Kurevija et al. BMC Primary Care (2025) 26:143 B MC P ri ma ry C are
https://doi.org/10.1186/512875-025-02837-7

Barriers in prescribing antidiabetic G

medications with cardiovascular benefits:
practice, experience, and attitudes of GPs
in Croatia

Tomislav Kurevija'?, Dunja Sojat'?, Ines Bili¢-Curci¢'?, Silvija Canecki-Varzi¢'? and Ljiljana Trtica-Majnari¢'”

Abstract

Background The treatment approaches of type 2 diabetes (T2D) are being transformed, due to the availability

of novel antidiabetic medications, sodium-glucose co-transporter 2 inhibitors (SGLT2ins), and glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs). Despite their proven beneficial effects, recent research points to their insufficient
prescription. This study aimed to reveal the prescription rates of SGLT2ins and GLP-1 RAs among general practitioners
(GPs) in Croatia and to examine factors associated with their low self-confidence in prescribing them.

Methods A self-designed survey questionnaire was used and delivered to the GPs'e-mail addresses in digital format.
The data on the number of individuals diagnosed with T2D and prescribed new antidiabetic medications were
checked by the respondents in their electronic database. Factors associated with lower GPs self-confidence in pre-
scribing SGLT2ins and GLP-1 RAs were assessed by bivariate and multivariate logistic regression analyses.

Results The study included 168 GPs (66.1% women; 49.4% specialists in family medicine) and a cohort of 23,036
individuals with T2D. The prescription rates of SGLT2ins and GLP-1 RAs were 21.0% and 14.4%, respectively. Specialists
stated a higher level of self-confidence in prescribing these medications, compared to other respondents. In the mul-
tivariate models, a factor that was shown to reduce the likelihood of low GPs® self-confidence in prescribing SGLT2ins
was “familiarity with the side effects of these medications” (OR=0.03), while factors that increased this likelihood were:
“being familiar with GLP-1 RAs" side effects” (OR=4.8), “an insufficient knowledge and experience of GPs in adjusting
two target outcome measures to the same patient” (OR=2.2), and “the GPs" assumption that the new guidelines’
protocol which separates two target outcome measures is useful only in some cases but not in all”(OR=5.4). Regard-
ing GLP-1 RAs, only one factor —“familiarity of GPs with GLP-1 RAs side effects’, was shown to reduce the probability
of GPs low self-confidence in prescribing this group of medications (OR=0.27).

Conclusion It is of the utmost importance to identify barriers the GPs face when prescribing these medications,
as well as to suggest potential strategies to optimize their prescription.
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Introduction

Due to the high prevalence of type 2 diabetes (T2D),
individuals with this disease are often solely under the
care of general practitioners (GPs). GPs are the first point
of contact and play a crucial role in ongoing manage-
ment [1]. Current guidelines offer evidence-based recom-
mendations for the diagnosis, treatment, and follow-up
of individuals with T2D, helping GPs deliver standard-
ized, high-quality care [2, 3]. The quality of life for T2D
patients is significantly affected by various comorbidities
and complex care regimens [4]. This poses challenges for
healthcare providers, especially GPs, due to their role in
providing comprehensive and patient-centered care [5].
To assist GPs in the complex landscape of pharmacologi-
cal approaches, treatment guidelines provide algorithms
that address the efficacy, safety, and cost of medications
while considering patient factors like socioeconomic
status and existing health conditions such as cardiovas-
cular disease (CVD), chronic kidney disease (CKD), and
chronic heart disease (CHD) [2, 3]. These guidelines
advocate for shared decision-making with patients, regu-
lar monitoring of progress, and adjustments to treatment
goals. They also facilitate the integration of the latest
advancements in diabetes management, helping GPs stay
current in a rapidly evolving field [2, 6].

Haemoglobin Alc (HbAlc) is a key measure of glycae-
mic control and a standard for quality care in individuals
with T2D [7]. Achieving target HbAlc levels is thought
to reduce adverse clinical outcomes and is used to guide
medication therapy [2]. However, many individuals with
T2D still do not meet these glycemic goals [8]. As a major
contributing factor to this failure, therapeutic inertia (TI)
— the failure to adjust medical therapy as needed—has
been addressed [9]. Causes of TI involve factors related to
healthcare providers, patients, and the healthcare system,
often interacting in complex ways. Previous efforts to
address this issue have not been successful [10]. Enhanc-
ing qualitative research to tackle TT effectively may pro-
vide a better understanding of the problem and lead to
targeted strategies tailored to local contexts [9].

The introduction of antidiabetic medications with
cardiovascular (CV) and renal benefits, such as gluca-
gon-like peptide-1 receptor agonists (GLP-1 RAs) and
sodium-glucose cotransporter-2 inhibitors (SGLT2ins),
marked a new era in treating T2D [11]. CV outcome tri-
als (CVOTs), today the required standard in assessing
new remedies for curing T2D, have shown that these
medications provide significant benefits beyond blood
sugar control [12]. The joint guidelines from the Ameri-
can Diabetes Association (ADA) and the European Asso-
ciation for the Study of Diabetes (EASD) recommend
these treatments for individuals with T2D and estab-
lished atherosclerotic cardiovascular disease (ASCVD) or
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those at high risk, regardless of HbAlc levels [2, 3]. For
individuals with T2D and CHD or CKD, SGLT2ins take
precedence over GLP-1 RAs [2]. Conversely, GLP-1 RAs
and the newer insulin secretion-stimulating medication
tirzepatide are preferred for weight loss in obese individ-
uals with T2D [13, 14].

The introduction of these new antidiabetic medications
has significantly changed the management of T2D. These
advancements allow for an integrated approach to man-
aging T2D alongside CVD, fulfilling a long-desired goal
in patient care [15]. Treatment can now be personalized
based on grading CV risk, and by enabling tailored strat-
egies that address the unique needs of particular indi-
viduals with T2D [16]. In addition to meeting glycemic
targets, current recommendations also take into account
factors such as weight management, the risk of hypogly-
cemia, and the prevention of CV and kidney complica-
tions. Access to medications, their cost, and availability
are also important factors to consider in person-centered
therapy [2].

