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ABSTRACT

Introduction: As new glucagon-like peptide 1
receptor agonist (GLP-1 RA) formulations are
available, the aim of this study was to under-
stand dulaglutide and subcutaneous (s.c.)
semaglutide dosing patterns in people with type
2 diabetes mellitus (T2DM) in the UK and Ger-
many as well as oral semaglutide in the UK.
Methods: Adults with evidence of T2DM and a
prescription of dulaglutide or semaglutide
between August 2020 and December 2021 were
identified using the IQVIA Longitudinal Pre-
scription Data (LRx). Patients were divided into
cohort 1 (incident users) and cohort 2 (preva-
lent users) based on previous exposure to GLP-1

RAs and were followed up to 12 months post-
index.
Results: During the patient selection window
in Germany and the UK, 368,320 and 123,548
patients respectively received at least one pre-
scription of a study GLP-1 RA. Among dulaglu-
tide users in Germany at 12 months post-index,
the 1.5-mg dosage formulation was the most
common for both cohort 1 (65.6%) and 2
(71.2%). Among s.c. semaglutide users at
12 months post-index, 39.2% and 58.4% of
cohort 1 received 0.5 mg and 1.0 mg, respec-
tively. In the UK, at 12 months post-index, the
most common dulaglutide dosage formulation
was 1.5 mg (71.7% cohort 1 and 80.9% cohort
2). Among s.c. semaglutide users at 12 months
post-index, 0.5- and 1.0-mg formulations were
the most common for both cohort 1 (38.9% and
56.0%, respectively) and cohort 2 (29.5% and
67.1%, respectively). Prescribing of the more
recently introduced 3.0- and 4.5-mg formula-
tions for dulaglutide and oral semaglutide was
also reported in the study.
Conclusion: Dosing patterns of GLP-1 RAs,
although similar between the UK and Germany,
were heterogeneous over time. Given that the
higher dulaglutide doses and oral semaglutide
were recently introduced to the market, addi-
tional real-world evidence studies which
include clinical outcomes is required.
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Key Summary Points

Type 2 diabetes mellitus (T2DM) is a
complex and progressive metabolic
disease; therefore, an individualized
treatment approach is recommended

As new glucagon-like peptide 1 receptor
agonist (GLP-1 RA) formulations are
available, the overall aim of this study was
to understand dulaglutide and
subcutaneous semaglutide prescribing
patterns in people with T2DM in the UK
and Germany as well as oral semaglutide
in the UK

Dosing patterns of GLP-1 RAs, although
similar between the UK and Germany,
were heterogeneous over time. Co-
occurring diabetes medications varied in
both number and type, and there were
some notable differences between the two
countries. These prescribing patterns
could indicate that treatments are tailored
to patient’s needs

This study provides real-world evidence
(RWE) of current GLP-1 RA dose
distributions in Germany and the UK but
given that higher dulaglutide doses were
recently introduced to the market in
Germany and the UK, as well as oral
semaglutide in the UK, additional RWE
including clinical outcomes is needed

DIGITAL FEATURES

This article is published with digital features,
including an infographic to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.22717597.

INTRODUCTION

In 2021, the prevalence of diabetes in adults
aged 20–79 was estimated at 10.0% in Germany
and at 8.2% in the UK [1]. Type 2 diabetes
mellitus (T2DM) is a complex and progressive
metabolic disease which increases cardiovascu-
lar risk, including coronary, peripheral, and
carotid artery disease. In addition, prolonged
hyperglycemia can lead to irreversible compli-
cations such as diabetic retinopathy,
nephropathy, and neuropathy[2].

In Germany, the German Diabetes Society
(DDG) and the German Society of Internal
Medicine (DGIM), and in the UK, the National
Institute for Health and Care Excellence (NICE),
recommend an individualized approach to
T2DM care [3, 4]. The details of these guidelines
are presented in the Supplementary Material,
Table S1.

In the UK, the initiation of an
injectable medication such as basal insulin or
GLP-1 RA is recommended as third- or fourth-
line therapy for patients with T2DM, respec-
tively, in delay compared to Germany [3, 4].

Dulaglutide [5–7], subcutaneous (s.c.)
semaglutide [8–10], and oral semaglutide
[11, 12] are among the GLP-1 RAs approved by
the European Medicines Agency, but at the time
of the study, oral semaglutide was not available
in Germany. The characteristics of these three
medications are summarized in Supplementary
Material, Table S2.

In Germany, dulaglutide package sizes 4 and
12 are sold at 103.43€ and 287.72€ [13],
respectively, while semaglutide package size 1
costs 80.86€ and size 3 costs 220.03€ [14]. These
costs are covered by the statutory health insur-
ance (SHI).

In the UK, the NHS indicative price for any
dulaglutide dosage size 4 is £73.25 [15], for any
oral semaglutide size 30 is £78.48 [16], and for
any s.c. semaglutide dosage size 1 is £73.25 [16].
Given the limitation or lack of data on the real-
world use of the above-mentioned medications,
the overall aim of this study was to understand
dulaglutide and s.c. semaglutide prescribing
patterns in people with T2DM in the UK and
Germany, as well as oral semaglutide in the UK.
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METHODS

Study Design and Data Source

This retrospective cohort study identified adults
with evidence of T2DM and a recorded pre-
scription of dulaglutide or semaglutide using
the IQVIA Longitudinal Prescription Data (LRx)
for Germany and the UK.

IQVIA LRx data receive approximately 4 bil-
lion prescription claims per year [17], which
includes approximately 80.0% of all prescrip-
tions reimbursed by SHI funds in Germany and
covers approximately 64.0% of all dispensations
made in the UK.

