
total increase in the number of diabetic pa-
tients in 2005 (8%). In contast, changes in
demography (static model) and the disequi-
hbriumbetween influx and efflux in the first
variant of the dynamic model caused in-
creases of41% and 37%, respectively.

As stated earlier, the dynamic model
wasvalidatedby a historic simulation pro-
cedure. This procedure resulted in a lower
prevalence for persons aged 80 years and
older in 1980 than for persons aged 65
through 79years. This findingmaybe acon-
sequence ofthe use ofjustone incidence for
those older than 64 years. Empirical age-
specifc incidence data for those older than
64 years were nonexistent. Therefore we
may have underestimated the incidence for
those aged 80years and older and, as a con-
sequence, wemay have underesmated the
prevalence for this age category in 1980. In
the second place, thie estimated number of
patients dying in this age categoty may be

too high (the reduction of life expectancy
has been overestimated), thereby underes-
tinating the prevalence for those aged 80
years and older in 1980. On the other hand,
the lower prevalence in the oldest age cat-
egory has been confirmed by several em-
pirical studies.8s23-25

The sensitivity analysis revealed that
the dynamic model is most sensitive to
variations in incidence and is relatively in-
sensitive tovariations in prevalence. (This
applies to all diseases characterized by a
prevalence that increases with age.) The
majority of the diabetic patients in 1980
were older than 64 years of age and most
of them will not survive until 2005; almost
all of the diabetic patients in 2005 will rep-
resent incident patients diagnosed in the
period 1980 through 2005. The validity of
the prevalence and incidence data used is
considered in the Methods section.

The dynamic model was moderately
sensitive to changes in life expectancy for
diabetic patients. It is striking that formen
a decrease in life expectancy influenced
the results more than an increase. For
women the opposite applied. This is prob-
ably due to the cutoff point: the year 2005.
The explanation may be that the age of
onset of diabetes is relatively lower for
men than for women (Figure 2). Men di-
agnosed at the age of 45 years in 1980 will
still be alive in 2005 if life expectancy re-
mains unchanged or increases, but they
may be dead in the event of an extra re-
duction of life expectancy. On the other
hand, women diagnosed at the age of 65
years in 1980will probablybe dead in 2005
if life expectancy remains unchanged or
decreases, but they may be alive in the
event of an increase in life expectancy.

When a linearly increasing incidence
for those older than 64 years of age was
used, instead of one incidence, the pre-
dicted number of patients in 2005 de-
creased by 9000 (2.7%). The explanation
is simple. First, a higher incidence in the
oldest category results in a shorter dura-
tion of the disease. Those in the oldest
category will die earlier. In the second
place, the countervailing lower incidence
for the age category 65 through 79 years,
which is a larger group (denominator), will
result in a larger absolute decrease in the
number of diabetic patients.

The results presented in this paper
relate only to the number of patients di-
agnosed. In the second National Health
and Nutrition Examination Survey (1976-
1980) in the United States, it was found
that diagnosed patients represent only
50% of all diabetic patients.2- Also, in The
Netherlands it appears that many individ-
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uals suffer from undiagnosed disturbances
in glucose metabolism.27-29 Preliminary
results of a cross-sectional study in The
Netherlands of 2800 persons aged 50
through 74 years revealed that the preva-
lence of previously diagnosed diabetes
was 4.8%. Diabetes was newly diagnosed
by means of a glucose tolerance test in
5.3%*29 Assuming that those results
(roughly 50% undiagnosed patients) apply
to the whole Dutch population and that all
hitherto undiagnosed cases are diagnosed
in 2005, an extra 355 000 diabetic patients
can be expected in 2005. On the other
hand, it is not unlikely that these patients
represent a subcategory needing less in-
tensive medical care.

Successful planning of future health
care for diabetic patients depends on the
availabilityofvalid epidemiological dataon
trends in the incidence, prevalence, remis-
sion, and mortality or life expectancy for
patients with this condition. Both the dia-
betes study of the Dutch Sentinel Practice
Network and the registry oftype I diabetes
by all Dutch pediatricians and internists
will be repeated-the former in the period
1990 through 1993, the latter retrospec-
tively for the period 1988 through 1990.
Therefore it will be possible to partly vali-
date the models. Although the present
computations concern diabetes mellitus in
the Dutch population, the method is also
relevant for other chronic diseases and
other countries. The main restriction is the
availability of valid data. It is therefore
highly recommended that registries for di-
abetes mellitus and other chronic diseases
be started and/or improved. a
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