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Abstract

Aims/hypothesis. A computer model was developed
to determine the health outcomes and economic con-
sequences of different combinations of diabetes inter-
ventions in newly diagnosed patients with Type I (in-
sulin-dependent) diabetes in Switzerland.

Methods. We modelled seven complications of diabe-
tes: hypoglycaemia, ketoacidosis, acute myocardial
infarction, stroke, lower extremity amputation, neph-
ropathy, and retinopathy. Transition probabilities and
costs were taken from published literature. The Swiss
health insurance payer perspective was taken. Vari-
ous combinations of diabetes management strategies,
including intensive or conventional insulin therapy
and screening and treatment strategies for renal and
eye disease were defined. Life expectancy, cumula-
tive incidences of complications, and mean expected
total lifetime costs per patient were calculated under
six different management strategies. Incremental
cost-effectiveness ratios were calculated in terms of

costs per life-year gained compared with convention-
al insulin therapy alone.

Results. The addition of screening for microalbumin-
uria and retinopathy followed by appropriate treat-
ment, if detected, were cost saving, with reduction in
cumulative incidence of end stage renal disease and
blindness respectively, and, in the case of microalbu-
minuria screening and treatment, an improvement in
life expectancy. Intensive therapy improved life ex-
pectancy but increased total lifetime costs.
Conclusion/interpretation. Optimal management of
Type I diabetic patients, including secondary and ter-
tiary prevention, leads to reduced complications and
improved life expectancy, with the increased costs of
prevention offset to varying degrees by cost savings
due to complications avoided. [Diabetologia (2000)
43: 13-26]
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The importance of the economic aspects of Type I (in-
sulin-dependent) diabetes management is increasing
due to the rising health care costs, limited health care
resources, increasing incidence and prevalence, and
the potential to reduce incidence and progression of
diabetes-related complications with optimal manage-
ment [1-3]. Most clinical trials focus on short- to medi-
um-term outcomes requiring the development of
methods for forecasting long-term outcomes based on
known short-term data. Additionally, improved diabe-
tesmanagementofteninvolvesrelatively high amounts
of short-term expenditure to avoid long-term com-
plications, with the overall effect on total long-term
costs being difficult to quantify empirically [4-6].
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Disease modelling is one method to generate long-
term health economic data in the absence of empiri-
cal data, based on the extrapolation of existing data
[7]- Information generated by modelling studies can
therefore help decision-makers to identify interven-
tions with long-term effects that could be considered
good “value for money” [8].

The Diabetes Control and Complications Trial
(DCCT) compared conventional with intensive insu-
lin therapy over a median follow-up period of
7.4 years [9]. Conventional therapy was defined as
one or two daily subcutaneous injections of insulin,
daily self-monitoring of urine or blood glucose, and
education on diet and exercise. Patients attended
their diabetes clinic every 3 months for a consultation
with medical staff, a dietitian, and behavioural scien-
tist. Intensive insulin therapy was defined as subcuta-
neous injected insulin three or more times daily, or
continuous subcutaneous infusion with an insulin
pump. The insulin dosage was adjusted according to
the following factors: a) the results of self-monitoring
of blood glucose done at least four times daily; b) dai-
ly dietary intake; and c¢) anticipated exercise. After an
intensive education period (including 4 days of hospi-
talization and weekly telephone calls and clinic visits)
during the first 2 months, patients attended the diabe-
tes clinic every month. The goal of intensive insulin
therapy was to maintain blood glucose concentra-
tions as close as possible to the normal range [10]. Pa-
tients were screened for renal disease during the
DCCT to monitor progression of microvascular dis-
ease rather than to facilitate appropriate therapy for
nephropathy. Due to the prevailing clinical practice
standards at the time of the DCCT patients were not
routinely treated with angiotensin converting enzyme
inhibitors (ACE) for microalbuminuria (MAU) or
proteinuria, so the effect of addition of ACE to inten-
sive therapy is not known. The DCCT did not assess
progression from proteinuria to end-stage renal fail-
ure patients. Similarly, patients were monitored for
the development and progression of diabetes-related
microvascular ocular disease. The progression from
proliferative retinopathy to blindness with or without
retinal photocoagulation was not assessed.

Therefore, no long-term trials have been done that
compare different management strategies from onset
of diabetes through the development of microvascu-
lar disease and progression to end-stage disease over
patients’ lifetime. For this reason a disease model
was developed to estimate medical and cost out-
comes for the development of diabetes and related
complications in Switzerland under different inter-
vention strategies over the lifetime of patients. The
model allows comparison of different combinations
of interventions for which long-term studies have
not been carried out, based on a synthesis of existing
data. Using this technique, optimal lifetime treat-
ment pathways can be identified, ensuring that the

most appropriate treatment combinations are imple-
mented. The hypothesis tested was: intensive insulin
therapy and screening for — and treatment of -
MAU or retinopathy or both in Type I diabetic pa-
tients will improve clinical outcomes in comparison
with conventional insulin therapy alone, while being
efficient in health economic terms.

