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Abstract 

Aimslhypothesis. 'The Cost of Diabetes in Europe -
Type II (CODE-2) study' provides the first coordinated 
attempt to assess the total costs of managing people 
with Type II (non-insulin-dependent) diabetes mellitus 
in Europe. Type II diabetes is associated with a number 
of serious long-term complications, which are a major 
cause of morbidity, hospitalisation and mortality in 
diabetic patients. 
Methods. Patients were divided into four broad cate
gories defining their complication status in terms of 
no complications, one or more microvascular compli
cations, one or more macrovascular complications or 
one or more of each microvascular and macrovascular 
complication. The prevalence of complications and 
associated costs were assessed retrospectively for 6 
months. 
Results. In total, 72% of patients in the CODE-2 study 
had at least one complication, with 19% having 
microvascular only, 10% having macrovascular only 
and 24% of the total having both microvascular and 
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macrovascular complications. Of patients with micro
vascular complications, 28% had neuropathy, 20% 
renal damage, 20% retinopathy and 6.5% required 
treatment far eye complications. Among the patients 
with macrovascular complications, 18% had periph
era1 vascular disease, 17% angina, 12% heart failure 
and 9% had myocardia1 infarction. Percutaneous 
trans1uminal coronary angiop1asty, coronary artery by
pass graft or stroke occurred in 3%, 4% and 5% of the 
patients, respective1y. In patients with both microvas
cu1ar and macrovascular complications, the total cost 
of management was increased by up to 250% com
pared to those without complications. 
Conclusionlinterpretation. Complications have a sub
stantial impact on the costs of managing Type II dia
betes. This study has confirmed that the prevention of 
diabetic complications will not only benefit patients, 
but potentially reduce overall healthcare expenditure. 
[Diabetologia (2002) 45:S 13-S 17] 
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Type 11 (non-insulin-dependent) diabetes mellitus de
velops as part of a wider metabolic syndrome that in
cludes central obesity, dyslipidaemia (particularly hy
pertriglyceridaemia and low high density lipoprotein 
(HDL) cholesterol concentrations), impaired glucose 
tolerance, coronary artery disease and hyperinsulinae
mia, collectively termed 'Syndrome-X' or 'dysmeta
bolic syndrome' [1]. The link between this cluster is 
now weIl estab1ished. Hyperinsulinaemia represents a 
compensatory response to impaired insulin action [2] 
and it is generally agreed that underlying insulin resis
tance precedes the onset of the disease state and also 
predicts its future development. 
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Table 1. The chronic complications 01' diabetes 

System a1'1'ected 

Eyes 

Blood vessels 

Kidneys 

Nerves 

Skin, Muscle, Bone 

Disease 

Retinopathy, Glaucoma 
Cataracts 
Blindness 

Coronary artery disease (CAD) 
Cerebral vascular disease (CVD) 
Peripheral vascular disease (PVD) 
Hypertension 

Renal insu1'1'iciency 
Kidney 1'ailure 

Neuropathies 
Autonomic neuropathy 

Advanced in1'ections 
Cellulitis 
Gangrene 
Amputation 

As a consequence of its complex pathophysiology, 
Type II diabetes is frequently associated with long
term complications (Table 1); both of macrovascular 
and microvascular origin. Macrovascular disease af
fecting the heart and large blood vessels, is probably 
the major cause of both morbidity and mortality in 
diabetic patients. The American Diabetes Association 
(ADA) suggest that diabetic patients are 2 to 4 times 
more likely to suffer heart disease or stroke than non
diabetic patients [3,4]. A large, growing body of evi
dence clearly implicates risk factors associated with 
hyperglycaemia, hyperlipidaemia and insulin resis
tance in the development of coronary artery disease 
and mortality in Type II diabetic patients [5]. The 
'hyperinsulinaemia cluster' which includes high BMI, 
triglycerides and insulin with low HDL cholesterol, 
was shown to be predictive of death [6]. Arecent pop
ulation-based study in Italy assessed the impact of dia
betes, showing increased mortality in Type II diabetic 
patients which could be attributed to raised baseline 
fasting glucose (>8.89 mmol/l) [7]. In those patients 
with hypertension the risk of death from cardiovascu
lar disease was increased by 40%, thus reiterating the 
negative impact of this condition in diabetic patients. 

