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Abstract: Diabetes mellitus is a complex, multifactorial, progressive condition with a variety of
approved therapeutic options. The purpose of this study was to offer an overview of the authorized
antidiabetic medicines (excluding insulin) compared with marketed products in seven European
countries. Data were obtained from primary sources, including the websites of national authorities
and directly from specialists in the countries of interest. The range of marketed medicines compared
with the authorized group was assessed in terms of active pharmaceutical ingredients (>60% in
Bulgaria, France, Serbia), brand names (>70% in Bulgaria, the Czech Republic, Romania, Serbia,
Spain), pharmaceutical forms (>60% in all countries), strengths (>60% in Bulgaria, the Czech Republic,
Romania, Serbia, Spain), marketing authorization holder (≥50% in all countries) and the status of
medicine. Spain was found to have the highest number of products based on most of these attributes.
Over 90% of authorized medicines had a pharmacy price in Serbia. Regarding the newer class
of GLP-1 receptor agonists, a retail price for all approved substances was available in Bulgaria,
Romania, Serbia, and Spain. Only one brand name with one concentration was found available for
some agents, being susceptible to drug shortages: glibenclamide (Romania, Serbia, Spain), glipizide
(the Czech Republic, Poland, Romania, Spain), glisentide (Spain), acarbose (the Czech Republic),
sitagliptin (Bulgaria, Poland), vildagliptin (the Czech Republic, Poland) and saxagliptin (the Czech
Republic, France, Romania, Serbia). An overview of the national and international therapeutic options
may allow competent authorities and health professionals to take rapid measures in case of supply
problems or health crises.

Keywords: diabetes medicines; authorized medicines; pharmacy price

1. Introduction

Diabetes mellitus (DM) is a chronic, progressive disease associated with serious dis-
ability, reduced quality of life, and high rates of mortality. Diabetes affects one in ten
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adults globally, imposing a high burden on national healthcare systems, patients, and their
families [1–4]. With a predicted growth of 46% of cases globally in 2045 and a smaller
percentage in the European region (13%), it is regarded as one of the most threatening
non-communicable illnesses of the 21st century. The International Diabetes Federation
(IDF) reported that the age-adjusted (20–79 years) estimated prevalence of diabetes in
Europe was 7.0% (2021), with higher values in 14 countries (for example, Bulgaria (7.4%),
the Czech Republic (7.1%), Serbia (9.1%), Spain (10.3%)) compared with countries such as
France (5.3%), Romania (6.5%), and Poland (6.8%). It was estimated that by 2045, it will see
an increase in the European Region (8.7%), along with all countries: Bulgaria (8.7%), the
Czech Republic (8.6%), Serbia (10.9%), Spain (12.7%), France (6.5%), Romania (7.5%), and
Poland (8.5%) [5].

Depending on the type of diabetes (type 1, type 2), uncontrolled diabetes may lead
to serious acute (ketoacidosis, hypoglycemia, lactic acidosis) and chronic complications
(cardiovascular disease, nephropathy, retinopathy, foot ulcer, kidney failure) [6]. The UK
Prospective Diabetes Study showed that maintaining glycemic control would lead to better
treatment outcomes and fewer complications [7].

Over 90% of individuals with diabetes have type 2 diabetes mellitus (T2DM), making
it the most prevalent form of the disease [5]. The pharmacological treatment for T2DM
has a significant financial impact on national healthcare systems and patients [8], as the
cost of several antidiabetic oral medicines is not fully covered by national insurance funds.
T2DM management has become very complex. In recent years, research trends have been
oriented towards a patient-centered approach and individualized therapeutic plans, in
terms of therapy management and drug formulation [9–11]. According to international
diabetes associations, choosing the appropriate pharmaceutical intervention is not consid-
ered sufficient to obtain successful health outcomes [12]. Therefore, medical professionals
should address not only clinical conditions but also take into account patient characteristics,
needs, satisfaction, and lifestyle conditions [13]. However, in order to select an individual-
ized treatment, there should be a wide range of pharmaceutic options in terms of active
substances, concentrations, routes of administration, commercial names, or prices.

Before reaching patients, medicines must be authorized through one of the established
European Union (EU) procedures (national, mutual recognition, decentralized, and cen-
tralized) [14]. The centralized procedure (involving evaluation by the European Medicines
Agency) is mandatory for human medicines based on a new active substance when the
condition for which it is intended is diabetes [15]. After a marketing authorization is
granted, companies usually need to submit a pricing and, optionally, a reimbursement
application to national authorities [14] in order to make the medicine available for patients
to purchase from pharmacies. Sometimes, both generic and innovative medicine man-
ufacturers cannot accept the price proposed or imposed by the relevant authorities and
choose not to market the medicine (or certain presentation forms of that medicine) in that
country. In this light, in order to gain more knowledge about the availability of antidiabetic
agents at the national level, it is important to have a realistic perspective on authorized and
marketed pharmaceuticals in different European countries.

In recent years, drug shortages have become a significant problem worldwide, which
has been a challenge for healthcare professionals and has substantially affected patient
care [16]. International and national regulations were adopted or updated to prevent,
minimize, and manage the impact of disruptions in medicine. One domain of interest
for the European Medicines Agency (EMA) has been the availability and accessibility of
medicines, especially after the COVID-19 pandemic. In December 2016, EMA and the
Heads of Medicines Agencies (HMA) established a joint task force on the availability of
authorized medicines for human and veterinary use (TF AAM). There are three situations
that can lead to a reduced quantity of medicines as described by the task force: lack of
authorized medicines, the absence of authorized medicines on the market, and supply chain
issues [17]. In addition to this, in November 2020, the European Commission proposed
a new pharmaceutical strategy, with the improvement of accessibility and affordability
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of medicines, as well as securing supply chains, as two key areas of interest [18]. It was
mentioned that a new authority named HERA (Health Emergency Preparedness and
Response Authority), established in September 2021 as a general directorate within the
European Commission, was created to ensure a prompt and appropriate response to
pandemics and similar health threats of large dimensions, including inter alia procurement
of necessary medicinal products [19]. Around the same time, the EU authorities adopted
Regulation (EU) 2022/123 of the European Parliament and the Council on 25 January
2022 on a reinforced role for the European Medicines Agency in crisis preparedness and
management for medicinal products and medical devices [20]. In addition, the European
Commission put out a proposal on 26 April 2023 to revise the current pharmaceutical
legislation, mainly Regulation 726/2004 and Directive 2001/83/EC. Within this initiative,
key priority domains are access to affordable medicines, availability of medicines, and
continuous pharmaceutical supply for patients [21].

