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1 | INTRODUCTION

The principal goal of disease management in type 2 diabetes is the
prevention or delay of microvascular and macrovascular complications
through the achievement of good glycaemic control and comprehen-
sive management of cardiovascular risk factors.® In 1999, it was
shown that individualized, intensified multifactorial prevention is
central in the management of type 2 diabetes.? Later, after 21 years
of follow-up, the Steno-2 study showed a median of 7.9 years of gain
of life, and that this increase in lifespan was matched by time free
from incident cardiovascular disease.®

At the beginning of the 2000s, metformin became the preferred
first-line therapy for type 2 diabetes, unless contraindicated or poorly
tolerated, and, thereafter, a sulphonylurea (SU) and/or insulin was
usually added. This ‘glucocentric’ approach to diabetes care with
stepwise treatment intensification to reduce HbA1c levels led to a sig-
nificant decrease in microvascular complications. However, people
with type 2 diabetes still suffer from premature death, mainly because
of cardiovascular disease and chronic kidney disease.*” During the
last decades, new glucose-lowering drug classes, including dipeptidyl
peptidase-4 inhibitors (DPP-4is), glucagon-like peptide-1 receptor
agonists (GLP-1RAs) and most recently sodium-glucose co-trans-
porter-2 inhibitors (SGLT-2is), have become central in the treatment
of type 2 diabetes. In addition to their effective glucose-lowering
properties, these drugs have a very low risk of hypoglycaemia.2 Fur-
thermore, since 2015, results from large cardiovascular outcomes tri-
als have proven that GLP-1RAs and SGLT-2is provide cardiorenal
benefits in people with type 2 diabetes and high cardiovascular risk
independently of glycaemic control.! This has led to marked changes
in recommendations, shifting the treatment paradigm in diabetes care,
beyond a glucocentric approach to incorporate co-morbidities in
treatment recommendations.”!® As an example, the most recent
American Diabetes Association/European Association for the Study
of Diabetes adaptation emphasizes incorporation of therapy rather
than sequential add-on, which may require adjustment of current
therapies, and that the therapeutic regimen should be tailored to co-
morbidities, patient-centred treatment factors and management
needs.'* However, several studies have shown that a substantial pro-
portion of eligible high-risk individuals are still not receiving cardiovas-
cular beneficial therapies, but only therapies such as SUs, insulin and
DPP-4is.>1214

In many countries including Denmark, most people with type
2 diabetes are followed in primary care (> 80% are treated in general
practice in Denmark), whereas individuals with significant complica-
tions to diabetes or complex type 2 diabetes disease are often treated
by diabetes specialists or other specialist physicians, typically in col-
laboration with general practice.’®> The increasing number of type
2 diabetes treatment modalities and frequent multimorbidity in type
2 diabetes poses a huge challenge for all involved healthcare person-
nel across healthcare systems. Hence, monitoring the shifting time
trends in glucose-lowering drug use and prescriber responsibility by
taking advantage of population-based drug prescription data may sup-
port implementation of updated guidelines. However, complete pre-
scription data from both primary and secondary care settings covering

nationwide type 2 diabetes populations over many years are rare.
Therefore, we conducted a Danish nationwide drug utilization study,
using unique observational data from national registries from 2005
until 2021. We aimed to evaluate the patterns for glucose-lowering
drug use and prescribing physicians among new users of non-insulin,

glucose-lowering drugs.

