
ORIGINAL RESEARCH

The Real-World Observational Prospective Study
of Health Outcomes with Dulaglutide and Liraglutide
in Type2 Diabetes Patients (TROPHIES): Design
and Baseline Characteristics
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ABSTRACT

Introduction: The TROPHIES observational
study enrolled patients with type 2 diabetes
mellitus (T2DM) initiating their first
injectable treatment with the glucagon-like

peptide 1 receptor agonists (GLP-1 RAs)
dulaglutide or liraglutide. This manuscript
focuses on the study design, baseline charac-
teristics of the enrolled population, and factors
associated with GLP-1 RA choice.
Methods: TROPHIES is a prospective, observa-
tional, 24-month study conducted in France,
Germany, and Italy. Inclusion criteria include
adult patients with T2DM, naı̈ve to
injectable antihyperglycemic treatments, initi-
ating dulaglutide or liraglutide per routine
clinical practice. The primary outcome is the
duration of treatment on dulaglutide or
liraglutide without a significant treatment
change.
Results: The analysis included 2181 patients
(dulaglutide, 1130; liraglutide, 1051) (cutoff
date May 15, 2019). The population was 56%
male with mean [standard deviation (SD)]
patient characteristics at baseline as follows:
age, 59.2 (11.0) years; body mass index (BMI),
33.9 (6.6) kg/m2; T2DM duration, 8.5 (6.9)
years; and glycated hemoglobin (HbA1c), 8.2
(1.3)%. Between-cohort demographic and clin-
ical characteristics were balanced. The mean
(SD) HbA1c and BMI values for French, German,
and Italian patients were, respectively, 8.6
(1.4)%, 8.2 (1.4)%, 8.0 (0.8)%; 33.3 (6.1) kg/m2,
36.0 (7.2) kg/m2, and 32.6 (5.9) kg/m2.
Conclusion: This study analysis at baseline
provides an opportunity to evaluate between-
country differences in baseline HbA1c, weight,
macrovascular complications, and factors
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driving GLP-1 RA selection for patients with
T2DM in daily practice.

PLAIN LANGUAGE SUMMARY

Dulaglutide and liraglutide are medications that
can help people with type 2 diabetes mellitus
(T2DM) to control their blood sugar levels.
These medications may also reduce body weight
and reduce the risk of major cardiovascular
disease. Given these treatment effects, it is
essential to know how they are used in everyday
clinical practice. Therefore, a study is being
performed in three countries (France, Germany,
and Italy) in people with T2DM who had a first-
ever injectable therapy for T2DM with
dulaglutide or liraglutide. Here, we present the
study design, the patient characteristics at the
start of treatment, and the factors driving the
choice of one or the other medication. We
analyzed data from 2181 people with T2DM. On
average, it was shown that they were middle-
aged and obese. On average, these people were
diagnosed with T2DM 8.5 years before the start
of dulaglutide or liraglutide and had high blood
sugar levels when these medications were star-
ted. The patient characteristics were slightly
different between the three countries. Country-
specific factors driving the choice of either
medication were also identified.

Keywords: Dulaglutide; Glucagon-like
peptide 1 receptor agonists; Injectable therapy;
Liraglutide; Observational study design; Patient
characteristics; Type 2 diabetes

Key Summary Points

Why carry out this study?

Glucagon-like peptide 1 receptor agonists
(GLP-1 RAs) are recommended as the first
injectable antihyperglycemic medication
for selected adults with type 2 diabetes
(T2DM).

Observational studies provide valuable
insight into patients’ prescription
treatment patterns in routine clinical
practice and complement randomized
controlled trials.

What did the study ask?

This analysis presents baseline findings for
the population enrolled in the TROPHIES
study.

This is an ongoing study assessing the real-
world use of dulaglutide and liraglutide in
GLP-1 RA-naı̈ve patients with T2DM to
provide information relating to the timing
of and the reasons that underlie a
significant treatment change in
antihyperglycemic therapy after GLP-1 RA
initiation; it will provide insights into
patient management, prescribing, and
clinical information relating to patients
who initiate these agents in daily practice.

What was learned from the study?

This study included 2181 patients
initiating treatment with dulaglutide
(n = 1130) or liraglutide (n = 1051) (cutoff
date May 15, 2019) from France,
Germany, and Italy, with some
notable numerical differences in the
baseline characteristics of patients
identified at the country level.

