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Abstract 

Aims/hypothesis. The Cost of Diabetes in Europe -
Type II study is the first large coordinated attempt to 
measure the current standard of care and determine 
the costs of managing patients with Type II (non-insu
lin-dependent) diabetes mellitus. 
Methods. The study evaluated glycaemic control, 
blood lipid levels and blood pressure, all of which are 
risk factors for complications. Records of these clini
cal characteristics were collected from over 7000 pa
tients during the 6-month study period. 
Results. The mean HbA 1c value for the entire study 
population was 7.5%, ranging from 7.0% in Sweden 
to 7.8% in the United Kingdom. Only 31 % of individ
uals achieved good glycaemic control (HbA1cs=6.5%) 
according to current European guidelines. Only 64% 
of the total study population were tested for HbA 1c 

values at least once within the 6-month study period 
(ranging from 49% in Spain to 71 % in the UK), al
though HbA 1c testing every 3 months is recommended 
for all patients, by European Diabetes Policy Group 
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guidelines. The maJonty of patients had borderline 
total cholesterol values, with a mean value of 
5.7 mmol/l. Overall, 21 % of patients were classified 
as having low risk cholesterol levels «4.8 mmol/l). 
Good triglyceride levels «1.7 mmolll) were achieved 
by 47% of the total study population. During the study 
period, 81 % of patients had their blood pressure mea
sured, with 35% and 53.3% of the patients reaching 
the recommended targets for systolic and diastolic 
blood pressure, respectively. 
Conclusion/interpretation. This study showed that a 
high proportion of patients with risk factors for diabe
tes-related complications are not adequately con
trolled. Improvements in disease management and 
monitoring are therefore required to ensure that guide
line targets are met, thus reducing the long-term com
plications of Type II diabetes. [Diabetologia (2002) 
45:S23-S28] 

Keywords Type 11 diabetes, management, monitoring, 
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Type II (non-insulin-dependent) diabetes is a chronic 
progressive disease that brings a considerable eco
nomie burden on worldwide healtheare resourees. 
Both the major risks to health and the high manage
ment eosts are predominantly due to the long-term 
eomplieations of diabetes, which include eardiovaseu
lar and renal disease [1, 2]. 

Attaining and maintaining adequate glyeaemie met
abolie eontrol has been the prineipal aim of disease 
management in Type II diabetes mellitus, whieh has 
usually employed a stepwise management strategy, 
typically beginning with a regimen of diet and exer
eise. The progressive deterioration in glycaemie eon-
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trol leads to the use of an oral pharmacological treat
ment (alone or in combination) and, finally, insulin, 
either alone or in combination with an oral agent, can 
become necessary. The issue of when to start, add or 
switch diabetic therapies is often a difficult decision 
for both general practitioners and diabetes specialists 
and can have a considerable influence on patient care 
and the cost of management. Evidence of the impor
tance of glycaemic and blood pressure control in the 
management of diabetes is accumulating, particularly 
with respect to the development of chronic complica
tions. The United Kingdom Prospective Diabetes 
Study (UKPDS) showed that intensive treatment 
regimens for both blood glucose and blood pressure 
control reduces the incidence of long-term macrovas
cular and microvascular complications [3-7]. It also 
showed that the degree of control achieved by stan
dard treatment protocols has not been satisfactory 
[3-6], making it unlikely that the recommendations of 
the St Vincent Declaration [8] be met in practice [9]. 
This is also of particular relevance economically, as a 
substantial proportion of the overall cost of the man
agement of Type II diabetes arises as a consequence of 
the treatment of chronic complications, particularly 
cardiovascular and renal diseases [10]. The effect of 
complications on the total costs for management of 
Type II diabetes is discussed elsewhere in this supple
ment [11] . 

The CODE·2 study 

The Cost of Diabetes in Europe - Type II (CODE-2) 
study is the first large co-ordinated attempt to assess 
patient care together with the cost of patients with 
Type II diabetes throughout Europe. The methodology 
used by CODE-2 is described in an article in this sup
plement [12]. The CODE-2 study measured the stan
dard of care and total healthcare costs in eight Europe
an countries - Belgium, France, Germany, Italy, the 
Netherlands, Spain, Sweden and the Uni ted Kingdom 
using a prevalence-based design and involving over 
7000 patients. The main objective was to measure the 
total healthcare costs of people with Type II diabetes 
in each of the specified countries. Secondary objec
tives included determining the current quality of care 
for Type II diabetes patients and benchmarking cur
rent clinical practice against glycaemic, lipid and 
blood pressure targets as recommended by current 
European diabetes practice guideline [13]. 