Despite the clear health benefits of new antidiabetic
medications for T2D, their prescription rates have been
reported low [17-19]. This fact revived the importance of
research on factors contributing to TI. A key barrier in
prescribing these medications was identified to be a lack
of understanding of factors influencing treatment out-
comes, given the complexity of T2D, which may be a con-
straint for informed decision-making and personalized
management of these individuals [20-22]. Individuals
with T2D exhibit considerable heterogeneity in physical
characteristics (age, obesity, comorbidities), psychosocial
factors (socioeconomic status, health literacy), and dis-
ease characteristics (duration, onset, and complications),
all of which can affect treatment responses to GLP-1 RAs
and SGLT2ins [21, 23, 24]. Additionally, gaps in under-
standing treatment outcomes partially arise from the
inadequate characterization of participants in CVOTs,
the evidence from which is used to inform recommen-
dations in the guidelines [25]. It is generally agreed that
guidelines should be clearer about how to use these med-
ications in specific situations and better define the clini-
cal contexts for their recommendation [26]. Regarding
GPs, they believe that better knowledge translation could
enhance their confidence in prescribing these medica-
tions and that guidelines should indicate where harm—
benefit ratios are unclear or where evidence is insufficient
[27].

The lack of clarity in guidelines’ recommendations
significantly contributes to poor adherence among
healthcare providers, particularly GPs, and this was rec-
ognized as one of the most important factors of TI [28].
An important reason for the low implementation of
clinical guidelines among GPs is that they often do not
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fit the GPs' working style, known as holistic, and fail to
address unique cases, which limits their applicability in
real-life practice. The complexity of guideline manuals
and ineffective communication with specialists may also
hinder compliance [28]. A general view is that qualitative
research among GPs could provide insights into these
guideline gaps and implementation barriers [24].

Based on the abovementioned evidence, the reasons for
the low uptake of novel antidiabetic medications remain
largely under-researched, but they seem to be influenced
by various factors, often assembled within the framework
of TL. Overall, the most common barriers relate to GP’s
knowledge and attitudes, guideline comprehensiveness
and the rate of implementation, GPs' communications
with patients and specialists, and health system organi-
zation. This study aimed to determine the novel antidia-
betic prescription rates in Croatia and the motivation
and confidence of GPs to prescribe them, as well as to
investigate the association of these results with potential
barriers that GPs encounter in the process of prescribing
these medications.

Methods

Study design

The study employed a quantitative survey research design
targeting GPs in Croatia. Data collection occurred in two
phases, each lasting about 6 months: a pilot phase, con-
ducted from October 2023 to March 2024, and a second
phase, conducted from June to November 2024. We con-
cluded the survey after the second phase due to declin-
ing interest among potential participants and to avoid
biases from an extended study period, as our topic is a
rapidly evolving area of medical practice, which confirms
a lot of evidence-based position statements from this
field regularly emerging [29]. GPs in Croatia are periodi-
cally exposed to educational activities organized by the
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Croatian Endocrine Society and pharmaceutical repre-
sentatives. To enhance visibility, we presented our ini-
tial findings of this study at national and international
conferences, ensuring that the study remained relevant
to GPs. For all these reasons, the responding GPs could
have rapidly changed their attitudes towards prescribing
these medications.

Respondents (GPs) and the study population of individuals
with T2D

Currently, 2,169 GPs are employed in Croatia, of whom
63% are women [30]. The planned sample size was 180,
or about 8.3% of this population. The final sample of 168
surveyed GPs constitutes 7.8% of the total working popu-
lation of GPs in Croatia (Fig. 1).

The general characteristics of respondents are pre-
sented in Table 1. Of the total number of respondents,
111 (66.1%) were women (Table 1). The respondents’
age range was 25 to 67 years, with a median age of 45

Table 1 General characteristics of respondents (GPs)

Characteristics N (%)
Total 168 (100.0)
Gender
Male 57 (33.9)
Female 111 (66.1)
Academic degree
Doctor without specialization 53(31.5)
Family medicine resident 29(17.3)
Family/general medicine specialist 83 (49.4)
Specialist in another field 3(1.8)
Place of practice
Urban area 114 (67.9)
Rural area 54(32.1)

N — number of respondents

2,169
GPs in Croatia

3.991,095 *
) * C individuals under care )

339,953

individuals with T2D

\d

180
planned sample of GPs

168 263,806
GPs included in the stucD * ( individuals under care ) *

23,036
individuals with T2D

Fig. 1 National record data of GPs, a total of individuals under GPs" care, and individuals diagnosed with T2D, compared to the study data. GPs —

general practitioners, T2D - type 2 diabetes
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Table 2 The age stratification of individuals with T2D covered by
the study and inter-practice variation

N (%) Minimum- Median (IQR)

maximum

range
Individuals with 23,036 (100.0) 15—370 133 (95—179)
T2D in the study
< 60 years 6,535 (28.4) 5—150 31 (20—50)
60-80 years 12,903 (56.0) 4—300 70 (50—102)
> 80 years 3,598 (15.6) 0—98 20 (10—30)

N Number of respondents, IQR Interquartile range, T2D Type 2 diabetes

years, interquartile range (IQR) 33-57. Their length of
service varied from 0 to 42 years with a median length
of 19 years (IQR 8-30). A major part of respondents,
114 (67.9%), worked in the urban area. Regarding the
academic degree, 83 (49.4%) were specialists in general/
family medicine, and 53 (31.5%) were GPs without spe-
cialization (Table 1).

GPs in Croatia care for 3.991,095 people (Fig. 1) [31].
Those diagnosed with T2D count 339,953, making the
prevalence of T2D in Croatia of 8.5% [32]. GPs included
in this survey (N = 168) care for 263,806 individuals,
which makes up 6.6% of the insured population (Fig. 1).
The number of those with T2D was 23,036, or 8.7% of the
total population registered at the respondent GPs (Fig. 1,
Table 2). The number of insured individuals in particular
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GP practices ranged from 500 to 2500, with a median of
1594 (IQR 1315-1850). The number of individuals with
T2D among practices varied from 15-370, with a median
of 133 (IQR 95-179) (Table 2). Looking at the age groups,
most individuals with T2D were aged between 60 and 80
years (Table 2).