Multiple studies have been published where the authors analyzed patterns of diabetes
treatment [22–24], medicines consumption [25], or clinical practice adherence to national
and international guidelines [26]. However, the relationship between the total number of
authorized medications and pharmaceuticals available to patients on the national markets
(leaving aside supply problems considerations), as well as the proportion of medicines that
are available out of the total number of authorized products, have been less explored.

The objective of this study was to perform a comparative analysis of the ranges
of approved and available antidiabetic agents (excluding insulins) in seven European
countries. The availability of pharmacy retail prices was used as an imperfect proxy for the
availability of the products on the market. A second objective was to assess the features of
the marketed treatments for type 2 diabetes in those countries and to identify medicines
susceptible to being associated with more serious consequences in case of a drug shortage.

2. Results
2.1. General Attributes of the Range of Antidiabetic Medicines

By comparing the range of authorized medicines to the subgroup of medicines for
which a retail price was available (Table 1) for each country (individually), we found that
Serbia had the highest percentage of drugs with a pharmacy price (91.0%, 193 products with
price from 212 authorized medicines). Spain trailed behind it in the second place with only
46.3%. Serbia possesses the highest proportion of marketed brand names, with a prevalence
of 90.7%. Bulgaria follows behind with 71.8%, while France, Romania, and Spain exhibit
corresponding percentages of 60.4%, 58.3%, and 57.7%. In the majority of the studied
countries, more than 70% of the authorized active substances have at least one product with
a retail price. In three countries (Bulgaria, Romania, Serbia), all authorized pharmaceutical
forms have a pharmacy price, with over 60% in the remainder of the countries.

Table 1. Characteristics of the range of authorized medicines having a pharmacy price (absolute
values and percentages), compared with the authorized medicines at a national level.

Country Number of
Observations (%)

Number of
Brand Names (%)

Number
of INNs * (%)

Number
of Strengths (%)

Number of
Pharmaceutical

Forms (%)

Number of
MAHs ** (%)

Bulgaria 115 (6.2%) 56 (71.8%) 27 (100.0%) 34 (87.2%) 5 (100.0%) 25 (73.5%)

Czech Republic 235 (7.5%) 70 (49.6%) 33 (80.5%) 46 (67.6%) 6 (85.7%) 29 (69.0%)

France 439 (17.3%) 116 (60.4%) 22 (59.5%) 34 (55.7%) 5 (62.5%) 30 (62.5%)

Poland 211 (8.9%) 46 (26.0%) 15 (36.6%) 27 (38.6%) 5 (71.4%) 30 (50.0%)

Romania 115 (8.9%) 49 (58.3%) 27 (77.1%) 44 (77.2%) 7 (100.0%) 21 (65.6%)

Serbia *** 193 (91.0%) 49 (90.7%) 24 (96.0%) 41 (100.0%) 5 (100.0%) 23 (95.8%)

Spain 320 (46.3%) 123 (57.7%) 38 (97.4%) 51 (86.4%) 6 (85.7%) 45 (70.3%)

* INN = International Non-proprietary Name; ** MAH = marketing authorization holder; *** pharmacy price =
pharmacy calculated price; in Serbia, there is no officially published list with pharmacy prices, but pharmacy prices can
be calculated from the wholesale price level that is published.
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2.2. Observations

In this study, an “observation” corresponds to a presentation form of a medicinal
product. Figure 1 displays the percentage of observations for medicines with approved
prices relative to the total number of authorized medicinal products at the therapeutic
group level by country.
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Drugs belonging to the groups of biguanides (metformin), sulfonylurea derivatives,
dipeptidyl peptidase 4 (DPP-4) inhibitors, and combinations groups occupied most posi-
tions in the list of all authorized medicines and medicines with approved prices.

2.3. Active Substances (INNs)

Nine therapeutic groups (detailed in the Section 4) were identified as authorized,
including 27 active substances (biguanides-1; sulfonylurea-6; alpha-glucosidase inhibitors-
1; thiazolidinediones-1; dipeptidyl peptidase 4 (DPP-4) inhibitors-5; glucagon-like peptide-1
(GLP-1) analogues-5; sodium-glucose co-transporter 2 (SGLT2) inhibitors-5; other blood
glucose-lowering drugs-3) and 17 oral fixed combinations of substances, based on data
from all participating countries. Among these, no pharmaceutical products containing
sotagliflozin or the combination metformin + saxagliptin + dapagliflozin were available at
retail prices in the included countries. The individual situation for each country is available
in Tables S1 and S2.

