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Summary This study estimates the direct health care
costs of the incidence of insulin-dependent diabetes
mellitus (IDDM) in Spain. A discrete event simula-
tion model was developed to approximate the natural
history of a cohort of newly diagnosed patients in a gi-
ven year and used to calculate the average costs
which would accumulate during the lifetime of the
group of patients. The model takes into account both
the underlying costs of control and maintenance of
the disease plus the additional costs of long-term
complications that are likely to develop as the disease
progresses. The model is based on national and inter-
national epidemiological and demographic informa-
tion combined with local cost data. The number of
newly diagnosed cases of IDDM each year, based on
Spanish epidemiological data, was calculated to be

approximately 1791 cases in 1994. The baseline re-
sults from the model indicate that the average life ex-
pectancy of an IDDM patient is approximately
59.6 years with an average lifetime cost of 12.7 mil-
lion pesetas per individual (1994 undiscounted val-
ues), 5.1 million pesetas per individual when dis-
counted at a rate of 6% and 8060 million pesetas for
the entire newly diagnosed cohort discounted at a
rate of 6 %. Sensitivity analysis was undertaken in or-
der to observe the effect on the result of changes in
the values of key variables. [Diabetologia (1997) 40:
311-318]

Keywords Cost, incidence, insulin-dependent diabe-
tes mellitus, model, simulation, Spain.

Insulin-dependent diabetes mellitus (IDDM) is con-
sidered to be one of the most important chronic dis-
eases. The long-term consequences are substantial,
affecting the welfare of society as a whole by drawing
upon scarce medical resources as well as affecting the
individual’s health status [1]. Thus, IDDM is of major
importance in health care planning as it affects health
primarily through its chronic multisystem complica-
tions, rather than by acute metabolic crises related to

Received: 17 May 1996 and in revised form: 19 November 1996

Corresponding author: W. M. Hart, SOIKOS, Centre d’Estudis
en Economia de la Salut i de Politica Social SL, Sardenya
229-237, 6°-42, 08013 Barcelona, Spain

Abbreviations: IDDM, Insulin-dependent diabetes mellitus;
PVD, peripheral vascular disease; AMI, acute myocardial in-
farction; MAU, microalbuminuria; SMAU, significant microal-
buminuria; PROT, proteinuria; ESRD, end-stage renal dis-
ease; TRAS, kidney transplant; RUN, initiation of simulation.

insulin deficiency [2]. These chronic conditions in-
clude diabetic retinopathy [3, 4], coronary artery dis-
ease [4-6], nephropathy [7], neuropathy [8], cere-
brovascular disease [8-10], and peripheral vascular
disease (PVD) [11-12]. Treating IDDM therefore re-
quires a variety of health care resources including
hospital physician and general practitioner time.

Current interest in the epidemiological and health
care aspects of IDDM in Spain is considerable [13]
and in order to address the problem of estimating
the lifetime direct health care costs of the disease, a
study of the cost of the incidence of IDDM in Spain
was planned. This study provides an estimate of the
direct lifetime costs from the institutional perspective
of an IDDM patient.

Despite the complexity of the task and although
the epidemiological data are incomplete it is possible
to carry out simulations using a mathematical model
to assess the cost of the disease for a defined set of
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assumptions. This is the approach used in the current
study as a first attempt to estimate the direct lifetime
costs of IDDM in Spain, offering the flexibility to im-
prove the results as further information becomes
available.

Materials and methods

The cost of illness framework. It has been argued that estimates
of the economic burden of a disease are useful for various rea-
sons [14]. Apart from demonstrating the importance of a dis-
ease to society they can also help determine priorities for fu-
ture research [15]. There are two approaches used when calcu-
lating the cost of a specific disease. By far the most common
approach is the prevalence methodology in which costs are cal-
culated for a given year. Although there are a number of prev-
alence studies of the cost of diabetes [1, 16-19], their value is
limited given that they cannot be used to determine priorities,
as priorities are likely to be dependent on the long-term conse-
quences of treatment interventions. An alternative approach,
adopted in this study, follows an individual or group of individ-
uals from diagnosis throughout their lifetime and would permit
the evaluation of the effect of alternative treatment strategies
or the introduction of, for example, new medical technologies.