Regarding the associated CV comorbidities in indi-
viduals with T2D, the highest proportions accounted for
arterial hypertension (58.6%), and CAD (20.0%) (Table 3).

Looking at the magnitude of prescriptions for certain
antidiabetic medications with cardio-metabolic benefits,
35.0% of individuals with T2D were prescribed dipepti-
dyl peptidase-4 inhibitors (DPP-4ins), 21.0% were given
SGLT2ins, and 14.4% were given GLP-1 RAs. The rates
at which these medications were prescribed by individ-
ual GPs participating in the survey varied significantly
(Table 4).

The data collection procedure

GPs from all over Croatia were involved in the survey.
The total territory of Croatia is divided into 6 regions,
named: Western, Eastern, Northern, Southern, Central,
and the city of Zagreb [33]. The survey questionnaire was
sent to GPs online via publicly available e-mail addresses
of their practices and health centers from all over Croa-
tia. Respondents have approached the survey on a vol-
unteer basis, completely anonymously via Google Form
platform.

Table 3 CV comorbidities in individuals with T2D covered by the study and inter-practice variation

N (%) Minimum-maximum range Median (IQR)
Individuals with T2D in the study 23,036 (100.0) 15—370 133 (95—179)
with associated arterial hypertension 13,493 (58.6) 0—180 80 (50—100)
with associated CAD 4,622 (20.0) 0—92 22 (10—40)
with associated CKD (eGFR <60 mL/min) 4,001 (17.4) 0—90 20 (10—34)
with associated acute HF in the last year 1,164 (5.0) 0—50 4(2—8)

N Number of respondents, /QR Interquartile range, eGFR Estimated glomerular filtration rate, CAD Coronary artery disease, CKD Chronic kidney disease, HF Heart failure

Table 4 Individuals with T2D who were prescribed certain antidiabetic medication and inter-practice variation

N (%) Minimum-maximum range Median (IQR)
Individuals with T2D in the study 23,036 (100.0) 15—370 133 (95—179)
who were prescribed DPP-4ins 8,068 (35.0) 3—130 43 (30—64)
who were prescribed SGLT2ins 4,828 (21.0) 1—80 25 (15—40)
who were prescribed GLP-1 RAs 3,324 (14.4) 0—93 15 (10—25)
who were prescribed GLP-1 RAs and SGLT2ins combined 1,641 (7.1) 0—60 6((3—12)

N Number of respondents, IQR Interquartile range, DPP-4ins Dipeptidyl peptidase-4 inhibitors, GLP-1 RAs Glucagon-like peptide-1 receptor agonists, SGLT2ins Sodium-

glucose co-transporter 2 inhibitors
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The Cover Letter has been sent to potential respond-
ents together with the online survey form, to explain the
purpose of the survey and provide them with instruc-
tions for data collection and answering the questions. We
also asked the respondents for their consent to use data
obtained from the survey for publication.

For most of the answers, respondents had to fill in the
survey questionnaire based on their experience and atti-
tudes. For some questions, like the number and demo-
graphic data of individuals diagnosed with T2D who are
registered on their list, the number of those with particu-
lar CV comorbidity, or those who were prescribed a cer-
tain antidiabetic medication — responding GPs needed to
find data from their electronic (e-) health records. These
simplified summaries of data can be easily extracted
automatically, through a search engine of the IT system
that groups ensured individuals according to the type
of diagnosis and prescribed medications. For informa-
tion about HbAlc and renal function, measured by the
estimated glomerular filtration rate (eGFR), respondents
could also take a look at the panel for supporting T2D
surveillance in e-health records. They were advised to use
data not older than a year. Although a majority of GPs in
Croatia are holding this panel, it is not mandatory and is
subject to incentive.

Although we could not directly control this procedure,
in the Cover Letter we included a statement where we
appealed to responding GPs to their conscience and pro-
fessional honesty and asked them to certainly check the
required data in single patients’ e-health records or the
summary data of patients’ e-health profiles.

Description of the instrument (survey questionnaire)

The instrument used in this research was a survey ques-
tionnaire consisting of two thematically related parts
designed specifically for the needs of this research but
integrated into one online document. The principal and
a senior researcher created the questionnaire. The survey
data included also information on respondents’ charac-
teristics (gender, age, seniority, academic status, place of
work, the distance of the GP office from the hospital, the
total number of insured individuals on the list, and the
number of those diagnosed with T2D).

Questions were of the close-ended type, including
both single-selection and multiple-selection question
types. Some questions contained a 5-point Likert Scale.
There were also questions with a ranking score scale, ask-
ing respondents to rank the offered answers in order of
importance from 1 to 3 or 1 to 5.

A part of the questions were open-ended questions.
Those were questions where respondents were required
to provide data from e-health records. It is necessary to
mention that the data from e-health records in Croatia
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have the purpose of creating statistical and financial
reports and are not specifically intended for research.
This affected the limitations in the type of data collected
because, knowing our IT system, we listed as required
data in the survey those that we knew were present in
e-health records (such as disease diagnoses, prescribed
medications, and demographic data of insured individu-
als). The data indicating HbAlc and eGFR were obtained
from e-health records or the panel of individuals with
T2D. For this reason, we did not apply any standard
report recommendations for using data from e-health
records, such as, e.g., the RECORD checklist [34].

The survey questionnaire was composed of two parts.
The first part contained a set of questions aimed at
examining the current routine of GPs in prescribing
antidiabetic medications, with special emphasis put on
prescribing antidiabetic medications with CV benefits.
Another set of questions in this part aimed at getting
insights into the quality of the process of care for indi-
viduals with T2D, including the routes of communication
with specialists.