2 | MATERIALS AND METHODS

2.1 | Cohortidentification and data sources

The main data source for the study was the Danish National Prescrip-
tion Registry,’® which contains data on all prescription drugs dis-
pensed at community pharmacies to Danish citizens since 1995. The
data include the type of drug, date of dispensing and quantity. Drugs
are categorized according to the Anatomic Therapeutic Chemical
(ATC) index, a hierarchical classification system developed by the
World Health Organization (WHO), and the quantity dispensed for
each prescription is given by the number and strength of the pharma-
ceutical entities (e.g. tablets), as well as the defined daily doses
(DDDs). From the Prescription Registry, we identified all adult (aged
> 18 years) individuals filling a first prescription for a non-insulin,
glucose-lowering drug from 2005 to 2021. For this cohort of drug ini-
tiators, we identified all initial and subsequent filled prescriptions for
all glucose-lowering drugs (including insulin). Both for the identifica-
tion of the cohort and their subsequent use of glucose-lowering drugs,
prescriptions for GLP-1RAs marketed with the indication of weight-
loss therapy (liraglutide 3.0 mg once daily) were disregarded. Glucose-
lowering drugs were classified as metformin, SUs, DPP-4is, GLP-1RAs,
SGLT-2is, insulins and other (glinides, thiazolidinediones and acar-
bose). In all analyses, prescriptions for combination treatment were
split into individual components. Drugs were identified and catego-
rized according to the ATC index and drug volume was expressed in
DDDs, a technical unit of measurement defined by the WHO as ‘the
assumed average maintenance dose per day for a drug used for its
main indication in adults’.!” All the ATC codes used are detailed in
Table S1.

2.2 | Analyses
To describe the dynamics of the overall cohort of Danish adult indi-
viduals using drugs that are used to treat type 2 diabetes in Denmark,
we calculated the annual rate of new users of (any) non-insulin,
glucose-lowering drug (i.e. incidence rate) among the total adult popu-
lation. Here, new use was defined as the first ever prescription (going
back to 1995) for any non-insulin, glucose-lowering drug. Further, we
described the proportion of the total adult population in each quarter
who used at least one glucose-lowering drug (i.e. prevalence propor-
tion). Both these measures were estimated overall and by age cate-
gory (18-39, 40-59, 60-79 and = 80 years).

To quantify the total use of glucose-lowering drugs used for type
2 diabetes in Denmark, we estimated the total quarterly amount of
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individual glucose-lowering drug classes filled, measured in DDDs.
Further, to describe changes in intensity of treatment, we grouped
users by how many different glucose-lowering drugs they used in a
given quarter (1, 2, 3 and 2 4) and described the most common single
and combined treatment regimens over time.

Finally, to describe the changes in prescriber types responsible
for glucose-lowering drug treatment in Denmark, we quantified the
proportion of all glucose-lowering drugs issued by general practi-
tioners, hospital specialists and other prescribers (including dentists
and private practising specialists) over the study period. We did this
overall, for the individual glucose-lowering drug classes, and by
whether a given prescription marked treatment initiation (first ever
prescription for that drug class for that given patient) or continued
treatment (all other prescriptions).

Analyses were performed using Stata Release 17.0 (StataCorp,
College Station, TX).

2.3 | Approvals and ethics

According to Danish law, studies based solely on register data do not
require approval from an ethics review board.'® The data underlying
this study are available from the Danish Health Data Authority.
Restrictions apply to the availability of these data, which were used
under license for this study.

3 | RESULTS

We identified 441 205 unique individuals initiating at least one non-
insulin, glucose-lowering drug from 2005 to 2021, filling a total of
29 750 498 prescriptions for glucose-lowering drugs, most commonly
metformin (53%), insulins (19%) and SUs (12%).

The rate of new glucose-lowering drug use increased from 2005
(3.9/1000 person-years among all Danish adults) until 2011
(6.1/1000), after which it decreased to a stable level from 2013 to
2019 (3.6-4.1/1000) and finally increased considerably during
2020-2021 (7.3/1000 in 2021). When stratifying by age categories
(Figure 1A), the rate of new glucose-lowering drug use was generally
highest among 60- to 79-year-old individuals compared with both
older and younger age groups. During the last decade, rates across
age categories from 40 through 80+ years or older ranged from 3.7
to 7.0 per 1000 persons from 2013 to 2019, with a very similar
increase during 2020-2021 observed for these age groups (range
8.5-11 per 1000 person-years in 2021). Conversely, individuals aged
18 to 39 years had a lower rate of 1.3 to 1.5 per 1000 person-years
from 2013 to 2019, although they also showed a distinct increase in
2021 (2.7 per 1000 person-years).