The perspective also varies from study to study. Here, direct
costs at the institutional level are considered.

Epidemiology of IDDM in Spain. The total amount of health
care resources spent on treating and caring for diabetic pa-
tients will be related to the prevalence and incidence of the dis-
ease itself; hence, epidemiology is an ideal instrument for es-
tablishing the dimension of the problem of diabetes and its
complications [20]. In this regard the St.Vincent Declaration
underlined the need and urgency for updating epidemiological
knowledge in each European country in order to establish
treatment and prevention strategies for diabetes and its com-
plications [21]. Until recently there was no information on the
incidence of IDDM in Spain. In the past decade a number of
consensus meetings have been held with the aim of initiating
epidemiological investigations with a standardised methodol-
ogy [22, 23].

The first data published using such a standardised method-
ology were obtained on the incidence of IDDM in Madrid
[24]. The study included all those under the age of 15 from an
at-risk population of 1105243 inhabitants retrospectively dur-
ing the period 1985-1988. The estimated incidence was 11.3/
100000 inhabitants/year. Similarly, in 1986, a programme was
initiated in Catalonia [25] to accurately document the inci-
dence data of IDDM for individuals under the age of 30 years
during a 4-year period (at-risk population, 0-29 years;
2690394 inhabitants). The observed age-specific rates (per
100000 person years) were the following: 4.4 (0-4); 9.9 (5-9);
17.5 (10-14); 11.4 (15-19); 11.3 (20-24) and 8.5 (25-29 years).
The observed incidence by Goday et al. [25] in the 0-14 age
group was very similar to that found by Serrano-Rios et al.
[24]. The analysis was based on the results of the Catalan study
given the wider age range considered and the similarity of re-
sults between the two studies in the more restricted range of
0-14 years. Using 1994 population estimates [26], a percentage
distribution of new cases by age was calculated (Fig.1).

Management of IDDM in Spain: resource utilisation and costs.
After consultation with a number of experts, and the most re-
cent national and European consultative documents [27, 28],
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Fig. 1. Distribution of new cases of IDDM (years) in Spain in
1994

a consensus, based on a combination of actual practice and
the medical attendance schedules described in the aforemen-
tioned documents, was estimated concerning the additional re-
sources used in the management and control of IDDM. Costs
were obtained from published articles, annual hospital reports,
tariffs and unpublished research. Due to the additional costs
associated with diagnosis in the first year, costs were calculated
separately for the first year of diagnosis followed by annual
costs for all subsequent years (without the costs of chronic
complications). For a typical patient, first-year costs were as-
sumed to consist of 7 days of hospitalisation including the initi-
ation of insulin therapy and possible acute complications, out-
patient visits, self-control, tests, insulin therapy and equipment
(Table 1). Costs in subsequent years include similar resources
but a reduction in the utilisation of inpatient hospitalisation
(Table 2). One should bear in mind that the figures have been
considered as an estimated average cost since it is unrealistic
to assume that everyone with maintain the same medical atten-
dance schedule.

