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Abstract

Background: Several new antidiabetic medicines (GLP-1 receptor agonists, DPP-4 inhibitors, and SGLT-2 inhibitors)
have been approved by the European Medicines Agency since 2006. The aim of this study was to evaluate the
uptake of new antidiabetic medicines in European countries over a 10-year period.

Methods: The study used IQVIA quarterly value and volume sales data January 2006–December 2016. The market
uptake of new antidiabetic medicines together with intensity of prescribing policy for all antidiabetic medicines
were estimated for Austria, Croatia, France, Germany, Hungary, Italy, Poland, Slovenia, Spain, Sweden, and the
United Kingdom. The following measures were determined: number of available new active substances, median
time to first continuous use, volume market share, and annual therapy cost.

Results: All countries had at least one new antidiabetic medicine in continuous use and an increase in intensity of
prescribing policy for all antidiabetic medicines was observed. A tenfold difference in median time to first continuous
use (3–30 months) was found. The annual therapy cost in 2016 of new antidiabetic medicines ranged from EUR 363 to
EUR 769. Among new antidiabetic medicines, the market share of DPP-4 inhibitors was the highest. Countries with a
higher volume market share of incretin-based medicines (Spain, France, Austria, and Germany) in 2011 had a lower
increase in intensity of prescribing policy. This kind of correlation was not found in the case of SGLT-2 inhibitors.

Conclusions: This study found important differences and variability in the uptake of new antidiabetic medicines in the
included countries.

Keywords: Diabetes Mellitus, Glucagon-Like Peptide 1 receptor agonists, Dipeptidyl-Peptidase 4 inhibitors, Sodium-
Glucose Transporter 2 inhibitors, Insulins, Market uptake

Background
Diabetes is one of the most challenging health problems
in Europe. It is one of the leading causes of death, and
its macro- and microvascular complications result in
population disability and increased healthcare cost [1].
The prevalence and financial burden of diabetes have in-
creased in European countries and another 10 million
patients are expected by 2035. However, diabetes preva-
lence as well as trends in diabetes prevalence vary sig-
nificantly between European countries, reflecting

differences in management of diabetes as well as its fi-
nancial burden [2].
Diabetes management consists of lifestyle intervention

along with pharmacological therapy and routine blood
glucose monitoring [3]. Oral antidiabetics are the most
commonly used medicines. Metformin is the first line of
treatment and is the most widely prescribed antihyper-
glycemic medicine. A second-line agent will be added to
metformin to achieve individualized glycaemic targets in
order to prevent diabetes-related chronic complications.
According to the American Diabetes Association (ADA)
and the European Association for the Study of Diabetes
(EASD) the decision on the second-line agent is based
on the risk of comorbidities, risk of hypoglycaemia, body
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weight, medicine cost, adverse effects, or contraindica-
tions [4]. The major classes of old antidiabetic medicines
include biguanides, insulin secretagogues (sulfonylureas
and glinides), insulin sensitizers (thiazolidinediones), α-
glucosidase inhibitors, and insulin. New agents approved
by the European Medicines Agency (EMA) are incretin-
based therapy (glucagon-like peptide-1 (GLP-1) receptor
agonists and dipeptidyl peptidase-4 (DPP-4) inhibitors)
and sodium-glucose cotransporter (SGLT-2) inhibitors
[4, 5]. The introduction of new agents started with the
marketing authorisation of GLP-1 receptor agonist exe-
natide at the end of 2006 [6].
New treatments for diabetes also come at significantly

higher prices [7–9]. For example, an approximately 30-
fold difference between metformin and the GLP-1 recep-
tor agonists liraglutide and exenatide was observed in
France and Switzerland. Important price differences be-
tween metformin and new antidiabetic agents were also
reported for the United Kingdom (UK) and Germany [7,
10]. Moreover, prescribed antidiabetic medicines already
represent the largest part of costs in diabetes manage-
ment, followed by the costs of managing diabetes compli-
cations [1]. Hence, the introduction and uptake level of
new antidiabetic medicines in a particular country could
be affected by the healthcare system’s financial capabilities
and its priorities. Moreover, differences in country-specific
health technology assessment processes supporting payers
and decision-makers on the adoption and reimbursement
of new medicines could significantly affect patient access
to new antidiabetic medicines [11, 12].

Methods
Aims
This study evaluates the uptake of new antidiabetic med-
icines in European countries over a 10-year period.