Figures 2 and 3 show the number of INNs for all approved drugs and those with a
price out of the total number of authorized substances and combinations from all countries
analyzed. Among the therapeutic groups, medicines containing metformin (biguanides),
acarbose (α-glucosidase inhibitors), and pioglitazone (thiazolidinediones) were authorized
in all countries. However, acarbose seems not to be marketed in Serbia (it did not appear on
the list of drugs with wholesale prices in Serbia), as was the case for pioglitazone in France.
For sulfonylurea derivatives, among the 6 INNs (glibenclamide, glipizide, gliquidone,
gliclazide, glimepiride, glisentide), 5 INNs (83.3%) were authorized in the Czech Republic,
Poland, Romania, and Spain, with gliquidone not authorized in Spain, and glisentide not
authorized in the other three countries, respectively. In the Czech Republic, glibenclamide,
although authorized, is not marketed (no retail price is available) (Table S1). Authorized
medicines based on the five active substances from the SGLT2i group (dapagliflozin,
canagliflozin, empagliflozin, ertugliflozin, sotagliflozin) were well represented in Poland
and the Czech Republic (100%, 5 INNs), followed by France, Romania and Spain (80%,
4 INNs). In France, Romania, and Serbia, only products based on dapagliflozin and
empagliflozin were marketed (40%); additionally, canagliflozin was available in Bulgaria
(60%), whereas in the Czech Republic and Spain, four substances were marketed (80%,
excluding sotagliflozin).
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Figure 2. Number of authorized INNs (out of all approved INNs of a therapeutic group from all
countries) by therapeutic group and country; * other = other blood glucose-lowering drugs.
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2.4. Brand Names

A high number of brand names for all authorized drugs was reported in most of
the countries, especially for groups containing older molecules (metformin, sulfonylurea
derivates), but also for DPP-4i and oral fixed-combinations groups (Figure 4). A list with the
number of brand names by INN and country is available in Table S2. Important differences
between all pharmaceutical products and those with price were registered for DPP-4i
(except for Serbia), fixed combinations (only 36.8%—the Czech Republic, 29.8%—France,
and 36.2%—Spain from authorized commercial names had price). An overview of common
brand names is presented in Tables S3 and S4.
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There are two or more brand names marketed (having a price) for each INN for the
majority of therapeutic groups (Tables 2 and S2). Only one brand name is available for
acarbose in the Czech Republic and Romania; the same holds true for pioglitazone in
Poland, Romania, and Serbia. Several active substances from the DPP4-I class have only
one brand name with a price: sitagliptin (Bulgaria, Romania, Poland), vildagliptin (the
Czech Republic, Poland), and linagliptin (Bulgaria, the Czech Republic, Poland, Serbia,
Spain; no drug in the rest of the countries). Repaglinide was the only representative
from the A10BX group (other blood glucose-lowering drugs, excluding insulins) in the
majority of the studied countries, found in a different number of brand names (Bulgaria
and Romania—3, the Czech Republic—5, France—13, Serbia—2, Spain—17). In Spain, two
other active substances were observed for the A10BX class, guar gum and nateglinide, with
one brand name for each substance.

Table 2. Number of brand names per INN for medicines with a pharmacy price by therapeutic group
and country.

Therapeutic Group Number of Brand Names/INN

(ATC Code) Bulgaria Czech Republic France Poland Romania Serbia Spain

Biguanides (A10BA) >1 >1 >1 >1 >1 >1 >1
Sulfonylureas (A10BB) >1 >1 >1 >1 ≥1 >1 >1
Combinations (A10BD) ≥1 ≥1 >1 N/A ≥1 ≥1 ≥1

α-glucosidase inhibitors (A10BF) >1 1 >1 >1 1 N/A >1
Thiazolidinediones (A10BG) >1 >1 N/A 1 1 1 >1

DPP-4i (A10BH) ≥1 ≥1 >1 1 >1 ≥1 >1
GLP-1 RA (A10BJ) 1 ≥1 ≥1 1 ≥1 ≥1 ≥1
SGLT2i (A10BK) 1 1 1 1 1 1 1

Other blood glucose-lowering drugs, >1 >1 >1 N/A >1 >1 ≥1
excluding insulin (A10X)

N/A = not available, there is no medicine with pharmacy price based on oral fixed combinations in Poland.
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2.5. Type of Medicine

Medicines based on active substances from GLP-1 RA and SGLT2i classes (alone or in
combination with other agents) are under data exclusivity or patent protections; therefore,
generic products are not authorized. For the majority of therapeutic groups, the innovator
pharmaceutical products (the reference medicinal product in the EU law sense) for every active
substance were (still) authorized in most countries, with a small number of exceptions for INNs
from sulfonylureas (glibenclamide—Romania), oral fixed-combinations groups (pioglitazone
+ metformin − Bulgaria, metformin + vildagliptin − Serbia), acarbose (the Czech Republic),
pioglitazone (Bulgaria, Serbia) and other blood glucose-lowering drugs (repaglinide—Bulgaria,
Romania, Serbia). Metformin has one innovative medicine in Spain and France and two
in the rest of the studied countries (similar names, but with two pharmaceutical forms)
(Tables 3 and S5). No authorized generic medicines were available for α-glucosidase inhibitors
(Romania, Serbia), thiazolidinediones (France), some sulfonylureas (the Czech Republic,
Poland, Romania, Serbia, Spain), some oral fixed combinations (in all countries) and some DPP-
4i (saxagliptin—generic approved only in France, alogliptin—without generic in all countries,
linagliptin—Bulgaria, Romania, Serbia). Generic medicines based on metformin had many
authorized representatives: 5 (Serbia), 7 (Romania), 14 (Bulgaria), 20 (the Czech Republic,
Spain), 23 (Poland), and 24 (France). Prices for innovator medicines were not available for
some INNs from the sulfonylureas group (glibenclamide—Romania, glipizide—Poland),
DPP-4i (vildagliptin—Poland, saxagliptin—Serbia), and pioglitazone (Poland, Romania)
(Tables 4 and S6). Repaglinide was the only representative from the other blood glucose-
lowering drugs group in the majority of the studied countries, while in Spain two additional
active substances were available: guar gum and nateglinide. Among the marketed products,
no generics were found within the sulfonylureas group (except Bulgaria), and, among oral
fixed combinations, the DPP-4i group and for acarbose (Romania).

Table 3. Number of innovator medicines names per INN for all medicines with marketing authoriza-
tion by therapeutic group and country.