These baseline characteristics provide
insight into the population of patients
with T2DM initiating GLP-1 RAs, as well
as the factors driving GLP-1 RA selection,
in normal clinical practice in these
countries.
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary, to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
14547270.

INTRODUCTION

The latest American Diabetes Association (ADA)
and European Association for the Study of Dia-
betes (EASD) consensus report for the manage-
ment of type 2 diabetes mellitus (T2DM)
recommends glucagon-like peptide 1 receptor
agonists (GLP-1 RAs) as the first injectable anti-
hyperglycemic medication for adults with
established atherosclerotic cardiovascular dis-
ease (CVD), patients without established CVD
at high risk for major adverse cardiovascular
events (MACE), and patients unable to meet
glycated hemoglobin (HbA1c) targets with life-
style modifications and metformin and who
have a compelling need to minimize hypo-
glycemia or weight gain [1, 2].

Following glucagon-like peptide 1 receptor
binding and activation, GLP-1 RAs enhance
insulin secretion and inhibit glucagon release in
a glucose-dependent manner [1, 3]. They also
decrease gastric emptying, reduce body weight,
and lower systolic blood pressure and the levels
of some circulating lipoproteins and inflam-
matory markers [4]. Some drugs in this class can
also be considered to reduce the risk for MACE
[5–7].

Multiple agents are currently available in the
GLP-1 RA class. Of these, once-weekly dulaglu-
tide and once-daily liraglutide were widely used
in a representative sample of European coun-
tries at the time when the observational TRO-
PHIES study was initiated [8–11]. Observational
studies provide valuable insight into patients’
prescription treatment patterns in routine clin-
ical practice and complement randomized
controlled trials [12–14], in spite of their
limitations.

The TROPHIES study is assessing the real-
world use of dulaglutide and liraglutide in GLP-1

RA-naı̈ve patients with T2DM to estimate the
duration of treatment with each of these drugs
without a significant treatment change due to
treatment- or diabetes-related factors. Addi-
tional study outcomes include description of
the profiles of the patients who initiated each
GLP-1 RA, glucose-lowering medication (GLM)
treatments received before and at the time of
GLP-1 RA initiation, persistence with the initial
GLP-1 RA, reasons for first significant treatment
change (as reported by the physician at the time
of the change), patient factors at baseline that
are associated with the first significant treat-
ment change, clinical and patient-reported
psychosocial outcomes, and use of healthcare
resources associated with T2DM management.
Recently, the TROPHIES patients’ perspectives
at baseline, based on generic and disease-speci-
fic patient-reported outcomes (PROs), were
published [15]. Here, we present the TROPHIES
study design, the patients’ demographic and
clinical profiles at GLP-1 RA initiation (base-
line), their GLM regimens before and at base-
line, and the factors associated with the initial
choice of GLP-1 RA. We anticipate that TRO-
PHIES will provide information relating to the
timing of and the reasons that underlie a sig-
nificant treatment change in antihyperglycemic
therapy after GLP-1 RA initiation. Additionally,
the study will provide insights into patient
management, prescribing, and clinical infor-
mation relating to patients who initiate
dulaglutide or liraglutide in daily practice.

METHODS

Study Design, Patients, and Treatment
Details

TROPHIES is a prospective, observational, two-
cohort (dulaglutide and liraglutide), 24-month
study conducted in France, Germany, and Italy.
The study was initiated in July 2017, and com-
pletion is expected in mid-2021. This analysis
includes patients enrolled up to May 15, 2019.
Study visits (data collection points) were
scheduled at baseline and approximately 6, 12,
18, and 24 months post-baseline as per routine
clinical practice (observation period; Fig. 1).
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Eligible patients were aged 18 years or older,
had a diagnosis of T2DM (based on the inves-
tigators’ clinical judgment), were naı̈ve to
injectable treatment for T2DM (except for
short-term [at most 4 weeks] use of insulin for
acute conditions or insulin use during preg-
nancy), and were prescribed dulaglutide or
liraglutide as their first injectable GLM by a
physician during a routine healthcare visit.
Patients initiating treatment with a GLP-1 RA in
combination with insulin or those being treated
with an investigational drug/procedure were
excluded.