Selection of medicines
The ATC codes of the A10 group were used to define all
antidiabetic medicines. The products included in the study
were categorized into three main groups: new antidia-
betics (DPP-4 inhibitors, GLP-1 receptor agonists, SGLT-
2 inhibitors), insulins and old antidiabetic medicines (the
rest of the antidiabetic medicines). Insulin degludec was
considered a new medicine among insulins. In addition,
the assumption from 2004 that all medicines used in dia-
betes need to be authorized by a centralized procedure
was taken into account [13, 14]. Therefore, medicines
containing new active substances for diabetes treatment
that were authorized via a centralized procedure at the
EMA between 2006 and 2016 were considered new antidi-
abetic medicines (see Appendix Table S1 for all medicines
included in the study). Fixed combinations for which one
of the active substances was a new active substance were
assigned to the corresponding group of new medicines.

Data source
The study was based on the IQVIA quarterly database,
January 2006 – December 2016. The IQVIA quarterly
value sales data in EUR and quarterly volume sales data
expressed in days of treatment (DOTs) for the products
from the ATC A10 group were analysed for the purpose
of the study. DOTs are estimated based on volume in
standard unit measure adjusted to the average (or de-
fined) daily dose.

Selected countries
The study included a set of 11 different European coun-
tries in terms of pharmaceutical market value, population
size, geographical location in the EU, and diabetes treat-
ment approach. Consequently, Austria, Croatia, France,
Germany, Hungary, Italy, Poland, Slovenia, Spain, Sweden,
and the UK were selected. For each country, the data were
given either as hospital and retail channels separately or as
hospital and retail combined. For eight countries, both
channels were given separately, whereas data for Sweden
were given combined. In the case of Austria and Hungary,
only retail sales data were available and hospital panel data
were missing.

Data analysis
Number of new antidiabetic medicines and time to their
first continuous use
New antidiabetic medicine was considered to be avail-
able in a particular country when its sales were detected
in the IQVIA quarterly database. Continuous use was
defined as constant 1-year product sales. The time to
first continuous use was determined based on the num-
ber of products containing one of the new active sub-
stances for diabetes treatment available in a particular
country. Each country median time to first continuous
use was therefore determined using a different number
of available products. The time difference was calculated
between the new antidiabetic medicine authorisation
date and the first medicine continuous use date. The
quarter of the year within which the medicine authorisa-
tion occurred and the quarter of the first continuous use
were considered for the time difference calculation.
When a medicine’s continuous use was recognized be-
fore marketing authorization, this was considered other
practices of patient supply, such as compassionate use.
However, in such cases the time to first continuous use
was the same as the marketing authorization date (quar-
ter of the year). The median times to first continuous
use of new antidiabetic medicines were then compared
between the countries.

Volume market share and annual therapy cost
Based on the volume sales in DOTs, the market share of
new antidiabetics, old antidiabetics and all insulins
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(including insulin degludec) were defined. Annual ther-
apy cost was calculated separately for all three groups by
dividing value sales by volume sales (consumption in
DOTs) and then multiplying by the intensity of all anti-
diabetic medicines prescribing policy (see Eq. 1 for the
case of new antidiabetic medicines). The annual therapy
cost provide the estimation of cost of the annual therapy
per patient in each country.

Annual therapy cost new medicineð Þ
¼ Annual value sales newð Þ

Annual cons: in DOTs newð Þ
� Intensity of prescribing policy ð1Þ

Intensity of prescribing policy for all antidiabetic medicines
The intensity of prescribing policy is an index allowing
comparison of medicine consumption adjusted for the
population at risk [15]. In our study, the volume sales
data in DOTs represents annual consumption in DOTs
per day in the specified population of diabetes patients
(Eq. 2). The annual consumption was calculated for all
antidiabetic medicines. The number of diabetes popula-
tion was calculated by multiplying prevalence of diabetes
in each country (in %; data from NCD Risk Factor Col-
laboration [16] with the country’s total population size
(WHO Health Expenditure Database [17].

Intensity of antidiabetic medicines prescribing policy

¼ Annual consumption in DOTs = 365 days
Number of diabetes patients

ð2Þ
The value 1 for intensity of prescribing policy implies

that all diabetes patients in the country receive a defined
(or average) daily dose of antidiabetic medicine every
day within a year, indicating an adequate coverage with
medicines. The values above and below 1 would indicate
medicines’ abundance or sub-optimal utilization per
average diabetic patient, respectively.