The 1999 European Diabetes Policy Group (EDPG) 
treatment guidelines were used in this analysis as an 
up-to-date European benchmark against which the 
CODE-2 data was compared [14]. The 1999 guidelines 
were selected as the target European benchmark for di
abetes management because data for the CODE-2 
study was collected between November 1998 and May 
1999. Furthermore, the EDPG encompasses all the 
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Fig. 1. Mean HbA\c levels represented by country and for the 
total CODE-2 population 

Table 1. European Diabetes Policy Group recommendations 
for HbA\c' total cholesterol, high density lipoprotein, low den
sity lipoprotein and tri glyceride values [13] 

Parameter Low Arterial Microvascular 
risk risk risk 

HbA\c% <6.5 >6.5 >7.5 
Low risk At risk High risk 

Total cholesterol 

mmol/l <4.8 4.8-6.0 >6.0 
mg/dl <185 185-230 >230 

Triglycerides 

mmol/l <1.7 1.7-2.2 >2.2 
mg/dl <150 150-200 >200 

CODE-2 clinical characteristics which were collected 
in the physician survey, including fasting plasma glu
cose (FPG), haemoglobin Ale (HbA 1e), total cholester-
01 (TC), low density lipoproteins (LDL), high density 
lipoproteins (HDL), triglycerides (TG), systolic (SBP) 
and diastolic blood pressure (DBP). 

It is known that, in addition to hyperglycaemia and 
hypertension, blood lipids are important risk factors 
for macrovascular complications of diabetes mellitus 
[13, 15]. As a consequence, the CODE-2 study evalu
ated glycaemic control (HbA 1c)' management of 
lipids, and hypertension, comparing the population 
findings with the targets set in the 1999 EDPG treat
ment guidelines. 

National comparisons of HbA ic' The degree of 
glycaemic control as determined by the evaluation of 
HbA\c levels was found to be relatively consistent 
across all the participating countries (Fig. 1). The 
overall mean HbA\c value for the entire CODE-2 pop
ulation was 7.5%, ranging from a low of 7.0% in 
Sweden to a high of 7.8% in the United Kingdom. Of 
the patients having at least one HbA\c test result in the 
6 months surveyed, 42% of patients had HbA\c levels 
above 7.5% placing them in the "microvascular risk" 
category according to the EDPG (Table 1). Data on 
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Fig. 2. Distribution of glycaemia by microvascular and arterial 
risk status, by country and for the total population 
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Fig.3. Number of HbA lc measurements during the 6 months 
of data collection, represented by country and for the total 
CODE-2 population 

the degree of glycaemic control according to the Euro
pean guidelines shows that only 31 % of the study 
population achieved glycaemic control at or below 
6.5% (Fig. 2). The proportion of the tested patient 
population with poor control (arterial risk + microvas
cular risk) was found to be lowest in Sweden (57.4%) 
and highest in the United Kingdom (75.2%). 

The EDPG state a fasting blood glucose of less 
than 6.0 mmol/l for "low risk", and the overall FBG in 
the CODE-2 population was 9.1 mmol/l, ranging from 
8.6 mmol/l in Germany to 11.2 mmol/l in the United 
Kingdom. 

Frequency of HbA lc assessment. The 1999 European 
Diabetes Policy Group guidelines recommend the 
evaluation of HbAlc every 2-6 (of control vs stable) 
months. Results from the CODE-2 study indicate that 
only about 64% of the total study population were 
tested at least once within the 6-month study period 
(ranging from 49% in Spain to 71 % in the UK) 
(Fig. 3). At a national basis, Spain and the Nether
lands both emerged as having substantially less blood 
HbA lc testing than other countries, while patients in 
the United Kingdom and Italy received more frequent 
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Fig.4. Mean HbA lc values represented by type of diabetes 
treatment 

testing with 30.4% and 33.3% respectively, receiving 
two or more HbAlc evaluation tests within the 
6 month study period. On average, about one third of 
the entire study population received no blood HbA lc 

testing at all over the 6-month study period. This com
parison reveals substantial national variation in 
achieving the stated EDPG objectives for HbA lc 

testing. 