Dulaglutide and liraglutide were adminis-
tered by subcutaneous injection as per label
[16, 17]. The label-recommended dulaglutide
dose is 1.5 mg once weekly as add-on therapy to
other GLMs or 0.75 mg once weekly as
monotherapy in patients for whom metformin
is inappropriate because of intolerance or con-
traindications. For potentially vulnerable
patients, a starting dose of 0.75 mg once weekly
can be used. Per label, the liraglutide starting
dose of 0.6 mg/day should be increased to
1.2 mg/day after at least 1 week and can be
further increased to 1.8 mg/day after at least
one additional week. Initiation of treatment
and any subsequent treatment changes during
the observation period were solely at the dis-
cretion of the treating physicians.

The study was conducted in accordance with
the ethical principles of the Declaration of
Helsinki [18] and the applicable laws and regu-
lations of the three countries. Appropriate local
bodies approved the study, and these are shown
as supplementary material. All participants
provided authorization for the use and

disclosure of their personal health information
covering the collection and release of data
regarding treatment and its outcomes for the
entire study period. Following the European
Union General Data Protection Regulation
2016/679 (effective May 25, 2018), patients
were asked to re-consent during a follow-up
visit.

Study Objectives

The primary objective is to estimate the dura-
tion of treatment with the patients’ first GLP-
1 RA (dulaglutide or liraglutide) without a sig-
nificant treatment change due to treatment- or
diabetes-related factors [treatment changes due
to factors not related to diabetes (e.g., hospi-
talization for reasons other than diabetes,
pregnancy, or Ramadan) were not designated as
treatment or diabetes related]. A significant
treatment change comprised discontinuation of
the first GLP-1 RA or intensification of GLM
(Fig. 2). Discontinuation of the first GLP-1 RA
was defined as stopping dulaglutide or liraglu-
tide without initiating another GLM during the
remaining observation period, or stopping
dulaglutide or liraglutide and initiating treat-
ment with insulin, an oral GLM not taken at
baseline, or a different GLP-1 RA. Discontinua-
tion did not include reduction of dulaglutide or
liraglutide doses. Treatment intensification was
defined as at least one of the following inter-
ventions occurring without discontinuing the
first GLP-1 RA: increasing the dose of dulaglu-
tide or liraglutide more than 90 days after
baseline, adding insulin more than 30 days after
baseline (insulin addition less than 30 days after

Fig. 1 TROPHIES study design. aPatients could discontinue treatment with dulaglutide or liraglutide at any time during
the observation period
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baseline was considered as a simultaneous start;
these patients were discontinued from the study
and excluded from all analyses), or adding a
new oral GLM more than 30 days after baseline.

Secondary objectives include description of
patients’ demographic and baseline clinical
characteristics (e.g., HbA1c levels, microvascu-
lar and macrovascular complications, other
comorbidities, medical history), patients’ treat-
ment patterns (persistence with GLP-1 RA
treatment regardless of the addition or discon-
tinuation of other GLMs, discontinuation,
switching, and intensification), reasons under-
lying significant treatment changes (e.g., main
reason for discontinuation, switching, or
intensification), and changes in GLP-1 RA doses
over time. Additional secondary objectives
include evaluation of factors associated with the
choice of the initial GLP-1 RA and those asso-
ciated with the first significant treatment
change. In addition, key clinical outcomes (e.g.,
HbA1c, body mass index [BMI], weight), PROs,
including health-related quality of life
(HRQoL), and use of resources associated with
the treatment of T2DM will be evaluated in
follow-up analyses.

Data Collection

Data collected at baseline included information
about prescribing physicians and patient
demographic and clinical characteristics. Data
relating to clinical outcomes and study objec-
tives were collected at baseline and at each post-
baseline visit.

Physician information included specialty,
number of years as a practicing physician, and
type/location of the practice. Patient demo-
graphics included age, sex, race/ethnicity,
height, weight, employment/educational sta-
tus, and health behaviors (e.g., smoking status,
alcohol consumption, exercise, and dietary
habits). Patient clinical characteristics included
date of initial T2DM diagnosis, the two most
recent HbA1c measurements (the most recent
was recorded as the baseline value), the HbA1c
level targeted by the prescribing physician, and
comorbidities. Comorbidities, either related or
not to diabetes, were collected and categorized
(macrovascular, microvascular, or other), and
the Charlson Comorbidity Index [19] score was
derived from relevant conditions.