Correlation between the intensity of prescribing policy
for all antidiabetic medicines and volume market share of
new antidiabetic medicines
Correlation analysis was performed to explain between-
country differences in the volume market share of new
antidiabetic medicines with regard to the intensity of
prescribing policy for all antidiabetic medicines. Pearson
correlation coefficient with corresponding statistical test
was applied. According to the new antidiabetic medi-
cines marketing authorization and market entry dates,
the first correlation analysis was related to incretin-
based medicines (DPP-4 inhibitors and GLP-1 receptor

agonists) from 2007 to 2011. The second correlation
analysis was related to SGLT-2 inhibitors from 2012 to
2016. For this purpose, the ratio of the intensity of pre-
scribing policy for 2011 compared to 2007 and the ratio
of the intensity of prescribing policy for 2016 compared
to 2012 were calculated. In addition, the volume market
share of DPP-4 inhibitors and GLP-1 receptor agonists
in 2011 and volume market share of SGLT-2 inhibitors
in 2016 were applied.

Results
Number of new antidiabetic medicines
Fourteen new active substances were introduced from
2006 to 2016; five DPP-4 inhibitors, five GLP-1 receptor
agonists, and three SGLT-2 inhibitors. Insulin degludec
was considered a new insulin. The availability of new anti-
diabetic substances in included countries is presented in
Fig. 1.
In the set of new antidiabetic medicines there was also

a combination of two new active substances, the GLP-1
receptor agonist liraglutide and insulin degludec, which
was available in France, Hungary, Germany, Austria,
Sweden, and the UK. In further analyses, the combin-
ation of liraglutide and degludec was taken into account
in the group of GLP-1 analogues.

Time to first continuous use of new antidiabetic
medicines
The pooled median time to the continuous use of new
antidiabetic medicines for all countries together was 13
months. Figure 2 shows the median time to first con-
tinuous use of new antidiabetic medicines in each of the
selected countries. In this, the estimation of time to first
continuous use is based on the country’s available
antidiabetics.
A tenfold difference in median time to first continuous

use was found among the selected countries. The fastest
were Germany and the UK, with a median time of 3

Fig. 1 The number of available new antidiabetic active substances
in use for each country within the study period. Values in brackets
indicate the total number of new active substances. Asterisks
indicate countries with only retail sales data available
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months, followed by Austria and Sweden with a median
time of less than 1 year. Apart from the differences in
between countries’ median time to first continuous use,
a wide range in individual medicine times to first con-
tinuous use within a particular country was also found.

Volume market share and annual therapy cost
The results show a decrease in the volume market share
of old antidiabetics, whereas the new antidiabetic

medicines’ market share increased. Volume market share
of insulins remained more or less unchanged. Among
the new antidiabetic medicines, the market share of
DPP-4 inhibitors was the highest in all the selected
countries. Table 1 shows the volume market share of
new and old antidiabetic medicines and all insulins (in-
cluding insulin degludec), in 2016. The volume market
shares were also determined for other study period years
and are provided in the Appendix Table S2. Similarly,

Fig. 2 Box plots representing times to first continuous use of new antidiabetic medicines in the included countries. The countries are listed
according to increasing median times. Upper and lower bars indicate the values of the third and first quartiles, respectively. The number of
products available in each country is given in brackets

Table 1 Volume market share and annual therapy cost per patient of new antidiabetic medicines, all insulins, and old antidiabetic
medicines in 2016

Country Volume market share in 2016 Annual therapy cost in 2016

New antidiabetic
medicinesa (%)

All
insulins
(%)

Old antidiabetic
medicines (%)

New antidiabetic
medicinesa (€)

All insulins
(€)

Old antidiabetic
medicines (€)

Austria 26.1 (20.8)b 24.1 49.8 460 326 55.8

Croatia 10.8 (8.7)b 20.8 68.4 371 270 36.9

France 17.7 (14.6)b 21.1 61.3 480 386 56.6

Germany 22.9 (17.5)b 36.2 40.9 513 500 32.1

Hungary 10.3 (7.5)b 26.5 63.2 474 239 45.1

Italy 8.8 (6.3)b 21.5 69.7 499 326 43.3

Poland 1.5 (1.1)b 23.5 75.0 363 173 26.9

Slovenia 6.6 (4.1)b 29.0 63.5 427 284 58.0

Spain 26.3 (21.2)b 23.4 50.3 456 328 25.7

Sweden 9.7 (5.8)b 35.2 55.1 769 373 15.9

UK 10.6 (6.8)b 22.2 67.2 668 390 56.2

Legend: aDPP-4 inhibitors, GLP-1 receptor agonists, and SGLT-2 inhibitors
bValues in brackets indicate the volume market share for DPP-4 inhibitors
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the proportions of new antidiabetic consumption and
expenditure was determined for all years in the study
period and are presented in Appendix Figure S1.

Intensity of antidiabetic medicines prescribing policy
Figure 3 shows each country’s intensity of prescribing
policy for all antidiabetic medicines. Overall, an increase
in intensity of prescribing policy was observed in all the
selected countries; the greatest increase was observed in
the UK, followed by Poland, Croatia, and Slovenia.