Chronic complications and epidemiology associated with
IDDM. As the disease progresses, additional resource needs
will be added to the described underlying control and mainte-
nance requirements which will remain fairly constant during
the life of the patient. Additional resources and hence costs
will appear due to the development of chronic complications.
Although there are many complications related to IDDM
this study was limited to an analysis of those which are as-
sumed to have the greatest economic impact: nephropathy, re-
tinopathy and cardiovascular complications, based on our
conversations with clinical experts. As in a number of previ-
ous prevalence studies [29-31] and some cost-effectiveness
evaluations of the screening and early treatment of nephropa-
thy in IDDM patients [32] the study considers the typical pro-
gression of nephropathy among IDDM patients from the on-
set of microalbuminuria to the onset of renal failure with the
need for dialysis or kidney transplant. The various stages con-
sidered with percentages, medians and ranges (in years) in-
cluded in the model are the following [31]: IDDM onset to
microalbuminuria (MAU) (60%; 12 [3-25]); microalbumin-
uria to significant microalbuminuria (SMAU) (75%; 4 [2-
8]); significant microalbuminuria to proteinuria (PROT)
(75%; 4 [2-8]); proteinuria to end stage renal disease
(ESRD) (50%; 10 [3-18]) and ESRD to dialysis (100 %; no
delay). In the case of dialysis to kidney transplant; kidney
transplant to transplant failure and transplant failure to dialy-
sis yearly data derived from national and international sour-
ces were used.
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Table 1. Estimated average costs (pesetas) per patient in the
year of diagnosis

Resource Units*  Cost Cost
(pesetas)/unit  (pesetas)’

Hospitalisation 7 days 44042 (29-31) 308294

Visits

Specialist 4 9091° 36364

Nurse 8 3312¢ 26496

Self-control

Strips 552 70 (32) 38640

Tests

General analysis 5 1164 (33) 5820

Insulin-average cost

(including syringes, needles,

pen systems, etc. )¢ 65 361

Reflectometer 1 7500¢ 7500

Total (first year) 488475

Data as described in text (ref. number)

? Resource utilisation according to the experts and consensus
documents [27, 28];

® INSALUD annual report, Madrid 1993, updated to 1994;

¢ Contract programme of Bellvitge Hospital, Barcelona, up-
dated to 1994;

4 Based on a review of alternative administration systems;

¢ General catalogue. COFARES group (Madrid, Spain). Oc-
tober 1994;

£133.94 pesetas = 1 US § in 1994

Table 2. Estimated average annual costs (pesetas) per patient
in years following year of diagnosis (without cost of chronic
complications)

Resource Units® Cost Cost
(pesetas)/unit  (pesetas)®

Hospitalisation 1.4 days 44042 (29-31) 61659

Visits 4 9091° 36364

Specialist

Self-control strips 416 70 (32) 29120

Tests 4 1164 (33) 4656

General analysis

Average insulin cost 65361

(including syringes,
needles, pen systems, etc. )"

Reflectometer 0.33
Total (following years)

75004 2500
227164

Data as described in text (ref. number)

2 Resource utilisation according to the experts and consensus
documents [27, 28];

® INSALUD annual report, Madrid 1993, updated to 1994;

¢ Based on a review of alternative administration systems;

4 General catalogue. COFARES group. October 1994;

¢ 133.4 pesetas = 1 US $ in 1994

Although morphologic lesions develop in the glomeruli of
all diabetic patients after a few years of metabolic abnormality
[33], many patients never have clinically important renal dis-
ease, even after many years of diabetes [34]. On the other
hand, diabetic nephropathy with proteinuria, increased blood
pressure, and a decline in renal function will develop in as
many as 45% of IDDM patients [35]. The natural history of
nephropathy is of particular relevance given the considerable
cost of treating ESRD and that nephropathy is one of the
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principal causes of mortality in IDDM [36]. However, at-
tempts to describe this natural history have been few [37].
Moreover, differences in methodological approach have pre-
cluded comparisons among studies [38] that could indicate en-
vironmental factors or improvements in the management of
diabetes that have influenced the occurrence or progression
of the disorder. Before 1987 no such study had ever been un-
dertaken in Spain and although retrospective studies have
now been performed such as the one by Esmatjes et al. [39]
the limited results indicate a natural history similar to that of
other countries and hence we have used more complete data
from the international literature [40, 41].

Cardiovascular diseases have been divided into two groups:
acute myocardial infarction (AMI) (Table 3) and peripheral
vascular disease (PVD) (Table 4). Data for other categories of
cardiovascular diseases were not considered to be of sufficient
quality to be included in the study.