Documentation of treatment with GLMs
included agents and doses used, any changes
made, and the reasons for start, change, and/or

Fig. 2 Significant treatment change algorithm. GLM glucose-lowering medication, GLP-1 RA glucagon-like peptide 1
receptor agonist
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discontinuation of each medication. This
information was collected for all oral and
injectable GLMs taken before baseline and
newly initiated at baseline/post-baseline, the
GLP-1 RA initiated at baseline, and concomitant
non-diabetes-related medications.

PROs assessed were treatment satisfaction
using the Diabetes Treatment Satisfaction
Questionnaire—Status [20]; perception of
injection devices using the Diabetes Injection
Device Experience Questionnaire [21]; HRQoL
using the EQ-5D-5L questionnaire [22]; life and
work productivity impairment using the Dia-
betes Productivity Measure [23]; and self-per-
ception related to the patient’s body weight
using the Impact of Weight on Self-Perceptions
Questionnaire [24]. Healthcare utilization data,
which covered the 6-month period before
treatment initiation and the observation period,
included number of visits to healthcare profes-
sionals; number and duration of hospital
admissions, emergency room visits, and inten-
sive care unit stays; and work days missed. Data
relating to the time spent by healthcare pro-
fessionals training patients how to use
dulaglutide and liraglutide injection devices
were also collected during the observation per-
iod. This manuscript focuses on the baseline
TROPHIES clinical results, but information
regarding the baseline PRO results has already
been published [15].

Statistical Analyses

A sample size of ca. 350 patients in each treat-
ment group, per country, was considered suffi-
cient to provide good precision [95%
confidence interval (CI) width, ca. 3 months]
for estimation of the median time to first sig-
nificant treatment change for each GLP-1 RA
and to allow for descriptive analyses of each
dose of dulaglutide (1.5 and 0.75 mg) and
liraglutide (1.2 and 1.8 mg). This sample size
was derived by simulation (2000 simulation
runs), assuming a median time to first signifi-
cant treatment change of 9 months (based on
Divino et al. [25]), a 24-month observation
period, and a dropout rate of 20–30%.

All patients who fulfilled the inclusion and
exclusion criteria were included in the analyses.
Analyses were performed for the entire study
population and for each country-specific popu-
lation, both overall and per treatment cohort.
Baseline patient data were analyzed using
descriptive statistics (continuous variables—
mean values with standard deviations and
median values with minimum, maximum, and
quartiles; categorical variables—absolute num-
bers and relative frequencies).

Factors associated with treatment choice at
baseline were explored using univariate analy-
ses (to explore differences between treatment
cohorts at baseline), and those with a p value
less than 0.1 were entered in multivariate
logistic regression models, with several models
tested and goodness of fit assessed for each one.
In multivariate logistic regression models, fac-
tors were considered significant if the p value
was less than 0.05. The outcomes of this anal-
ysis are presented as estimates and odds ratios,
each with corresponding 95% CI limits.
Between-cohort comparisons, overall and per
country, were performed using the v2 test and
the t test for categorical and continuous vari-
ables, respectively. Between-country compar-
isons were not performed, and p values were not
adjusted for multiple testing. Missing data were
not imputed for baseline analysis.

The primary outcome (i.e., duration of
patients’ treatment on the firstGLP-1 RAbefore a
significant treatment change) and the factors
associated with this change will be evaluated
following the endof theobservationperiodusing
Kaplan–Meier analysis and the Cox proportional
hazard model, respectively. As part of the pri-
mary analysis, propensity scores from the logistic
model, including factors associated with treat-
ment choice identifiedatbaseline,will bederived
and used to compare cohorts, if possible.

RESULTS

Patient Disposition and Baseline
Demographic Characteristics

In total, 2181 patients (dulaglutide, 1130;
liraglutide, 1051) were included in the analysis:
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Table 1 Demographic characteristics of patients initiating dulaglutide or liraglutide, overall and per cohort, at baseline

Characteristica Total
N = 2181

Dulaglutide
N = 1130

Liraglutide
N = 1051

P valueb

Age, years (mean [SD]) 59.2 (11.0) 58.9 (11.0) 59.5 (11.0) 0.253

Male, n (%) 1224 (56.1) 623 (55.1) 601 (57.2) 0.335

Race/ethnicity, n (%) 0.089

Asian 6 (0.3) 1 (0.1) 5 (0.5)

Black 46 (2.1) 25 (2.2) 21 (2.0)

Caucasian 2007 (92.0) 1049 (92.8) 958 (91.2)