The LRx Germany contains information
from nationwide pharmacy data centers which
process prescription data of German SHI
patients. Diagnosis information is not captured
but may be inferred based on treatments
received. Data are generally entered at the point
of sale by retail pharmacies, and dispensed
medications are logged using a unique patient
identifier. Data are uploaded from sites to a
vendor where all data are collated and pseudo-
nymized to ensure patient information is
unidentifiable according to data privacy laws.

The LRx UK is a patient dispensation dataset,
based on retail pharmacy data, which enables

longitudinal tracking of patient prescription
activity. Dispensed medications are logged
using a pharmacy-level unique patient identi-
fier, and a new identifier is assigned if the
patient switches pharmacies.

Within both the LRx Germany and LRx UK,
data collected include year of birth (Germany)
or age group (UK), gender, geographic infor-
mation in addition to information on co-pre-
scribing and new, switch, and repeat
dispensations. For each dispensation, details
such as date, strength, pack size, and number of
packages are also captured. Diagnosis informa-
tion is not captured but may be inferred based
on treatments received.

The authors had permission to access and
use the data from both the IQVIA LRx data-
bases, and ethical approval was not required for
secondary use of these data.

The study design is presented in Fig. 1. The
patient selection window spanned from 1
August 2020 to 31 December 2021 to include
the earliest market launch dates of the
dulaglutide higher doses and of oral semaglu-
tide (January 2021 and August 2020,
respectively).

The index date was defined as the first pre-
scription of dulaglutide, s.c. semaglutide, or oral
semaglutide registered during the patient
selection period. The index date for Cohort 1

Fig. 1 Study design
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(Incident GLP-1 RA Users) was the first pre-
scription of a GLP-1 RA of interest with a look-
back period of 6 months (please see Fig. 1). The
index date for Cohort 2 (Prevalent GLP-1 RA
Users) was the first prescription of a GLP-1 RA of
interest during the patient selection time win-
dow. There was no minimum follow-up, and
estimates were provided at pre-specified time
points of index and 3, 6, 9, and 12 months post-
index. Patients who had shorter follow-up only
contributed to the analysis at the time points
when they were under observation. End of
available follow-up was defined for each patient
as earliest of last date of prescription activity
(for any medication) in the database, the end of
study period, or switch from index medication.
Switching was defined as dispensation of a new
non-index (not used in the pre-index period or
the index date) GLP-1 RA or any other anti-di-
abetic agent within the period of 30 days prior
to or after discontinuation, i.e., discontinuation
date ± 30 days.

Furthermore, co-occurring medications pre-
scribed 4 months before and 4 months after the
index date were analyzed.

Variables

All variables used in the analysis are presented
in the Supplementary Material, Table S3.

Patient Population

Patients were deemed eligible for cohort 1
(Incident GLP-1 RA Users) if they met all the
following criteria: aged C 18 years at the start of
lookback period (defined as a minimum of
6 months pre-index of observation time); first
prescription for GLP-1 RA of interest (either as
monotherapy or part of a combined therapy)
during the patient selection window; minimum
of 6 months of prescription activity in the
lookback period; evidence of T2DM as indicated
by at least one oral anti-diabetic medication in
the lookback period (including index date).
Patients were excluded from cohort 1 if they
met any of the following criteria: prescription of
any GLP-1 RA during the lookback period;

unknown age; prescription of[ 1 GLP-1 RA at
first prescription.

Patients were included in cohort 2 (Prevalent
GLP-1 RA Users) if they met all the following
criteria: aged C 18 years at the start of lookback
period; treatment with GLP-1 RA medication in
the lookback period; dispensation of a GLP-1 RA
of interest during the selection window; mini-
mum of 6 months of prescription activity dur-
ing the lookback period. Patients were excluded
from cohort 2 if they met any of the following
criteria: first time being prescribed a GLP-1 RA,
defined as no dispensations for GLP-1 RAs prior
to index date; unknown age; prescription of[1
GLP-1 RA at first prescription.

Statistical Analyses

Descriptive analyses were conducted using
number and percentage for categorical vari-
ables, while mean and standard deviation (SD)
were used for continuous variables. Absolute
number and percentage of patients of dulaglu-
tide and s.c. semaglutide users at index and at 3,
6, 9 and 12 months post-index (stratified by
dosage formulations) for cohort 1, cohort 2, and
overall (cohort 1 and cohort 2) were calculated
in Germany and the UK. Results were not
pooled across countries.

In the UK, for oral semaglutide users, abso-
lute number and percentages of patients by
dosage formulation are provided at index and 3,
6, 9, and 12 months post-index. The data on
oral semaglutide have been presented as a single
cohort because of smaller numbers in cohort 2
(N = 4).