Therapeutic Group Innovator Medicine Name/INN Generic Medicine Name/INN

(ATC Code) B CZ F P R SB SP B CZ F P R SB SP

Biguanides (A10BA) >1 >1 1 >1 >1 >1 1 >1 >1 >1 >1 >1 >1 >1
Sulfonylureas (A10BB) 1 1 ≥1 ≥1 ≤1 1 ≥1 >1 >1 * ≥1 ≥1 * ≥1 * >1 * <1 **
Combinations (A10BD) ≤1 ≥1 ≥1 ≥1 ≥1 <1 ** ≥1 ≥1 * >1 * >1 * >1 * ≥1 * ≤1 ** ≤1 **
α-glucosidase inhibitors (A10BF) 1 N/A 1 1 1 1 1 1 >1 >1 >1 N/A N/A >1
Thiazolidinediones (A10BG) N/A 1 1 >1 1 N/A 1 >1 >1 N/A >1 >1 1 >1
DPP-4i (A10BH) 1 ≥1 ≥1 ≥1 ≥1 1 ≥1 >1 * >1 * ≥1 * >1 * >1 * <1 ** >1 *
GLP-1 RA (A10BJ) 1 ≥1 ≥1 ≥1 ≥1 ≥1 ≥1 N/A N/A N/A N/A N/A N/A N/A
SGLT2i (A10BK) 1 ≥1 1 ≥1 1 1 ≥1 N/A N/A N/A N/A N/A N/A N/A
Other blood
glucose-lowering drugs, N/A ≥1 1 ≥1 ≤1 N/A ≥1 >1 >1 * >1 >1 >1 * >1 <1 **

excluding insulin (A10X)

N/A = innovator/generic medicine not available; * for some INNs, there is no innovator/generic medicine with a
marketing authorization; ** for some INNs, there is more than one innovator/generic medicine.

Table 4. Number of innovator and generic medicines names per INN for medicines having a
pharmacy price by therapeutic group and country.

Therapeutic Group Innovator Medicine Name/INN Generic Medicine Name/INN

(ATC Code) B CZ F P R SB SP B CZ F P R SB SP

Biguanides (A10BA) >1 >1 1 >1 >1 >1 1 >1 >1 >1 >1 >1 >1 >1
Sulfonylureas (A10BB) 1 1 1 ≤1 ≤1 1 1 >1 >1 * >1 * ≥1 * ≥1 * ≤1 ** >1 **
Combinations (A10BD) ≤1 ≥1 ≥1 N/A ≥1 ≤1 ≥1 ≤1 ** N/A <1 ** N/A ≥1 * ≤1 ** ≤1 **
α-glucosidase inhibitors (A10BF) 1 N/A 1 1 1 N/A 1 1 1 >1 1 N/A N/A >1
Thiazolidinediones (A10BG) N/A 1 N/A N/A N/A N/A 1 >1 >1 N/A 1 1 1 >1
DPP-4i (A10BH) 1 ≥1 ≥1 ≤1 1 ≤1 ≥1 ≤1 N/A >1 * ≤1 <1 ** ≤1 ** N/A
GLP-1 RA (A10BJ) 1 ≥1 >1 1 ≥1 ≥1 ≥1 N/A N/A N/A N/A N/A N/A N/A
SGLT2i (A10BK) 1 ≥1 1 1 1 1 ≥1 N/A N/A N/A N/A N/A N/A N/A
Other blood
glucose-lowering drugs, N/A 1 1 N/A N/A N/A ≥1 >1 >1 >1 N/A >1 >1 <1 **

excluding insulin (A10X)

N/A = innovator/generic medicine not available; * for some INNs, there is no innovator/generic medicine with a
marketing authorization; ** for some INNs, there is more than one innovator/generic medicine.
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2.6. Pharmaceutical Forms

A total of ten pharmaceutical forms were identified for authorized medicines (Table S7).
Two dosage forms (oral suspension and effervescent tablet) were apparently not marketed
(no price available). Among the countries included in this study, France had the most
diverse range of pharmaceutical forms for approved medicines, with a total of eight. This
was followed by the Czech Republic, Poland, Romania, and Spain, each of which had
seven different authorized pharmaceutical forms. As seen in Figure 5, the most commonly
authorized pharmaceutical form was film-coated tablets, accounting for over 40% of the
total, followed by conventional tablets, representing more than 20%. Capsules were only
authorized in Romania, while effervescent tablets were exclusively approved in France.
Granulated oral solution formulations were found solely in Spain. When considering
medicines with a price, conventional tablets (>20%), film-coated tablets (>30%), injectable
solutions, and modified-release tablets were available in all countries (Figure 6).
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The number of authorized pharmaceutical forms by class is shown in Figure 7. In
most countries, authorized medicines containing metformin were available in the form of
film-coated tablets and prolonged-release tablets (Table S7). Exceptions to this finding were
noted in Spain, where only film-coated tablets are authorized, and in Poland and Romania,
where conventional tablets are also approved. In France, there is a medicinal product based
on metformin, formulated as effervescent tablets.
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Figure 7. Number of pharmaceutical forms of all diabetes medicines with a marketing authorization
by therapeutic group. * Other = other blood glucose-lowering drugs.

In France, Poland, and Spain, medicines based on sulfonylureas were formulated as
immediate-release, modified, and prolonged-release solid forms and as an oral suspension.
Acarbose and pioglitazone were exclusively authorized as film-coated tablets, while SGLT2
inhibitors were universally authorized as tablets across all countries.

Figure 8 displays no differences between authorized and marketed pharmaceutical
forms in Bulgaria and Serbia at the therapeutic group level (except for acarbose, which is
not marketed in Serbia).

2.7. Strengths

Higher percentages of authorized strengths were observed for GLP-1 agonists (>23%),
oral fixed combinations (≥22%), and sulfonylureas (>11%) in all studied countries, whereas
smaller percentages of strengths for groups represented by only one active substance like
α-glucosidase inhibitors (<4%) and thiazolidinedione (<8%) (Figure 9). The number of ap-
proved strengths per INN is listed in Table S8. All four strengths authorized for metformin
were commercialized in all countries, except Spain (where from three strengths, only two
had a price). In Serbia, all authorized concentrations had a price (except for acarbose, which
is unavailable, and saxagliptin, for which one of the two concentrations had a price). We
found a difference of at least two strengths between all authorized medicines and those with
a price for some representatives from sulfonylureas (the Czech Republic, France, Romania),
combinations (except Bulgaria, Serbia), DPP-4 inhibitors (except Romania, Serbia, Spain),
GLP-1 agonists (except Bulgaria, Romania, Serbia), SGLT2 inhibitors (France, Romania),
and other blood glucose-lowering drugs (the Czech Republic, Romania).
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substance across the studied countries.
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Table 5. Number of strengths per INN for medicines with a pharmacy price by therapeutic group
across the studied countries.