Smoking status, n (%) 0.117

Never 1131 (51.9) 601 (53.2) 530 (50.4)

Previous smoker 516 (23.7) 257 (22.7) 259 (24.6)

Current smoker 368 (16.9) 196 (17.3) 172 (16.4)

Unknown 151 (6.9) 66 (5.8) 85 (8.1)

Physical activity in the past 4 weeks, n (%) 0.032

None 859 (39.4) 462 (40.9) 397 (37.8)

Only light physical activity most weeks, 3 times or more

per week

755 (34.6) 405 (35.8) 350 (33.3)

Heavy physical activity for at least 20 min, 1–2 times per

week

155 (7.1) 71 (6.3) 84 (8.0)

Heavy physical activity for at least 20 min, 3 times or

more per week

212 (9.7) 100 (8.8) 112 (10.7)

Unknown 185 (8.5) 82 (7.3) 103 (9.8)

Education level, n (%) \ 0.001

No formal education 81 (3.7) 38 (3.4) 43 (4.1)

Minimum mandatory education 816 (37.4) 415 (36.7) 401 (38.2)

More than minimum mandatory education but less than

university education

631 (28.9) 377 (33.4) 254 (24.2)

University education 200 (9.2) 105 (9.3) 95 (9.0)

Unknown 453 (20.8) 195 (17.3) 258 (24.5)

Primary employment status, n (%) 0.575

Working full-time 806 (37.0) 427 (37.8) 379 (36.1)

Working part-time 83 (3.8) 43 (3.8) 40 (3.8)

Student 2 (0.1) 2 (0.2) 0 (0.0)

Retired 820 (37.6) 411 (36.4) 409 (38.9)

Not employed 285 (13.1) 144 (12.7) 141 (13.4)
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712 in France (dulaglutide, 377; liraglutide,
335), 727 in Germany (dulaglutide, 364;
liraglutide, 363), and 742 in Italy (dulaglutide,
389; liraglutide, 353). Patients were enrolled by
diabetologists [1709 (78.4%)], endocrinologists
[974 (44.7%)], internists [672 (30.8%)], general
practitioners (GPs) [201 (9.2%)], and other spe-
cialists [87 (4.0%)]; several physicians reported
more than one specialty.

Table 1 shows the demographic characteris-
tics of the dulaglutide and liraglutide cohorts.
Patients were predominantly male (56.1%) and
Caucasian (92.0%). Mean [standard deviation
(SD)] patient age was 59.2 (11.0) years [France
58.5 (10.9); Germany 57.4 (11.5); Italy 61.6
(10.1)] (Table S1). The mean (SD) duration of
T2DM from diagnosis to baseline was 8.5 (6.9)
years [France 9.0 (7.2); Germany 6.8 (6.0); Italy
9.6 (7.2)] (Table S1).

Clinical and Biological Characteristics
at Baseline

Table 2 shows the clinical characteristics of the
dulaglutide and liraglutide cohorts at baseline,
before treatment started. The overall mean (SD)
HbA1c at baseline was 8.2 (1.3)%, with 50.9% of
patients having HbA1c B 8.0% and 46.9% of
patients having HbA1c[ 8.0%. The mean (SD)

HbA1c target set by the treating physicians was
6.9 (0.4)%, and the most frequent HbA1c target
ranges were C 7.0 to\ 8.0% (58.2%) and C 6.5
to\7.0 (38.3%). The actual mean (SD) HbA1c
value was 1.4 (1.2)% higher than the target
value. The mean (SD) HbA1c values of French,
German, and Italian patients were 8.6 (1.4)%,
8.2 (1.4)%, and 8.0 (0.8)%, respectively (Fig. 3a;
Table S1); the respective mean (SD) differences
between actual and target HbA1c levels were 1.6
(1.4)%, 1.3 (1.3)%, and 1.2 (0.8)%. The propor-
tions of patients with baseline HbA1c levels
C 7.5 and\8.5% in France, Germany, and Italy
were 34.0%, 34.1%, and 64.8%, respectively.

