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OBJECTIVE — New antidiabetic medications have been introduced during the last decade,
but their impact on health care cost is largely unknown. Prescription costs in diabetic patients in
primary care in Germany were evaluated (1994–2004).

RESEARCH DESIGN AND METHODS — A total of 46,017 diabetic patients and
46,017 age- and sex-matched control subjects in 400 nationwide practices (2004) were com-
pared with 29,956 diabetic patients and 13,226 control subjects (361 practices) in 1994 (data
from IMS HEALTH). Inflation-adjusted age- and sex-standardized costs (ex-manufacturer
prices) were calculated.

RESULTS — Mean annual total prescription costs per diabetic patient were €559 in 2004
(€372 in 1994), equaling a 60% (standardized) increase (P � 0.01). Average costs for antidia-
betic medication were €172 in 2004, a 100% increase (P � 0.01). The major antidiabetic cost
factor was insulin and analogs, which accounted for 22% of total drug costs in diabetic patients
in 2004 (17% in 1994). All oral antidiabetic drugs together accounted for 8% of total costs (6%
in 1994). New drugs (glitazones, glinides, and insulins) accounted for 15% of total costs (40%
of antidiabetic drugs) in 2004. A 40% increase (€387 vs. 286) in all non–diabetes-related drugs
was due mainly to cardiovascular and lipid-lowering drugs. In nondiabetic patients, only a 30%
cost increase was found (€210 vs. 147; P � 0.01).

CONCLUSIONS — Prescription drug costs among diabetic patients increased 60% during
the last decade, which was twofold higher than the increase in nondiabetic patients. New types
of antidiabetic drugs accounted for a substantial cost share of the overproportional increase for
diabetes treatment. Progress in pharmacological therapy is a key driver of drug expenditure
growth in diabetes treatment.
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During the last decade, antidiabetic
prescription patterns have become
increasingly complex (1–3). This

complexity is the result of both the ex-
panding evidence obtained from major
clinical trials on intensified treatment of
type 2 diabetic patients (e.g., the U.K.
Prospective Diabetes Study) and the
launch of new medications such as hu-
man insulin analogs (4). In particular,
continuously increasing prescription use

of insulin was observed during the last
decade in European countries (5,6). Since
1995, the number of insulin prescriptions
has almost doubled in Germany (5). Cur-
rently, 27% of diabetic patients receive
insulin prescriptions, based on German
health insurance data (7). Among oral an-
tidiabetic drugs, prescription use of bi-
guanides increased fourfold during the
last decade, whereas use of sulfonylureas
has steadily declined (5).

In most countries including Ger-
many, the majority of diabetic patients are
treated predominantly by general practi-
tioners and internists. There has been no
evaluation of current trends in prescrip-
tion use and costs among diabetic patients
in the German primary health care sys-
tem. To our knowledge, there also has
been no longitudinal cost analysis from
other European countries. In 1994, we
found that diabetes was associated with
threefold increased prescription costs in
German primary care practices, due
mainly to antidiabetic treatment and car-
diovascular drugs (8). We have used a da-
tabase of a nationwide sample of general
and internal medicine practices (Disease
Analyzer, IMS HEALTH) (9). We now ex-
pand this prior analysis by a second cross-
sectional economic evaluation in 2004
using a similar nationwide pharmaceuti-
cal database to study 10-year changes in
prescription drug costs in diabetic pa-
tients and nondiabetic control subjects.

RESEARCH DESIGN AND
METHODS

Disease Analyzer database
The Disease Analyzer database (IMS
HEALTH) has been described in detail
elsewhere (8–10). Briefly, all drug pre-
scriptions, diagnoses, and basic demo-
graphic data are prospectively assembled
from the practice computer system of 400
practices (about 1% of primary health
care practices) throughout Germany,
which largely resemble the characteristics
of all general and internal medicine prac-
tices with respect to geographic distribu-
tion, age and sex of physicians, and the
ratio of primary care internists to general
practitioners (8,9). Diagnoses (Interna-
tional Statistical Classification of Diseases,
10th Revision [ICD-10] and prescriptions
(anatomical therapeutic chemical classifi-
cation system [ATC]) are coded, and the
quality of practice reports is continuously
monitored by IMS HEALTH on the basis
of a number of criteria (e.g., completeness
of records and linkage of diagnoses and
prescriptions).