Methods

An incremental cost-effectiveness analysis was carried out.
The intervention strategy used as the basis for comparison
was conventional insulin therapy alone (C), with no laser ther-
apy for proliferative retinopathy, nor ACE inhibitor therapy
for MAU or proteinuria. We compared seven intervention
strategies with conventional therapy alone: conventional insu-
lin therapy plus annual screening for proliferative retinopathy
with 7-field fundus photography, and treatment with laser pho-
tocoagulation if proliferative retinopathy was detected (C +
EYE); conventional insulin therapy plus annual screening for
MAU with urine test strips, and treatment with Captopril
25 mg three times daily if MAU was detected (3 positive re-
sults) (C+ ACE); conventional therapy plus both eye and
MAU screening (C + EYE + ACE); intensive insulin therapy
alone (I); insulin therapy plus annual screening for prolifera-
tive retinopathy with 7-field fundus photography, and treat-
ment with laser photocoagulation if proliferative retinopathy
was detected (I + EYE); intensive insulin therapy plus annual
screening for MAU with urine test strips, and treatment with
Captopril 25 mg three times daily if MAU was detected (I +
ACE); and intensive insulin therapy plus both eye and MAU
screening (I + EYE + ACE).

The disease process was modelled by seven Markov sub-
models, representing the development and consequences of re-
nal disease, retinopathy, amputation, myocardial infarction,
stroke, major hypoglycaemic events, and ketoacidosis. The
course of the development of diabetes complications under a
given clinical treatment strategy can be interpreted as a time se-
ries of clinical events and medical outcomes (e.g. incidence of
complications, mortality). Different interventions or treatment
strategies were reflected by the change of the key clinical vari-
ables and medical consequences, i.e. by a change of the inci-
dence and severity of clinical events or progress of the disease.
Key factors used in the calculation of transition probabilities
are summarized (Table 1). The resulting incidence history of
events was combined with a table of cost items related to inter-
ventions and events or complications due to the disease (Ta-
ble 2). For each of these events, a series of related cost elements
was built up. Total lifetime costs were calculated by summing
over time and events. The clinical and cost outcomes for a typi-
cal cohort of newly diagnosed 19-year—old (the median age of
onset of Type I diabetes in urban Swiss males [1]) diabetic pa-
tients, with no baseline complications, baseline HbA  of 8.5 %,
total cholesterol (T-CHOL) of 200 mg/dl (5.2 mmol/l), high
density lipoprotein cholesterol (HDL) 50 mg/dl (1.3 mmol/l),
and a systolic blood pressure (SBP) of 110 mmHg were com-
pared under the different management strategies described
previously. Changes in SBP, T"-CHOL and HDL from baseline
levels followed population-based changes with age [11, 12].
Based on these parameters, probabilities for clinical events
were retrieved from published literature. Costs for each of the
alternative intervention strategies assessed were calculated
from reported resource consumption [5], and were adapted to
the Swiss-specific situation by attaching relevant costs for
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Table 1. Summary of important factors used in the calculation of probabilities used in the model

15

Factor

Value/Description (Reference)

p MAU, with conventional insulin therapy

p MAU, with intensive insulin therapy

annual increase in UAE

reduction in the rate of annual increase in UAE with ACE use
p MACRO to ESRD

reduction in p (MACRO to ESRD) with ACE

p developing BR

reduction in incidence BR with intensive therapy

p progression from BR to PR

reduction in progression BR to PR with intensive therapy

p progression from PR to Blind without laser therapy
reduction in rate of progression PR to blind with laser therapy
p AMI

reduction in diabetes-attributed p AMI with intensive therapy
p stroke

reduction in diabetes-attributed p stroke intensive therapy
p amputation
reduction in p amputation with intensive therapy

p major hypo conventional therapy
age < 18
age > 18

p major hypo intensive therapy
age <18
age > 18

increase in risk of severe hypo, with ACE-I use
case fatality severe hypo

p ketoacidosis conventional therapy
age <18
age > 18

p ketoacidosis intensive therapy
age <18
age > 18

case fatality ketoacidosis

duration of diabetes dependent (9)
duration of diabetes dependent (9)
20% (4)

55% (9,25-27)

duration of diabetes dependent (28)
50% (29)

duration of diabetes dependent (9)
76 %

duration of diabetes dependent (9)
47 %

0.1

90 % (36)

dependent on age, gender, SBP, lipid levels, smoking status,
presence of LVH (38)

0% or 41% (9)*

dependent on age, gender, SBP, use of anti-hypertensive,
smoking status, history of other CVD, presence of AF, LVH (43)

0% or41% (9)*
age dependent (46)
0% or 41 %*

0.270 (9)
0.185 (9)

0.857 (9)
0.569 (9)

2.8 fold (51)
0.01%®

0.048 (9)
0.013 (9)

0.028 (9)
0.018 (9)

5% (52)

p, annual probability; hypo, hypoglycaemic event; ® two different values were tested for the effect of intensive therapy on macro-

vascular disease; ® assumption

equipment, investigations, procedures, medications, and hospi-
talisation [13-17]. Costs for complications were taken directly
from published Swiss sources [14, 16, 18, 19] or, where no Swiss
specific data were available, were calculated from published re-
source consumption reported from the United States, com-
bined with Swiss-specific costs for the resources used. The per-
spective of the Swiss third party payer was taken. All costs
were calculated in Swiss francs (CHF) expressed in 1996 values.
Only direct medical costs were considered.

Outcomes calculated were survival functions, life expectan-
cy, cumulative incidence of complications, and mean expected
total lifetime costs of diabetes management and complication
treatment per patient. Incremental cost-effectiveness ratios
for each intervention strategy were calculated in comparison
with conventional insulin therapy alone, using the formula:
(TC,-TC,) / (LE, - LE,), where TC = the mean expected total
lifetime direct costs, LE = life expectancy from baseline age
expressed in years, s = the strategy being compared with con-

ventional insulin therapy alone, and c = conventional insulin
therapy alone.