The overall mean (SD) weight and BMI was
96.7 (21.5) kg and 33.9 (6.6) kg/m2, respec-
tively. The mean (SD) weight of French, Ger-
man, and Italian patients was 93.4 (19.0), 106.8
(23.0), and 90.1 (18.9) kg, respectively
(Table S1). The mean (SD) BMI values of French,
German, and Italian patients were 33.3 (6.1),
36.0 (7.2), and 32.6 (5.9) kg/m2, respectively
(see Fig. 3a for per cohort and per country BMI
data). Overall, the mean (SD) systolic and dias-
tolic blood pressures were 136.8 (17.5) and 80.7
(10.7) mmHg, respectively (see Table S1 for per
country and per cohort values). Hypertension
was reported by 73.2% of all patients (dulaglu-
tide, 71.9%; liraglutide, 74.5%; Table 2). At the

Table 1 continued

Characteristica Total
N = 2181

Dulaglutide
N = 1130

Liraglutide
N = 1051

P valueb

Unknown/not available/not reported 123 (5.6) 70 (6.2) 53 (5.0)

T2DM duration, years (mean [SD]) 8.5 (6.9) 8.6 (6.9) 8.4 (6.9) 0.476

T2DM duration, n (%) 0.371

\ 5 years 750 (34.4) 373 (33.0) 377 (35.9)

C 5 to\ 10 years 563 (25.8) 301 (26.6) 262 (24.9)

C 10 years 799 (36.6) 418 (37.0) 381 (36.3)

SD standard deviation, T2DM type 2 diabetes mellitus
a The proportion of patients with missing data for the parameters shown in this table was less than 1.0%, with the
exception of duration of T2DM, where the proportion of patients with missing data was 3.2%
b Between-cohort comparisons were performed using the v2 test and the t test for categorical and continuous variables,
respectively
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Table 2 Clinical and treatment characteristics of patients initiating dulaglutide or liraglutide, overall and per cohort, at
baseline

Clinical characteristicsa Total
N = 2181

Dulaglutide
N = 1130

Liraglutide
N = 1051

P valueb

HbA1c, % [mean (SD)] 8.2 (1.3) 8.2 (1.2) 8.3 (1.3) 0.059

HbA1c categories, n (%) 0.016

B 6.5% 117 (5.4) 61 (5.4) 56 (5.3)

[ 6.5 to B 7.0% 146 (6.7) 68 (6.0) 78 (7.4)

[ 7.0 to B 8.0% 848 (38.9) 456 (40.4) 392 (37.3)

[ 8.0 to B 9.0% 601 (27.6) 329 (29.1) 272 (25.9)

[ 9.0 to B 10.5% 297 (13.6) 131 (11.6) 166 (15.8)

[ 10.5% 125 (5.7) 57 (5.0) 68 (6.5)

B 8.0% 1111 (50.9) 585 (51.8) 526 (50.0)

[ 8.0% 1023 (46.9) 517 (45.8) 506 (48.1)

Reported HbA1c target, % (mean [SD])c 6.9 (0.4) 6.9 (0.4) 6.9 (0.4) 0.358

Difference between HbA1c levels at baseline and target, %
[mean (SD)]

1.4 (1.2) 1.3 (1.1) 1.4 (1.3) 0.017

Weight, kg [mean (SD)] 96.7 (21.5) 96.0 (21.6) 97.4 (21.4) 0.165

BMI, kg/m2 [mean (SD)] 33.9 (6.6) 33.7 (6.6) 34.1 (6.5) 0.147

Waist circumference, cm [mean (SD)] 112.8 (14.5) 112.4 (14.4) 113.3 (14.6) 0.278

Blood pressure, mmHg [mean (SD)]

Systolic 136.8 (17.5) 136.6 (16.7) 136.9 (18.2) 0.682

Diastolic 80.7 (10.7) 80.8 (10.6) 80.7 (10.9) 0.763

Hypertension, n (%) 1596 (73.2) 813 (71.9) 783 (74.5) –

Patients with one or more macrovascular condition, n (%)d 417 (19.1) 160 (14.2) 257 (24.5) \ 0.001

Myocardial infarction 211 (9.7) 66 (5.8) 145 (13.8)

Congestive heart failure 91 (4.2) 36 (3.2) 55 (5.2)

Cerebrovascular disease 84 (3.9) 36 (3.2) 48 (4.6)

Hemiplegia or paraplegia 14 (0.6) 3 (0.3) 11 (1.0)

Dementia 2 (0.1) 0 (0.0) 2 (0.2)

Peripheral vascular disease 139 (6.4) 64 (5.7) 75 (7.1)

Patients with one or more microvascular condition, n (%)e 427 (19.6) 228 (20.2) 199 (18.9) 0.442