Correlation between the intensity of prescribing policy
for all antidiabetic medicines and volume market share of
new antidiabetic medicines
A correlation analysis showed a relatively strong negative
and statistically significant correlation (Pearson correl-
ation coefficient = -0.841, p = 0.001) between the volume
market share of DPP-4 inhibitors and GLP-1 receptor
agonists in 2011 and the ratio of intensity of prescribing
policy for 2011 compared to 2007. Spain, France,
Austria, and Germany had higher volume market shares
of DPP-4 inhibitors and GLP-1 receptor agonists, yet a
lower ratio of intensity of prescribing policy (Fig. 4.). In
contrast, other countries, where volume market share of
DPP-4 inhibitors and GLP-1 receptor agonists was lower

than 5 %, had a significantly higher ratio of intensity of
prescribing policy. However, this kind of correlation was
not found in the case of SGLT-2 inhibitors (Pearson cor-
relation coefficient = -0.351, p = 0.290).

Discussion
This study provides useful insight into differences in in-
tensity of prescribing policy for all antidiabetic medi-
cines and market uptake of new antidiabetic medicines
in 11 selected European countries. An increase in the in-
tensity of prescribing policy of antidiabetic medicines
was observed in all the countries, suggesting growth in
the pharmacological care of diabetic patients and reflects
diabetes management as a healthcare priority. It is also
in line with the increased number of antidiabetic medi-
cines per patient reported in other recently published lit-
erature [18]. However, considering other outcomes of
this study, it may also derive from other factors, e.g.
changes in country-specific clinical guidelines, national
antidiabetic medicines policy, and reimbursement re-
strictions [12, 14].
At least one new active substance from the group of

DPP-4 inhibitors, GLP-1 receptor agonists, and SGLT-2
inhibitors, as well as insulin degludec was in continuous
use in all countries included in the study. The only ex-
ception was France, where SGLT-2 inhibitors and

Fig. 3 Each country’s intensity of prescribing policy for all antidiabetic medicines in the period 2006–2016. The value 1 for intensity of prescribing
policy indicates that all diabetes patients in the country receive a defined (or average) daily dose of antidiabetic medicine every day within a year
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insulin degludec as sole agent were not available be-
tween 2006 and 2016. After our study period, insulin
degludec and SGLT-2 inhibitor dapagliflozine were in-
troduced in 2018 and 2020, respectively [19].
Spain, was the only country where all new active sub-

stances have been available. In contrast, median times to
first continuous use of new antidiabetic medicines differ
significantly between countries. As expected, Germany
was the fastest in launching new agents, most likely due
to the current reimbursement policy of free launch
followed by the early benefit assessment [20, 21].
Croatia, Poland, and Slovenia were shown to be the
slowest in the introduction and continuous use of new
antidiabetic agents. It should be mentioned that all avail-
able antidiabetic medicines were considered in this time
analysis, which could mean that the first representative
of the new antidiabetic group was available soon after
marketing authorisation, whereas price negotiations for
the subsequent medicines last longer due to payer re-
quirements for the same or even lower price. Addition-
ally, prescribing restrictions could affect the intensity of
prescribing policy. For instance, Slovenia introduced
SGLT-2 inhibitors with several prescribing restrictions
[22], which have been removed in February 2020 and
would most probably result in the increase of
prescribing.
Although Germany was the fastest in introduction of

new antidiabetic agents, it did not have the greatest con-
sumption. It could be linked to the finding, that out of
seven evaluated new antidiabetics, only one received an
added benefit (non-quantifiable benefit) during the early
benefit assessment of the reimbursement procedure by
the Federal Joint Committee (G-BA) [23].
The highest volume market shares (around 27 %) of

new antidiabetic medicines were observed in Spain and
Austria. On the other hand, Poland had the lowest vol-
ume market shares, probably due to high patient co-
payments for all new antidiabetic medicines [24, 25].

