
Prevention of insulin-dependent diabetes mellitus
(IDDM) and possibly other multifactorial, multigenic
diseases may soon become a reality [1--5]. IDDM is
an excellent candidate for prevention due to the
high incidence of the disease in the western world
and the sizeable life-long costs associated with the
disease. Furthermore, IDDM susceptibility is geneti-

cally determined [6,7], and the clinical disease is pre-
ceded by an asymptomatic latency period characteris-
ed by the presence of markers of islet cell autoimmu-
nity. These markers associate closely with progressive
destruction of the insulin-producing beta cells in the
pancreatic islets of Langerhans, and the destruction
may ultimately lead to clinical IDDM.

There are numerous options for disease prevention
in animal models of autoimmune diabetes, suggesting
that some treatments may also be effective in man [1].
Studies have been launched recently to predict
IDDM (e.g. the DAISY project) [8--16] or to prevent
clinical disease as well (e.g. the American DPT-1 tri-
al, the European ENDIT study [17,18] and the Finn-
ish DIPP project, see below), and several trials are in
the planning phase. As only about 10% of new
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Summary Programmes aiming at prediction and pre-
vention of insulin-dependent diabetes mellitus
(IDDM), a multifactorial autoimmune disease, have
been launched or are in the planning phase in several
countries. We hypothesized that the costs of finding
the correct target subjects for preventive interven-
tions are likely to vary markedly according to the pre-
diction strategy chosen. Average direct costs accruing
in the Finnish IDDM Prediction and Prevention Pro-
ject (DIPP) were analysed from the health care pro-
vider©s viewpoint. The genetically targeted strategy
included costs of assessing genetic IDDM susceptibil-
ity followed by measurement of marker(s) of islet au-
toimmunity in the susceptibility restricted population
at 3 to 6-month intervals. In the pure immunological
strategy markers of autoimmunity were repeatedly
analysed in the entire population. The data were fi-
nally exposed to sensitivity analysis. The genetically
targeted prediction strategy is cost-saving in the first

year if autoimmune markers are analysed as fre-
quently as under the DIPP project, and in all circum-
stances later. The 10-year direct costs per child are
US$ 245 (present value $ 217, 5% discount rate) if
the genetically targeted approach is used and $ 733
(present value $ 619) if the pure immunological strat-
egy is chosen. In sensitivity analysis the 10-year costs
(present value) per child of the genetically targeted
strategy and of the pure immunological strategy var-
ied from $ 152 to $ 241 and from $ 430 to $ 788, re-
spectively. The genetically targeted IDDM prediction
strategy is remarkably cost-saving as compared with
the pure immunological strategy mainly because few-
er subjects will need retesting during the follow-up.
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IDDM cases occur in families with previously affect-
ed subjects, subjects with increased IDDM risk have
to be found from the general population. According-
ly, selection of the most cost-efficient screening ap-
proach becomes a critical issue for the payer of the
service. As seroconversion to autoantibody positivity
may occur at any age, the strategy of predicting
IDDM may be based on: 1) repeated analyses of
marker(s) of disease-associated autoimmunity in the
entire population (the pure immunological strategy);
or 2) initial evaluation of genetic IDDM susceptibility
[7], followed by repeated measurement of the autoim-
mune markers only in the smaller, susceptibility re-
stricted population (the genetically targeted strate-
gy).

The two prediction strategies are compared using
economic data collected in the Finnish population-
based IDDM Prediction and Prevention Project
(DIPP). In the DIPP project HLA-DQB1 allele com-
binations tightly linked with IDDM susceptibility or
protection have been analysed in over 11 000 consec-
utive cord blood samples. Islet-specific autoanti-
bodies, primarily islet cell autoantibodies (ICA),
have then been measured at defined intervals in sub-
jects at increased genetic risk for IDDM. Data on
the expenses accrued during the first 2 years of the
DIPP trial provide detailed information for compari-
son of the costs caused by the two IDDM prediction
strategies. Sensitivity analysis of the factors which af-
fect cost accumulation shows that marked variations
in disease incidence, prevalence of autoimmune
markers or in other contributing factors have a mini-
mal influence on the outcome of the comparison.

Subjects and methods

Design of the DIPP trial. The population-based DIPP trial,
launched in Turku and Oulu in Finland in 1994 and 1995, re-
spectively, is based on screening of HLA-DQB1 risk alleles in
the cord blood of all newborn infants (8500 annual births), sub-
sequent immunological follow-up of those who turn out to be
at increased genetic risk, and identification of the time of onset
of islet-specific autoimmunity. Finally, those who are both ge-
netically and immunologically at increased risk are randomis-
ed to receive nasal insulin or placebo in a double-blind preven-
tive treatment trial. Genetic screening, as applied in the DIPP
trial, identifies 60--80 % of those who will develop IDDM in
Finland before the age of 15 years [7].