The total prevalence proportion of all Danish adults using
glucose-lowering drugs (with a history of initial non-insulin use)
increased steadily throughout the study period, from 2.1% in 2005 to
5.0% in 2021. When stratifying by age groups (Figure 1B), there were
0.58% of users among those aged 18 to 39 years in the last quarter of
2021, and 4.0% of users among those aged 40 to 59 years. Among

older people, 10% and 11% of those aged 60-79 and 80 years or older
used glucose-lowering drugs by 2021, respectively, both up from
5.0% in 2005.

The recent increase in the incidence rate of new users was seen
among both general practitioners and hospital prescribers, although
the relative increase was largest for hospital prescribers (Figure 2, top
panels). Further, it was found that the dominant first-line treatment
among both general practitioners and hospital prescribers was metfor-
min throughout the study period, although this changed in 2021,
when GLP-1RAs constituted 20% of first-line treatment among gen-
eral practitioners and SGLT-2is comprised 59% of first-line treatment
among hospital prescribers (Figure 2, bottom panels). Accordingly,
when excluding all incident users filling either SGLT-2is or GLP-1RAs
as first-line treatment, the increase in new glucose-lowering drug use
during 2020-2021 (Figure 1) was markedly attenuated, although an
increase was still present (Figure S1). In a post hoc analysis, we char-
acterized initiators starting SGLT-2is and GLP-1RAs, and for compari-
son metformin, from 2019 to 2021, by obtaining their complete
hospital contact history through linkage with the Danish National
Patient Registry.!? We saw a marked shift towards initiators of SGLT-
2is more often having received a hospital diagnosis of heart failure
(75% in 2021 vs. 16% in 2019) and other markers of pre-existing heart
disease (Table S1). Concurrently, initiators of GLP-1RAs showed a
decline in the proportion with a previous hospital diagnosis of diabe-
tes, and a decline (rather than an increase) in markers of cardiovascu-
lar co-morbidity (Table S1).

The most used drug classes (Figure 3) changed during the study
period, from SUs comprising 51% of all glucose-lowering drugs used
in the first quarter of 2005, decreasing to 3.6% in the last quarter of
2021, whereas metformin increased in the corresponding period from
30% to 39%. Since 2015, the use of in particular GLP-1RAs and
SGLT-2is increased markedly, and by the last quarter of 2021, insulins
comprised 17% of all glucose-lowering drugs, followed by SGLT-2is
(17%), GLP-1RAs (16%) and DPP-4is (7.5%). During the same period,
marked changes were seen in the distribution of individual GLP-1RA
and SGLT-2i drugs filled by new users of these drug classes. Thus, lira-
glutide initiation was being substituted by semaglutide initiation dur-
ing 2018-2021. At the same time, dapagliflozin initiation was
gradually substituted by empagliflozin initiation since 2015, although
this trend was seemingly reversed during the last 2 to 3 years, in par-
ticular among hospital prescribers (Figure S2).

Among individual users, the majority used glucose-lowering drug
monotherapy (56% in 2021, down from 63% in 2005) and dual ther-
apy (28% in 2021, down from 35% in 2005), while the proportion
using three or four different drug classes increased from virtually none
(2.2% and 0.043%) in 2005, to 13% and 2.8% in 2021, respectively
(Figure 4). The proportion of new (incident) initiation of combination
therapy with both metformin and another glucose-lowering drug class
upon initiating treatment was generally low and only increased slightly
during the study period (3.4% in 2010 to 4.3% in 2021). The diversity
of glucose-lowering therapy increased considerably over time, with
15 different treatments, each covering at least 1% of users in the final
quarter of 2021 (Figure 5), an increase from 10 in 2015, nine in 2010
and five in 2005 (Figure S3). Monotherapy with metformin was the
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The annual rate of new users of glucose-lowering drugs (A, Incidence rate) and the total proportion of individuals using glucose-