Complications of microvascular origin include dia
betic retinopathy, nephropathy and neuropathy. Diabetic 
retinopathy is the leading cause of new cases of blind
ness and visual dis ability in adults in economically de
veloped societies. Loss of vision due to certain types of 
glaucoma and cataract could also be more common in 
people with diabetes than in those without the disease. 
In the majority of all end-stage renal failure requiring 

Potential economic implications 

Photocoagulation therapy 
Social assistance, loss 01' productivity 
Cataract removal surgery, Drug therapy 

Drug therapy 
Emergency hospitalisation 
Hospitalisation 
Surgical intervention (CABG, PTCA) 
Horne help/living assistance 
Death - loss 01' productivity 

Drug therapy 
Hospitalisation - Dialysis 
Renal transplantation 
Death - loss 01' productivity 

Drug therapy 
Orthotics 
Hospitalisation - Surgery 
Rehabilitation 
Hospitalisation 

Drug therapy 
Orthotics 
Hospitalisation - Surgery 
Rehabilitation 

dialysis and renal transplant, diabetic nephropathy has 
been the underlying condition [8, 9]. Diabetic neuropa
thy is less weIl defined although studies suggest that 
more than 50% of people with diabetes are affected to 
some degree. The largest contribution to morbidity from 
diabetic neuropathy is due to complications of the feet 
[10]. Healing-resistant foot u1ceration frequently leads to 
hospitalisation and amputation and its treatment makes 
it one of the most costly complications of diabetes. It has 
been shown that the risk of lower extremity amputation 
is 15 to 40 times higher in diabetic patients [3,4]. 

The management of diabetes alone renders con
siderable expenditure, however, macrovascular and 
microvascular complications are the major cause of 
healthcare costs [11, 12, 13, 14]. Data from a United 
States study, indicate that renal and cardiovascular 
complications seem to be the most prevalent and were 
associated with particularly high costs [14]. In this 
study abnormal renal function and end-stage renal dis
ease were shown to vastly increase costs of diabetes 
treatment, up to 771%. Furthermore, an analysis of 
several individual studies showed that atherosclerosis 
in Type II diabetes accounted for approximately one 
third of the total healthcare costs related to the disease 
[15]. In a study of patients with myocardial infarction 
(MI), patients with diabetes had a higher per-patient 
total direct medical charge (inclusive of initial hospi
talisation) compared to patients without diabetes [16]. 

Although data from isolated studies in the United 
States provide an indication of the scale of the prob
lem, the relative paucity of data generated in Europe 
has stimulated the initiation of our study. 
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Table 2. Inclusion criteria for microvascular and macrovascu
lar complications of Type II diabetes for the CODE 2 study 

Microvascular 

Foot ulcer 
Amputation 
Retinopathy 
Photocoagulation 
Vitrectomy 
Blindness (onelboth eyes) 
Microalbuminuria 
Nephropathy 
Dialysis 
Renal transplant 
Neuropathy 

Subjects and methods 

Macrovascular 

Angina 
MI 
Heart failure 
PTCA 
CABG 
TIA 
Stroke 
PVD 

The CODE-2 study provides the first coordinated attempt to 
assess the total costs of managing patients with Type II diabe
tes in European countries. This prevalence-based, bottom-up 
study, involved over 7000 patients in eight European countries 
(Belgium, France, Germany, Italy, the Netherlands, Spain, 
Sweden and the UK). The methodology for the CODE-2 study 
is presented elsewhere in this supplement [17]. The primary 
objective was to measure and compare the costs of patients 
with Type II diabetes in each country studied. Secondary ob
jectives included assessing the economic impact of the long
term complications of diabetes and the impact on patients' 
health-related quality of life (HRQoL) [18] . 