In February 1997, 11 721 consecutive cord blood samples
had been screened for the designated HLA-DQB1 alleles after
informed consent by the parents. Blood was dried on filter pa-
per and the alleles were determined using PCR, lanthanide
chelate labelled oligonucleotide probes and time-resolved de-
tection of the label [19]. Of those screened, 13.0 % carry the
risk allele combinations *0302/*0201 or *0302/*x (*x = a neu-
tral allele) without protective alleles *0602, *0603 or *0301.
Those at increased genetic risk (propositi) and their at-risk sib-
lings are followed for development of islet autoimmunity at 3-
month intervals until 2 years of age and biannually thereafter.
As the oldest trial propositi are now aged slightly over 2 years,

there are limited data on the rate and age distribution of sero-
conversion to positivity for disease-associated autoantibodies.

In the following calculations the at-risk children are as-
sumed to comprise 13.0 % of the population as suggested by
the DIPP trial. Of those at increased genetic risk, 23.5 % are
expected to have a risk of 7 % (*0302/*0201) and 76.5 % a risk
of 3 % (*0302/*x) of developing IDDM before 15 years of age
[7]. Consequently, the average risk of the targeted population
is 4 %, while the risk in the background population is 0.66 %.

About 3--4 % of Finnish school-aged children test positive
for ICA [8]. This high proportion is probably closely associated
with the high IDDM incidence in Finland [20,21], as the preva-
lence of ICA positivity appears to be tightly linked with IDDM
incidence in childhood [22--25]. New ICA positive subjects are
assumed to accumulate at a constant rate, as the proportions of
ICA positive children in different age categories are not avail-
able. If 50 % of the children, who are genetically at increased
risk and have ICA, develop IDDM before 15 years of age,
8 % of the children who are genetically at increased risk should
test positive for ICA by 15 years of age. Assuming a stable se-
roconversion rate through childhood allows us to simplify the
calculations and use average numbers of ICA positive children
in the analysis.

The intra- and inter-assay variabilities of the autoimmunity
marker tests have been defined [26]. The laboratory has re-
peatedly participated in the international ICA standardisation
workshops, and achieved sensitivity and specificity figures
98 % and greater.

Cost analysis. In this analysis relevant costs were identified,
quantified by natural units (hours of physician©s time, reagent
consumption etc.), and valued in commensurable monetary
units [27,28]. Since the financial burden to the health care sys-
tem caused by IDDM prediction was studied [29,30], the pro-
vider©s viewpoint was chosen. Average costing was used as
large populations were studied and the frame of reference
was the aggregate [31]. Consequently, indirect [32] and intangi-
ble [33] costs were excluded from the analysis [30]. Meanwhile,
costs such as payroll fringe costs were taken into account, even
though they are transfers by nature.
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Table 1. Valuation of different cost items

Cost item Valuation

Variable costs
Wages of personnel
(including payroll fringe
costs)

Average wage rates. Length of each
work phase is based on actual time
used in the procedure. Payroll fringe
costs are estimated to be 47 %

Laboratory equipment
and reagents

Market prices

Medical and other supplies Market prices

Office expenditure
(materials, mail, phone etc.)

Market prices

Sample transportation As the service would have been
bought from outside the hospital;
market prices

Fixed costs
Overheads 65% overhead rate. This rate is used

by the hospital accounting in allo-
cating fixed costs (administration,
maintenance etc.) to outpatient care
at the Department of Paediatrics,
Turku University Hospital



For most direct cost items market prices were available
(Table 1). Analysis of fixed costs was more complicated, as al-
location of costs to different procedures was difficult, although
market values for larger entities were available. Thus, fixed
costs were allocated using overhead rates defined by the hospi-
tal accounting in Turku University Hospital [30].

Direct costs. Average wages in Finland were used [34] (Ta-
ble 2). Time spent at different phases of the two prediction
protocols was analysed accurately step by step assuming that
the labour capacity was in full use (Table 2).

Direct costs in the genetically targeted strategy accrue
from: 1) genetic screening, 2) ICA follow-up and 3) counselling
of the families (Table 2). The expenses of genetic screening in-
clude costs of recruitment and signing of the informed consent,
drawing and handling of the blood sample, sample transports,
laboratory reagents and disposables, data handling and report-
ing, office expenditures, first family counselling after screening
as well as overhead costs. All wages and payroll fringe costs
caused by these events are also included. These costs accrue
only once at birth.