Reserved use of new antidiabetic medicines in almost all
of the selected countries could be related to inadequate
evidence of benefits according to the price (cost) of new
antidiabetic medicines at the investigated time period.
The evidence have been usually attributed to surrogate
outcomes such as short-term glycaemic control and
treatment of adverse effects [20]. Decisions on reim-
bursement of new antidiabetic agents at that time were
therefore based on a lack of evidence, which is less af-
fordable for lower-income countries [26, 27].
Based on the results of correlation analysis (Fig. 4) re-

lated to incretin-based medicines (DPP-4 inhibitors and
GLP-1 receptor agonists), two groups of countries can
be defined. The first group (Spain, Austria, France, and
Germany), representing countries with a high volume
market share of new antidiabetic medicines (Table 1 and
Appendix Table S2) and a slight increase in intensity of
prescribing policy from 2007 to 2011 (Fig. 3). The sec-
ond group consists of all other countries. Therefore,
most of the countries evaluated in this study tried to
optimize diabetes care through more intense use of old
antidiabetic medicines and insulins, and were probably
forced to be more conservative in the use of new antidi-
abetic medicines.
Countries were also shown to differ in the extent of in-

sulin use. Germany, Sweden, and Slovenia, with a vol-
ume market share of at least 30 %, are predominant
(Table 1 and Table S2 in the Appendix). The literature
has already shown that Sweden has a relatively high use
of insulin for the treatment of type 2 diabetes compared
to other European countries [28]. Up to 38.6 % of the
market share of insulins prescribed in primary care prac-
tices was also reported in Germany [29]. Insulin treat-
ment is usually started after the oral therapy is already
optimized (in double or triple combination and at the
maximum tolerated doses) yet fails to achieve optimal
glycaemic control. Nonetheless, the insulin initiation is
often inappropriately delayed, putting patients to un-
necessarily increased risk of complications and poten-
tially reduced quality of life or and life expectancy. This
is termed “clinical inertia,” and it can occur due to a
number of factors, including clinical concerns (i.e., risk
of weight gain, hypoglycaemia, or patient distress), pro-
fessional concerns (e.g., lack of clinical experience, skills,
or confidence in insulin titration), or health system con-
cerns (e.g., competing priorities, regulatory or financial
constraints, or a lack of impartial continued medical
education) [30, 31].
Furthermore, a great difference in the annual therapy

cost of old antidiabetic medicines compared to the an-
nual therapy cost of insulins and new antidiabetic medi-
cines was observed in all the selected countries. The
highest annual therapy cost of old antidiabetic medicines
was observed in Slovenia, €58. The highest annual

Fig. 4 Correlation between the ratio (2011 compared to 2007) of
intensity of prescribing policy for all antidiabetic medicines and
volume market share of incretin-based medicines (DDP-4 inhibitors
and GLP-1 receptor agonists) in 2011
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therapy cost of new antidiabetic agents was observed in
Sweden, €769; however, the annual cost of insulin ther-
apy was significantly lower in Sweden, €373. In contrast,
the annual therapy cost of insulins and new antidiabetic
agents in Germany were shown to be almost the same,
around €500. Nevertheless, the enormous cost gap be-
tween the old and new antidiabetic medicines and their
financial burden could affect market uptake and conse-
quently patient access to the new agents [8].

Strengths and limitations
The study included 11 European countries, and address
an important therapeutic area with evaluation of all rele-
vant antidiabetic classes in a 10-year study period. It
provides useful insight and strengthens the evidence re-
garding European countries’ variability in introduction
and adoption practices of new antidiabetic medicines at
the time when limited evidence to assess risk/benefit of
new agents were available. Indeed, inclusion of add-
itional countries would contribute to the overall assess-
ment, however the IQVIA data exhibits limitations in
terms of the quality and type of data. The database com-
bines two levels of data (retail and hospital consump-
tion), however not in the same manner for all countries.
Hence, certain countries were not eligible for inclusion
and the study provides estimates of intensity of prescrib-
ing policy, and market uptake of new antidiabetic medi-
cines. Furthermore, we were not able to divide the
combinations in two different entities, therefore, aiming
to detect any new antidiabetic agent available in the se-
lected countries, fixed combinations for which one of
the active substances was a new active substance were
assigned to the corresponding group of new medicines.
Taking a different approach might yield some difference
with our current results. Secondly, the study period
ended with 2016, when two major clinical trials [32, 33]
changed the perspective on GLP-1 receptor agonists and
SGLT-2 inhibitors, which resulted in an updated guide-
lines on diabetes management in 2018 [4]. Extension of
the study period would provide additional insights and
comparisons into how the new evidence influenced
trends in intensity of prescribing policy, volume market
shares and annual therapy cost of all antidiabetics clas-
ses. However, the availability of data limited the scope of
our study.

Conclusions
All the countries had at least one new active substance
among the DPP-4 inhibitors, GLP-1 receptor agonists,
SGLT-2 inhibitors, and insulin degludec and overall
growth in medication therapy for diabetic patients,
shown through the increased intensity of prescribing
policy, was observed. Nonetheless, the study found im-
portant differences in the uptake of new antidiabetic

medicines. A similar comparative study using recent
data would introduce new evidence on the evolution and
changes of trends detected in this study.
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