RESULTS

Germany

In Germany, 368,320 patients had at least one
dispensation of one of the study GLP-1 RAs
between 1 August 2020 and 31 December 2021.
Of those, 160,292 (43.5%) and 160,538 (43.6%)
were deemed eligible for cohort 1 (incident
users) and cohort 2 (prevalent users),
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Table 1 Baseline characteristics of dulaglutide and s.c. semaglutide patients in Germany, stratified by cohort

Patients, n (%) Cohort 1 (N = 160,292) Cohort 2 (N = 160,538)

Dulaglutide
84,735 (52.9)

S.c. semaglutide
75,557 (47.1)

Dulaglutide
109,453 (68.2)

S.c. semaglutide
51,085 (31.8)

Age (years)

Categorized, n (%)

18–29 651 (0.8) 801 (1.1) 443 (0.4) 411 (0.8)

30–39 3064 (3.6) 3365 (4.5) 2681 (2.4) 1839 (3.6)

40–49 8931 (10.5) 8929 (11.8) 9551 (8.7) 5754 (11.3)

50–64 36,886 (43.5) 34,836 (46.1) 48,073 (43.9) 24,527 (48.0)

C 65 35,203 (41.5) 27,626 (36.6) 48,705 (44.5) 18,554 (36.3)

Gender, n (%)

Female 34,495 (40.7) 31,325 (41.5) 48,061 (43.9) 22,688 (44.4)

Dosage formulation at first dispensation, n (%)

Dulaglutide

0.75 mg 41,787 (49.3) NA 12,512 (11.4) NA

1.5 mg 41,649 (49.1) NA 96,328 (88.0) NA

3.0 mg 1154 (1.4) NA 536 (0.5) NA

4.5 mg 145 (0.2) NA 77 (0.1) NA

S.c. semaglutide

0.25 mg NA 58,897 (78.0) NA 6194 (12.1)

0.5 mg NA 11,779 (15.6) NA 23,949 (46.9)

1.0 mg NA 4881 (6.5) NA 20,942 (41.0)

Number of co-occurringa anti-diabetic medications

Mean, (SD) 2.1 (1.0) 2.2 (1.1) 1.9 (1.0) 2.0 (1.1)

Categorized, n (%)

0 1979 (2.3) 1872 (2.5) 7436 (6.8) 3336 (6.5)

1 23,904 (28.2) 20,354 (26.9) 32,449 (29.6) 13,668 (26.8)

2 29,018 (34.3) 23,969 (31.7) 38,749 (35.4) 17,619 (34.5)

3 21,628 (25.5) 20,648 (27.3) 23,790 (21.7) 12,333 (24.1)

C 4 8206 (9.7) 8714 (11.5) 7029 (6.4) 4129 (8.1)

Co-occurringa anti-diabetic medications, n (%)

Basal insulins 28,609 (33.8) 29,936 (39.6) 49,499 (45.2) 25,608 (50.1)

Biguanide 57,489 (67.8) 53,807 (71.2) 67,677 (61.8) 33,035 (64.7)

DPP-4i 16,425 (19.4) 12,574 (16.6) 5879 (5.4) 1811 (3.5)
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respectively (see Supplementary Material,
Table S4A and S4B).

Baseline characteristics

The baseline characteristics of the two cohorts
are presented in Table 1. In both cohorts more
patients received dulaglutide (52.9%, cohort 1;
68.2%, cohort 2) at index date compared to s.c.
semaglutide (47.1%, cohort 1; 31.8%, cohort 2).
Moreover, at least 82.0% in all the treatment
groups were aged C 50 years.

The mean available follow-up time for
cohort 2 was twice that of cohort 1 (mean
[median], 11.0 months [14.0] and 5.1 months
[4.0], respectively).

Dose Distributions over the Follow-Up
Period

The dose distributions of dulaglutide and s.c.
semaglutide at the pre-specified time points for
cohort 1, cohort 2, and overall are presented in
Fig. 2 (see Supplementary Material, Table S4C
and S4D).

At index, a large proportion of dulaglutide
users in cohort 2 received 1.5 mg (88.0%), while
less than half of the population in cohort 1
received dulaglutide 1.5 mg (49.1%). At
3 months post-index, the proportion of patients
receiving the 1.5-mg dulaglutide dose was
68.8% in cohort 1, remaining the same in

cohort 2 (88.6%). At 12 months post-index
date, the 1.5-mg dulaglutide dose remained the
most common dosage formulation dispensed
for both cohorts (65.6% cohort 1 and 71.2%
cohort 2), while dulaglutide 0.75 mg was dis-
pensed to 14.5% if cohort 1 and to 7.7% of
cohort 2.

Notably, the 3.0- and 4.5-mg dosage formu-
lations were introduced to the market relatively
recently in January 2021 in both countries.
Dispensation of 3.0-mg dulaglutide at index was
less common for both cohorts, with only 1.4%
in cohort 1 and 0.5% in cohort 2. However, at
12 months post-index the 3.0-mg dulaglutide
dose reached a maximum dose distribution of
15.4% in cohort 1 and 17.3% in cohort 2. The
4.5-mg dulaglutide registered the lowest per-
centage in both cohorts 1 and 2 at index (0.2%
and 0.1%), with a slight increase to 4.5% and
3.8%, respectively, at 12 months post-index.

Among s.c. semaglutide users, over three
quarters (78.0%) of cohort 1 recorded a dose of
0.25 mg at first dispensation. The most com-
mon dosage formulations for s.c. semaglutide
cohort 2 were 0.5 mg (46.9%) and 1.0 mg
(41.0%). At 3 months post-index, a large drop in
0.25-mg semaglutide was recorded in cohort 1
(8.2%), as users received 0.5 mg (54.0%) and
1.0 mg (37.8%) more commonly. At the same
time point, most of cohort 2 (61.5%) was dis-
pensed 1.0 mg. At 12 months post-index, 2.4%,
39.2%, and 58.4% of cohort 1 received doses of

Table 1 continued

Patients, n (%) Cohort 1 (N = 160,292) Cohort 2 (N = 160,538)

Dulaglutide
84,735 (52.9)

S.c. semaglutide
75,557 (47.1)

Dulaglutide
109,453 (68.2)

S.c. semaglutide
51,085 (31.8)