Information on the epidemiology of AMI was obtained
from research undertaken by the Department of Endocrinol-
ogy at Hospital de Cruces, Baracaldo [42, 43].

Costs and average survival data were obtained from recent
Spanish publications such as a recent study by Lanchas et al.
[44] who present an 8-year actuarial survival rate for diabetic
patients (both types) after AMI of 55.9%. On the assumption
of constant mortality, an underlying condition of the ‘DEALE’
methodology [45], the estimated average life expectancy after
such an event was calculated to be 13.8 years.

Other epidemiological data related to cardiovascular
events were based on the aforementioned Spanish database
[42, 43] and published studies in Spain combined with interna-
tional data where no appropriate Spanish data were available.
Amputation survival data was based on a worldwide review of
the literature [46]: 1 year: 75%; 2 years: 60 %; 3 years: 50 %;
4 years: 45% and 5 years: 33%. Costs for peripheral bypass
surgery and amputation were obtained from Spanish research
[47].

In the case of retinopathy, an ocular examination is recom-
mended to be performed annually 5 years after the initial diag-
nosis of IDDM [27]. From an economic perspective our main
concern was the use of laser photocoagulation for which we
have limited Spanish data provided by the research under-
taken in Hospital de Cruces, Baracaldo: 0-5 years after diagno-
sis: 0%; 5-10years: 2,4%; 11-20: 8.4% and more than
20 years: 53.6 %.

Cost of resources used in the treatment of diabetic complica-
tions. Costs were updated to 1994 values using the Spanish con-
sumer price index since there is no specific index for medical
technology inflation.

In the case of antihypertensive treatment we have taken the
average cost per month of those medications generally given to
diabetic patients from International Marketing Services [48].
The average cost per month was 2001 pesetas and hence the
average cost per year was 24010 pesetas.

The annual cost of dialysis was based on a monthly cost of
280000 pesetas in 1993 [49] and subsequently updated to 1994
values.

Kidney transplant costs were obtained from a study under-
taken by the investigation unit of the Ministry of Health [50]
giving a value of 3502940 pesetas.

The cost of maintenance of kidney transplant patients has
been based on standard cyclosporin treatment and was esti-
mated to cost 1037512 pesetas in 1994 from the same Ministry
of Health study [50].

Costs for AMI were based on diagnostic related group data
from three Spanish hospitals [51-53]. The average cost of an
AMI, with an average stay of 11 days, was 483 141 pesetas.
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Table 3. Incidence of myocardial infarction

Duration of disease (years) No Yes
0-4 78 0
5-9 129 78
10-19 190 129
>20 102 10
Total 499 217

Number of new cases (YES) after a certain duration of the dis-
ease

Table 4. Incidence of peripheral vascular disease

Duration of disease (years) No Yes
0-4 76 2
5-9 126 2
10-19 188 2
>20 100 12
Total 490 18

Number of new cases (YES) after a certain duration of the dis-
ease

For bypass and amputations, costs were based on an epide-
miological and cost-effectiveness study of 526 patients under-
taken by the Angiology and Vascular Surgery Service of Hos-
pital La Paz, Madrid, during the period 1981 to 1990 [47].

For bypass surgery the costs are essentially those derived
from the surgical intervention and the in-patient hospital stay
with an average of 32.58days and an average cost of
1061000 pesetas (updated to 1994).

Amputations can be divided into two categories: minor and
major, with an average cost of 1740000 pesetas (updated to
1994). Values of 64800 pesetas and 1736 pesetas for photoco-
agulation and an ocular examination, respectively, were ob-
tained from the College of Physicians, Barcelona [54] and un-
published research, respectively.