Both undiscounted and discounted costs and clinical out-
comes (life-years gained compared with conventional therapy
only) were calculated. Due to controversy over which discount
rates to use [7, 8, 20, 21], analyses were done with discounted
rates of 3, 5 and 6 % for both cost and clinical outcomes.

Intensive insulin therapy resulted in a reduction of all mac-
rovascular events combined by 41 % (p = 0.06) [9]. The DCCT,
however, was not primarily designed to assess macrovascular
outcomes, and with a relativety young patient population and
short follow-up time, it was unlikely to show important differ-
ences in incidence of macrovascular disease. It has been shown
that intensive insulin therapy reduces the development of early
atherosclerosis [22]. Therefore, sensitivity analysis was done
on the effect of intensive therapy on the incidence of stroke
and AMI. We carried out one set of analyses assuming that it
would reduce the diabetes-attributed risk of stroke and AMI
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Table 2. Cost items used in the model
Event Costs (CHF) 1996 values

event + first annual follow-up
12 months costs  after first
following event 12 months

conventional insulin therapy 2496 (5, 13-17) 2496 (5, 13-17)
intensive insulin therapy 7729 (5,13-17) 4936 (5, 13-17)
annual screening for MAU 29 (15) -

annual treatment costs

with ACE 888 (13) -

annual screening for

retinopathy 208 (15) -

retinal photocoagulation 743 (77) -

AMI 23024 (16,17,19) 1700 (16,17, 19)
stroke 33578 (16,17,19) 8687 (16,17, 19)
amputation 35271 (16,17,19) 594 (16,17, 19)
haemodialysis 63935 (14) 63935 (14)
peritoneal dialysis 48231 (14) 48231 (14)
kidney transplant 209500 (14) 147500 (14)
blindness 1000* 1000*
ketoacidosis 4230 (16, 78) -

major hypoglycaemic event 620 (5, 16) -

CHEF, Swiss francs, 1996 values; ? = assumption; numbers in
brackets represent references

by 41 % and another that assumed there would be no impact of
intensive therapy on incidence of stroke or AMI. Additional
sensitivity analyses were done. One-way sensitivity analysis
on life expectancy and total costs for patients treated with
I+ EYE + ACE was done to identify factors exerting a major
influence on these outcomes. Each cost and probability vari-
able was varied one at a time by + /-10 % while holding all oth-
er variables constant, and the effect on outcomes was ob-
served. Threshold (break-even) analysis was done on the an-
nual costs of intensive insulin therapy. This is a specialized

Fig.1. Nephropathy sub-model (A), retinopathy sub-model (B)
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form of one-way sensitivity analysis in which the annual costs
of intensive insulin therapy were varied until the total lifetime
costs (costs of therapy + costs of treating events) were equal
to the total costs for conventional therapy.

The sub—model structures

The full model structure was built up from a series of sub-mod-
els that simulate the progression of the seven important com-
plications of diabetes considered. The sub-models were run in
parallel, allowing the cohort to develop more than one compli-
cation simultaneously, reflecting real-life. Each sub-model was
a Markov model using time- and state-dependent probabili-
ties. The calculation cycle was 1 year. Overall mortality for
the complete model was calculated by integrating complica-
tion-specific mortality calculated within each sub-model with
non-complication-specific mortality [23]. The model was pro-
grammed using TOM (Tools for Outcomes Modeling) soft-
ware from IMIB (Basel/Riehen, Switzerland).

Nephropathy sub-model. Diabetic nephropathy begins without
clinical symptoms and, without intervention, can progress to
end stage renal failure. The nephropathy sub-model simulated
the progression from no renal complications to end stage renal
disease (ESRD) (Fig.1A). The cohort started in the state of
“no microalbuminuria” (no MAU) [defined as a urinary albu-
min excretion rate (UAE)<40mg/24 h], to the state of
“MAU” (defined as UAE rate of 40-300 mg/24 h). The rate
of progression from “no MAU” to “MAU” was dependent on
the cohort’s baseline HbA, . value [24] and duration of diabe-
tes [9]. The rate of progression from “no MAU” to “MAU” is
decreased by intensive therapy [9]. From the state of “MAU”,
the patient may progress to the state of “macroalbuminuria”
defined as a UAE rate of more than 300 mg/24 h. The rate of
progression from “MAU” to “macroalbuminuria” with con-
ventional therapy is calculated using a mean 20 % annual in-
crease in UAE [4]. The annual increase in UAE is decreased
independently by both intensive insulin therapy and the use
of ACE-I (by 55%), independent of antihypertensive effects
[9, 25-27]. From the state of “macroalbuminuria”, the cohort
could progress to ESRD. The rate of progression from “macro-
albuminuria” to ESRD is dependent on the duration of macro-
albuminuria [28], and is decreased (by 50%) by the use of
ACE-I [29]. The DCCT did not investigate the effect of in-
tensive therapy on progression from macroalbuminuria to
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Fig.2. AMI sub-model (A), stroke sub-model (B), amputation
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ESRD, and so it was conservatively assumed that it has no ef-
fect. When ESRD is reached, the cohort requires renal re-
placement therapy. Patients receive either haemodialysis
(80 %), peritoneal dialysis (15%), or kidney transplant (6 %)
[18]. Patients with ESRD have a probability of death that is de-
pendent on the type of renal replacement therapy they receiv-
ed [30, 31]. Of those patients who received a kidney transplant,
there is a time—dependent probability of graft failure, in which
case the patient is transferred to either peritoneal or haemodi-
alysis [31].