The prevalence of Type II diabetes complications was as
sessed by completing a medical practitioners survey designed to 
encompass all aspects of the long-term consequences and treat
ments of Type II diabetes. The impact of HRQoL is reported in 
this supplement [18]. Retrospective collection of this data over a 
minimum period of 6 months included an assessment of the 
overall prevalence of complications and incidence of events re
lated to complications. Data on the management and treatment 
of these complications was also collected, and allowed estimates 
of total healthcare costs of patients by complication status. 

Classification of complications. For analysis, people were clas
sified into four broad categories of complication status: no 
complications, one or more microvascular complication only, 
one or more macrovascular complication only, one or more of 
each of microvascular and macrovascular complications. 

The individual conditions and interventions defining 
microvascular and macrovascular complication status are de
tailed in Table 2. It should be noted that in previous studies, foot 
ulcers and amputation have been considered to be of both micro
vascular and macrovascular origin [10]. However, for the analy
sis, these conditions were assigned to the rnicrovascular group. 

Results 

Prevalence of complications. Of the total CODE-2 
study population, 72% of subjects were reported to 
have at least one complication, 19% had only microvas
cular complications, 9.6% had only macrovascular 
complications and 24% had both microvascular and 
macrovascular complications. The prevalence of micro
vascular and macrovascular complications in the 

Manifest nephropathy 
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Fig. 1. Prevalence of microvascular complications in patients 
with Type II diabetes 
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Fig. 2. Prevalence of macrovascular complications in patients 
with Type II diabetes 

CODE-2 population, weighted for the size of each 
national contribution, are shown in Figs. 1 and 2, re
spectively. A total of 28% of the patients with micro
vascular complications had neuropathy, 20% showed 
early signs of renal damage (microalbuminuria), 20% 
retinopathy and 6.5% required treatment for sight
threatening eye complications in the previous 6 months. 
Furthermore, 2% of the patients were blind or had 
lower extremity amputation, and 1 % had end-stage 
renal failure requiring dialysis. 

Of the 33% of patients with macrovascular compli
cations, 18% had peripheral vascular disease (PVD), 
17% had angina, 12% had a history of heart failure 
and 9% had history of MI. Vascular reconstruction 
surgery, such as percutaneous transluminal coronary 
angioplasty (PTCA) and coronary artery bypass graft 
(CABG), or stroke occurred in 3%, 4% and 5% of the 
patients, respectively. 

Incidence of complications. Foot ulcers and sight
threatening retinopathy accounted for the highest 
annual incidence (2%) of microvascular complica-
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Fig. 3. 6-month incidence of microvascular complications 
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Fig. 4. 6-month incidence of macrovascular complications 

tions, followed by amputation (0.5%), end-stage renal 
failure with dialysis (0.2%), and blindness (0.2%) 
(Fig. 3). For the macrovascular complication group, 
angina was observed in 1.6% of the patients, and heart 
failure and transient ischaemic attacks (TIA) in 1.1 
and 1.3% of patients, respectively (Fig. 4). 

Effect of complications on costs. As expected, analysis 
of the CODE-2 data confirmed that complications can 
have an impact on the overall direct medical costs of pa
tients with Type 11 diabetes. A patient with no complica
tions was found to cost, on average, EUR 1505 per year 
in direct medical costs. The presence of microvascular 
complications led to a 70% increase in costs (EUR 
2563) compared to patients with no complications 
(Fig. 5). Costs for patients with macrovascular compli
cations (EUR 3148) were twice as high as patients with 
no complications. Those patients with both microvascu
lar and macrovascular complications (EUR 5226), in
creased costs by 3.5-fold over those without complica
tions. Managing patients with both rnicrovascular and 
macrovascular complications together represented a 
marked increase in expenditure, considerably greater 
than the sum of the cost for each complication category. 