lowering drugs (B, Quarterly prevalence proportion) in Denmark during 2005-2021 and specified by age group
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FIGURE 2 The annual rate of new users of glucose-lowering drugs during 2005-2021 (top panels) and the corresponding distribution of first-line
treatments (bottom panels) specified by whether treatment was initiated by a general practitioner or a hospital physician. DPP-4i, dipeptidyl peptidase-4
inhibitor; GLP-1RA, glucagon-like peptide-1 receptor agonist; SGLT-2i, sodium-glucose co-transporter-2 inhibitor; SU, sulphonylurea
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FIGURE 3 The total quarterly amount of
individual glucose-lowering drug classes filled
(in DDDs) among adult Danes during
2005-2021, specified by individual glucose-
lowering drug classes. DDDs, defined daily
doses; DPP-4i, dipeptidyl peptidase-4 inhibitor;
GLP-1RA, glucagon-like peptide-1 receptor
agonist; SGLT-2i, sodium-glucose co-
transporter-2 inhibitor; SU, sulphonylurea
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FIGURE 4 The quarterly number of adult Danish users of glucose-lowering drugs during 2005-2021, specified by how many different

glucose-lowering drug classes they filled in that given quarter

most common treatment regimen (38% of all users by the end of
2021; Figure 5), followed by metformin combined with a GLP-1RA
(7.0%), metformin combined with a SGLT-2i (6.9%), GLP-1RA mono-
therapy (6.7%) and insulin monotherapy (5.3%). Overall, 76% of all
users used a combination involving metformin in the last quarter
of 2021.

Throughout the study period, most glucose-lowering drugs were
prescribed by general practitioners (88% in 2021; Figure 6, top panel).
The proportion prescribed by hospital specialists decreased from 12%
in 2005 to 7.7% in 2013, then increased to 12% in 2021. Only

considering prescriptions issued by general practitioners (Figure 6,
bottom left panel), the most common medications were metformin
(42% of all prescriptions filled in the last quarter of 2021), followed by
SGLT-2is (16%), GLP-1RAs (16%), insulin (14%) and DPP-4is (8.1%).
Similarly, the most commonly filled medications issued by hospital
physicians (Figure 6, bottom right panel) were insulin (36%), SGLT-2is
(23%), GLP-1RAs (19%), metformin (15%) and DPP-4is (3.7%). The
proportions of all prescriptions filled that were issued by general prac-
titioners and hospital specialists were largely similar across all individ-
ual drug classes (Figure S4), although with slightly higher proportions
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FIGURE 6 The total quarterly number of glucose-lowering drugs filled (in DDDs) among adult Danes during 2005-2021, specified by whether
the prescription was issued by a GP or hospital physician (top panel), as well as by drug classes among all prescriptions issued by GPs (bottom left
panel) and hospital physicians (bottom right panel). DDDs, defined daily doses; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA, glucagon-like
peptide-1 receptor agonist; GP, general practitioner; SGLT-2i, sodium-glucose co-transporter-2 inhibitor; SU, sulphonylurea
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prescribed by hospital specialists for insulin (25% in 2021), SGLT-2is
(16%) and GLP-1RAs (14%) compared with metformin, DPP-4is and
SU (4.5%-6.9% in 2021).

4 | DISCUSSION

In this nationwide, population-based study we provide detailed utiliza-
tion data on drugs used to treat people with type 2 diabetes, an increas-
ingly common treatment now used by 5% of the entire adult Danish
population. We observed dramatically changed patterns in the use of
glucose-lowering drugs. The rate of new users of non-insulin, glucose-
lowering drugs increased until 2011, decreased to a stable level from
2013 to 2019, but then increased substantially again during
2020-2021. Metformin comprised most of all glucose-lowering drug
consumption in 2021, but the intensity and diversity of therapies
increased substantially over time. General practitioners prescribed 88%
of all glucose-lowering drugs in 2021. First-line treatment among both
general practitioners and hospital prescribers was metformin through-
out the study period. Interestingly, this changed in 2021, when GLP-
1RAs increased to constitute 20% of all first-line glucose-lowering treat-
ment among general practitioners and SGLT-2is increased to comprise
59% of first-line treatment among hospital prescribers. Changing user
characteristics suggested increasing use for other indications than type
2 diabetes, notably heart failure for SGLT-2i initiators.