The second part of the survey questionnaire focused on
barriers to effective prescribing of new antidiabetic medi-
cations. These questions were developed based on the
theoretical framework of TI but were tailored to address
the specific conditions of the Croatian healthcare system.
The focus was primarily on issues related to prescrib-
ing new antidiabetic medications, rather than barriers
to transitioning from oral medications to insulin, which
is the more commonly discussed topic in the published
literature within the TI research area. The questions
included issues such as the GPs' knowledge of recom-
mendations from the guidelines, their practice in making
decisions in specific clinical situations, characteristics of
the healthcare system that may hamper optimal prescrib-
ing of these medications, as well as communication with
specialists and the patients.

In seeking constructive criticism of the created sur-
vey questionnaire, we asked two specialist diabetolo-
gists, professors at our University, and two assistants at
the Department of Family Medicine — one PhD and one
doctoral student — to check it. In a joint discussion, some
incorrect formulations were corrected and parts that
were misunderstood were harmonized.

This paper presents the study results related to barriers
to prescribing new antidiabetic medications.

Data analysis methods

To detect a significant mean difference between continu-
ous variables in two independent groups (high/low level
of self-confidence) with a medium effect size (d =0.5), a
sample size of 128 respondents was estimated, assuming
a significance level of 0.05 and a statistical power of 0.8.
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For bivariate and multivariate regression analysis, a mini-
mum of 10 respondents per predictor is required. Conse-
quently, the total minimum sample size was determined
to be 180 respondents. This calculation was conducted
using the G*Power software (version 3.1.9.2.), developed
by Franz Faul at the University of Kiel, Germany.

Categorical data were presented as absolute and rela-
tive frequencies. Differences between categorical vari-
ables were tested using the x> test, and, when necessary,
Fisher’s exact test. The normality of distribution for con-
tinuous variables was assessed using the Shapiro—Wilk
test. Continuous data were described using the median
and interquartile range boundaries. Associations were
evaluated using Spearman’s correlation coefficient p
(Rho). Logistic regression, both bivariate and multi-
variate (stepwise method), was employed to assess the
influence of multiple factors on the likelihood of lower
self-confidence of GPs for prescribing antidiabetic medi-
cations with CV benefits [35, 36]. The high level of confi-
dence was considered if the GPs chose the Likert grades 4
and 5, and the low level of confidence corresponded with
points 1, 2 and 3 on the Likert Scale. In Croatia, the pre-
scribing of SGLT2ins has been liberalized so that GPs can
indicate their prescription independently of the special-
ists’ recommendations. It is not yet allowed for GLP-1
RAs, but GPs often express their initiatives and readiness
for doing so.

All P-values were two-tailed, with the significance level
set at alpha =0.05. Statistical analyses were performed
using the MedCalc® Statistical Software version 23.0.6
(MedCalc Software Ltd, Ostend, Belgium; https://www.
medcalc.org; 2024). The study report was prepared fol-
lowing guidelines for reporting research findings in bio-
medicine and health sciences [37].

Validation procedures

In the pilot study, we tested respondent response, and
data relevance, and performed early data processing.
The pilot phase included 86 respondents, comprising
approximately 12,000 individuals with T2D. To check
the reliability of the data collected in this phase, we
compared the number of people with T2D in propor-
tion to the share of surveyed GPs in the total number

Page 6 of 14

of GPs employed in Croatia with the total number of
people with T2D registered in Croatia (as shown in
Fig. 1 for the full-size data). In addition, we compared
the data indicating proportions of individuals with T2D
prescribed with particular types of new antidiabetic
medications with the available data from other stud-
ies (as demonstrated in Discussion). We estimated the
internal consistency of the data related to GPs" atti-
tudes, and Cronbach's a was 0.78. After that initial
review, we concluded that we can proceed with data
collection.

At the end of the survey, we repeated similar valid-
ity procedures for data representing numbers (facts) (as
demonstrated in Fig. 1) and data indicating attitudes.
The Cronbach's « for the whole sample was 0.76.

We prove the representativeness of the sample by
the fact that it involves respondents from all counties
of Croatia, with a predominance of respondents from
larger cities, where the concentration of GP teams is
higher compared to rural areas. In addition, the ratio of
male to female respondents (66% women) corresponds
to that ratio in the entire population of GPs (63%
women). Furthermore, GPs of both younger (< 45) and
older (> 45) ages were included.

Since the sample is representative, we believe that the
slightly smaller than calculated sample did not affect
the validity of the research. Additionally, we placed
emphasis on the examination of attitudes and subjec-
tive perceptions of GPs of the level of self-confidence
in prescribing, rather than examining the magnitude of
the problem of TI.

Results

The self-assessment of the level of confidence

in prescribing SGLT2ins and GLP-1 RAs

Regarding the self-assessment of the level of confidence
of surveyed GPs in prescribing antidiabetic medications
with CV benefits, 128 (76.2%) respondents declared
a high level of self-confidence (Likert grades 4 and 5)
in prescribing SGLT2ins, and 90 (53.6%) respondents
claimed that they are highly confident in prescribing
GLP-1 RAs (Table 5).

Table 5 The self-assessment of the level of confidence of GPs for prescribing medications from the groups of SGLT2ins and GLP-1 RAs

N (%)

Likert grade 1 Likert grade 2 Likert grade 3 Likert grade 4 Likert grade 5 Total
SGLT2ins 1(0.6) 8(4.8) 31(185) 55(32.7) 73 (43.5) 168 (100)
GLP-1 RAs 2(1.2) (11.3) 57(33.9) 48 (28.6) 42 (25.0) 168 (100)

N number of respondents, SGLT2ins Sodium-glucose co-transporter 2 inhibitors, GLP-1 RAs Glucagon-like peptide-1 receptor agonists, Likert grade 1,2 and 3 - Low

level of self-confidence; Likert grade 4 and 5 - High level of self-confidence
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Differences in GPs™ general characteristics according

to their declared high or low level of self-confidence

in prescribing SGLT2ins and GLP-1 RAs

Greater confidence in prescribing SGLT2ins (Fisher’s
exact test, P= 0.03) and GLP-1 RAs (Fisher’s exact test,
P= 0.02) is significantly more expressed by special-
ists in general/family medicine, compared to respond-
ents belonging to other classes of academic degrees,
while there is no significant difference in the distribu-
tion of respondents regarding gender and place of work
(Table 6).