Diabetic patients were identified on
the basis of prescription of antidiabetic
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drugs or specific diagnoses. In 1994, dia-
betes-related diagnoses were used for se-
lecting diabetic patients only when
confirmed by a diabetologist referring to
the complete original physician text. In
2004, the panel physicians were asked to
classify all diabetes diagnoses into con-
firmed or suspected cases. Only patients
with a “confirmed diagnosis” of diabetes
were selected for the study.

In Germany, migrations of patients
from one physician to another are seen
frequently. Therefore, to obtain a more
valid estimate of patients treated by the
same practitioner and their correspond-
ing prescription costs, the analyses were
limited to subjects who had at least one
consultation per year over a 3-year period
(1993–1995 and 2003–2005). Because
there were few diabetic patients in young
age-groups and to restrict the analysis
mainly to patients with type 2 diabetes, a
minimum age of 30 years was chosen. The
vast majority of patients aged �30 years
have type 1 diabetes. In Germany, this
cost-intensive patient population is pre-
dominately treated by diabetologists hav-
ing their own practice or in outpatient
clinics. Thus, the database does not cover
the antidiabetic treatment costs for this
age-group. In 1994, all diabetic patients
(n � 29,956) in 361 panel practices were
compared with a 5% random sample (n �
13,226) of the nondiabetic population. In
2004, all 46,017 diabetic patients and
46,017 randomly selected nondiabetic
control subjects were included. The two
practice panels were independent sam-
ples with little overlap.

Prescriptions and related costs
Prescription costs were assessed in euros
as ex-manufacturer prices, which are
�50% of pharmacy sales prices in Ger-
many. The 1994 costs were inflation-
adjusted to 2004 euros based on the
German Consumer Price Index by the
German Federal Statistical Office (infla-
tion factor 1.15; http://www.destatis.de,
as of August 2006).

First, the proportions of patients with
specific prescriptions, the mean number
of prescriptions, and mean costs per
treated patient were calculated for all ATC
groups. In addition, the mean prescrip-
tion costs referring to the whole patient
group including both subjects with and
without a specific prescription (costs per
patient) were also calculated. Relative cost
ratios (2004/1994) were estimated by di-
rect standardization of age (seven strata)-
and sex-specific values in the basis of the

total patient population in 2004; 99% CIs
were estimated for the age- and sex-
standardized ratios, which were consid-
ered to be significantly increased or
decreased at a level of P � 0.01 if the CIs
did not include 1.0. We also compared
diabetic and nondiabetic patients by ap-
plying age- and sex-standardized ratios
(99% CI) using the whole population as
standard. Thus, all prescription preva-
lences and costs are crude (nonstandard-
ized) values, whereas all ratios (2004/
1994; diabetic versus control subjects)
are standardized with respect to age and
sex (standard: whole patient population).
All analyses were performed using SAS for
Windows (version 9.1; SAS Institute,
Cary, NC).

RESULTS — The age (mean � SD) of
diabetic patients was �10 years higher
than that of nondiabetic control subjects
(1994: 68 � 13 vs. 55 � 16 years; 2004:
68 � 12 vs. 57 � 15 years; P � 0.01). No
significant difference was found for sex in
1994, whereas in 2004, a lower percent-
age of women was found among diabetic
patients (58 vs. 51%, P � 001). Treat-
ment in internal medicine practices was
only slightly more frequent among dia-
betic patients (1994: 27 vs. 25%, 2004:
25 vs. 24%; P � 0.01).