The expenses of autoimmunity follow-up recur and cover
costs of drawing the blood sample, sample preparation, trans-
portation, autoimmunity screening, laboratory equipment and
reagents, supplies, data handling and reporting, office expendi-
tures and overheads. All associated wages and payroll fringe
costs are also included. Costs of counselling when the child
has a blood sample drawn include wages of the counsellors
(paediatric resident, paediatric nurse) with payroll fringe costs
and overheads.

Direct costs accruing when the pure immunological predic-
tion strategy is used comprise costs of obtaining, preparing and
transporting the sample, testing for autoimmune marker(s),
laboratory equipment and reagents, supplies, reporting, office
expenditures and overheads as well as the wages of the person-
nel with payroll fringe costs.

Autoimmune markers (presently ICA in the DIPP project)
are measured at birth, then at 3-month intervals, and biannual-
ly after 2 years of age (Fig. 1). Samples are drawn more fre-
quently during the first 2 years of life, as pre-IDDM might pro-
gress to clinical IDDM more aggressively in young children,
and preventive treatment thus should probably be initiated
soon after seroconversion. Prolongation of the sampling inter-
vals would decrease costs of both prediction strategies but
would have a minimal influence on the relative costs of the
two strategies. As accurate data of the timing of autoimmune
seroconversions are missing, we excluded counselling expenses
from the costs of the pure immunological strategy. As counsel-
ling contributes substantially to the costs, the true costs of the
pure immunological approach would be higher than shown in
this study.

Results

Direct costs of genetically targeted IDDM prediction.
Direct costs of HLA-DQB1 risk allele analysis in-
cluding all accompanying costs (as defined in Meth-
ods) are US$ 127 (US$ 1 = Finnmark 4.90, February
1997) for a child who is genetically at increased risk,
whereas the costs are $ 68 for a non-risk child. The
difference in costs is due to the expenses caused by
counselling of those who are at increased risk. Since
13.0% of children are genetically at increased risk,

the average costs of screening are $ 76 per child, while
the costs of finding one at-risk child are $ 585.

The costs of collecting and analysing ICA positive
and negative follow-up samples are $ 73 and $ 29, re-
spectively, since the titration of the positive samples
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Table 2. Per sample working times and average monthly wag-
es of personnel in different phases of genetic screening, ICA
follow-up and counselling

Phase Personnel
(wage/month $)

Time
(min)

Genetic screening
Recruitment Paediatric nurse (2156) 30

Sample drawing Paediatric nurse 10

Screening Laboratory nurse (2019)
Laboratory technician (2449)
Office employee (1649)

35
15

5

Reporting Paediatric nurse 5--15

Counselling Paediatrician (3594) (resident) 45
Paediatric nurse 45

ICA follow-up
Sample drawing
and handling

Laboratory nurse 15--30

Screening
(ICA − or +)

Laboratory nurse 15 or
105

Counselling
3-monthly sessions Paediatric nurse 45

Other sessions Paediatric nurse 30

Once per year
sessions

Paediatrician
Paediatric nurse

30
30

Fig.1. Diagram of the deterministic model used in the cost cal-
culations. The percentages in the diagram show true or expect-
ed proportions of the children progressing through the path-
way (follow-up time 10 years). The areas inside the dashed
boxes are executed four times per year in the first 2 years of
follow-up and then semiannually. As described in detail in
Methods, the cost calculations in the pure immunological strat-
egy contain no counselling costs



demands extra work. The costs of the cord blood ICA
measurement are only $ 61 and $ 17 for ICA positive
and ICA negative samples, as the handling costs of
the cord blood are included in the costs of genetic
screening.

The first counselling visit in the DIPP trial for fam-
ilies with a child carrying increased genetic risk is 4 to
8 weeks after delivery. A physician and a research
nurse tell the parents about diabetes and the DIPP
trial and clarify what their child©s IDDM risk means
in practical terms. The three-monthly visits before
2 years of age and biannual visits thereafter are cov-
ered by the nurse alone. A physician, assisted by a
nurse, meets the family once a year. Blood samples
are drawn by a laboratory nurse at every follow-up
visit. The direct costs caused by the initial counselling
visit, various visits to the nurse, and the annual visits
to see the physician as well as the nurse are $ 54,
$ 16--$ 23, and $ 36, respectively.

The costs caused by a genetically at-risk child who
is continuously ICA negative are $ 783, $ 198 and
$ 109 in the first, second and later years, respectively;
those of an ICA positive child are $ 960, $ 376 and
$ 198 (Fig.2).