Therapeutic Group Number of Strengths/INN

(ATC Code) Bulgaria Czech Republic France Poland Romania Serbia Spain

Biguanides (A10BA) >1 >1 >1 >1 >1 >1 >1
Sulfonylureas (A10BB) >1 ≥1 >1 ≥1 ≥1 ≥1 ≥1
Combinations (A10BD) ≥1 ≥1 ≥1 N/A ≥1 ≥1 ≥1
α-glucosidase inhibitors (A10BF) 1 1 >1 >1 >1 N/A >1
Thiazolidinediones (A10BG) >1 >1 N/A >1 >1 >1 >1
DPP-4i (A10BH) 1 ≥1 ≥1 1 ≥1 ≥1 ≥1
GLP-1 RA (A10J) ≥1 ≥1 ≥1 >1 ≥1 ≥1 ≥1
SGLT2i (A10K) 1 ≥1 ≥1 ≥1 ≥1 >1 ≥1
Other blood glucose-lowering
drugs, excluding insulins (A10X) >1 >1 >1 N/A >1 >1 >1

N/A = medicine not available.

2.8. Marketing Authorization Holder

The first 10 MAHs selected by the number of INNs and commercial names were pre-
sented in Tables S9 and S10. AstraZeneca and Krka had antidiabetic medicines authorized
in all studied countries (except KrKa in Bulgaria).

3. Discussion

In this study, we intended to provide a better understanding of the range of authorized
and available antidiabetic drugs (having a pharmacy price) in seven selected European
countries. Not all authorized active substances were available on the market for patients
in all countries surveyed, except Bulgaria. Spain had the highest number of medicines
with a pharmacy price in terms of brand names (123), INNs (25 active substances and 13
oral fixed combinations), MAHs (44), and strengths (51). A study performed from 2006 to
2016 in eleven countries showed that only in Spain were all active substances from the new
therapeutic classes—GLP-1 receptor agonists and SGLT-2 inhibitors—commercialized [27].
In this study, five substances from GLP-1 agonists were approved in all countries, one of
them (lixisenatide) not being available on the market in the Czech Republic, France, and
Poland. Only medicines based on dulaglutide and semaglutide were commercialized in
Poland. All five agents from the group of DPP-4 inhibitors were marketed in the Czech
Republic, Serbia, and Spain, whereas only four substances from the group of SGLT-2
inhibitors were found available in the Czech Republic, Poland, and Spain.

Less than 10% of all observations for authorized medicines had a retail price, except
for Serbia (91.0%), Spain (46.3%), and France (17.3%). These discrepancies might be at-
tributed to the wide range of authorized presentation forms, with many of them not being
commercialized. The list of authorized medicines in Serbia included fewer presentation
forms, which could explain the high percentages observed in this country. Serbia had fewer
approved medicines than other countries, but over 90% of them had a calculated retail
price, and thus likely to be available on the market. A number of studies have shown
that the drivers responsible for differences between authorized and marketed medicines
across countries are multifactorial. The European Federation of Pharmaceutical Industries
and Associations (EFPIA) has highlighted that factors such as the authorization process,
national pricing and reimbursement policies, market dynamics, and healthcare system
characteristics can contribute to delays between obtaining marketing authorization and
the application for pricing and reimbursement. These delays can significantly impact the
availability of medicines. Significant differences in the mean time to reimbursement for
innovative products were observed in Europe (2018–2021), from 128 days in Germany to
507 days in the Czech Republic, 508 days in France, followed by Spain (629 days), Bulgaria
(705 days), Serbia (811 days), Poland (827 days), and Romania (918 days) [28]. Under the
current EU law [18], it is not mandatory for a MAH to submit a pricing and reimbursement
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application after obtaining a marketing authorization. In some cases, patients do not have
access to medicines even after they are included in the price catalogs and on the positive
reimbursement lists. Sales data from 2015–2022 (published by IQVIA) illustrated that 18%
of available medicines were not used in France (no registered sales), followed by Spain
(22%), the Czech Republic (23%), Romania (24%), Poland (29%), and Bulgaria (32%) [28].
Many published studies showed differences in pharmaceutical price regulations across
countries [29,30].

Over the last decade, a number of new antidiabetic agents were approved by EMA
through the centralized procedure (marketing authorizations valid directly throughout
all EU member states) and introduced into therapy: 5 DPP-4 inhibitors (sitagliptin and
vildagliptin-2007, saxagliptin-2009, linagliptin-2011, alogliptin-2013), 6 GLP-1 receptor
agonists (exenatide-2006, liraglutide-2009, lixisenatide-2013, dulaglutide and albiglutide-
2014, semaglutide-2018), and 5 SGLT-2 inhibitors (dapagliflozin-2012, canagliflozin-2013,
empagliflozin-2014, ertugliflozin-2018, sotagliflozin-2019) [31,32]. All studied countries
had authorized products based on 5 INNs from the GLP-1 analogs group, but only Bulgaria,
France, and Romania reported retail prices for all approved substances. Patients in the
Czech Republic, Romania, Serbia, and Spain have wider access to semaglutide, as it is avail-
able in both injectable (subcutaneous) and pill (oral) forms. In other countries, semaglutide
is only available as an injection. Semaglutide is the first GLP-1 agonist formulated as a
tablet with a single daily administration. A systematic review based on twelve clinical trials
concluded that oral semaglutide (14 mg) had better results in reducing HbA1c and body
weight compared with placebo and other agents from the same class (exenatide, liraglutide,
dulaglutide), and was almost as effective as its subcutaneous form [33]. All five DPP 4
inhibitors were available in the Czech Republic, Serbia, and Spain. Products containing
alogliptine were unauthorized in Bulgaria and Romania and did not have an approved
price in France and Poland. Similarly, linagliptine had no available price in France and
Romania. France had the highest number of available brand names for medicines based on
sitagliptine (12) and vildagliptine (8). Medicines with dapagliflozin and empagliflozin as
active substances were available in all included countries; ertugliflozin was only marketed
in the Czech Republic, Poland, and Spain, while sotagliflozin was not marketed in any of
the included countries. Sotagliflozin was initially approved in the EU for adults with type
1 diabetes and overweight, and who struggle to achieve glycaemic control [34], but it was
withdrawn from use in March 2022 at the request of the MAH for commercial reasons [35].