Prandial insulins 18,211 (21.5) 19,281 (25.5) 31,995 (29.2) 16,160 (31.6)

Pre-mixed insulins 1883 (2.2) 1628 (2.2) 2578 (2.4) 1163 (2.3)

SGLT-2i 32,230 (38.0) 28,142 (37.2) 32,512 (29.7) 16,138 (31.6)

Sulfonylureas 5085 (6.0) 3564 (4.7) 4767 (4.4) 1800 (3.5)

DPP-4i dipeptidylpeptidase-4 inhibitors, NA not applicable, SD standard deviation, SGLT-2i sodium-glucose cotrans-
porter-2 inhibitors
aDefined as a non-index therapy medication which is started within a period of ± 120 days of the index date and its use
overlaps with the use of the index therapy
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0.25 mg, 0.5 mg, and 1.0 mg, respectively, while
73.3% of cohort 2 received the 1.0-mg dose,
25.8% received the 0.5-mg dose, and 0.9%
received the 0.25-mg dose.

Co-occurring Anti-diabetic Medications
Overall, the most common co-occurring anti-
diabetic medication dispensed was biguanide in
cohort 1 (69.4%) and cohort 2 (62.7%). How-
ever, the second most dispensed co-occurring
anti-diabetic medication differed between

cohort 1 (SGLT-2i: 37.7%) and cohort 2 (basal
insulins: 46.8%).

Cohort 1
The majority of cohort 1 received one (du-
laglutide, 28.2%; s.c. semaglutide, 26.9%), two
(dulaglutide, 34.2%; s.c. semaglutide, 31.7%), or
three (dulaglutide, 25.5%; s.c. semaglutide,
27.3%) co-occurring anti-diabetic medications.
Biguanide was the most common co-occurring
anti-diabetic medication for dulaglutide

Fig. 2 Dose distribution of dulaglutide and s.c. semaglutide over the 12-month follow-up period in cohort 1, cohort 2, and
overall in Germany. *Non-maintenance dose. M months, s.c. subcutaneous
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(67.8%) and s.c. semaglutide users (71.2%). The
second most common co-occurring anti-dia-
betic medications were SGLT-2i for dulaglutide
users (38.0%) and basal insulins for s.c.
semaglutide users (39.6%).

Cohort 2
Co-occurring anti-diabetic medications were
similar between dulaglutide and s.c. semaglu-
tide users. Both were commonly dispensed one
(29.6% and 26.8%), two (35.4% and 34.5%), or
three (21.7% and 24.1%) co-occurring anti-dia-
betic medications.

The most common co-occurring anti-dia-
betic medication for dulaglutide and s.c.
semaglutide users was biguanide followed by
basal insulins (61.8% vs. 64.6% and 45.2% vs.
50.1%, respectively).

Switching

Switching from dulaglutide or s.c. semaglutide
to another anti-diabetic class was not common;
only 5.1% of cohort 1 and 6.3% of cohort 2
switched class during the study period (Table 2).

Among those who switched in cohort 1
(N = 8101) and cohort 2 (N = 10,190), the most
common switch was to non-index GLP-1 RAs
for cohort 1 (32.0%) and cohort 2 (58.0%). The
second most common medications were basal
insulins (cohort 1, 22.5%; cohort 2, 11.5%) and
SGLT2i (cohort 1, 17.2%; cohort 2, 11.4%).
Moreover, the majority of the overall cohort
was not dispensed additional anti-diabetic
medications post-index.

United Kingdom

In the UK, 123,548 patients received at least one
prescription of a study GLP-1 RA during the
patient selection window (1 August 2020–31
December 2021). Of those, 51,953 (42.1%) and
57,602 (46.6%) were deemed eligible for cohort
1 and 2, respectively (see Supplementary Mate-
rial, Table S5A and S5B).

Unlike Germany, at the time of the study
oral semaglutide was available in the UK;
therefore, patients who were prescribed it were
included in the cohorts. The data of patients

prescribed oral semaglutide are presented as a
single cohort.

Dulaglutide and Subcutaneous
Semaglutide

Baseline characteristics
The baseline characteristics of dulaglutide and
s.c. semaglutide patients are shown in Table 3.

At index, the proportion of patients dis-
pensed dulaglutide (49.2%) or s.c. semaglutide
at index (50.8%) was similar in cohort 1. In
contrast, a higher proportion of patients in
cohort 2 received dulaglutide (67.4%) than s.c.
semaglutide (32.6%).

At baseline, 82.1% and 84.6% of cohort 1
and 2, respectively, were[50 years old. Overall,
the proportions of male and female patients
were similar between the dulaglutide (52.0%
and 47.0%, respectively) and s.c. semaglutide
users (50.9% and 48.1%, respectively). Available
mean follow-up time for cohort 2 (mean [SD],

Table 2 Anti-diabetic class patients switched to, from
dulaglutide or s.c. semaglutide in Germany, stratified by
cohort

Cohort 1
(N = 8101)

Cohort 2
(N = 10,190)

Anti-diabetic class, n (%)

Non-index GLP-1

RA

2594 (32.0) 5915 (58.0)

Pre-mixed GLP-1

RA/insulin

159 (2.0) 316 (3.1)

Basal insulins 1826 (22.5) 1169 (11.5)

Biguanide 825 (10.2) 661 (6.5)

DPP-4i 591 (7.3) 427 (4.2)

Prandial insulins 1025 (12.7) 917 (9.0)

Pre-mixed insulins 121 (1.5) 112 (1.1)

SGLT-2i 1394 (17.2) 1163 (11.4)

Sulfonylureas 180 (2.2) 148 (1.5)