Retinopathy sub—model. Diabetic retinopathy is the leading
cause of blindness in patients 25 to 74 years of age [32], and ac-
counts for 12 % of all new cases of blindness in the USA [33].
The basic pattern of progression is from no retinopathy, to
background retinopathy, to proliferative retinopathy, and fi-
nally to blindness (Fig. 1B). The rate of progression from “no
retinopathy” to the background retinopathy is dependent on
the duration of diabetes and the HbA, . value and is reduced
(by 76 %) with intensive insulin therapy [9, 34]. From back-
ground retinopathy, the patient can progress to proliferative
retinopathy. The rate of progression to proliferative retinopa-
thy is dependent on duration of diabetes, HbA, . value, and is
reduced (by 47 %) with intensive therapy [9, 34, 35]. The re-
tinopathy sub-model differentiates between patients who are
screened annually for retinopathy using 7-field fundus photog-
raphy and those who are not screened. It is assumed that those
patients who are screened will be treated with laser therapy, if
proliferative retinopathy is detected. The rate of progression
from proliferative retinopathy to blindness is reduced by 90 %
in patients treated with laser therapy [36].

AMI sub—model. Diabetic patients are at a two— to fourfold in-
creased risk of AMI compared with the non-diabetic popula-
tion [37]. The probability of having a first AMI depends on
the patient’s age, sex, smoking status, SBP, HDL, T-CHOL,
and presence of left ventricular hypertrophy [38]. Approxi-
mately 6-10 % of patients having a first AMI die immediately.
The probability of immediate death depends on sex and age
[39, 40]. Those who survive the first hour are admitted to hos-
pital, where the treatment options are either primary percuta-
neous transluminal coronary angioplasty (PTCA), thromboly-
sis, or no reperfusion therapy (i.e. intensive drug therapy).
The probability of in-hospital death depends on the therapy re-

Death <
following
C amputation

ceived, age, and sex [40-42]. Those patients who survive the in-
hospital period have a small probability of dying in the
12 months following discharge, dependent on age, sex, and
type of reperfusion therapy received [40-42]. If the patient sur-
vives the first 12 months after discharge, he enters the corre-
sponding states of “history of AMI, PTCA treated”, “history
of AMI, thrombolysis treated”, or “history of AMI, no reper-
fusion”. Each of these states carries different probabilities of
death in the years following AMI, dependent on age, sex, and
time since the first infarction (Fig.2A) [40-42].

Stroke sub—model. Diabetic patients are at double the risk of
stroke compared with patients without diabetes [37]. The prob-
ability of a first stroke is dependent on age, SBP, use of anti-hy-
pertensive therapy, smoking status, a history of other cardiovas-
cular disease (includes history of myocardial infarction, angina
pectoris, coronary insufficiency, cardiac failure, and intermit-
tent claudication), presence of atrial fibrillation, and presence
of left ventricular hypertrophy [43]. Approximately 5% of dia-
betic patients having a first stroke die immediately [44].

Approximately 16 % of diabetes patients admitted to hos-
pital die in-hospital. The probability of in-hospital death de-
pends on the patient’s sex [44]. Those patients surviving the
in-hospital period have a sex-dependent probability of death
in the first year following the first stroke [44]. The subjects sur-
viving the first year after the first stroke progress to the state of
“history of stroke”. Now the patient has an annual sex- and
time-dependent probability of dying [44]. The surviving pa-
tients have an annual sex- and time-dependent probability of
recurrent stroke (Fig.2B) [45].

Amputation sub—model. Patients with diabetes have a 14 times
higher risk of non-traumatic lower extremity amputation com-
pared with the population without diabetes [46]. Peripheral
neuropathy increases the risk of lower extremity amputation
primarily through an increased tendency of the diabetic patient
to have unrecognized cutaneous damage through trauma and
pressure. Peripheral neuropathy increases the risk of lower ex-
tremity trauma through inhibited proprioception of the lower
limb joints. Macrovascular disease impairs peripheral arterial
circulation, with poor healing of damaged skin, chronic ulcer-
ation and infection. The combination of these factors indepen-
dently contributes to an increased risk of non—-traumatic ampu-
tation in diabetic patients [47]. The probability of amputation
is subjet to age, sex, smoking status and blood pressure [46, 48,
49]. Due to the significant reduction of the incidence of periph-
eral neuropathy (by 60 %) with intensive therapy, as well as a
trend towards reduction of the incidence of macrovascular
events (by 41 %), the probability of amputation was assumed
to be decreased by 41 % with intensive therapy. Following ini-
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Table 3. Summary outcomes (non-discounted)