ADA (American Diabetes Association) guidelines from 2023 divide pharmacologic
treatment based on therapeutic goals, comorbidities, and risk factors. Metformin or other
substances used in monotherapy, but also combination therapy should be considered due
to their efficacy in achieving therapeutic outcomes. When comorbidities or risk factors are
present, the following recommended glucose-lowering agents are recommended: GLP-1
analogs and SGLT2 inhibitors (atherosclerotic cardiovascular disease and/or high-risk indi-
cators); SGLT2 inhibitors (heart failure) or, if not tolerated, GLP-1 analogs (chronic kidney
disease). If the goal is glucose-lowering and control, recommendations are made based
on efficacy: GLP-1 RA (semaglutide, dulaglutide), tirzepatide, insulin, oral or injectable
combinations (very high efficacy), metformin, other GLP-1 RA, SGLT2i, sulfonylurea, TZD
(high), and DPP-4i (intermediate efficacy) [36].

Comparing the approved INNs grouped by class, our study showed that metformin,
acarbose, and pioglitazone were both authorized and had a price in all countries (except
for acarbose in Serbia and pioglitazone in France). Gliclazide and glimepiride were the
only sulfonylureas found in medicines with an available retail price in all countries. The
largest number of authorized active substances were in the Czech Republic and Poland
(41), while Spain had the highest number of marketed substances (38). In Bulgaria, all
authorized substances were found in commercialized medicines, and this situation is
mirrored in Serbia (96%) and Spain (97%), where a similarly high percentage of authorized
substances have price listings at pharmacies. It is important to have a diverse range
of therapeutic options authorized, but they must also be available (having a price and
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no supply problems), accessible (affordable with respect to cost), and recommended for
treatment to patients. Due to limited national regulatory and administrative reimbursement
policies, not all medicines dispensed on a medical prescription are reimbursed by health
insurers, and in such cases, the entire cost is to be paid by patients. For instance, this
is the case for antidiabetic therapy in Poland. The Polish diabetes guidelines from 2022
mentioned the limited reimbursement of the new antidiabetic agents. According to the
guidelines, six drug classes are recommended for type 2 diabetes treatment (leaving aside
basal insulin): biguanides (metformin), sulfonylurea derivatives, SGLT-2 inhibitors, DPP-4
inhibitors, GLP-1 receptor agonists, or PPAR-γ agonists (pioglitazone) [37]. In line with
international guidelines, diabetes care in Poland has the reduction of associated acute and
chronic complications as its main therapeutic objective [38]. However, our study showed
that there was a reduced number of marketed brand names compared with the approved
ones, including several new antihyperglycemic agents with cardio-renal benefits (GLP-1
RA, SGLT-2 i, DPP-4 i). A study based on data from the National Health Funds (2012–2015)
revealed that medicines with alpha-glucosidase inhibitors (volume-1%), thiazolidinediones
(no sale), and DPP-4i (volume from 0.003% to 0.009%) were rarely prescribed in Poland [39].

Concerning brand names, more than half of the approved drugs had a pharmacy
price in the majority of the studied countries. In Bulgaria, more than 70% of authorized
commercial names, concentrations, and pharmaceutical forms had a retail price.

High numbers of marketed products containing metformin were observed, from seven
brand names in Serbia to eighteen in Spain. This was expected since metformin has been
for a long time the first-line agent for type 2 diabetes [40] and has been on the list of
essential drugs of the World Health Organization (WHO) since 2011 [41]. Innovator names
having a pharmacy price were common in most countries, with a few exceptions due to
the existence of different names (for the same pharmaceutical form) depending on the
country: metformin (Spain), glipizide, gliclazide (France, Spain), glimepiride (France),
sitagliptin, vildagliptin, and sitagliptin + metformin. No generic common name was
observed for sitagliptin in all the included countries. Generic medicines were absent for
some antidiabetic agents, such as sitagliptin (Bulgaria), acarbose (Romania), and some
fixed-dose combinations (except for metformin + vildagliptin in Bulgaria, France, and
Romania). Repaglinide was found only as a generic in Bulgaria, Romania, and Serbia,
and the combination metformin + vildagliptin was available only as a generic in Serbia.
Pioglitazone was found only as a generic in Bulgaria, Poland, Romania, and Serbia.

It is well known that diabetes is a complex disease, and geriatric diabetic patients
usually have other associated chronic conditions. Recent diabetes international guidelines
and published studies provide recommendations for personalized treatment decisions,
based not only on achieving optimal glycemic control, but also on patient lifestyle, personal
preferences, and perception of the proposed therapy. Poor adherence to the treatment can
result in treatment failure and an increased risk for complications [42]. A study conducted
in Poland (DIABCON) indicated that only 65.1% of patients were compliant with the
self-monitoring of blood glucose [43]. A retrospective study performed on elderly Spanish
patients (≥65 years) revealed a 72% adherence to antidiabetic medicines [44].