HbA lc and type of diabetes treatment. When glyc
aemic control was considered by treatment type, a 
similar pattern emerged for each country (Fig. 4). 
Overall, patients treated with a regimen of diet and ex
ercise only, oral antidiabetic drugs, or insulin alone or 
in combination achieved mean HbAlc values of 6.7%, 
7.5%, 8.1 %, respectively. Consequently, the majority 
of insulin-treated patients, and a substantial proportion 
of those receiving oral antidiabetic drugs, remain 
poorly controlled despite therapy. 

Plasma lipid levels. LDL-cholesterol has recently 
emerged as a very strong predictor for coronary heart 
disease [16]. The EDPG guidelines specify LDL 
values of 3.0 or less, more than 3.0 but equal to or 
less than 4.0, and more than 4.0 mmol/l as low risk, at 
risk and high risk, respectively and recommend lipid
lowering therapy in patients with LDL values of 
3.0 mmol/l or more [13]. American Heart Association 
guidelines for cardiovascular risk factors in diabetic 
patients, state that LDL values should be maintained 
under 2.6 mmol/l or 2.0 mmol/l if multiple risk factors 
are present [17]. In the CODE-2 study, LDL measure
ments were carried out in only 27% of patients. The 
available LDL data for the 2029 CODE-2 patients 
showed a mean value of 3.6 mmol/l. 

The overall degree of total cholesterol (TC) control 
and the proportion of patients tested within the 
6 months of data collection are shown by country in 
Fig. 5. The majority of tested patients were found to 
have a mean value for TC across the CODE-2 popula-
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Fig. 5. Distribution by risk status, as assessed by total eholes
terol, by eountry and for the total population 
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Fig. 6. Distribution by risk status, as assessed by triglyeerides, 
by eountry and for the total population 

tion of 5.7 mmol/l (range: from 5.5 mmol/l in the UK 
to 5.9 mmol/l in Belgium). Overall, only 21 % of pa
tients had TC values below the 4.8 mmol/l (low risk) 
level, while about 35% of tested patients had TC 
values exceeding 6.0 mmolll (high risk). It is worth 
noting that these results inc1uded the 13.5% of pa
tients receiving lipid-Iowering medication along with 
untreated patients. The use of lipid lowering agents 
was highest in the United Kingdom (24.4%), while 
only 0.3% in France were receiving these agents. On 
average, 51 % of the CODE-2 patients had undergone 
evaluation of TC within the 6-month study period. 

The average HDL value of the tested CODE-2 pa
tients was 1.27 mmol/l. About 26% of patients had 
HDL values in the high risk category of less than 
1 mmol/l. Of note, two-thirds of all CODE-2 patients 
did not receive a HDL evaluation during the 6-month 
study period. 
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Fig.7. Pereentage of patients aehieving systolie blood pres
sure targets, and the pereentage tested at least onee during the 
6 months of data eolleetion, represented by eountry and for the 
total CODE-2 population 
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Fig. 8. Pereentage of patients aehieving diastolie blood pres
sure targets, represented by eountry and for the total CODE-2 
population 

The triglyceride values in the CODE-2 study popu
lation are presented in Fig. 6. In general, triglyceride 
values were more often within recommended ranges 
than TC, with 47.0% of the total patient population 
achieving a value less than 1.7 mmol/l. The mean 
value for all countries was 2.2 mmol/l, with a range of 
1.8 mmol/l in France to 3.0 mmol/l for the United 
Kingdom. 