Simulation model. In this study a discrete event model was
developed using SIGMA for windows simulation software
(Schruben, Danvers, MA, USA) in which changes occur at
particular instants in time. In a simulation of a discrete event
model, time is advanced in discrete steps (variable and often
random in length) to the next change of state. Hence a dis-
crete event simulation skips over uninteresting time intervals
rather than tracking detailed system dynamics. A description
of the state of a discrete event model will necessarily include
values for all its numerical attributes as well as any schedule
it might have for the future. Changes in the state are called
events. The basic model is illustrated in Figure 2, which illus-
trates the various states considered and their interrelation-
ship. Each simulation cycle starts at the initiation of simula-
tion (RUN) state based on the incidence of IDDM from the
Catalonian study previously mentioned [25]. In combination
with Spanish population data for the corresponding age
groups that were defined in the incidence study, it was possi-
ble to construct a probability distribution of the time of onset
of IDDM. By using this distribution, the event: time to onset,
is selected randomly at which point the patient then enters
the IDDM state, the diagnosis of IDDM, with a value varying
between 0 and 29 years.

From IDDM there are two options: progression to the
MAU state or eventual death based on standardised Spanish
life expectancy data with no nephropathy complications. This
process is repeated with the progression to SMAU or eventual
death with an adjustment based on relative risk data for pa-
tients with MAU and no further nephropathy complications.

W.M. Hart et al.: Simulation of the cost of IDDM in Spain
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Fig. 2. Simplified representation of each simulation cycle. Run,
initiation of simulation; IDDM, onset of IDDM; M AU, micro-
albuminuria; SMAU, significant microalbuminuria; PROT,
proteinuria; ESRD, endstage renal disease; DIAL, dialysis;
TRAS, renal transplant; TRASEF, transplant failure

From SMAU to PROT and from PROT to ESRD a similar
process occurs with an adjustment to life expectancy based on
relative risk data and the time lags from the time to diagnosis
to the time of onset of the different states.

At ESRD, it was assumed that haemodialysis would be un-
dertaken immediately with the possibility of eventual death
with no further nephropathy complications or kidney trans-
plant (TRAS) based on data from the Catalonian Register of
Renal Disease [55].

At TRAS, there are two possibilities: death or transplant
failure, both being based on distributions from the interna-
tional literature [41]. Until death or transplant failure the costs
of transplant maintenance have also been included.

After transplant failure, it is assumed that the patient will
be referred back to haemodialysis treatment until death (the
possibility of a second transplant was not considered), the sur-
vival probability being based on that for kidney transplant
with an adjustment for the time lag to transplant failure.

It was also necessary to include cardiovascular and retinop-
athy complications in the model although the modelling ap-
proach was somewhat different due to the format of the avail-
able data.

In the case of cardiovascular complications there is a clear
impact on mortality and hence on overall costs. Data from the
study undertaken by the Department of Endocrinology at
Hospital de Cruces, Baracaldo [42, 43] were used. It was con-
sidered appropriate to combine data from the time intervals
described in the study and calculate an overall time to compli-
cation for a proportion of all IDDM patients for each cardio-
vascular event. Costs and life-expectancy were based on the
competing risk between nephropathy and cardiovascular com-
plications.

If the duration after diabetes diagnosis and having possibly
passed through the nephropathy section of the model was less
than the average time to one of the cardiology events no ad-
justment was made.

On the other hand, when the simulated time to death after
diagnosis was greater than the average time to cardiovascular
event, an adjustment was made for a proportion of patients to
the total life expectancy. This adjustment was based on the per-
centage of expected cardiovascular events. This process was
repeated twice to take account of the data for AMI and PVD
which led to bypass and then amputation. These adjustments
have important implications for costs especially if they reduce
or remove the need for expensive ESRD treatment due to a re-
duction in the total duration of the disease.

Finally, retinopathy which was not assumed to affect mor-
tality independently was incorporated into the model. The
main interest from an economic perspective was the propor-
tion of patients requiring photocoagulation, for which the
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Hospital de Cruces study provided limited information. The
proportion increases with the duration of the disease. It was
also assumed that an eye examination would be undertaken
once a year beginning 5 years after the initial diagnosis. An al-
gorithm was therefore devised to take into account the increas-
ing frequency of photocoagulation with increasing duration of
the disease and an eye examination annually, apart from the
initial 5 years of the disease.