Factors associated with GPs’ self-confidence in prescribing
SGLT2ins and GLP-1 RAs

The results of the Spearman’s correlation analyses indi-
cated that respondents who have a larger total number
of insured individuals in their practice (Rho =0.208) and
a higher number of individuals with T2D (Rho =0.176)
tend to exhibit greater self-confidence in prescrib-
ing SGLT2ins (Additional file 1). Additionally, a greater
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number of individuals with T2D prescribed SGLT2ins
(Rho =0.315) was shown to be a factor positively cor-
related with increased GPs' self-confidence to prescribe
this group of medications. Conversely, a larger propor-
tion of individuals with T2D aged 80 years and older rel-
ative to the total number of individuals with T2D (Rho
=— 0.171) was shown to negatively influence the GPs’
self-confidence in this term.

Several factors were also found to influence the
increased level of self-confidence among GPs when pre-
scribing GLP-1 RAs (Additional file 1). These factors
include the older age of the respondents (Rho =0.162),
a greater number of years of work experience (Rho
=0.159), and a larger total number of insured individu-
als in their practice (Rho =0.198). However, there is an
inverse association of a proportion of individuals with
T2D aged 80 years and older with the level of self-con-
fidence for prescribing this group of antidiabetic medi-
cations (Rho =— 0.228). Interestingly, the proportion
of individuals with T2D prescribed SGLT2ins showed

Table 6 Differences in GPs' general characteristics according to their declared high or low level of self-confidence in prescribing

SGLT2ins and GLP-1 RAs

N (%) with different levels of self-confidence P*

High level of self-

Low level of self-confidence Total

confidence

When prescribing SGLT2ins

Gender
Men 48 (38) 9(23) 57 (34) 0.08
Women 80 (63) 31(78) 111 (66)

Academic degree
GP without specialization 39 (30) 14 (35) 53 (32) 0.03"
Family medicine resident 17 (13) 12 (30) 29(17)
Specialist in general/family medicine 70 (55) 13(33) 83 (49)
Specialist of another specialization 2(2) 1(3) 3(2)

Place of work
Urban area 90 (70) 24 (60) 114 (68) 0.22
Rural area 38 (30) 16 (40) 54 (32)

When prescribing GLP-1 RAs

Gender
Men 35(39) 22 (28) 57 (34) 0.08
Women 55(61) 56 (72) 111 (66)

Academic degree
GP without specialization 25 (28) 28 (36) 53(32) 0.02"
Family medicine resident 10011) 19 (24) 29(17)
Specialist in general/family medicine 53 (59) 30 (38) 83 (49)
Specialist of another specialization 2(2) 1(1) 3(2)

Place of work
Urban area 61 (68) 53 (68) 114 (68) 0.98
Rural area 29 (32) 25(32) 54 (32)

" x? test; Fisher’s exact test, N number of respondents, SGLT2ins Sodium-glucose co-transporter 2 inhibitors, GLP-1 RAs Glucagon-like peptide-1 receptor agonists,

GP General practitioner
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positive correlations (albeit weak) with GPs' self-con-
fidence in prescribing also GLP-1 RAs, in addition to
SGLT2ins.

Associations of Tl-related factors with low self-confidence
when prescribing medications from the SGLT2ins

and GLP-1 RAs groups

To examine associations of different factors related to T1I
with the low level of self-confidence of GPs in prescrib-
ing SGLT2ins and GLP-1 RAs, bivariate and multivariate
logistic regressions have been performed. The frequency
distribution of TI-related factors is presented in Addi-
tional file 2.

Regarding the low level of self-confidence in prescrib-
ing SGLT2ins, in the bivariate logistic regression, sev-
eral factors were indicated as being more pronounced
than the others, including unfamiliarity with the EASD/
ADA guidelines’ recommendations for prescribing anti-
diabetic medications with cardio- and reno-protective
effects (OR =5.5), the opinion that the protocol in the
recently updated guidelines greatly complicates deci-
sion-making because of the need to compare different
treatment options within the specific clinical and social
contexts of a particular individual (OR =5.5), and the
answer that GPs are not sure whether the new guide-
lines" protocol that considers a dual target goal provides
any help in decision making (OR =5.7). Other significant
factors associated with low self-confidence in prescribing
SGLT2ins, as obtained by the bivariate regression analy-
sis, are shown in Additional file 3.

Among a large number of examined factors, only a few
were chosen as significantly associated with low GPs’
self-confidence in prescribing SGLT2ins in the multi-
variate model (Table 7). The model is entirely signifi-
cant (x? test =76.3, P< 0.001) and explains from 40% (by
Cox&Snell R?) to 60% (by Negelkerke R?) of the variance
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of low self-confidence in prescribing SGLT2ins and cor-
rectly classifies 83% of cases.

It can be realized from Table 7 that a greater number of
individuals with T2D with already prescribed SGLT2ins,
although with a weak likelihood ratio (OR =0.96), as well
as having detailed information about their side effects
(OR =0.03), reduce the probability of low confidence
of GPs in prescribing this group of medications. On the
contrary, being familiar with GLP-1 RAs" side effects
in a great part contributes to the probability of low self-
confidence among GPs when prescribing SGLT2ins (OR
=4.8). Of other barriers in prescribing SGLT2ins, this
model points out an insufficient knowledge and experi-
ence of GPs in adjusting two target outcome measures to
the same patient, by combining the principle of achiev-
ing HbAlc target values and determining increased CV
risk (OR =2.2). This factor is further emphasized by the
assumption of GPs that the new guidelines® protocol that
separates these two target outcome measures is likely to
be useful only in some cases but not in the majority of
them (OR =5.4).