Retinopathy 74 (3.4) 41 (3.6) 33 (3.1)

Nephropathy 144 (6.6) 76 (6.7) 68 (6.5)

Microalbuminuria 107 (4.9) 60 (5.3) 47 (4.5)

Macroalbuminuria 28 (1.3) 11 (1.0) 17 (1.6)

Renal function disease 128 (5.9) 56 (5.0) 72 (6.9)

Neuropathy 172 (7.9) 101 (8.9) 71 (6.8)

Hyperlipidemia, n (%) 1384 (63.5) 719 (63.6) 665 (63.3)

Liver disease, n (%)f 207 (9.5) 106 (9.4) 101 (9.6) 0.874

Other conditions not related to diabetes, n (%)g 253 (11.6) 130 (11.5) 123 (11.7) 0.906

Treatment characteristicsa
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Table 2 continued

Clinical characteristicsa Total
N = 2181

Dulaglutide
N = 1130

Liraglutide
N = 1051

P valueb

Patients receiving one or more oral GLM, n (%) 1872 (85.8) 970 (85.8) 902 (85.8) –

Number of concomitant oral GLMs, n (%)h,i –

0 309 (14.2) 160 (14.2) 149 (14.2)

1 1232 (56.5) 642 (56.8) 590 (56.1)

2 574 (26.3) 297 (26.3) 277 (26.4)

C 3 66 (3.0) 31 (2.7) 35 (3.3)

Classes of concomitant oral GLMs, n (%)i –

Metformin 1104 (50.6) 570 (50.4) 534 (50.8)

Metformin and sulfonylureas 289 (13.3) 159 (14.1) 130 (12.4)

Metformin and SGLT2 inhibitors 152 (7.0) 75 (6.6) 77 (7.3)

Sulfonylureas 53 (2.4) 31 (2.7) 22 (2.1)

Metformin and DPP4 inhibitors 50 (2.3) 26 (2.3) 24 (2.3)

SGLT2 inhibitors 38 (1.7) 21 (1.9) 17 (1.6)

Cardiovascular medications, n (%)

ACE inhibitors 722 (33.1) 347 (30.7) 375 (35.7) 0.054

b-blockers 713 (32.7) 343 (30.4) 370 (35.2) 0.063

Diuretics 670 (30.7) 332 (29.4) 338 (32.2) 0.352

Angiotensin II receptor blockers 570 (26.1) 305 (27.0) 265 (25.2) 0.605

Calcium channel blockers 421 (19.3) 210 (18.6) 211 (20.1) 0.705

ACE angiotensin-converting enzyme, BMI body mass index, DPP4 dipeptidyl peptidase 4, GLM glucose-lowering medication, HbA1c
glycated hemoglobin, SD standard deviation, SGLT2 sodium-glucose cotransporter 2
a The proportion of patients with missing data for the variables included in this table was less than 10.0%, with the exception of waist
circumference, where the proportion of patients with missing data was 37.2%
b Between-cohort comparisons were performed using the v2 test and the t test for categorical and continuous variables, respectively. En
dash symbols denote that the between-cohort comparison was not performed
c Physicians were requested to provide the HbA1c target for each patient
d Includes patients with myocardial infarction, congestive heart failure, cerebrovascular disease, hemiplegia or paraplegia, dementia (related
to diabetes), and peripheral vascular disease
e Includes patients with retinopathy, nephropathy, neuropathy, microalbuminuria, macroalbuminuria, and renal function disease
f Includes patients with mild, moderate, or severe liver disease
g Includes patients with any malignancy (including lymphoma and leukemia but not malignant neoplasm of the skin), chronic pulmonary
disease, dementia (unrelated to diabetes), peptic ulcer disease, and rheumatic disease
h Concomitant GLMs are treatments taken before or at baseline visit; whether these were maintained after baseline or stopped within
30 days from baseline is unknown
i The main combinations of oral GLMs (e.g., those received by more than 1.7% of all patients) are presented here
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country level, the proportions of French, Ger-
man, and Italian patients with hypertension
were 66.2%, 79.2%, and 74.0%, respectively; the
between-cohort difference in the proportion of
patients with hypertension was highest in
France (dulaglutide, 63.0%; liraglutide, 69.9%)
(Table S1). Hyperlipidemia and liver disease
were reported by 63.5% and 9.5% of all patients,
respectively (Table 2) (see Table S1 for per
country and per cohort values).