Prescription prevalences and costs
Table 1 shows the prescription preva-
lences of various treatments, and the
mean annual number of prescriptions per
patient for five major cost-intensive ATC
groups. The prevalence of diabetic pa-
tients with prescriptions for antidiabetic
agents or diabetes care products increased
from 1994 to 2004, whereas no signifi-
cant difference was found for all non–
diabetes-related prescriptions. An
increasing prevalence was also found for
cardiovascular and hematological (in-
cluding antithrombotic agents) drugs,
whereas prescriptions of neurological
agents, gastrointestinal drugs, and anti-
inflammatory agents declined both in di-
abetic and nondiabetic patients over the
10-year period. Substantial differences
between diabetic patients and control
subjects (ratio) were found only for use of
cardiovascular and hematological drugs
(P � 0.01) (Table 1).

The mean annual number of prescrip-
tions per drug-treated patient was also
higher among diabetic subjects compared
with control subjects, with little change
over time. Overall, diabetic patients re-

ceived more than twice the number of
prescriptions per year than control sub-
jects in 2004, which was still higher after
excluding all diabetes-related agents and
adjusting for age and sex (ratios) (P �
0.01) (Table 1).

The mean annual costs per treated pa-
tient for all prescriptions combined in-
creased by 50% (2004 vs. 1994) in
diabetic patients and were still 40%
higher after excluding all diabetes-related
agents (P � 0.01) (Table 1). A 30% in-
crease was found in nondiabetic patients
(P � 0.01). Prescription costs were about
30 –50% higher for most ATC groups
both in diabetic and nondiabetic patients
in 2004 compared with 1994 (P � 0.01).
As expected, substantial cost differences
between diabetic patients and control
subjects were found for cardiovascular
drugs at both time periods (P � 0.01).
Overall, the age- and sex-adjusted costs
per treated patient were about twofold
higher in 1994 and 2004 among diabetic
patients.

The average annual prescription costs
per patient in the diabetic population
were €559 in 2004, equaling a 60% in-
crease (P � 0.01) (Table 1). Average costs
for antidiabetic medications increased
100% (P � 0.01). With respect to all
non–diabetes-related drugs, 40% higher
costs were found over the 10-year period.
In nondiabetic patients, a 30% increase
for total prescription costs was observed
from 1994 to 2004 (P � 0.01). The aver-
age 10-year cost increase in the various
ATC groups ranged between 10 and 50%,
except for neurological agents, for which
110–120% higher drug costs were found
in both diabetic and nondiabetic patients
(P � 0.01). In 1994, the average prescrip-
tion costs among diabetic patients were
increased twofold compared with control
subjects after age and sex differences were
taken into account, with a slight increase
in 2004 (ratio 2.4; P � 0.01). Among
the different ATC groups, a widening dif-
ference in costs between diabetic and
nondiabetic patients was found for car-
diovascular drugs only.

Prevalence and costs of antidiabetic
drugs and agents
A 50% prevalence increase for insulin
prescriptions, an almost fourfold increase
for biguanide use, and a threefold higher
prevalence of self-monitoring blood glu-
cose (SMBG) tests was observed over the
10 years (all P � 0.01) (Table 2). A sub-
stantial decline was found for sulfonyl-
ureas (�37%) and acarbose (�50%).
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Overall, the major cost factors among an-
tidiabetic agents in both periods were in-
sulins and analogs, followed by oral
antidiabetic drugs and BGSM tests. In
2004, insulin accounted for 22% of total
drug costs among diabetic patients (17%
in 1994), whereas all oral antidiabetic
drugs combined accounted for only 8.4%
(6.2% in 1994, P � 0.01). BGSM tests
accounted for 6.5% (4.4% in 1994).

Overall, annual insulin costs per insu-
lin-treated patient increased by 30%
(Table 2) (P � 0.01). Whereas costs for
traditional insulins declined (�10%), the
highest annual costs per treated patient
were seen for newly launched rapid-
acting insulin analogs.