Using average direct costs of genetic screening,
ICA follow-up and counselling, the 10-year direct
costs of the trial are $ 245 per child, or $ 1885 per
child who is genetically at risk. At present values using
a 5 % discount rate, 10-year costs are $ 217 per child.

Direct costs of the pure immunological strategy, i. e. re-
peated screening of the entire population for ICA. If
marker(s) of autoimmunity are measured repeatedly
in the general population without previous genetic
risk assessment, the number of children to be studied
remains unchanged. As children in the model used
are studied more frequently in the first 2 years of
life, the costs accrue faster at the beginning than later.
The costs of the pure immunological strategy are $
145, $ 118 and $ 59 in the first, second and the follow-
ing years, respectively (Fig.3). The direct 10-year
costs are thus $ 733 per child (present value, 5% dis-
counting, $ 619).

Sensitivity analysis. Sensitivity analysis shows that
neither the uncertainties caused by the unconfirmed
proportions of the genetically at-risk children and of
children positive for autoimmune markers nor the
choice of the discount rate affects the main finding,
i. e. the genetically targeted prediction programme is
extremely cost saving as compared with repeated au-
toantibody screening of the entire population (Ta-
ble 3). Increases or decreases in the working time
used for the various phases of risk assessment fail to
influence this outcome. In the extreme case 1 (Ta-
ble 3), when all values maximally favour the immuno-
logical strategy, its discounted costs exceed those
caused by the targeted strategy by close to 80%

($ 430 vs $ 241). If the assumptions favour the target-
ed approach (extreme case 2, Table 3), the present
value of the 10-year costs of the genetically targeted
prediction ($ 152) are only 19% of those of the pure
immunological programme ($ 788), even though the
costs of the immunological strategy contain no coun-
selling (see Methods).

Discussion

Accurate data on the expenses accruing in the DIPP
project, where over 11 000 consecutive newborn in-
fants have been screened for genetic risk of IDDM
and those at increased genetic risk have been immu-
nologically followed up, have now been used as back-
ground for a comparison of the economical implica-
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Fig.2. Annual direct costs of IDDM prediction based on the
analysis of genetic IDDM risk at birth combined with ICA fol-
low-up and counselling of families with children at increased
genetic risk. Costs differ slightly between ICA negative ( )
and ICA positive ( ) children due to the need of titration for
the ICA positive samples

Fig.3. Annual direct costs of IDDM prediction based on: 1)
the analysis of genetic IDDM risk at birth, ICA follow-up and
counselling of families with children who are at increased ge-
netic risk (genetically targeted strategy) ( ); or 2) on repeated
ICA follow-up of the entire population (pure immunological
strategy) ( ). Cost calculations in (2) contain no costs for
counselling (see Methods). Inclusion of counselling costs
would further increase the cost difference between the two
strategies



tions of two IDDM prediction strategies. For the ge-
netically targeted strategy the 10-year investment
needed is $ 217 per child (present value, 5 % dis-
counting), i. e. the costs are markedly lower than
those caused by the pure immunological approach,
which relies on repeated immunological testing of
the entire population.

As the effectiveness of the currently tested and
proposed preventive treatments remain unknown
and the life-time costs of IDDM have only been esti-
mated roughly, cost-effectiveness analysis of IDDM
prediction and prevention is not yet achievable. How-
ever, some estimations of the required efficacy of the
prevention are possible. In the United States, the di-
rect costs of diabetes (IDDM and non-insulin-depen-
dent diabetes, NIDDM) are estimated to be $ 90 bil-
lion per year [35] or $ 12 500 per patient with diabe-
tes. These figures are adopted here as the best esti-
mate of the costs of IDDM. Simplisticly, delay of clin-
ical IDDM by one single year accounts in health care
expenditures for a saving of $ 12 500 per person. As
the annual average direct costs of the genetically tar-
geted IDDM prediction strategy are $ 189 (i. e. 10-
year direct costs $ 1885 divided by 10 years) per at-
risk child, and the risk of the at-risk children to have
IDDM is 4%, the costs of finding one at-risk child
who without prevention will develop IDDM are
$ 4725 per year. Thus, an average delay of IDDM by
0.38 years per all years the immunological follow-up

has been continued would cover the costs of the pop-
ulation-based IDDM prediction ($ 12 500 × 0.38 =
$ 4750). Thus, if a child has been observed for 8 years
when seroconversion to positivity for the autoim-
mune marker(s) occurs, the preventive treatment
should delay the manifestation of the clinical disease
by 3 years (8 years x 0.38 = 3.0 years) to cover the
costs of the prediction.