No No
hypoglycaemic ketoacidotic LE (years) TC (CHF) CLYG
event event + - + - + -
A A C 4522 4522 314643 314643 basis basis
C+EYE 4522 4522 309215 309215 D D
/ y C+ ACE 49.45 4945 279593 279593 D D
Severe hypoglycaemia . . C+EYE + ACE 4945 49.45 272249 272249 D D
requiring medical Ketoacidosis I 52.65 51.55 407785 399097 12536 13342
assistance I+EYE 52.65 51.55 413287 404644 13276 14218
I+ACE 5512 53.80 416381 408047 10277 10886
Y I+EYE+ACE 55.12 53.80 421641 413377 10808 11507
Y Death_fron:‘ EYE, screening for proliferative retinopathy, followed by laser
Death from ketoacidosis therapy if detected; ACE, screening for microalbuminuria, fol-
hypoglycaemic lowed by angiotensin converting enzyme inhibitor therapy if
event detected; TC, mean expected total lifetime costs per patient,
undiscounted; CLYG, costs per life year gained in comparison
A B to conventional therapy alone; +, assumes reduction in attrib-

Fig.3. Hypoglycaemia sub-model (A), ketoacidosis sub-mod-
el (B)

tial amputation, the annual incidence of re-amputation is four
times higher than that of first amputation [46, 49]. Patients
have an increased risk of death once amputation has occurred.
This includes intra-operative death, which may range between
1% and 10% depending on the site of amputation (Fig.2C).

Hypoglycaemia sub-model. Diabetic patients often experience
episodes of hypoglycaemia, most of which require no external
assistance and are treated by ingestion of oral glucose. In
some cases, hypoglycaemia requires external medical assis-
tance and could lead to loss of consciousness, coma or death.
In the DCCT, the risk of hypoglycaemia with intensive insulin
therapy was increased approximately three times in compari-
son with conventional therapy [9]. Additionally, the risk of a
major hypoglycaemic event is increased by 2.8 times in Type I
diabetic patients treated with ACE inhibitors [51]. Although
no patients died due to hypoglycaemic events, severe hypogly-
caemia is generally regarded as life-threatening, and we as-
sumed a case fatality probability of 0.0001 in our model
(Fig.3A).

Ketoacidosis sub-model. Patients could experience an episode
of ketoacidosis. Patients having an episode of ketoacidosis
have a case fatality rate of 5% [52], although only one patient
was reported to have died from ketoacidosis in the DCCT
(Fig.3B), [9].

Results

The mean expected total lifetime costs per patient,
the life expectancy from baseline age, and the incre-
mental cost-effectiveness ratio (costs per life-year
gained) are summarized (Table 3). Total lifetime
costs and life expectancy under the two different as-
sumptions regarding the effect of intensive insulin
therapy on macrovascular disease discussed previous-
ly are shown. The effect of using different discount
rates on mean expected total lifetime costs and life-
years gained compared with conventional therapy
alone are summarized (Table 4).

uted risk of myocardial infarction and stroke due to diabetes
of 41 % with intensive therapy; —, assumes no effect of inten-
sive therapy on myocardial infarction and stroke incidence;
D, dominant strategy

Table 4. Effect of using different discount rates on the mean
expected total lifetime direct costs per patient (Swiss francs,
expressed in 1996 values), and life years gained compared
with conventional insulin therapy only

Annual discount rate

3% 5% 6%

Effect on total lifetime costs

C 133276 85769 71176
C+EYE 133240 86807 72472
C+ ACE 118853 79391 67427
C+EYE + ACE 118356 80235 68594
1 180380 124683 107690
I1+EYE 184457 128035 110755
I1+ACE 190539 134159 116617
1+ EYE + ACE 194580 137500 119676

Effect on life years gained compared with conventional
therapy only
C

basis basis basis
C+EYE 0 0 0
C+ ACE 1.05 0.50 0.30
C+EYE + ACE 1.05 0.50 0.30
I 1.84 0.81 0.55
I1+EYE 1.84 0.81 0.55
1+ ACE 2.24 0.93 0.62
I1+EYE + ACE 2.24 0.93 0.62

EYE, screening for proliferative retinopathy, followed by laser
therapy if detected; ACE, screening for microalbuminuria, fol-
lowed by angiotensin converting enzyme inhibitor therapy if
detected; The addition of screening and treatment for retino-
pathy has no effect on life expectancy

The contribution of different interventions and
complications to the mean expected lifetime costs
per patient was analysed (Table 5). With convention-
al insulin therapy alone, the major cost driver was
the cost of renal failure. These costs are substantially
reduced with the addition of screening for MAU and
appropriate ACE therapy. For intervention strate-
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Table 5. Mean total lifetime costs (non-discounted) under different management strategies, broken down by cost element

C C+EYE C+ ACE C+EYE I I+EYE I+ ACE I1+EYE
+ACE +ACE
Diabetes management 112868 112868 123417 123417 262657 262657 274868 274868
MAU/retinopathy
screening & laser/ACE 0 5410 20222 25744 0 9475 19417 29192
AMI 6223 6223 7700 7700 7498 7498 8423 8423
Stroke 11844 11844 15372 15372 16301 16301 19737 19737
Amputation 14688 14688 17418 17418 11710 11710 12813 12813
Renal failure 140471 140471 42304 42304 63315 63315 2972 2972
Blindness 15941 5103 19261 6395 5792 1819 6663 2148
Major hypoglycaemia 5089 5089 15618 15618 18292 18292 33688 33688
Ketoacidosis 7520 7520 18280 18280 22220 22220 37801 37801
Total 314643 309215 279593 272249 407785 413287 416381 421641

EYE, screening for proliferative retinopathy, followed by laser
therapy if detected; ACE, screening for microalbuminuria, fol-
lowed by angiotensin converting enzyme inhibitor therapy if
detected; costs expressed in Swiss francs, 1996 values. Costs
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Fig.4. Survival function, showing the percentage of the cohort
alive over the simulation period. Circles, C; diamonds,
C + ACE; triangles, I; squares, I + ACE

gies, including intensive insulin therapy, the main cost
driver is intensive therapy itself, although this is off-
set to some extent by the reduction in the costs due
to renal disease, amputation, and blindness.