Our study analyzed the approved and commercialized antidiabetic medicines in terms
of pharmaceutical formulations and strengths. A reduced number of presentation forms can
be a barrier to an individualized treatment. Eight authorized pharmaceutical forms were
found in France, five in Bulgaria, and seven in the rest of the countries. At the INN level,
all approved formulations were marketed only in Bulgaria. Glibenclamide was authorized
as suspension and oral solid formulations in France and Spain, but only the solid form was
a commercialized study. Metformin was approved and marketed only as filmed-coated
tablets in Spain; therefore, a more personalized treatment was harder to implement. A
study based on a randomized clinical trial has shown that extended-release formulations
have better outcomes in terms of glycemic control, lipid, and certain inflammatory markers
levels [45]. Furthermore, in a systematic review study, better adherence to treatment for
extended-release metformin formulations was reported [46].
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In the last few years, drug shortages have become a frequent and worrying problem
across the world. Supply problems can cause distress for patients, increased time to find
the medicine in the pharmacy or to obtain a modified prescription from the physician, as
well as more work and pressure for healthcare professionals, especially pharmacists [47].
Usually, a therapeutic substitute for non-biological medicines is recommended if there
are more commercial names. If not, another option can be to use a second- or third-
line therapy, but this may increase the risk of having a sub-optimal glycemic level. Our
analysis of the number of marketed brand names and strengths per active substance
showed that only one product (one brand name with one strength) was available for certain
sulfonylureas (glibenclamide—Romania, Serbia, Spain; glipizide—the Czech Republic,
Poland, Romania, Spain; glisentide—Spain); acarbose (the Czech Republic) and DPP-4i
(sitagliptin—Bulgaria, Poland; vildagliptin— the Czech Republic, Poland; saxagliptin— the
Czech Republic, France, Romania, Serbia; alogliptin—Serbia; and linagliptin—all countries
that have authorized products). Concerning GLP-1 agonists, only one pharmaceutical
product was marketed for exenatide (Bulgaria), liraglutide (Bulgaria, the Czech Republic,
Serbia, Spain), and lixisenatide (Romania). Consequently, in case of insufficient supply,
the absence of these pharmaceutical products can affect patient treatment, leaving health
professionals as pharmacists without therapeutic alternatives. Patients must return to their
physicians in order to receive another medicine (from the same class or a distinct one),
facing anxiety, wasted time, and possible adherence problems due to the treatment change.
A survey study addressed to the German community and hospital pharmacists in 2016
revealed negative consequences for patient care due to drug shortages, such as medication
errors and less appropriate medicine or dosage forms selected for administration [48]. A
diverse range of pharmacological options can ensure a suitable, continuous medical regime.

Most countries rely on imports, which are vulnerable to drug shortages in case of sup-
ply problems. Such issues were aggravated by the COVID-19 pandemic, which highlighted
the dependence of manufacturers on external sources of excipients, active pharmaceutical
ingredients (API), and packaging materials [49]. Through a resolution adopted in Septem-
ber 2021, the European Union Parliament has urged European manufacturers to be more
self-reliant and to develop a stronger local production of substances in order to prevent
future health crises. A few years ago, in the United States, 63% and 80%, respectively, of
the manufacturing sites for APIs and finished products were outside the country. Addition-
ally, there was a gap between the total number of authorized products and those with a
retail price. Only 39% of generic-approved medicines were available in June 2019 [50]. In
our study, local companies (created in the studied countries) were included in the top 10,
including, for instance, Biogaran [51], Arrow Generiques [52], EG Labo-Laboratoires Euro-
Generics [53] (France), Polpharma Zakłady Farmaceutyczne (Poland) [54], Arena Group
(Romania) [55], Zentiva (the Czech Republic) [56], and Galenika (Serbia) [57]. Sales reports
from the literature indicate that the key players in the diabetes market are Eli Lilly, Novo
Nordisk, AstraZeneca, Sanofi, Merck & Co, Novartis, and Boehringer Ingelheim [58], and
our results are consistent with these findings.

In the included countries of this study with lower values for marketed pharmaceutical
forms compared with the authorized ones, clinicians might find it challenging to create
individualized therapeutic interventions. This can lead to reduced compliance and non-
optimal glycaemic control, with a higher risk of developing associated complications and
increased costs for health systems. An analysis of the estimated total cost for preventable
hospitalizations for diabetic patients in the United States showed an annual increase in the
costs of long-term complications from USD 2.7 billion in 2001 (59% of the total) to USD 3.3
billion in 2014 (57% of total) [59]. Moreover, a study conducted in China showed that the
direct medical cost for diabetic patients increased directly with the number of complications
for the study period (2009–2011) [60].

Study limitations. The current study took into consideration data from national lists
of medicines with pharmacy prices. However, not all medicines with a price can be found
in the pharmacy due to various medicines shortages; it is expected that the number of
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marketed medicines in each country of study is actually slightly smaller than the one of
medicines with a price.

4. Materials and Methods
4.1. Data Source

This study was conducted from September 2021 to April 2022 and encompassed a
comparative analysis of seven countries: Romania (R), Serbia (SB), Spain (SP), Bulgaria
(B), Poland (P), France (F), and the Czech Republic (CR). Information about authorized
medicines and those with a pharmacy (retail) price was acquired through primary research
conducted on databases from the official websites of the national authorities of the included
countries [61–73] or through experts from participating countries.

4.2. Data Collection and National Context

In this study, we included medicines classified within the ATC (Anatomical Therapeu-
tic Chemical Classification System) group A10B (blood glucose-lowering drugs, excluding
insulin). Data from the ATC/DDD (defined daily dose) index was used to identify the
therapeutic classes corresponding to antidiabetic drugs [74].

The ATC codes for the therapeutic groups used in this study were the following:

• A10BA (biguanides);
• A10BB (sulfonylurea);
• A10BD (oral fixed combinations);
• A10F (alpha-glucosidase inhibitors);
• A10BG (thiazolidinediones, TDZ);
• A10BH (dipeptidyl peptidase 4 (DPP-4) inhibitors, DPP-4i);
• A10J (glucagon-like peptide-1 (GLP-1) analogues, GLP-1 receptor agonists, GLP-1 RA);
• A10K (sodium-glucose co-transporter 2 (SGLT2) inhibitors);
• A10X (other blood glucose-lowering drugs, excluding insulins).