Costs were calculated for each state in the model. For each
cycle of the simulation the costs and duration in each state
were summed to give a distribution of the total lifetime costs
per patient as well as the total life expectancy per patient.

The model was run for a minimum of 2000 cycles which ap-
proximates the number of incident cases of IDDM per year in
Spain (1791 based on the Catalonian incidence study [25] and
was a large enough number to reach stable estimates of life-
time costs and life expectancy.

Discount rate and sensitivity analysis. Two discount rates were
considered in this analysis: 6 % which is the rate currently pro-
posed for economic evaluations in Spain [56] and 0% to illus-
trate the significant impact of discounting on long-term chron-
ic diseases such as diabetes. As is normal in this type of analysis
it is necessary to assess the impact of changes in key variables
on the results given that some of the values of these variables
are subject to varying degrees of uncertainty.

Statistical analysis

In this simulation we wanted to study the long-run, or steady
state, behaviour of the system. To this end the run length was
selected such that the point estimates of the lifetime costs and
life expectancy converged to long-run averages with sufficient-
ly small confidence intervals. In addition, initiation bias was re-
duced to a negligible level by deleting the first d observations
of the total of n observations were the run length (n—d) was at
least 10d.

Results

Figure 3 illustrates the relationship between total
lifetime costs per patient. The average cost per pa-
tient was found to be 12.7 million pesetas. When dis-
counted the average cost per patient was reduced to
5.1 million pesetas. This considerable reduction is to
be expected due to the long-term duration of the
disease. With a cohort of 1791 newly diagnosed
IDDM patients per year a stream of health care
costs amounting to 22746 million pesetas (9134 mil-
lion pesetas when discounted) will be initiated each
year.

The large variation observed in Figure 3 can be ex-
plained by the fact that only a minority of diabetic pa-
tients will require relatively expensive ESRD treat-
ment leading to the higher total costs observed. In Ta-
ble 5 a breakdown of costs is presented for the states
defined in the model.

An elevated cost of maintenance due to the long-
term nature of this component can be seen. The
ESRD component is the next most important in
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Table 5. Average costs by condition (million pesetas)

Dis- IDDM MAU SMAU PROT ESRD CARD RET TOT
count
rate (%)

0% 655 101 060 174 243 024 012 127
6% 295 041 020 053 08 009 003 51

Cost by state in model

IDDM, Underlying cost of diagnosis and maintenance until
complications;

MAU, cost of microalbuminuria;

SMAU, cost of significant microalbuminuria;

PROT, cost of proteinuria;

ESRD, cost of end stage renal disease;

CARD, cost of cardiovascular disease;

RET, cost of retinopathy;

TOT, total cost

terms of cost. The effect on disease states reached
several years after the onset of diabetes is apprecia-
ble. In the base case approximately 15 % of patients
will eventually develop renal complications with an
average cost of this component being 16.2 million pe-
setas (5.9 million pesetas with discounting). The low
contribution of cardiovascular diseases to the overall
costs can be explained by the low incidence of PVD
events based on the Spanish database. If the propor-
tion of patients who will eventually require ESRD
treatment could be reduced, the average lifetime
cost would also be expected to change. Similarly, if
further treatment is administered at the early stages
of diabetic nephropathy with a subsequent increase
in the median time to manifestation of ESRD aver-
age costs would be expected to fall. Sensitivity analy-
sis (Table 6) shows the effect of increasing the median
duration in each state and increasing the yearly main-
tenance cost. The reduction in overall cost due to the
prolongation in each nephropathy state is diminished
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Table 6. Summary of sensitivity analysis (discount rate 6 %)

Estimated total cost
(million pesetas)

Median duration in nephropathy states

Increased by 20 % 12.4
Cost of yearly maintenance
increased by 20 % 15.2

due to effect of discounting on events occurring many
years into the future.

The average life expectancy for an IDDM patient
was calculated to be 59.6 years. This figure was de-
rived using a combination of Spanish and interna-
tional life expectancy data and will obviously change
as more Spanish data become available.