The strengths of our analysis include the population-based
setting with uniform access to healthcare, complete registration of
high-quality prescription data through community pharmacies, and
complete follow-up until death or emigration for an entire
nation.?® This reduced the selection biases often seen in other
studies stemming from selective inclusion of, for example, specific
hospitals, health insurance systems or age groups. We were able to
provide both a long prescription data history® and fully updated
data through 2021, with validated data on prescriber type.?!

Several limitations should be considered when interpreting our
findings. First and foremost, complete information on the medical
indication for prescribing a given glucose-lowering drug was not
available. Unfortunately, Danish registries do not include diagno-
ses made in primary care, only hospital contact diagnoses. Thus,
we were not able to distinguish whether, for example, metformin
was always prescribed for type 2 diabetes therapy or for treatment
of women with polycystic ovarian syndrome in some cases, or if
some GLP-1RA users possibly used their medication primarily for
weight-loss purposes. Therefore, although we did exclude a
GLP-1RA specifically marketed with the indication of weight-loss
therapy (liraglutide 3.0 mg once daily), we know from clinical expe-
rience in Denmark that, in particular, the GLP-1RA semaglutide
(once-weekly injection) is to some extent also being used for
weight loss as a primary target, both in people with and without
type 2 diabetes. This may partly explain the large increase in their
first-line use during 2020-2021. Also, several SGLT-2is by now
have been approved for treating heart failure and chronic kidney
disease in people with and without diabetes.®?22% Although
approval of SGLT-2is for heart failure without diabetes only

happened in 2021, trial results have been promising since the end
of 2019,%% and cardiologists may well have started to also use
these drugs for non-diabetic heart failure during 2020. The crude
number of first-line SGLT-2i initiators in 2021 (more than 7000,
compared with an expected total type 2 diabetes incidence of less
than 20 000 annually in Denmark, of whom less than 10% would
have heart failure already at type 2 diabetes diagnosis2%), suggests
that the majority of SGLT-2i initiators in 2021 did not have diabe-
tes. Second, we had no means of assessing changing trends in peo-
ple with type 2 diabetes exclusively treated with changes in diet
and lifestyle. As mentioned above, glucose-lowering drug utiliza-
tion trends in type 2 diabetes could thus be affected by changes in
clinicians' decisions about whether or when to initiate pharmaco-
logical therapy. Third, the COVID-19 pandemic in Denmark from
March 2020 onwards may have affected the uptake of glucose-
lowering drugs, although we did not observe any decrease in inci-
dence, but rather an increase in incidence, during 2020-2021.

Glucose-lowering drug treatment patterns vary between coun-
tries, and our findings may not apply to glucose-lowering drug utiliza-
tion trends in other countries. However, similar trends with increases
in overall treatment intensity, general decreases in the use of SU, and
at least modest increases in the use of GLP-1RAs and SGLT-2is, have
recently been reported from several countries, including the United
States,?> Canada,?® Europe?” and Asia.?® Most of these studies were
based on drug utilization data up to 2019 or 2020 as the most recent
years, hampering comparison with the substantial changes in drug uti-
lization that we observed in 2021 in Denmark.