DPP-4i dipeptidylpeptidase-4 inhibitors, GLP-1 RA glu-
cagon-like peptide 1 receptor agonist, SGLT-2i sodium-
glucose cotransporter-2 inhibitors
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Table 3 Baseline characteristics of dulaglutide and s.c. semaglutide patients in the UK, stratified by cohort

Patients, n (%) Cohort 1 (N = 47,654)a Cohort 2 (N = 57,598)b

Dulaglutide
23,460 (49.2)

S.c. semaglutide
24,194 (50.8)

Dulaglutide
38,828 (67.4)

S.c. semaglutide
18,770 (32.6)

Age (years)

Categorized, n (%)

18–29 182 (0.8) 257 (1.1) 177 (0.5) 208 (1.1)

30–39 922 (3.9) 1099 (4.5) 1077 (2.8) 767 (4.1)

40–49 2786 (11.9) 3286 (13.6) 4215 (10.9) 2416 (12.9)

50–64 11,127 (47.4) 11,806 (48.8) 18,323 (47.2) 9376 (50.0)

C 65 8443 (36.0) 7746 (32.0) 15,036 (38.7) 6003 (32.0)

Gender, n (%)

Female 11,112 (47.4) 11,718 (48.4) 18,146 (46.7) 8951 (47.7)

Dosage formulation, n (%)

Dulaglutide

0.75 mg 9161 (39.0) NA 5135 (13.2) NA

1.5 mg 14,115 (60.2) NA 33,691 (86.8) NA

3.0 mg 163 (0.7) NA 2 (0.0) NA

4.5 mg 21 (0.1) NA 0 (0.0) NA

S.c. semaglutide

0.25 mg NA 18,670 (77.2) NA 1745 (9.3)

0.5 mg NA 4162 (17.2) NA 7817 (41.6)

1.0 mg NA 1362 (5.6) NA 9208 (49.1)

Number of co-occurringc anti-diabetic medications

Mean, (SD) 2.1 (1.0) 2.1 (1.0) 1.9 (0.9) 1.9 (0.9)

Categorized, n (%)

0 791 (3.4) 831 (3.4) 1685 (4.3) 1086 (5.8)

1 5148 (21.9) 5692 (23.5) 10,170 (26.2) 5417 (28.9)

2 8969 (38.2) 9125 (37.7) 17,177 (44.2) 7671 (40.9)

3 7023 (29.9) 7008 (29.0) 8381 (21.6) 3865 (20.6)

C 4 1529 (6.5) 1538 (6.4) 1415 (3.6) 731 (3.9)

Co-occurringc anti-diabetic medications, n (%)

Basal insulins 3276 (14.0) 3906 (16.1) 7411 (19.1) 3971 (21.2)

Biguanide 19,220 (81.9) 19,943 (82.4) 31,488 (81.1) 14,830 (79.0)

DPP-4i 5835 (24.9) 5041 (20.8) 2017 (5.2) 714 (3.8)
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8.7 months [5.1]) was approximately twice that
of cohort 1 (mean [SD], 4.1 months [3.7]).

Dose Distributions Over the Follow-Up
Period

The dose distributions of dulaglutide and s.c.
semaglutide, stratified by cohort 1, cohort 2,
and overall, at the pre-specified time points are
presented in Fig. 3 (see Supplementary Material,
Table S5C and S5D).

At index, 39.0% of patients in cohort 1 and
13.2% for cohort 2 were prescribed 0.75-mg
dose of dulaglutide. In cohort 2, the 1.5-mg
formulation was prescribed to 86.8% of the
patients, while in cohort 1 the proportion was
60.2% at index. At 3 months post-index, how-
ever, there was a substantial increase in 1.5-mg
dulaglutide use among cohort 1 patients
(75.1%), whereas use among cohort 2 patients
was relatively stable (87.7%). At 12 months
post-index, 1.5-mg dulaglutide remained the
most dispensed formulation, slightly decreasing
for cohort 1 (71.7%) and cohort 2 (80.9%),
while the 0.75-mg dulaglutide dosage was dis-
pensed to 12.2% and 8.9% of cohort 1 and
cohort 2, respectively. Dispensation of the 3.0-
mg formulation was rare at the start of the
study, prescribed to 0.7% of patients in cohort 1
and no patients in cohort 2 at index. However,

at 12 months post-index, 13.6% and 9.0% of
patients in cohorts 1 and 2, respectively, were
receiving the 3.0-mg dose. The highest dosage
formulation of dulaglutide was infrequently
dispensed, at index only to 0.1% of cohort 1
and to none of the patients of cohort 2. At
12 months post-index, 2.5% and 1.2% of cohort
1 and 2, respectively, received the 4.5-mg dose.

At index, 77.2% of cohort 1 and 9.3% of
cohort 2 received the non-maintenance s.c.
semaglutide 0.25-mg dose. In cohort 2 most
patients received the 0.5-mg (41.6%) or 1.0-mg
(49.1%) dose. At 3 months post-index, there
was a substantial decrease in 0.25-mg s.c.
semaglutide dispensation among cohort 1
patients (10.4%), with most users receiving
0.5 mg (50.7%). At the same time point, most
patients in cohort 2 received 1.0 mg (56.9%). At
12 months post-index, the 0.25-, 0.5-, and 1.0-
mg dosages were prescribed to 5.1%, 38.9%, and
56.0% of cohort 1, respectively, while the per-
centages for the same dosages in cohort 2 were
3.4%, 29.5%, and 67.1%, respectively.