In each country, medicines for diabetes are dispensed based on a medical prescription,
and the cost of treatment can usually be refunded at a certain level by the (public) health
insurance funds.

Medicinal products having their marketing authorization revoked (lacking marketing
authorization) after data collection were excluded from the analysis. In the majority of the
included countries, the list of authorized medicines contained several forms of presentation,
mentioned in the summary of product characteristics. However, the data from CIMA
(Medicine Online Information Center of AEMPS—The Spanish Agency for Medicines
and Health Products) did not include all authorized presentations [66]. Consequently,
summaries of product characteristics were analyzed in order to collect all the authorized
types of packaging and to add them to the list of authorized medicines.

Serbia uses an officially published list of maximum wholesale price levels for prescrip-
tion medicines, so pharmacy prices are not officially published. Therefore, in this study,
pharmacy prices were calculated based on wholesale published prices [72]. In the other
included countries, pharmacy price information was obtained directly from the official
websites of the national authorities [64,68–71,73].

4.3. Data Analysis

To analyze the national data about authorized medicines in comparison with medicines
having a pharmacy (retail) price, the following attributes were selected: ATC code and
class, INN (International Non-proprietary Name), MAH (Marketing Authorization Holder),
brand name, pharmaceutical form, strength and status of medicine (innovative, generic).

The term “observation” within a data set in this study refers to medicine having a
certain brand name, strength, pharmaceutical form, and packaging (a presentation form).
Many observations can be available in the national lists of approved medicines for a certain
brand name, each corresponding to different characteristics (strengths, pharmaceutical
forms, packaging). In this study, the term “marketed” or “commercialized” refers to a
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medicine that has a market authorization and a price, so that it may be found in pharmacies.
Moreover, the term “available” or “availability” is also used for medicines with a pharmacy
price. However, the existence of a medication price does not necessarily confirm its physical
availability, as in a minority of situations supply chain issues might affect its accessibility.

We analyzed the data by active substance, and then compiled and organized the results
by therapeutic group (expressed as ATC code). We reported the number of INNs (absolute
values) by therapeutic group for each country (authorized medicines and those with a
price) and compared it with the total number of authorized active substances by class in
the seven countries included in this study. For the other characteristics, data were reported
individually, in relation to the situation of each country.

Data were analyzed in order to identify possible medicines that may be at risk in
case of supply problems, for instance, products having only one brand name with a
reduced number of presentation forms. Therefore, the number of brand names, strengths,
innovators, and generic names were analyzed per active substance for marketed medicines
and then presented by class, in relation to the value “1”. Counts were used for brand names
and pharmaceutical forms analyzed by ATC group. General attributes such as the count
of observations (presentation forms) of medicines having a retail price were compared (as
percentages out of the total number of authorized presentation forms) with those of all
corresponding authorized medicines in each country.

The percentages of different pharmaceutical forms were calculated for each category
and strength separately for authorized and marketed medicines, out of the total number of
authorized and marketed strengths, respectively.

We considered as distinct names (products) medicines that had a similar name, with the
same active substance and MAH, but with a different pharmaceutical form (Glucophage—
filmed tablet vs. Glucophage XR—prolonged-release tablet; Avamina-filmed tablet vs.
Avamina SR—prolonged-release tablet).

We considered various linguistic versions of the same INN as the same name (e.g.,
“metformin”, “metformine”, “metformina”; “akarbosa”, “akarboza”, “acarbose”) or names
with a difference generated by the pharmaceutical form: Siofor prolong (the Czech Repub-
lic), Siofor SR (Bulgaria), and Siofor XR (Poland). However, we considered different brand
names for innovator medicines distinguished by one or several letters such as “Amaryl”
(Bulgaria, the Czech Republic, Poland, Romania, Serbia, Spain) versus “Amarel” (France),
or “Minodiab” (Spain) versus “Minidiab” (the Czech Republic).

An analysis of the active substances formulated as approved medicines and those
products with pharmacy prices is shown by the country in the electronic Supplementary
Materials (Table S1). Furthermore, the number of commercial names by active substance
(all medicines and those with a price) (Table S2), details about common commercial names
encountered in ≥2 countries (countries, number of medicine names and innovator or
generic status) (Tables S3 and S4), number of innovator and generic medicines (Tables
S5 and S6), types of pharmaceutical forms and number of strengths by INN (Tables S7
and S8) were also analyzed. A top ten of MAHs was also provided in the electronic
Supplementary Materials (Tables S9 and S10), selected by the number of INNs and brand
names; in the case of the same values, the number of observations and strengths were also
taken into consideration.

5. Conclusions

This study provides a comprehensive view of the range of authorized antidiabetic
agents (excluding insulin) available for patients’ treatment across seven European countries.
Not all authorized drugs have a pharmacy price or are reimbursed by national health
insurance funds. Awareness of the full spectrum of pharmacological options is important
in ensuring equitable patient access to treatment and achieving a good clinical outcome,
taking rapid measures in health crises, and making well-informed decisions based on
clinical evidence.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/ph17060793/s1, Table S1: active substances found in antidiabetic
medicines with a marketing authorization (N) and a retail price (n) for each country of study; Table S2:
number of brand names for all authorized medicines compared with medicines having a pharmacy
price by ATC code, INN and country; Table S3: overview of the common brand names (all approved
medicines) in the countries of study; Table S4: overview of the common brand names (having a
pharmacy price) in the countries of study; Table S5: number of innovator and generic brand names
per INN for all authorized medicines; Table S6: number of innovator and generic brand names per
INN for medicines with pharmacy price; Table S7: types of pharmaceutical forms; Table S8: number of
strengths by INN and country for all authorized and marketed medicines; Table S9: top 10 marketing
authorization holders for all authorized medicines; Table S10: top 10 marketing authorization holders
for marketed medicines.
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