The increasing prevalence of people using glucose-lowering drugs
associated with initial non-insulin therapy probably reflects a combi-
nation of (a) an increasing population risk of type 2 diabetes over the
last 30 years because of population ageing and increasingly sedentary
lifestyles and high-calorie diets leading to increased obesity rates;
(b) an increasing focus on type 2 diabetes therapeutic intervention
with less ‘watchful waiting’ and more drug treatment when type 2 dia-
betes is diagnosed; and (c) a longer life expectancy with type 2 diabe-
tes because of earlier and better treatment and prevention. All three
factors lead to increased population prevalence of drug-treated type
2 diabetes. A stagnating or declining incidence of new type 2 diabetes
beginning approximately 10 years ago has been reported in other
parts of the world.??3* It is possibly related to a combination of (a) a
potentially less steep increase in obesity curves and thus ‘truly’ fewer
new type 2 diabetes cases during the 2010s; (b) compensatory
declines in the incidence of new type 2 diabetes after a period during
the 2000s when the fasting glucose threshold for diabetes had been
lowered and when high screening and early detection and treatment
activity were promoted by diabetes associations (lead time bias with
‘attrition of susceptibles’); and (c) a shift to HbA1c testing as a conve-
nient and overwhelmingly used diagnostic option around 2011, essen-
tially removing people with type 2 diabetes with normal or prediabetic
HbA1c values thereafter from the incidence pool, that is, individuals
who would previously have been diagnosed by fasting plasma glucose
or oral glucose tolerance testing.>*

In accordance with the increasing number of different glucose-
lowering drug options and newer guidelines recommending
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individually tailored therapy®®>—often with a recommended combina-
tion of drugs to achieve the tightest possible glycaemic control with-
out hypoglycaemia, body weight gain and adverse effects—we
observed an increase in users of the newer glucose-lowering drugs,
and an increase both in the diversity of regimens and the average
number of glucose-lowering drugs used per patient. The total number
of insulin users steadily increased, probably primarily caused by
increased information given to healthcare providers on the impor-
tance of targeting lower HbA1lc levels to avoid diabetes complica-
tions, but also that more modern, more stable long-acting insulins
enable individuals to achieve lower HbAlc levels without experienc-
ing hypoglycaemia. These changes agree with evolving treatment poli-
cies and guideline changes in Denmark, especially with regard to the
newer drug classes, SGLT-2is and GLP-1RAs.%?

Since 2015, several cardiovascular outcome trials including thou-
sands of individuals treated for years have shown that GLP-1RAs and
SGLT-2is have organ-protective effects beyond being glucose-lowering,
that is, reducing cardiovascular and renal complications. These studies
have led to changes of Danish and international clinical guidelines on
type 2 diabetes management.11*> Consequently, the number of users
of these newer organ-protective, glucose-lowering drugs increased
markedly during 2020-2021. However, based on known prevalences of
cardiovascular disease and chronic kidney disease in people with type
2 diabetes,>'?"'* data indicate that there are still many individuals who
do not receive effective, adequate, modern and individualized treat-
ment. The vast majority of people with type 2 diabetes are treated in
general practice, which is in line with Danish recommendations. Inter-
estingly, for newer glucose-lowering drugs such as SGLT-2is and GLP-
1RAs, it appears that prescribing moved somewhat in the period after
marketing: from initially being prescribed mostly by hospital-based phy-
sicians, 2021 data clearly illustrate a significant shift towards GLP-1RAs
and SGLT-2is increasingly also being used by general practitioners and
even as first-line therapies before metformin. However, the increasing
number of new glucose-lowering drugs, the complexity of and individu-
alizing of treatment, calls for initiatives on rapid development of new
strategies to ensure continuous up-to-date type 2 diabetes treatment.
A prerequisite for this is frequent monitoring of type 2 diabetes treat-
ment patterns across the healthcare system.

The rapidly increasing number of available treatment modalities
for type 2 diabetes, the substantial number of people with type 2 dia-
betes who have the potential for optimized preventive treatment, as
well as the vast majority of people with type 2 diabetes currently
being treated in primary care, together call for novel interventions to
support clinicians across the healthcare system in ensuring optimized
and individualized treatment of type 2 diabetes. Frequent analyses of
prescription patterns comprising both primary and secondary health-
care and time trends on a regular basis should feed into the ongoing
process of ensuring modern therapy for people with type 2 diabetes
at all times.
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