Co-occurring Anti-diabetic Medications
Co-occurring anti-diabetic medications were
similar between cohort 1 and cohort 2 during
the index period, with biguanides (82.2% and
80.4%, respectively) and SGLT-2i (38.6% and

Table 3 continued

Patients, n (%) Cohort 1 (N = 47,654)a Cohort 2 (N = 57,598)b

Dulaglutide
23,460 (49.2)

S.c. semaglutide
24,194 (50.8)

Dulaglutide
38,828 (67.4)

S.c. semaglutide
18,770 (32.6)

Prandial insulins 1396 (6.0) 1713 (7.1) 3045 (7.8) 1699 (9.1)

Pre-mixed insulins 4 (0.0) 4 (0.0) 67 (0.2) 117 (0.6)

SGLT-2i 9257 (39.5) 9152 (37.8) 12,880 (33.2) 6196 (33.0)

Sulfonylureas 7782 (33.2) 7911 (32.7) 11,920 (30.7) 4826 (25.7)

DPP-4i dipeptidylpeptidase-4 inhibitors, NA not applicable, SD standard deviation, SGLT-2i sodium-glucose cotrans-
porter-2 inhibitors
aFinal cohort without oral semaglutide patients (4299)
bFinal cohort without oral semaglutide patients (4)
cDefined as a non-index therapy medication which is started within a period of ± 120 days of the index date and its use
overlaps with the use of the index therapy.
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33.1%, respectively) the two most prescribed
classes.

Cohort 1 There were no significant differences
in co-occurring dispensation among dulaglutide
and s.c. semaglutide users during the index
period. The proportions of patients who were
prescribed one, two, or three co-occurring anti-
diabetic medications were similar for both
treatment groups (21.9% vs. 23.5%, 38.2% vs.

37.7%, and 29.9% vs. 29.0%, respectively). Most
dulaglutide and s.c. semaglutide users received
biguanides (81.9% and 82.4%, respectively) and
as second most common medication, SGLT-2i
(39.5% and 37.8%, respectively).

Cohort 2 Co-occurring anti-diabetic medica-
tion dispensation among the dulaglutide and
s.c. semaglutide users was comparable during
the index period. Most dulaglutide patients

Fig. 3 Dose distribution of dulaglutide and s.c. semaglutide over the 12-month follow-up period in cohort 1, cohort 2, and
overall in the UK. *Non-maintenance dose. M months, s.c. subcutaneous
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received one (26.2%), two (44.2%), or three
(21.6%) co-occurring anti-diabetic medications.
The proportions for s.c. semaglutide users were
similar: 28.9%, 40.9%, and 20.6%, respectively.

Biguanides were the most common co-oc-
curring anti-diabetic medications (dulaglutide
81.1% and s.c. semaglutide 79.0%). The second
most common co-occurring anti-diabetic med-
ication was SGLT-2i, which was prescribed to
33.2% of dulaglutide users and 33.0% of s.c.
semaglutide users.

Switching
Only 3.9% of cohort 1 and 5.1% of cohort 2
switched to another anti-diabetic medication
during the follow-up period. The list of the
above-mentioned medications is presented in
Table 4. Among cohort 1 patients, non-index
GLP1-RAs were the most recorded medications
(26.1%) followed by SGLT-2i (22.8%). For
cohort 2, there was a slightly higher proportion
that switched to the non-index GLP1-RAs

Table 4 Anti-diabetic class to which patients switched
from dulaglutide or s.c. semaglutide, stratified by cohort, in
the UK

Cohort 1
(N = 1851)

Cohort 2
(N = 2923)

Anti-diabetic class, n (%)

Non-index GLP-1

RA

483 (26.1) 1109 (37.9)

Pre-mixed GLP-1

RA/insulin

150 (8.1) 272 (9.3)

Basal insulins 336 (18.2) 519 (17.8)

Biguanide 113 (6.1) 148 (5.1)

DPP-4i 151 (8.2) 152 (5.2)

Prandial insulins 97 (5.2) 188 (6.4)

Pre-mixed insulins 15 (0.8) 43 (1.5)

SGLT-2i 422 (22.8) 536 (18.3)

Sulfonylureas 199 (10.8) 215 (7.4)

DPP-4i dipeptidylpeptidase-4 inhibitors, GLP-1 RA glu-
cagon-like peptide 1 receptor agonist, SGLT-2i sodium-
glucose cotransporter-2 inhibitors

Table 5 Baseline characteristics of oral semaglutide
patients in the UK, overall

Oral semaglutide (N = 4303)

Age (years) at index

Categorized, n (%)

18–29 29 (0.7)

30–39 145 (3.4)

40–49 498 (11.6)

50–64 1977 (45.9)

C 65 1654 (38.4)

Gender, n (%)

Female 1998 (46.4)

Dosage formulation, n (%)

3.0 mg 3830 (89.0)

7.0 mg 429 (10.0)

14.0 mg 44 (1.0)

Number of co-occurringa anti-diabetic medications

Mean, (SD) 2.07 (0.98)

Categorized, n (%)

0 211 (4.9)

1 1029 (23.9)

2 1573 (36.6)

3 1250 (29.0)

C 4 240 (5.6)

Co-occurringa anti-diabetic medications, n (%)

Basal insulins 245 (5.7)

Biguanide 3419 (79.5)

DPP-4i 1295 (30.1)

Prandial insulins 103 (2.4)

Pre-mixed insulins 2 (0.0)

SGLT-2i 1822 (42.3)

Sulfonylurea 1504 (35.0)

DPP-4i dipeptidylpeptidase-4 inhibitors, SD standard deviation, SGLT-2i

sodium-glucose cotransporter-2 inhibitors
aDefined as a non-index therapy medication which is started within a

period of ± 120 days of the index date and its use overlaps with the use

of the index therapy
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recorded (37.9%). The second and third most
common anti-diabetic medications within this
cohort were SGLT-2i (18.3%) and basal insulins
(17.8%).