Similarly, many potential factors were identified in
the bivariate logistic regression models as to be associ-
ated with low GPs’self-confidence in prescribing GLP-1
RAs (Additional file 4). These factors were from three
main groups of TI-related factors, including insufficient
GPs' knowledge of the guidelines’ content, shortcom-
ings of the guidelines in providing support to GPs in their
decision-making, as well as characteristics of the GPs’
communication with patients. Several obtained factors
showed to be more pronounced than others, including
unfamiliarity with the EASD/ADA guidelines’ recom-
mendations on prescribing antidiabetic medications
with cardio- and reno-protective effects (OR =5.2), the
opinion that the new guidelines’ protocol vastly compli-
cates decision-making because of the need to compare

Table 7 The multivariate logistic regression model of low GPs' self-confidence in prescribing SGLT2ins

B Wald P OR 95%
confidence
interval

A greater number of individuals with T2D with already prescribed SGLT2ins -004 657 0.01 096 09210098
Barriers - knowledge 076 709 0.008 22 122t03.73
Itis difficult for me to apply the principle of achieving HbA1c target values and determining increased
CV risk to one patient
Barriers - guidelines:
Familiarity with GLP-1 RAs" side effects 1.57 543  0.02 48 12810179
Familiarity with SGLT2ins" side effects -341 185 <0.001 003 001t00.16
The new guidelines’ protocol that uses a double criterion for assessing the quality of T2D control 169 74 0.006 54 161t018.05
helps in some cases, in some, it doesn't) vs. (yes, it sure helps)
Constant 386 72 0.007

B Regression coefficient, OR Odds ratio, T2D Type 2 diabetes, GLP-1 RAs Glucagon-like peptide-1 receptor agonists, SGLT2ins Sodium-glucose co-transporter 2

inhibitors, HbA1c Glycated hemoglobin, CV Cardiovascular
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different treatment options within the specific clinical
and social contexts of a particular individual (OR =7.4),
thus making the decision difficult (OR =6.0).

In the multivariate logistic regression model, how-
ever, only one factor was shown to be truly relevant in
determining low GPs' self-confidence for prescribing
GLP-1 RAs (Table 8). This factor is from the guidelines-
associated barriers and indicates familiarity of GPs with
GLP-1 RAs side effects, which if more detailed, reduces
the probability of their low confidence in prescribing this
group of medications (OR =0.27).

The model is entirely significant (x* test =39.6, P<
0.001) and explains from 22% (by Cox&Snell R?) to 30%
(by Negelkerke R?) of the variance of low confidence in
prescribing GLP-1 RAs and correctly classifies 76% of
cases (Table 8).

Discussion

The results obtained in this study offer valuable insight
into the process of prescribing novel antidiabetic medica-
tions with CV benefits and the challenges that GPs face in
this process. Although the survey was designed to explore
the main concepts of T1, it was somewhat adapted to bet-
ter match the topic. Furthermore, the outcome measure of
the multivariate analysis was identified as the confidence
level of GPs in prescribing medications. Consequently, the
results have revealed some personal characteristics of GPs
in Croatia which have a significant influence on how con-
fident they are in their decisions while prescribing these
medications. This approach is highly intimate and reveals
some of the deep uncertainties and ambiguities that GPs
process during their decision-making. Therefore, it pro-
vides a new perspective on the problem of inertia in pre-
scribing medications — that which is highly manageable,
as it can easily guide the strategies for these medications’
prescription optimization.

The general analysis of the cohort of over 20,000 indi-
viduals with T2D indicates significant variability in the
proportion of individuals with T2D in the total number
of insured people registered with individual GPs. This

Table 8 The multivariate logistic regression model of low GPs’
self-confidence in prescribing GLP-1 RAs

B Wald P OR 95%
confidence
interval

Barriers - guidelines:

Familiarity with GLP-1 =132 276 <0.001 027 0.16t0044
RAs side effects

Constant 447 24.9 <0.001

B Regression coefficient, OR Odds ratio, GLP-1 RAs Glucagon-like peptide-1
receptor agonists

Page 9 of 14

fact, as will be mentioned later, might have differently
influenced the level of confidence of GPs in prescribing
new antidiabetic medications. Some possible reasons
for this variation include differences in the prevalence of
T2D among the counties of Croatia, variations in the size
of individual practices, and the fact that more pediatric
patients are registered in outpatient clinics in rural areas
compared to urban areas, where there is a higher concen-
tration of pediatric specialists [32].

Another characteristic of the cohort covered by this
study is an older age, with the peak prevalence of T2D in
the age group of 60 to 80 years. This age profile can help
explain the results of the study, indicating concerns about
the side effects of new antidiabetic medications as most
relevant in determining the level of confidence in their
prescribing. Such an age profile of individuals with T2D
aligns with the data for Eastern European countries [38].
Although there are no exact data for Croatia, the recently
published paper indicates that prediabetes and undi-
agnosed T2D prevalence in Croatia increase with age,
reaching the maximum at the age of 60 to 70 years [39].

Given that CVD is a leading cause of mortality among
individuals with T2D elsewhere, and that they have sev-
eral times higher CV risk compared to the general popu-
lation, it is essential to examine the CV risk parameters in
these individuals and record CV comorbidities systemati-
cally and regularly [3]. For their proper risk stratification
and customized treatment, it is also important to know
that T2D and CVD, and comorbidities such as arterial
hypertension, obesity (in particular of the abdominal
type), and CKD share common pathophysiology back-
grounds [40]. In this study, we found that the most fre-
quent comorbidities in individuals with T2D are arterial
hypertension, with more than half of them affected, and
CAD, with a fifth of them affected. According to the
available data, CAD, hypertensive disease, and diabetes
are the top-ranked causes of death in Croatia, and Cro-
atia is among countries in the EU whose CV and total
mortality rates are above the average for the EU. Spe-
cifically, standardized and cumulative mortality rates for
T2D are held above the average for the EU [41].

When taking into account these facts, together with
the fact that the Croatian population is among “old
populations’, the conclusion arises that targeting com-
mon pathways of T2D and CVD, together with high
blood pressure, would be the best means for declining
the excess of mortality in Croatia. In addition, Croatia is
currently a leader in the EU in the prevalence of obesity,
with more than 50% of adults being obese or overweight,
which implies that priority should be given also to pre-
venting and treating obesity [42].