Blood pressure. Of the total CODE-2 population, 
25.9% were receiving anti-hypertensive agents. In 
total, 81 % of the patients had their blood pressure mea
sured within the 6-month study period. Figures 7 and 8 
show the proportions of the CODE-2 patients that had 
blood pressure measurements that met the recommend
ed targets for systolic and diastolic blood pressure 
(sl40 mmHg and s85 mmHg, respectively) and the 
proportion of the patients tested within the 6 months of 
data collection. Altogether 35% of the patients (range 
from 20.1% in the Netherlands to 53.4% in France) had 
systolic blood pressure values of less than or equal to 
140 mmHg. The mean value for the total CODE-2 pop
ulation was 145.97 mmHg (range: from 141.1 mmHg 
in Belgium to 15l.1 mmHg in Sweden). The overall 
mean diastolic blood pressure was 82.3 mmHg. 
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Throughout the study population only 53% of patients 
had blood pressure (BP) within the target ranges set by 
EDPG. Given recent results from UKPDS highlighting 
the advantages of improving control of hypertension in 
Type II diabetic patients, enormous clinical benefits 
could be achieved [5]. 

Conclusions 

An examination of the average results obtained from 
the CODE-2 practitioner survey showed that the 
overall glycaemic control in the Type II diabetic pop
ulation in the eight participating countries was 
acceptable. However, when the CODE-2 management 
data were considered according to the proportion of 
patients achieving EDPG guideline targets the quality 
of the control is far from being optima!. A total of 
42% of patients were classified as having HbA1c 

values above 7.5%. Furthermore, 37% of the patients 
had not received HbA 1c testing within the 6-month 
study period, despite the EDPG recommendation for 
testing once every 3 months for optimal glycaemic 
contro!. There is a possibility that the degree of com
pliance to the guidelines observed in the CODE-2 
study was affected by selection bias, as the study 
population could be expected to include an above
average proportion of especially conscientious practi
tioners and motivated patients. Differences between 
countries, in the way in which patients were selected 
could contribute to the apparent variations in out
come. For example, in some clinics, patients with 
poor glucose control could have attended the clinic 
more regularly and consequently included in the 
study more often. National variations in clinic popu
lations could also lead to selection bias. 

When glycaemic control was evaluated by treat
ment category, the mean HbA lc value was higher in 
patients treated with insulin alone or in combination 
with pharmacotherapy, compared with oral antidiabet
ic drugs or diet and exercise alone. This does not sug
gest that diet and exercise is the optimal management 
regimen. Rather, it is indicative of the influence of 
disease progression and the stepwise increase in phar
macotherapeutic measures required to maintain glyc
aemic contro!. This result was expected and indicates 
that patients on insulin are inadequately controlled 
more frequently. Intensification of treatment reflects 
the natural progression of the disease and the manage
ment of patients requiring insulin is often challenging 
because of severe co-morbidity and complications due 
to long-standing disease and ageing. In contrast to 
previous studies which found the initiation of insulin 
therapy in patients with poor glycaemic control to be 
largely ineffective [3, 18], recent evidence suggests 
that the effective management of glycaemia with in
tensive insulin therapy can prevent the development 
of microvascular complications [19]. New treatment 

options, including the more recently developed 
thiazolidinedione agents and a combination of thera
pies with optimised insulin regimens, including insu
lin analogues and new delivery methods should im
prove control in this patient group. 

Nearly half of the total CODE-2 population had not 
received any cholesterol monitoring during the 6-month 
study. When measurements were taken, only one fifth 
of patients had satisfactory total cholesterol values, and 
tri glyceride values were within the low-risk level in less 
than half the patient population. Again, this finding 
shows that there are considerable setbacks in the imple
mentation of current EDPG treatment guidelines for 
management of lipid abnormalities in Type II diabetic 
patients. 

The assessment and treatment of hypertension in 
the CODE-2 study also highlighted problems with the 
control of hypertension, with almost two thirds of the 
patients not reaching the EDPG recommended target 
for systolic blood pressure. Moreover, the actual num
ber of patients not reaching the target could be even 
higher, as 19% of the patients had not had their blood 
pressure measured within the 6-month study period. 

In conclusion, the CODE-2 study shows that the 
proportion of European patients in whom cardiovascu
lar risk factors are inadequately controlled is high, 
despite the relatively favourable overall me an HbA 1c 

value. A substantial proportion of the population is 
not monitored at the recommended frequency for im
portant predictors of costly diabetic complications. 
Improved disease management with intensive thera
peutic interventions aimed at controlling all risk 
factors and an increase in monitoring is therefore 
required in order to meet the EDPG guideline targets 
with the aim of reducing or preventing the long-term 
complications of Type II diabetes. 
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