Oral Semaglutide

Baseline Characteristics
The baseline characteristics of oral semaglutide
users are presented in Table 5 as a single cohort.
Among oral semaglutide users, 84.3% were at
least 50 years old and 52.9% were male. Follow-
up time for this patient subpopulation was
2.7 months [2.7] (mean [SD]).

Dose Distributions over the Follow-Up Period
The dose distributions of oral semaglutide at all
the pre-specified time points, presented as
overall, is shown in Fig. 4 (see Supplementary
Material, Table S5E). The majority (89.0%) of
oral semaglutide users received 3.0 mg at first
dispensation. However, at 3 months post-index,
only 18.5% of patients received 3.0 mg while
most patients (55.5%) received 7.0 mg. At
12 months post-index, just over half of the
patients received the 14.0-mg formulation
(56.3%), while 37.5% received the 7-mg
formulation.

Co-occurring Anti-diabetic Medications
Overall, oral semaglutide users commonly
received one (23.9%), two (36.6%), or three
(29.1%) co-occurring anti-diabetic medications,

Fig. 4 Dose distribution of oral semaglutide over the 12-month follow-up period in the UK. *Non-maintenance dose.
M months

Table 6 Anti-diabetic class to which patients switched
from oral semaglutide in the UK

Anti-diabetic class, n (%) Oral semaglutide
(N = 260)

Non-index GLP-1 RA 92 (35.4)

Pre-mixed GLP-1

RA/Insulin

13 (5.0)

Basal insulins 29 (11.2)

Biguanide 16 (6.2)

DPP-4i 32 (12.3)

Prandial insulins 5 (1.9)

Pre-mixed insulins 4 (1.5)

SGLT-2i 50 (19.2)

Sulfonylureas 30 (11.5)

DPP-4i dipeptidylpeptidase-4 inhibitors, GLP-1 RA glu-
cagon-like peptide 1 receptor agonist, SGLT-2i sodium-
glucose cotransporter-2 inhibitors
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these mainly consisting of biguanides (79.5%)
and SGLT-2i (42.3%).

Switching
Only 6.0% of oral semaglutide users switched to
another anti-diabetic medication during the
follow-up period. The list of anti-diabetic med-
ications is presented in Table 6. Similarly to
dulaglutide and s.c. semaglutide, non-index
GLP1-RAs (35.4%) and SGLT-2i (19.2%) were
the most common anti-diabetic medications to
switch to. Moreover, patients of both cohorts
generally did not initiate new anti-diabetic
medications post-index.

DISCUSSION

To the best of our knowledge, given the lack of
data on the real-world use of the recently
introduced 3.0- and 4.5-mg dulaglutide dosage
formulations, this is the first study evaluating
real-world utilization patterns of the above-
mentioned medications. Contrarily, oral
semaglutide real-world use has been analyzed
by Aroda et al. in the USA, using the US IBM
Explorys electronic health record database, and
the authors identified 782 patients between the
28 October 2019 and 15 December 2020 [18].

The aim of this study was to understand the
real-world utilization patterns of dulaglutide
and s.c. semaglutide in Germany and the UK,
and of oral semaglutide in the UK, given that
these patterns are often different from the ones
implemented in clinical trials and in the
guidelines. Results suggest that dosing patterns
were heterogeneous over time and depended on
GLP-1 RA type.

Results obtained from incident users (cohort
1) in the UK in this study showed that 60.2% of
the GLP-1 RA naı̈ve patients who received
dulaglutide started on the 1.5-mg dosage for-
mulation at first dispensation, while in German
incident users (cohort 1), a similar proportion of
patients received the 0.75-mg (49.3%) and the
1.5-mg (49.2%) dulaglutide formulation. These
results from UK complement a multi-country
study using IQVIA real-world adjudicated
pharmacy claims which showed that
74.7–93.2% of dulaglutide users received the

1.5-mg formulation at first dispensation in five
European countries [19]. At the 12-month time
point, 70.5% of the German dulaglutide users
were receiving the 1.5-mg dose, while in the UK
the proportion was 79.9%.

In Germany, 88.0% of the prevalent users
(cohort 2) who received dulaglutide started on
the 1.5-mg formulation at index, with a similar
proportion in the UK (86.8%). These percent-
ages decreased at 12 months post-index, but
dulaglutide 1.5 mg remained the most common
formulation in Germany and the UK (71.2%
and 80.9%, respectively).

Dose escalation to 3.0-mg dulaglutide may
be implemented for additional glycemic con-
trol, and if further control should be needed, it
can be increased to the 4.5-mg dose after at least
4 weeks [5, 20]. However, notably, the 3.0- and
4.5-mg dosage formulations were introduced to
the market relatively recently in January 2021
in both countries. Furthermore, the launch of
these dosage formulations and the entirety of
the study period were during the COVID-19
pandemic. Patients may have been less likely to
change treatment due to lack of access to pri-
mary care [21]. Therefore, more longitudinal
data and additional information on glycemic
control are required to determine whether 3.0-
and 4.5-mg dulaglutide is in fact being
underutilized.