An 80% treatment cost increase was
observed for all oral agents combined.
Prescription costs per treated patient were

70% higher for sulfonylureas in 2004
than in 1994 (P � 0.01). On the other
hand, a 20% treatment cost decline was
found for biguanides (P � 0.01). Annual
expenses for the newly launched glita-
zones were �10-fold higher than for bi-
guanides in 2004. Furthermore, glinide
prescriptions were more than threefold
more expensive than prescriptions for
classic sulfonylureas.

Finally, the average annual prescrip-
tion costs in the total diabetic population
for insulins were 90% higher than in 1994
(P � 0.01) (Table 2). Average costs for all
traditional insulins combined only in-
creased by 10%. Thus, although both
short- and long-acting insulin analogs
were only prescribed in 6% of diabetic
patients, respectively, they represented

the major drivers for the total insulin cost
increase (Table 2).

With respect to all oral antidiabetic
drugs, more than twofold higher stan-
dardized costs per diabetic subject were
found over the 10-year period. Although
the cost-intensive glitazones were only
prescribed in 3.6% of patients in 2004,
average expenses in the total diabetic
population were already similar to those
of biguanides, which have a 10-fold
higher prescription prevalence. It is note-
worthy that average costs for BGSM tests
in the diabetic population in 2004 were
almost threefold higher than those for sul-
fonylureas or biguanides. Because of their
high annual expenses and the threefold
increased prescription use, BGSM tests
became a major cost factor in 2004 among
antidiabetic agents.

Table 1—Prevalence of various treatments, mean number of prescriptions per year, mean costs (ex-manufacturer prices) per treated patient,
and mean costs per patient/year (all subjects) among diabetic subjects and nondiabetic control subjects in general and internal medicine
practices in Germany in 1994 and 2004 (Disease Analyzer, IMS HEALTH)

ATC codes
Prevalence
1994 (%)

Prevalence
2004 (%)

Prescriptions
per treated

1994 (mean)

Prescriptions
per treated

2004 (mean)

Costs per
treated

1994 (€)

Costs per
treated

2004 (€)

Ratio
(2004/
1994)

Costs per
patient (all)

1994 (€)

Costs per
patient (all)

2004 (€)

Ratio
(2004/
1994)

Diabetes treatment and
care products

Diabetic 60.5* 70.4* 7.2* 8.3* 143.4* 244.4* 1.5* 86.7* 172.1* 2.0*
Non–diabetes-related

drugs and products
Diabetic 96.0 96.6 22.2* 19.9* 297.7* 401.7* 1.4* 285.8* 387.1* 1.4*

Total prescriptions
Diabetic 98.0* 99.2* 26.2* 25.2* 380.0* 564.1* 1.5* 372.5* 559.2* 1.6*
Control 93.4* 92.8* 13.1* 11.4* 157.0* 227.7* 1.3* 146.7* 210.0* 1.3*
Ratio 1.0* 1.1* 1.6* 1.9* 2.0* 2.2* 2.0* 2.4*

Major cost factors
Cardiovascular

Diabetic 76.5* 83.7* 10.8 10.2 190.7* 227.6* 1.3* 145.8* 190.5* 1.4*
Control 47.2 51.2 6.7 6.6 117.1* 150.7* 1.3* 55.3* 77.1* 1.2*
Ratio 1.2* 1.4* 1.4* 1.5* 1.5* 1.5* 1.7* 1.9*

Neurological
Diabetic 49.7* 38.4* 6.0* 6.4* 46.7* 131.1* 2.8* 23.2* 50.4* 2.2*
Control 38.7* 31.8* 4.5 4.8 34.8* 94.4* 2.7* 13.5* 30.0* 2.1*
Ratio 1.1* 1.1* 1.2* 1.2* 1.2* 1.2* 1.3* 1.3*

Gastrointestinal
Diabetic 48.0* 36.8* 5.0* 4.3* 76.9* 113.0* 1.5* 36.9* 41.5* 1.1*
Control 39.0* 30.9* 3.9* 3.5* 54.4* 88.5* 1.6* 21.2* 27.4* 1.2*
Ratio 1.1* 1.1* 1.2* 1.1* 1.3* 1.2* 1.4* 1.3*