Survival functions, cumulative incidence of
ESRD, blindness, and amputation over the simula-
tion period were calculated. The survival curves
are shifted to the right with ACE therapy due to
the reduction in excess mortality from renal failure
in the period of 25 years from baseline age. Inten-
sive therapy has a greater shift to the right than
ACE inhibitor therapy due to the additional effect
of reduced amputation, AMI and stroke. The com-
bination of intensive and ACE therapy shows the
maximal effect on survival function. Intervention
strategies including retinopathy screening and treat-
ment are not shown as they have no effect on sur-
vival (Fig.4).

of diabetes management refer to the costs of intensive or con-
ventional insulin therapy and include consultations, investiga-
tions, insulin, syringes, needles, lancets, blood glucose moni-
tors, as defined in the DCCT
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Fig.6. Cumulative incidence of first amputation (A), first
AMI (B), and first stroke (C) within the cohort over the simu-
lation period. Circles, C; diamonds, C+ ACE; triangles, I;
squares, I + ACE

Addition of ACE therapy to conventional therapy
has a greater effect than intensive therapy on reduc-
ing cumulative incidence of ESRD. In this study, the
effect of intensive therapy is possibly underestimated
because of the assumption that it would have no ef-
fect on progression from proteinuria to renal failure.
The combination of intensive insulin therapy and
ACE could almost eliminate the development of
ESRD (Fig.5A).

Without any additional intervention, blindness will
occur in approximately 42 % of patients by the age of

.. Cost-effectiveness of Type I diabetes management in Switzerland

50 years. Intensive therapy alone will reduce this to
7 %, addition of screening and laser therapy to con-
ventional therapy will reduce this to less than 10 %,
and the combination of intensive therapy plus screen-
ing and laser therapy will have the optimal effect by
reducing cumulative incidence of blindness at age
50 years to less than 2 % (Fig.5B).

The cumulative incidence of first amputation is re-
duced from approximately 30 % with conventional
therapy to 22 % with intensive insulin therapy alone.
Paradoxically, the addition of ACE to intensive ther-
apy increases the cumulative incidence of amputa-
tion. This effect on cumulative incidence is also seen
in AMI and stroke with intensive therapy or ACE
treatment or both. This is because the patients in the
cohorts treated with intensive therapy or ACE or
both have a greater life expectancy, exposing these
surviving patients to the increasing risk of macrovas-
cular events associated with increasing age (Figs.
6A-6C). By age 50 patients have experienced 5, 15,
17, and 30 major hypoglycaemic events under con-
ventional therapy alone, conventional plus ACE, in-
tensive, and intensive plus ACE, respectively (Fig.7).

One-way sensitivity analysis showed that the an-
nual cost of intensive therapy had the greatest impact
on the total lifetime costs in patients treated with a
combination of intensive insulin therapy, eye, and
MAU screening and treatment. Reduction in diabe-
tes-attributed risk of AMI and reduction in incidence
and progression of MAU with intensive insulin thera-
py had the greatest impacts on life expectancy (Figs.
8,9). Break-even analysis of the annual costs of inten-
sive insulin therapy, either alone or in combination
with eye and MAU screening strategies, were Swiss
francs (CHF) 3 130 and CHF 2 960 per year respec-
tively (Fig. 10).

Discussion

The addition of annual screening for MAU or re-
tinopathy or both to conventional insulin therapy
leads to cost savings and, in the case of MAU screen-
ing and ACE treatment, to an improvement of life
expectancy. Therefore, these intervention strategies
are regarded as “dominant” to conventional therapy
alone in health economic terms. These results corre-
spond to those of other cost-effectiveness studies of
screening for MAU and retinopathy [4, 53]. In terms
of clinical outcomes (life expectancy and reduction
of complications), the optimal management strategy
most likely to lead to the attainment of Saint Vincent
Declaration targets [54] is a combination of intensive
insulin therapy, including regular, frequent self moni-
toring of blood glucose, 3-monthly HbA, . monitor-
ing, and regular screening for early complications
and appropriate treatment if the complications are
detected. This is achieved with only moderate in-
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cost of intensive therapy after the first year

cost of major hypoglycaemic episode
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reduction in incidence of MAU, with intensive therapy

reduction in progression from MAU to MACRO, with ACE
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reduction in diabetes-attributed risk of AMI with intensive therapy
case fatality, ketoacidosis

cost of amputation first year

cost of retinopathy screening

cost of stroke follow-up

cost of stroke first year

cost of intensive therapy first year

cost of AMI first year

reduction in diabetes-attributed risk of stroke with intensive therapy
cost of ketoacidosis episode

reduction in progression from MACRO to ESRD with ACE

cost of AMI follow-up

cost of blindness follow-up
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Fig.8. One-way sensitivity analysis on total lifetime costs. The
central vertical line represents the total lifetime costs for inten-
sive therapy calculated using the baseline cost and probability
estimations (Tables 1, 2). Each parameter was varied one at a