Of the two strategies compared in this study, the
genetically targeted IDDM prediction is clearly cost-
saving as compared with repeated ICA screening of
the entire population. The differences in costs are
sizeable in the long run, as seroconversion to autoan-
tibody positivity may occur at any age, and follow-up
thus has to be continued at least throughout child-
hood. As some of the means which are currently test-
ed for IDDM prevention are probably able to at least
delay the onset of clinical IDDM, and the develop-
ment of more efficient preventive modalities is in
progress, selection of feasible, cost-efficient means
of recognizing the onset of the disease process(es)
combined with early preventive measures are of high
potential value. The health economic impact of pre-
diction and prevention programmes also depends on
the age at disease manifestation in the population.
Finland, which has an exceptionally high IDDM inci-
dence in childhood and where the mean age at diag-
nosis is low, will thus gain relatively more than other
countries with a frequent screening schedule.

The number of children who will need follow-up is
critical for the economical outcome in the cost com-
parison of the prediction strategies. Genetic screen-
ing excludes 87% of the population from the follow-
up; such exclusion is the key issue in cost reduction.
However, the sensitivities of the two strategies differ
markedly. As genetic screening identifies only 60--
80% of those who will develop IDDM and the capa-
bility of ICA monitoring to find those who will devel-
op IDDM is 70--90 %, the genetically targeted meth-
od will find only 42--72% of those who will progress
to clinical IDDM. Thus, the cost-savings due to the
genetically targeted strategy should be balanced
with the number of subjects with "unprevented""
IDDM. On the other hand, the number of "unpre-
vented"" IDDM cases depends on the effectiveness
of the preventive treatment, i. e. what proportion of
the IDDM cases occurring in the population ruled
out from the follow-up is actually preventable using
the prevention therapy selected. Another factor
which may influence the sensitivities of the two strat-
egies is the fact that the proportion of ICA positive
children who actually are going to develop IDDM is
probably larger among the ICA positive, genetically
at-risk children than among the ICA positive chil-
dren in the general population, as recently suggested
by the ICARUS study [36]. Since marked improve-
ments in the predictive sensitivity of disease-specific
autoimmune markers are unlikely (best combination

J. Hahl et al.: Costs of predicting IDDM 83

Table 3. Sensitivity analysis of present values of 10-year total
direct costs per child

Variables
(Empirical finding or basic
assumption in parenthesis)

Genetically
targeted
strategy ($)

Pure immu-
nological
strategy ($)

Baseline case 217 619

Genetic risk 8% (13.0%) 160 619

Genetic risk 16% (13.0%) 251 619

ICA positivity of risk children
10% (8%) 218 619

ICA positivity of unselected
population 2% (4%) 217 613

Work time of each phase +25% 262 743

Work time of each phase −25% 171 495

Discount rate 3% (5%) 227 660

Discount rate 10% (5%) 197 537

Extreme case 1:
genetic risk 16%, ICA + of at-risk

241 430

children 10% and of unselected
population 2%, work time in
screening and counselling +25%
and in ICA follow-up −25%,
discount rate 10%

Extreme case 2:
genetic risk 8%, work time in

152 788

screening and counselling −25%
and in ICA follow-up +25%,
discount rate 3%



sensitivities now exceed 90%), whereas additional
IDDM-associated genetic markers will probably be
characterized [37,38], genetically targeted IDDM
prediction will be increasingly favoured as the first
screening measure. As preventive measures for other
multifactorial diseases are being developed, the same
samples collected for genetic IDDM prediction will
be available also for other disease-targeted predic-
tive measures. Improved genetic methodologies and
the growing number of samples analysed will likely
increase analytic efficiency and cut down sample
costs.

In conclusion, this study shows that in IDDM pre-
diction the genetically targeted strategy together
with autoantibody follow-up of those who are at in-
creased genetic risk is extremely cost-saving as com-
pared with the pure immunological approach, i. e. re-
peated immunological screening of the entire popula-
tion. The costs of the targeted strategy are smaller,
even though costs of counselling were excluded from
the expenses of the pure immunological strategy.
The cost difference between the two strategies is of
such a magnitude that it is likely to be decisive in the
selection of IDDM prediction strategies in all west-
ern countries. The genetically targeted strategy will
probably also improve follow-up compliance in popu-
lations with limited knowledge of the burden caused
by IDDM, and may allow individualization of the fol-
low-up practices and preventive therapy according to
the child©s inherited risk category.
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