Hematological
Diabetic 18.4* 34.2* 3.2* 3.0* 82.1* 69.4* 0.8* 15.1* 23.7* 1.3*
Control 9.5 15.5* 2.8* 2.7* 73.7 68.5 1.0 7.0* 10.6* 1.4*
Ratio 1.5* 1.6* 1.1* 1.1* 1.2* 1.0 1.7* 1.5*

Anti-inflammatory
Diabetic 47.0* 45.0* 3.9* 3.5* 27.3* 40.7* 1.5* 12.8* 18.3* 1.5*
Control 38.1* 36.2* 3.0* 2.7* 22.5* 35.0* 1.5* 8.6* 12.7* 1.4*
Ratio 1.1* 1.1* 1.1* 1.2* 1.0 1.1 1.1 1.2

In 1994: 29,956 diabetic patients and 13,226 nondiabetic control subjects; in 2004: 46,017 diabetic subjects and 46,017 nondiabetic control subjects. “Per treated”
refers to patients with at least one prescription (of interest) per year. Ratio indicates the age- and sex-standardized ratio (diabetic patients vs. control subjects). *P
� 0.01: differences 2004 vs. 1994; ratio (2004/1994) after direct age and sex standardization of age- and sex-specific values. Costs from 1994 were adjusted for
inflation on the basis of the German Consumer Price Index.

Prescription costs in diabetic patients
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New types of antidiabetic drugs ac-
counted for a substantial share of the cost
increase in 2004. Antidiabetic agents
launched in the market since 1994 ac-
counted for 14.6% of total drug costs in
diabetic patients (new insulins 9.3%) and
accounted for 39.8% of all antidiabetic
drug costs in 2004.

Costs of cardiovascular and lipid-
modifying drugs
ACE inhibitors, �-blockers, diuretics,
and calcium antagonists were the most
frequently prescribed cardiovascular
drugs among diabetic patients in 2004
(Table 3). Prescription prevalences of
ACE inhibitors and �-blockers roughly

doubled over the 10-year period, whereas
a large decline (approximately �50%)
was found for glycosides and nitrates.

Overall, the highest mean annual
costs per treated patient were observed
for the newly launched angiotensin II an-
tagonists in 2004, which were used by
16% of diabetic patients. On the other
hand, average treatment costs for ACE in-
hibitors and nitrates substantially de-
clined over the study period (P � 0.01).
Furthermore, a reduction in treatment
cost was found for calcium-channel
blockers and �-blockers (P � 0.01).

ACE inhibitors showed the highest
mean costs per patient-year for the whole
diabetic population, which was similar to

that in 1994 (Table 3). Because of their
high treatment costs, the newly launched
angiotensin II antagonists became the sec-
ond major cost factor in 2004. The third
ranking drugs were �-blockers, which
showed a cost increase mainly through
higher prescription use in the diabetic
population. They surpassed calcium-
channel antagonists, which had been the
second major cost factor in 1994.

Among lipid-modifying drugs, al-
most eightfold higher prescription preva-
lence was found for statins in 2004. Over
the same period, utilization of fibrates
showed an almost 50% reduction (Table
3). For statins, costs per treated patient in
2004 were substantially higher as for all

Table 2—Prevalence of various treatments, mean number of prescriptions per year, mean costs (ex-manufacturer prices) per treated patient,
and mean costs per patient/year (all subjects) for antidiabetic agents in general medicine practices in Germany in 1994 and 2004 (Disease
Analyzer, IMS HEALTH)

Agents
Prevalence
1994 (%)

Prevalence
2004 (%)

Prescriptions
per treated

1994 (mean)

Prescriptions
per treated

2004 (mean)

Costs per
treated

1994 (€)

Costs per
treated

2004 (€)

Ratio
(2004/
1994)

Costs per
patient (all)

1994 (€)

Costs per
patient (all)

2004 (€)

Ratio
(2004/
1994)