time by +/-10%. The relative size of the impact is represented
by the relative width of the corresponding horizontal bar
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Fig.9. One-way sensitivity analysis on life expectancy. The
central vertical line represents the life expectancy for intensive
therapy calculated using the baseline probability estimations
(Table 1). Each parameter was varied one at time by +/-10%.
The relative size of the impact on life expectancy is represent-
ed by the relative width of the corresponding horizontal bar
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Fig.10. Break-even analysis of the annual costs of intensive in-
sulin therapy. Horizontal line = total lifetime costs per patient
treated with conventional insulin therapy alone. Diagonal
line = lifetime costs for patients treated with intensive therapy
alone (darker line) or I + EYE + ACE (lighter line) as the an-
nual costs of intensive therapy is varied from CHF 2 000 to
CHEF 5 000. Intersection points = break—even values for the an-
nual costs of intensive insulin therapy. If the annual costs of in-
tensive insulin therapy are less than CHF 2 960 per year, the to-
tal lifetime costs per patients will be lower than those of pa-
tients treated with conventional therapy alone. CHF, Swiss
francs

creases in total direct costs, representing good cost-
effectiveness when rated on international scales (Ta-
ble 3) [55, 56]. These results correspond well to those
generated in another long-term modelling study that
showed an improvement in life expectancy of
5.1 years with intensive therapy combined with ACE
therapy and an incremental cost-effectiveness ratio
of $US 28 661 per life-year gained (outcomes dis-
counted at 3% per annum) [6]. Whereas the strategy
I+ EYE + ACE leads to the greatest improvement

Reduction in diabetes-attributed risk of AMI with intensive
therapy

Reduction in incidence of MAU with intensive therapy

Reduction in progression from MAU to MACRO with ACE

Reduction in diabetes-attributed risk of stroke with intensive
therapy

Case fatality, major hypoglycaemic event

Reduction in progression from MACRO to ESRD with ACE

in life expectancy and reduction in long-term compli-
cations, the strategy C+ EYE + ACE, with both
costs savings and improved life expectancy (although
a lesser improvement in life expectancy than with
I+ EYE + ACE) could be considered more efficient.
The incremental cost-effectiveness ratio of I+
EYE + ACE vs C+ EYE + ACE is CHF 133 174 if
both costs and life-years gained are discounted at
3% (range: CHF 9 009 if costs discounted at 6%,
life—years gained not discounted, to CHF 441 128 if
costs not discounted and life—years gained discounted
at 6%). The current analysis does not assess the ef-
fect of interventions on quality-adjusted life expect-
ancy (see below) and thus possibly underestimates
the effect of intensive insulin therapy on quality of
life due to complications such as neuropathy/amputa-
tion, and possibly stroke and AMI, being avoided.
While C+ EYE + ACE appears more attractive
from a purely economic point of view, a primary goal
of a health care system is to prevent the preventable.
The ethical question of first waiting until patients de-
velop microvascular complications, then treating
them, needs to be addressed elsewhere.

A recent survey of Swiss patients with diabetes
[57], showed that among Type I patients only 67 %
regularly monitor their blood glucose concentrations
(frequency per day not specified), 68 % had a HbA,
measurement within the last 6 months, 3% had a
measurement of UAE within the last 6 months, and
84% had a funduscopic examination in the last
12 months. Clearly there is room for improvement in
the management of Type I diabetic patients in Swit-
zerland. The fact that only 3% of Type I patients
had their UAE monitored in the previous 6 months
is of particular concern, considering the potential to
avoid morbidity and mortality associated with renal
disease with early recognition and appropriate inter-
vention

The direct costs of blindness due to diabetic re-
tinopathy are not known in Switzerland. An estimate
of CHF 1000 was used as the annual direct costs of
blindness per patient. This estimate is conservative
because the costs per patient for training, special ap-
pliances and aids are approximately CHF 24 000 to



A.J. Palmer et al.: Cost-effectiveness of Type I diabetes management in Switzerland 23

54 000 (personal communication, Association of the
Blind and Visually Impaired, Bern, Switzerland), al-
though not all of these costs would be borne by the
health insurance company. Thus, it is possible that
the cost savings for blindness avoided by screening
for and treatment of proliferative retinopathy and in-
tensive therapy are underestimated in this analysis.

The life expectancies projected by the model un-
der conventional therapy alone correspond closely
to those reported recently for a German population
in which diabetic patients with an age of onset of less
than 30 years had life expectancies of 52.3 years [58].

The major clinical disadvantage of intensive insu-
lin therapy and ACE therapy is the increased inci-
dence of major hypoglycaemia. The risk of major hy-
poglycaemia is increased 3 times with intensive thera-
py and 2.8 times with ACE treatment. The model as-
sumes that the increase in risk due to these two inter-
ventions is independent and multiplicative, although
the interactions in real life are not known and need
to be confirmed by empirical observation. The in-
crease in total costs due to major hypoglycaemic
events is relatively small compared with the cost sav-
ings gained by the reduction of other complications
(Table 5).

Intensive insulin therapy was conservatively as-
sumed to have no effect on the progression from pro-
teinuria to ESRD. In reality, it is possible that inten-
sive therapy reduces progression of proteinuria, in
which case the effects of intensive therapy on reduc-
ing ESRD have been underestimated by the model.

Screening for proliferative retinopathy was as-
sumed to be by 7-field fundus photography on an an-
nual basis. Other screening methods, like dilated
ophthalmoscopy or other time intervals for screening
that may also be cost-effective were not compared in
this analysis [53, 59].