In this study, 78.0% of the incident s.c.
semaglutide users (cohort 1) in Germany and
77.2% of those in UK received the non-main-
tenance 0.25 mg dosage formulation at first
dispensation. This is in line with guideline rec-
ommendations and with the SmPC, whether
taken as a monotherapy or add-on medication
[8, 22]. Between the 3- and 12-month time
points, the proportion of s.c. semaglutide users
receiving 0.25- and 0.5-mg dispensations
decreased while the proportion receiving the
1.0-mg dosage formulation increased. At
12 months post-index, 29.6% and 69.1% of s.c.
semaglutide users in Germany were prescribed
0.5- and 1.0-mg dispensations, respectively,
while in the UK the proportions were 31.7% and
64.4%.

Among the prevalent s.c. semaglutide users
(cohort 2) in Germany and the UK, only 12.1%
and 9.3% received the non-maintenance 0.25-
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mg dosage at index, respectively. At 12 months
post-index, s.c. semaglutide 1.0 mg was the
most common formulation in Germany
(73.3%) and the UK (67.1%).

Guidelines recommend escalation from the
0.5-mg dosage formulation only if required to
achieve glycemic control [8, 22].

In relation to oral semaglutide, at index
89.0% of the cohort received the 3.0-mg start-
ing dose, an indication that dispensation was
generally in line with dosage recommendations
[23]. The proportion of patients receiving 3.0-
mg oral semaglutide at index was higher than
that recorded in the study by Aroda et al., which
showed that 51.7% of the study population
received the 3.0-mg formulation alone at first
prescription, while 25.7% and 5.2% received
the 7.0 mg and 14.0 mg formulations, respec-
tively [18]. The lower proportion of patients
receiving the starting dosage formulation in the
Aroda et al. study was probably due to the study
population including patients who received
more than one dosage formulation at first pre-
scription, which was not the case in this study.
Additionally, the authors of that study suggest
that patients in US clinical practice may have
received higher oral semaglutide dosage for-
mulations at first prescription because they had
already been prescribed a GLP-1 RA before,
which is permitted in the US [18, 24], or because
they received samples of higher dosage, thus
inflating the proportion of patients receiving
higher oral semaglutide formulations [18].

Between 3 and 12 months post-index, fewer
patients received the 7.0-mg formulation (55.5
to 37.5%) in this study while dispensation of
the 14.0-mg formulation increased (26.0 to
56.3%). This distribution pattern, similar to that
of s.c. semaglutide users, suggests that approxi-
mately half the users remained on the mainte-
nance dose of 7.0 mg.

These results indicate that the higher doses
of dulaglutide may be underutilized and that
the initial non-maintenance dose of semaglu-
tide may be prescribed for a longer time than
recommended, thus suggesting a clinical inertia
in the management of T2DM, which results in
patients’ glycemia not being under control.
However, further investigations including clin-
ical outcomes such as glycated hemoglobin,

weight, and BMI are recommended to ascertain
whether patients are appropriately titrated.

A key strength of this real-world retrospec-
tive study was the large volume of dispensation
and population coverage of the German LRx
and UK LRx. German LRx comprises approxi-
mately 80.0% of all dispensed medications
provided through SHI policies, while UK LRx
contains approximately 64.0% of all dispensa-
tions made by general practitioners. Therefore,
the findings from this study can be generalized
to dulaglutide, s.c. semaglutide users in both
Germany and the UK, and to oral semaglutide
users in the UK.

With the exception of the German GLP-1 RA
utilization study undertaken by Otto et al.[25],
previous real-world studies investigating GLP-1
RA utilization have examined incident use only
[19, 26–28]. The stratification of incident (co-
hort 1) and prevalent (cohort 2) users in this
study, along with the long follow-up time
between 1 August 2020 and 31 December 2021,
provides a detailed insight into the treatment
patterns of patients newly initiating dulaglutide
and s.c. semaglutide, as well as those who had
previously received GLP-1 RAs.

Limitations

The authors acknowledge that the number of
patients over follow-up gets smaller when
switching to another anti-diabetic class or dis-
continuation occurs. Consequently, at the
12-month time point only the persistent
patients are included, and the number is smaller
compared to the one registered at index.

Moreover, there are some limitations due to
the use of a pharmacy-based database: first,
patients who purchased prescriptions outside
the pharmacies included in the database were
not trackable; additionally, patients included in
the database may not have been fully repre-
sentative of all patients in the UK and Germany.
However, LRx Germany data are broadly repre-
sentative of the German SHI population
(* 80.0%), and Richter et al. [29] have vali-
dated it as suitable data source for Germany.
Second, the data used in this study lacked any
further clinical data (e.g., medical diagnoses or
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procedures); therefore, there was an assumption
that patients dispensed GLP-1 RA medications
were patients with T2DM. However, the
requirement of an oral anti-diabetic medication
prescription in the lookback period was used to
mitigate this. Furthermore, patient demo-
graphic characteristics were restricted to age
and gender, thus limiting inferences regarding
GLP-1 RA choice and patient prognosis at index.

Finally, LRx UK only captures dispensations
processed by general practitioners and not by
specialist providers. As LRx UK cannot track
patients across pharmacies, patients that moved
pharmacies may have been counted twice.
However, with the requirement of 6 months of
prescription activity during the lookback period
and relatively short study window, this likely
affected very few patients.

CONCLUSION

This study provides real-world evidence (RWE)
of current dose distributions among dulaglutide
and s.c. semaglutide users in Germany and the
UK, as well for oral semaglutide users in the UK,
but given that the higher dulaglutide doses and
oral semaglutide were recently introduced to
the market, additional RWE including clinical
outcomes is needed.
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