Insulin 18.1* 26.1* 7.3* 6.7* 282.5* 372.6* 1.3* 51.0* 97.2* 1.9*
Analogs (rapid) — 6.0 — 4.6 — 346.1 — — 20.9 —
Analogs (long) — 6.0 — 3.1 — 235.5 — — 14.2 —
Traditional insulins 18.1* 22.5* 7.3* 5.7* 282.5* 276.8* 0.9* 51.0* 62.0* 1.1*

Oral antidiabetics 48.1* 52.4* 5.4* 5.5* 50.7* 87.0 1.8* 24.4* 45.6* 2.1*
Sulfonylureas 42.1* 26.5* 4.4* 3.6* 28.5* 44.3* 1.7* 12.0 11.7 1.0
Biguanides 9.7* 34.8* 3.3* 4.1* 41.5* 31.7* 0.8* 4.0* 11.0* 2.8*
Glucosidase inhibitors 9.7* 4.7* 4.2 4.6 86.5* 98.3 1.1* 8.4* 4.6* 0.6*
Glitazones — 3.3 — 3.0 — 341.0 — — 11.3 —
Glinides — 3.6 — 5.1 — 153.4 — — 5.5 —

BGSM strips 8.2* 26.3* 3.9 4.3 123.4* 110.4* 0.8* 10.1* 29.0* 2.3*
UGSM strips 3.2* 2.7* 2.2* 1.6* 15.9* 8.5* 0.5* 0.5* 0.2* 0.4*

In 1994: 29,956 diabetic patients; in 2004: 13,226 diabetic subjects. “Per treated” refers to patients with at least one prescription (of interest) per year. *P � 0.01,
differences in 2004 vs. 1994; ratios (2004/1994) after direct age and sex standardization of age- and sex-specific values. Costs for 1994 were adjusted for inflation
on the basis of the German Consumer Price Index. UGSM, urine glucose self-monitoring test.

Table 3—Prevalence of various treatments, mean number of prescriptions per year, mean costs (ex-manufacturer prices) per treated patient,
and mean costs per patient/year (all subjects) for cardiovascular drugs in diabetic patients in primary care in 1994 and 2004 (Disease Analyzer,
IMS HEALTH)

Agents
Prevalence
1994 (%)

Prevalence
2004 (%)

Prescriptions
per treated

1994 (mean)

Prescriptions
per treated

2004 (mean)

Costs per
treated

1994 (€)

Costs per
treated

2004 (€)

Ratio
(2004/
1994)

Costs per
patient (all)

1994 (€)

Costs per
patient (all)

2004 (€)

Ratio
(2004/
1994)

Glycosides 25.7* 12.0* 3.3 3.1 13.4* 9.8* 0.7* 3.4* 1.2* 0.3*
Nitrates 21.7* 13.1* 4.7* 3.8* 69.7* 40.4* 0.5* 15.1* 5.3* 0.3*
Diuretics 29.4* 32.6* 4.0 4.0 46.7 41.3 0.8 13.7 13.4 1.0
�-Blockers 15.6* 39.1* 3.7 3.6 88.1* 57.3* 0.7* 13.7* 22.4* 1.5*
Calcium channel blockers 27.8* 25.0* 5.0* 4.1* 90.1* 76.0* 0.8* 25.0* 19.0* 0.7*
ACE inhibitors 24.5* 45.8* 4.1* 3.8* 149.9* 75.1* 0.5* 36.7 34.4 1.0
Angiotensin II antagonists — 15.8 — 3.4 — 208.8 — — 32.9 —
Lipid-modifying

Statins 3.3* 25.2* 2.9 2.9 186.0 165.4 0.9 6.1* 41.7* 6.3*
Fibrates 6.1* 3.7* 3.2* 3.0* 90.2* 64.7* 0.7* 5.5* 2.4* 0.4*

In 1994: 29,956 diabetic patients; in 2004: 13,226 diabetic subjects. “Per treated” refers to patients with at least one prescription (of interest) per year. *P � 0.01,
differences 2004 vs. 1994; ratios (2004/1994) after direct age and sex standardization of age- and sex-specific values. Costs in 1994 were adjusted for inflation on
the basis of the German Consumer Price Index.
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other cardiovascular drug groups. Thus,
statins were the major cost factor in 2004
in the ATC-C (cardiovascular and lipid-
modifying drugs) group, with higher
costs than the frequently prescribed ACE
inhibitors.