There was controversy as to which discount rate to
apply [7, 8] thus the effect of three different discount
rates was analysed (Table 4). Discounting takes into
account the time preference for money and health im-
provements. Secondary screening and treatment, and
particularly intensive insulin therapy, require a rela-
tively high level investment in the short-term. The
pay-off from these additional interventions is not seen
until after 10-15 years when a reduction in costly com-
plications, particularly renal disease, is seen relative to
conventional insulin therapy. The decrease in life-
years gained compared with conventional therapy
seen with increasing discount rates reflects the pre-
dominantlylong-term clinical benefits seen with the in-
terventionsanalysed. Interventionstrategiesincluding
intensive insulin therapy become less attractive from
the health-economic viewpoint as higher discount
rates for clinical and economic outcomes are applied.

Inclusion of indirect costs in health economic anal-
yses is controversial [60]. Indirect costs are often not
included in health-economic analyses, despite coun-

try-specific recommendations [8,61]. Reasons for ex-
clusion of indirect costs include the perspective of
the payer taken, controversy over the methodology
used to calculate indirect costs [60] and difficulty in
accurate accounting [62]. In our analysis, where the
perspective of the health insurance payer was taken
and where no data were available, indirect costs
were not included in the analysis.

Lifetime costs were most sensitive to variation of
the annual costs of intensive insulin therapy. Varia-
tions of the costs per major hypoglycaemic event
also had an impact because of the higher frequency
of hypoglycaemic events seen in the combination of
intensive insulin and ACE therapy. Variations in the
costs of “end-stage” complications, such as blindness,
renal failure, AMI and stroke had relatively little im-
pact on total cost outcomes because of the less fre-
quent occurrence of these complications with a com-
bination of intensive insulin therapy, MAU and eye
screening and treatment.

The break-even point for the annual costs of inten-
sive insulin therapy was approximately CHF 3000
compared with the current costs of CHF 4936 per
year. If intensive insulin therapy could be implement-
ed with an annual cost below this break-even point,
overall cost savings would be seen.

The validity of all clinico-economic analyses is lim-
ited by the availability of appropriate medical and
cost data. The data available from the literature are
themselves limited by the aims, populations, and
methodology of the clinical trials that generate the
data. For the comparison of conventional and inten-
sive insulin therapies, the model takes DCCT data
from the USA and assumes that intensive therapy
can be implemented in the Swiss population with sim-
ilar effectiveness. The DCCT population was a select
population that was highly motivated, with a high in-
telligence quotient and relatively well educated [63].
This possibly does not reflect the general Type I dia-
betic population either in the USA or in Switzerland.
As it is unlikely, however, that a DCCT-like trial will
ever be repeated, either in Switzerland or the USA,
the available data must be used.

Possible effects of ACE inhibitors on reducing in-
cidence and progression of other complications in-
cluding retinopathy [64-66], neuropathy [67, 68], and
improved survival after AMI [69-72] were not taken
into account. Similarly, possible improvements in sur-
vival post-AMI seen with intensive therapy [73] were
also not considered in the model. Other important in-
terventions such as intensive blood pressure control
[74], aspirin for primary and secondary cardiovascu-
lar disease prevention [75] smoking cessation pro-
grammes, and lipid modification, were not explicitly
modelled.

Measures of dispersion of the results were not cal-
culated for a number of reasons. Firstly, for an accu-
rate estimation of confidence intervals each probabil-
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ity and cost item needs to be defined as a distribution.
In reality, it is difficult to find probabilities and costs
even as single (point value) numbers and distribu-
tions are rarely reported. Therefore, distributions
must be artificially created or assumed, leading to
the calculation of artificial confidence intervals that
may or may not reflect reality. Secondly, in a complex
model, even if distributions for probabilities and costs
were available, the usual methods for calculation of
variance, such as first and second order Monte Carlo
simulation would take an estimated 3-4 weeks per
simulation. Thus, the more than 30 separate simula-
tions that were necessary for the current study would
have taken as long as 2 years to run. The model was
designed to give results within minutes rather than
weeks to allow the speedy exploration of different
data sets or assumptions in the real-time setting.

Finally, quality of life changes were not explicitly
assessed in the analysis. Despite the rigors of inten-
sive insulin therapy and the increased risk of hypogly-
caemia, quality of life did not deteriorate in the inten-
sively treated patients of the DCCT, although pa-
tients with three or more severe hypoglycaemic
events were at an increased risk of measurable psy-
chological distress [76]. Furthermore, it is implicit
that interventions leading to a reduction in the inci-
dence and progression of irreversible complications
would lead to an improvement in quality of life.

Disease modelling allows the estimation of long-
term prognoses based on available data. In the ab-
sence of population trials or observational studies,
the model can be thought of as generating hypotheses
requiring confirmation rather than providing defini-
tive answers. Within these limitations, tentative con-
clusions can be drawn. Generally, the addition of
screening for microalbuminuria and retinopathy and,
if detected, followed by appropriate treatment is like-
ly to be cost saving, with a reduction in the cumula-
tive incidence of end stage renal disease and blind-
ness respectively. In the case of MAU screening and
treatment, an improvement in life expectancy is like-
ly. The strategy C + EYE + ACE is most efficient in
economic terms but the strategy I + EYE + ACE is
the intervention strategy most likely to achieve St.
Vincent Declaration targets, with improved life ex-
pectancy and decreased long-term diabetes complica-
tions, but with increased lifetime costs.
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