A review of the output data set reveals that only a
minority of patients will eventually receive dialysis
or transplant, a conclusion consistent with the transi-
tion probabilities from Seigel [38]. However, in those
cases where ESRD is experienced costs may escalate
to over 64 million pesetas (23.4 million pesetas with
discounting) and in those cases where ESRD treat-
ment is required the costs attributable to this chronic
complication account for up to 85 % of the total cost.

Discussion

In this study a discrete event simulation model has
been developed in order to approximate the cost of
the incidence of diabetes in Spain. The model permits
both the calculation of total health care costs and to-
tal life expectancy for IDDM patients.

From the outset we kept in mind that due to the
limited epidemiological data even the most sophisti-
cated model could only be a rough approximation of
reality, given the many possible combinations of dia-
betic complications and the difficulty of finding reli-
able estimates of both transition probabilities and
costs. In fact, to our knowledge, almost all previous
studies have used the prevalence method due to the
difficulty of calculating costs from using the incidence
approach. A recent study [57] has been published in
which costs of an IDDM patient were considered
over a span of 35 years; however, that study was
based on a single imaginary patient who had con-
tracted the disease at a particular young age.

It should be emphasised that questions about ap-
propriate levels of expenditure cannot be answered
by cost-of-illness studies on their own. Such studies
only indicate the actual cost, not whether it is too
low or too high. However, the incidence approach is
much more appropriate if at a later stage one wishes
to undertake an economic evaluation such as a cost-
effectiveness analysis in which the impact of differ-
ent treatment modalities such as screening, more
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aggressive anti-hypertensive treatment or new medi-
cal technologies are compared with current treatment
strategies. Such cost-effectiveness analyses may be fa-
cilitated by the model that has been developed and
could be used as the basis for future economic evalua-
tions, i.e. the prophylactic administration of anti-hy-
pertensive medication to diabetic patients with
MAU.

Changes in the natural history of IDDM complica-
tions such as the declining incidence of nephropathy
[58] and the effect of optimum control of glycemia
based on the Diabetes Control and Complications
Trial (DCCT) [59] would suggest that the results will
be modified as more epidemiological data become
available. A recent study [60] indicated that efforts
to reduce the frequency of diabetic nephropathy
should concentrate on haemoglobin A, values above
10.1 %. Stricter control of glycemia and haemoglobin
may not only reduce the frequency of nephropathy
complications and increase average life expectancy
but may actually also save money.

In a study of this nature a number of assumptions
must be made, and of course there are a number of
limitations. Transition probabilities and epidemiolog-
ical data, essential inputs for this type of modelling
approach, have been derived largely from the inter-
national literature or preliminary Spanish research.
This highlights both the need for better, more robust
local epidemiological data and that the results be in-
terpreted with caution.

Additionally, it should be noted that the cost re-
ported in this study concentrates on what were per-
ceived to be the principal economic drivers such as
nephropathy and cardiovascular complications while
excluding other illness episodes experienced by pa-
tients with IDDM, such as diabetic ketoacidosis, or
soft tissue infections resulting from ulcers, trauma,
and/or foreign bodies, etc. It does not represent a so-
cietal perspective because only direct costs are in-
cluded. Indirect cost items such as loss of productivity
due to chronic complications of ESRD, blindness, and
early mortality among others, have similarly not been
included. Finally, a model of this type needs to be
evaluated [61] if possible with empirical data. This
process of comparing the theoretical results with ac-
tual data may then lead to adjustments that improve
the credibility of the model. However, given the na-
ture of the problem, dealing with the lack of long-
term historical information in itself presents prob-
lems.

Although the limitations cannot be overlooked
we believe that the novel approach used in this study
is more relevant than that of many previously pub-
lished cost-of-illness studies that concentrate on the
cost of a specific disease in a given year. The model-
ling approach that we have reported in this article
could be applied, with adaptations, to other chronic
diseases.
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