The ATC-C group accounted for 30%
of total prescription costs among diabetic
patients in 2004 (34% in 1994). The five
most cost-intensive groups were statins
(6.8% of total drug costs), followed by
angiotensin II antagonists (5.6%), ACE
inhibitors (5.5%), �-blockers (3.8%), and
calcium channel blockers (2.8%). Com-
pared with 1994, statins showed the larg-
est increase (1.7% of total costs in 1994),
whereas calcium channel blockers (5.8%
in 1994) and ACE inhibitors declined
(8.9% in 1994) and the proportion of to-
tal costs for �-blockers remained stable
(3.8% in 1994).

Finally, it is noteworthy that although
cardiovascular and lipid-lowering drugs
were still a major prescription cost sector
in 2004 (30%), they dropped from the
first rank, which is now held by antidia-
betic prescriptions (37%). In 1994, car-
diovascular drugs were a more important
factor (34%) than antidiabetic treatment
(28%).

CONCLUSIONS — The pre s en t
study provides for the first time estimates
for longitudinal changes in prescription
use and related costs for diabetic patients
in Germany. The average total annual
medication costs among diabetic patients
increased �60% over 10 years in our
study. An even higher amount was found
for antidiabetic agents, insulin, and
BGSM tests, which showed a twofold cost
increase. Major cost factors among antidi-
abetic agents were insulin, in particular,
newly launched analogs, BGSM tests, and
biguanides, the latter due mainly to a
more than threefold prescription preva-
lence. Among non-diabetes-related
drugs, ACE inhibitors, angiotensin II an-
tagonists, and statins were major cost fac-
tors in the diabetic population.

There are only a few other studies on
medication costs among diabetic patients
in Germany (11–13). A comparison of
these studies is difficult because of differ-
ent study designs and populations. How-
ever, the main results resemble the cost
estimates of the present investigation.
Based on regional health insurance data in
2001, annual medication costs (primary
care and other prescribers) of €1,006 per
diabetic patients (pharmacy prices) were
calculated (13). We have estimated aver-

age primary care prescription costs of
€559 in 2004, based on ex-manufacturer
prices, which are about 50% of pharmacy
prices. Furthermore, the present antidia-
betic prescription prevalence fitted well in
the current epidemiological picture, e.g.,
we have observed a prevalence of 26%
insulin-treated primary care patients in
2004, which was comparable to another
practice-based study (28%) and data from
a regional health insurance (27%) (7,14).

Prescription drug costs are the most
rapidly growing component of total
health expenditures in most Western
countries (15). Our data underline the
fact that antidiabetic treatment accounts
for a substantial share of this rapid
growth. This is not only related to an in-
creasing prevalence of type 2 diabetes, but
also is due to the approval of new cost-
intensive types of antidiabetic drugs (3).
Advances in technology and medication
have been recognized as key drivers of
health expenditure growth (16). Further-
more, there has been a trend toward more
aggressive medical treatment of diabetes,
i.e., increased use of various oral hypogly-
cemic agents, alone or in combination
with insulin (17).

There is an ubiquitous increase in uti-
lization of antidiabetic agents (6). How-
ever, the increase differs greatly in
neighboring countries in Europe, despite
similar guidelines (6). Thus, these be-
tween-country differences may reflect dif-
ferent therapeutic tradit ions. An
important issue in future studies would
be to evaluate whether these between-
country variations have consequences for
diabetes control and complications (6).
There is an urgent need to investigate the
most cost-effective therapeutic regimen
for management of type 2 diabetes. The
present study contributes at this point by
the evaluation of current antidiabetic pre-
scription trends in Germany.