Within this context, we should consider our results
about the extent of the prescribing of new antidiabetic
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medications among the target T2D cohort. With numbers
indicating prescription rates for SGLT2ins and GLP-1
RAs of 21.0% and 14.4%, respectively, and for their com-
bination of 7.1%, Croatia seems to be comparable with
some economically more developed European countries,
like Sweden and Germany [18, 19]. Considering Croatia’s
higher standardized mortality rate for CVD, the prescrip-
tion rates for these medications are relatively less benefi-
cial compared to those in developed countries, which are
generally regarded as insufficient. For instance, data from
the Swedish National Diabetes Register indicated that
only one-third of individuals with T2D that are eligible for
treatment with SGLT2ins or GLP-1 RAs, according to the
common guidelines of the EASD and ADA, and the Euro-
pean Society of Cardiology (ESC), received these medi-
cations [18]. Although in Croatia the National Diabetes
Register was established 25 years ago, it is not completed
for data that is necessary for such assessment [32].

The results of this study, on the contrary, indicate the
necessity of establishing systematic screening of CV
risk factors and CV comorbidities in routine diabetes
care and their recording in e-health records and Dia-
betes Register. In this regard, establishing a structured
model of care that includes standardized elements of
the care process has demonstrated benefits for the qual-
ity of care, clinical outcomes, and cost-effectiveness [43].
Non-systematically record-keeping of the renal status of
individuals with T2D and/or non-regular eGFR checks
is supposed to explain a less-than-expected proportion
of individuals with decreased renal function (eGFR <60
ml/min) found in this study (of 17.4%) when compared
with the data from the global statistics for T2D (20-30%)
or the prevalence of CKD in the general population of
Croatia (7.9%) [44, 45]. We also recognized a potential
limitation in our data collection, as the information was
gathered through a survey of GPs rather than directly
extracted from patient registers. The variations in the
sample characteristics may also be taken into account.

Overall, the GPs in Croatia are more self-confident in
prescribing SGLT2ins than GLP-1 RAs. It can be due to
differences in the prescribing regimen between the two.
For SGLT2ins, GPs can make indications on their own,
while for GLP-1 RAs they need the specialist’s recom-
mendations. In addition, a broader range of indica-
tions for GLP-1 RAs, but without a clear protocol in the
guidelines of when to use and when to avoid this group
of medications, alongside a long list of possible adverse
reactions, which frequency and severity of outcomes in
the treated population are poorly declared — may con-
tribute to higher GPs' concerns about their prescribing
[46, 47]. As we will show later, uncertainties about pre-
scribing GLP-1 RAs are likely to importantly impact the
GPs" decision process for prescribing also SGLT2ins.
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This study identified certain characteristics of the GPs
that significantly impact their prescribing behaviors.
They can be assembled under the common denominator
of working experience, which aligns with the abovemen-
tioned context. For instance, GPs who are family medicine
specialists reported a higher level of self-confidence when
prescribing medications from both SGLT2ins and GLP-1
RAs groups, compared to other respondents, such as
family medicine residents or GPs without specialization.
Regarding SGLT2ins, factors shown to significantly influ-
ence GPs to be more confident when prescribing them
include a larger total number of insured people on the list
and a greater number of those with T2D. For GLP-1 RAs,
these factors include longer working experience and a
larger overall patient load. The finding that a greater num-
ber of individuals with T2D of advanced age (old 80 years
and over) under the care of particular GPs is likely to
reduce their confidence in prescribing both SGLT2ins and
GLP-1 RAs, indicates that GPs do not stay well with the
safety profiles of these medications, specifically for vul-
nerable patient groups such as the elderly of very old age.
This concern is expected to be resolved with the results of
real-life studies currently underway [46, 48, 49].

Based on the bivariate logistic regression analysis,
many factors can influence the GPs' level of confidence
in prescribing new antidiabetic medications, but with
varying strength. The factors that contribute most to the
GPs' low-level confidence for both SGLT2ins and GLP-1
RAs are those associated with the lack of knowledge of
the content of the EASD/ADA guidelines, and those
that refer to the quality of the guidelines to support their
decision-making, meaning that the recommendations
in the guidelines make the decisions harder, rather than
easier. This especially refers to the need to apply a dual
aim of treatment to the same individual, and the lack of
clear recommendations on how to approach every indi-
vidual with T2D. In addition, the need to compare dif-
ferent treatment options depending on the clinical and
social context of a particular individual with T2D greatly
complicates decision-making. For these reasons, the rec-
ommendations from the guidelines the surveyed GPs
assumed helpful in some cases, but not in others. Alter-
natively, unfamiliarity with the guidelines made GPs
rather indifferent toward their helpfulness.

This problem —— designing a person-centered treat-
ment for individuals with T2D who are characterized by
extreme complexity, has been supposed to be a major
barrier to the optimal uptake of new antidiabetic medi-
cations [20, 47, 49]. However, in-depth studies, explor-
ing the attitudes of the prescribers, notably GPs, have
not yet been performed. Such studies, however, allow-
ing researchers to learn more about the wider context of
the problem under investigation, would be essential for
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designing effective interventions. Since the developers
of the guidelines are usually clinical experts — this study,
by providing a view on this issue that reflects the typi-
cal GPs' way of thinking — may have a significant impact
on future guidelines designing and as a facilitator of in-
depth research. Within the same context of knowledge
about the guidelines, our results highlight familiarity
with SGLT2ins' and GLP-1 RAs" side effects and indica-
tions for their prescription as factors that can reduce the
GPs' low confidence in prescribing these medications.

These results highlight the necessity for ongoing educa-
tion for GPs and the adjustment of guidelines to better
align with their practical needs, as previously indicated
in the literature. These methods are essential for enhanc-
ing guidelines adherence among GPs [28]. Providing
case studies and clinical examples in the guidelines
could make recommendations clearer in terms of how
to use these medications in specific situations. Based
on our results, educative activities should target espe-
cially younger GPs, with little working experience, and
non-specialists, as well as those with small-sized prac-
tices, and with a low number of individuals with T2D
under their care. Another measure to improve guidelines
to better fit real-life situations would be by intensifying
research in terms of conducting "post-hoc" analyses tar-
geting narrower, well-defined patient subgroups. Such
studies could help justify treatment indications and iden-
tify adverse reactions tailored to specific patient groups
[25]. The need for better CV risk communication with
individuals with T2D and shared decisions about phar-
macological treatments are also emphasized in this study
as factors that can reduce the low confidence of GPs in
prescribing these medications. This factor is well-known
from the previous studies about T1I [10]. There is a hope
that the emerging digital technology could provide new
means of communication of GPs with both specialists
and patients [50].