A very large proportion of the increase in direct 
medical cost was attributable to an increase in hospi
talisation expenditure (Fig. 6). For patients with only 
microvascular or macrovascular complications, the in
cremental increase in hospitalisation cost was 100% 
and 200%, respectively, compared with costs for pa-
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Fig. 5. Effect of complications on the average cost per patient 
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Fig. 6. Effect of complications on hospitalisation costs 

tients without complications. However, inpatients with 
both classes of complications, hospitalisation costs 
were increased by a total of 450%. 

Discussion 

From the CODE-2 study results, it is clear that the 
presence of complications has a substantial impact on 
the costs for managing patients with Type 11 diabetes. 
For example, in individuals with both microvascular 
and macrovascular complications, the total cost of 
management was increased by up to 3.5 times com
pared to those with no evidence of complications. 

Overall, the presence of microvascular complica
tions resulted in an increase of 70% compared with 
people with no evidence of complications. The micro
vascular complications of Type 11 diabetes include 
diabetic retinopathy, neuropathy and nephropathy. 
Retinopathy is associated with considerable costs re
lated to laser coagulation therapy, vitrectomy in severe 
cases, and eventually costs for social support when 
useful vision has deteriorated completely [19]. In the 
CODE-2 study, the prevalence of retinopathy was 
20%, while the reported incidence of both photocoag
ulation and vitrectomy was 2%. This indicated that a 
large potential for cost savings exists in preventive 
measures and early retinal screening programmes. 

The impact of diabetic neuropathy on the total costs 
is difficult to assess, although neuropathic conditions 
are associated with considerable morbidity [20]. Neu-
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ropathy accounted for the highest proportion (>25%) 
of microvascular complications in the CODE-2 popu
lation. Approximately I in 200 patients underwent an 
amputation during the 6-month period of retrospective 
data collection. 

Diabetic nephropathy has been reported to be of rel
atively low prevalence in Western Type II diabetic 
populations, probably due to the late onset of the dis
ease in these countries [21]. Nevertheless, the manage
ment of end-stage nephropathy consumes resources 
considerably, requiring dialysis and renal transplanta
tion. As a consequence the impact of nephropathy on 
the total costs for managing Type II diabetes is likely 
to be high. Approximately 7% of the CODE-2 patient 
population presented with nephropathy, while 20% 
were found to have microalbuminuria. 

The association between Type II diabetes and the risk 
of morbidity and mortality due to macrovascular condi
tions such as angina, MI and stroke is weIl established 
[22, 23]. In the CODE-2 patient population, the overall 
prevalence of macrovascular complications was found 
to be up to 20% (angina and PVD) and 10% of the 
patients presented a history of MI or heart failure. Fur
thermore, the incidence data obtained in the CODE-2 
trial showed that a large number of macrovascular com
plications occurred during the 6-month study period. 
In total, the presence of macrovascular complications 
resulted in a cost increase of approximately 100% com
pared to patients with no evidence of complications. 

In conc1usion, the prevention of Type II diabetes re
lated complications will provide benefit to the patients 
as weIl as potentially reduce the overall healthcare ex
penditures for countries and payers. The implementa
tion of the recently published Guidelines for Diabetes 
Care [24] recommends optimal management of blood 
glucose, blood pressure and lipid concentrations, and 
the early detection and management of existing com
plications to reduce further disease progression. 

From the results of this paper on the costs related to 
complications in conjunction with a paper in this sup
plement [18], (showing the reduction in HRQoL for 
patients with these complications), it can be conc1uded 
that treatment regimens that reduce these diabetes-re
lated complications can have an impact on the costs of 
patients with Type II diabetes and also areduction in 
patients' weIl being. Treatment regimens that address 
the insulin resistance syndrome and also avoid the re
quirement for initiation of insulin-based regimens can 
expect to provide a benefit for the patient and poten
tial cost savings for the treatment of Type II diabetes. 
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