Another reason for high prescription
costs is the fact that diabetes is closely
related to other cost-intensive conditions,
in particular, cardiovascular disease and
its risk factors (hypertension and lipid
disorders) (8). Cardiovascular and lipid-
modifying drugs were the second major
cost factor in the present longitudinal
study. The data suggest that there have
been different developments within this
drug category. On the one hand, similar
to antidiabetic agents, there has been an
introduction of new cost-intensive agents
into the market (e.g., angiotensin II antag-
onists). Furthermore, because of higher
prescription prevalences, some groups

such as �-blockers became a more im-
portant cost factor. The most impressive
increase was observed for statins: pre-
scription use was eightfold higher in 2004
than 1994. However, only 25% of dia-
betic patients were treated with statins in
2004 on the basis of data from the present
study, although they are highly recom-
mend as preventive agents. A similar
prevalence of diabetic patients treated
with lipid-lowering agents was observed
in another recent study in primary care
practices (18). Compared with other Eu-
ropean countries, the prescription preva-
lences of statins in Germany remained
below the average (19). Thus, changes in
prescription use of lipid-lowering agents
in primary care practices in Germany
were consistent with the evolving evi-
dence base but were still inadequate.

The present study also indicated that
there were longitudinal changes in pre-
scription use and costs for a variety of
other drug groups, e.g., neurological,
gastrointestinal, and anti-inflammatory
agents, among diabetic patients. As a gen-
eral pattern, prescription use for these
agents declined slightly over the 10-year
period. However, because of higher treat-
ment costs (prices), the overall costs in-
creased. Again this finding was partly
related to the launch of new medications,
e.g., the almost threefold higher treat-
ment costs for neurological agents can be
explained by the introduction of the cost-
intensive triptans in migraine therapy
(5,20). It is noteworthy that in addition to
developments in other therapeutic areas,
antidiabetic agents have become the most
important cost factor in diabetic patients
in primary care in Germany. Thus, it will
be necessary to monitor, in particular,
cost development of diabetes treatment
products and agents in the future.

The present study has a number of
limitations. We were not able to evaluate
diabetes type. However, it is conceivable
that the majority of patients have type 2
diabetes owing to our age limit. Because
of a change in coding practices in primary
care, the methods of case ascertainment
were slightly different in 1994 and 2004.
The diabetes diagnoses were made by
general practitioners in both periods. In
general, the validity of diabetes diagnoses
in primary care practices is high (80–90%
correct diagnoses) (21). In 1994, the orig-
inal text of the general practitioner diag-
nosis was available. These documents
were reviewed by a diabetologist because,
in a few patients (�10% of all docu-
mented diabetes diagnoses), a “suspicion
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of diabetes” was noted. These patients
were excluded, and only patients with a
definitive diagnosis of diabetes were in-
cluded in the analysis. In 2004, the data-
base contains ICD-10 codes only. This
documentation system allows the possi-
bility of coding if a diagnosis is definitive
or only a suspicion. Thus, no further con-
firmation was required. As an external
reference, we have compared the antidia-
betic prescription prevalences (insulin or
oral antidiabetic agents) with other stud-
ies and found good agreement (7,13,14).

Furthermore, the selection criterion
(at least one visit per year) may have in-
troduced selection bias (more chronically
ill patients); however, it was necessary be-
cause of the high fluctuation of patients.
Finally, although our economic perspec-
tive was that of the health insurance com-
panies, our cost estimates were only based
on actual ex-manufacturer prices, which
were �50% of pharmacy sales prices.
However, the emphasis was to study lon-
gitudinal changes in costs.

In summary, prescription drug costs
among diabetic patients in primary care
practices in Germany increased �60%
during the last decade. An overpropor-
tional increase (100%) was observed for
costs of diabetes treatment (insulin, an-
tidiabetic agents, and BGSM tests). New
types of antidiabetic agents accounted for
a substantial cost share of this increase.
Pharmacological advance is a key driver
of drug expenditure growth in antidia-
betic treatment, indicating the need for
cost-effectiveness analyses of new medi-
cations.
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