The multivariate models further narrowed the number
of factors associated with the low GPs" confidence in pre-
scribing GLP-1 RAs and SGLT2ins. If GPs were allowed
to independently prescribe GLP-1 RAs—familiarity with
their safety profile was shown to be a unique factor that
could strongly reduce the GPs" low confidence when pre-
scribing them. This point reflects a concern of GPs on
how to handle this group of medications and suggests a
need for knowledge improvement about the risk—ben-
efit profile of these medications. An effective way would
be the possibility of learning from real-life examples,
including various clinical contexts and different target
groups [46]. This GPs'concern might have been ampli-
fied in their perception as an “unknown threat’, beyond
the real risk level, due to their lack of personal experi-
ence in handling these medications, as they do not take
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full responsibility for their prescription. However, this
simplified probability model is likely to inspire initiatives
to explore new theories regarding the causes of inertia in
prescribing GLP-1 RAs. In this regard, this model was
shown to explain only 30% of the variance of the GPs’
low confidence in prescribing GLP-1 RAs.

A somewhat different situation is with SGLT?2ins, for
which GPs in Croatia got permission for their independ-
ent prescription shortly before the start of this study so
that they could have changed for a little their perception
about the circumstances in which to indicate them. Simi-
larly, as with GLP-1 RAs, they highly value knowledge
about the safety profile of SGLT2ins as a factor in reduc-
ing their low confidence in prescribing these medications.
At first glance paradoxically, however, it is their feeling
that the familiarity with GLP-1 RAs" side effects con-
tributes to their low confidence in prescribing SGLT2ins.
This perception becomes yet reasonable when taking
into account that GLP-1 RAs and SGLT2ins share some
common indication fields for individuals with T2D and
complement each other in indications such as low renal
function and old age of over 75 years [48, 51]. This lack
of clarity in a division between indications of these two
types of medications becomes even more pronounced
in situations of an insufficient experience of GPs in han-
dling these medications, as emphasized in this study. This
especially applies to GLP-1 RAs, for their broader range of
indications, and for which GPs in Croatia need to ask per-
mission for their prescription from the specialists, which
ultimately hinders their opportunity to gain personal
experience in handling them. It is even more so when
these uncertainties are put within the context of older age
of individuals with T2D, as is the characteristic of the tar-
get cohort in this study. In this term, our results support
the opinion that economic reasons should not justify the
restrictive prescribing policy of GLP-1 RAs and that hold-
ing the medical indications is the most important factor
in optimizing their prescription. In this context, introduc-
ing health policy providers to pharmacoeconomic analy-
ses is likely to be crucial [43, 52].

Close to the above discussion is an explanation for two
other statements that were demonstrated in the multi-
variate model of SGLT2ins. They relate to the inability
of the guidelines to translate the requirement for achiev-
ing a dual aim, including both the glycemic target and
beneficial CV outcomes, in high-risk individuals with
T2D, to the full-spectrum diversity of the real-life situa-
tions that GPs face daily. Intensifying training for GPs in
the guidelines’ recommendations, including learning on
real-life cases, or allowing GPs easy access to resources
that can help support their decision-making in con-
crete situations, are likely to mitigate their concerns
[46, 53]. There are opinions from previous studies that
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implementation of the guidelines in a primary care set-
ting should be a part of a broader knowledge translation
process, which should include the development of prac-
tical pathways and protocols [54, 55]. The development
of the guidelines that are intended to be used specifically
in primary care, could also be an option. To support this
knowledge translation strategy, there are suggestions to
establish an ongoing monitoring programme of the effi-
cacy and safety of these medications, alongside the side
effect registry.

Conclusions

Results were presented from a comprehensive online
survey performed among GPs in Croatia aimed at get-
ting insights into the barriers to prescribing new anti-
diabetic medications with proven CV/renal benefits. We
explored factors influencing GPs' decision-making based
on their self-confidence levels, which allowed a perspec-
tive on this problem from the point of view of GPs. The
obtained results are very instructive and can be used
to inform mitigation strategies and strengthen prac-
tice. There is a need to intensify the educational activi-
ties among GPs, particularly for those with less working
experience, non-specialists, and with a small number of
people under care. Streamlined authorization for GLP-1
RAs or full abolition of prescribing restriction would
allow GPs to get more personal insights into the risk-
effect characteristics of these medications, which could
have implications on enhancing the GPs® confidence in
prescribing both GLP-1 RAs and SGLT2ins. In addition,
strengthening inter-professional collaboration with spe-
cialist endocrinologists and cardiologists through more
direct communication channels (face-to-face meetings,
telephone or digital communication) could reduce the
GPs' uncertainty in prescribing these medications and
ultimately lead to an increase in their prescribing rates.
Striving toward better communication with patients
could be also helpful in empowering GPs in their deci-
sion-making about pharmacological treatment. One of
the measures in the strategy to improve care for indi-
viduals with T2D, as indirectly suggested by our results,
would be to maintain a systematic record of the data
necessary for T2D surveillance. Finally, the results of this
study encourage guideline developers and policymakers
to pay more attention to aligning the recommendations
with the working style of GPs.

Limitations

This study has several limitations. It included a smaller
number of participants than estimated, which might
have caused an overestimation of the effect size in dif-
ferences and regression analyses. In addition, the partic-
ipant selection procedure only partially aligned with the
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rules of randomization, which might have had an impact
on the variable selection in the regression models. Yet,
logistic regression models do not require the principles
of linear regression models, and randomization does
not justify the assumptions behind the model. Also alle-
viating circumstances are that the sample is rather rep-
resentative of the population of GPs in Croatia and that
participating GPs in the study are all exposed to similar
education processes and all employ similar strategies in
managing T2D. Another limitation is that respondent
GPs sought the numerical data in their e-health records
by themselves or according to personal assessment,
which might have affected the data accuracy.
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