As regards diabetes-related comorbidities,
19.1% of all patients presented with at least one
macrovascular condition (dulaglutide, 14.2%;
liraglutide, 24.5%; p\0.001) (Table 2). The
between-cohort difference was explained by the
numerically lower proportion of patients with
myocardial infarction (MI) in the dulaglutide
cohort in France (dulaglutide, 4.8% and
liraglutide, 22.1%; Table S1), whereas in Ger-
many and Italy no such difference in the pro-
portion of patients with MI was observed. At
least one microvascular condition was reported
by 19.6% of all patients (dulaglutide, 20.2%;
liraglutide, 18.9%; p = 0.442). The proportion of
German patients with such conditions was
higher in those receiving dulaglutide than
liraglutide (27.5% and 18.7%, respectively;
p = 0.004). This difference was driven primarily
by neuropathy (16.2% and 10.7%, respectively).
The between-cohort proportions of French and
Italian patients with microvascular conditions
did not differ (p[0.05, both comparisons;
Table S1).

Treatment Details at Baseline

In the overall population, 85.8% of patients
received at least one oral GLM before or at the
time of dulaglutide or liraglutide initiation
(Table 2). The proportions of patients receiving
one, two, and three or more oral GLMs were
56.5%, 26.3%, and 3.0%, respectively (Table 2).
Metformin was the most frequently used oral
GLM (either alone or in combination with other
GLMs) in both treatment cohorts of all three
countries. The proportions of patients receiving
metformin alone in France, Germany, and Italy
were 38.9%, 47.0%, and 65.4%, respectively
(Table S1). The proportion of patients who

reported receiving metformin and sulfonylurea
in France, Germany, and Italy was 25.1%, 2.3%,
and 12.5%, respectively (Table S1), and of those
receiving sodium-glucose transporter 2 (SGLT2)
inhibitors (alone or in combination) was 0%,
27.9%, and 0.5%, respectively (at the start of the
study, SGLT2 inhibitors were not reimbursed in
France; in Italy, they were not reimbursed in
association with GLP-1 RA use). Proportions (%)
of all patients on dulaglutide or liraglutide,
respectively, were reported for lipid-lowering
(50.1%, 51.7%), cardiovascular (69.8%, 72.4%),
antithrombotic (29.5%, 36.2%), antiemetic
(0.3%, 0.5%), and weight-lowering (0.2%, 0.1%)
medications during the 6 months before base-
line. Table 2 and Table S1 show patients’ car-
diovascular medications.

Baseline Factors Associated with GLP-1 RA
Choice

Table 3 shows the factors associated with GLP-
1 RA treatment choice at baseline. In France,
factors more likely to be associated with the
initiation of liraglutide than dulaglutide inclu-
ded physician specialty other than diabetolo-
gist, endocrinologist, internist, or GP, presence
versus absence of CVD, patients not exercising
versus exercising, and those receiving versus not
receiving antithrombotic treatment. Con-
versely, private versus public practice physicians
and physicians with non-urban versus urban
practices were more likely to prescribe dulaglu-
tide than liraglutide. In Germany, private versus
public physicians, internists, and GPs were
more likely to prescribe liraglutide than
dulaglutide. In contrast, German patients with
higher versus lower than basic education and
those consuming versus not consuming alcohol
were more likely to be initiated with dulaglutide
than liraglutide. In Italy, diabetologists versus
other physician specialties and consuming ver-
sus not consuming alcohol were factors associ-
ated with the prescription of dulaglutide rather
than liraglutide.
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DISCUSSION

The TROPHIES study focuses on patients with
T2DM initiating their first injectable antihyper-
glycemic treatment with dulaglutide or liraglu-
tide in the normal course of care in France,
Germany, and Italy. For the overall population,
enrolled patients were middle aged (ca.
60 years), more likely to be male, and obese
(mean BMI ca. 34 kg/m2), with a mean disease
duration of 8.5 years, a mean HbA1c of 8.2%,
and a mean difference between actual and tar-
geted HbA1c of 1.4%. These baseline charac-
teristics provide insight into the population of
patients with T2DM receiving GLP-1 RAs in
normal clinical practice in these countries.

Additionally, our analysis identified some
notable numerical differences at the country
level. First, the duration of T2DM was numeri-
cally shorter in German than French or Italian
patients. In all three countries, the guidelines
for T2DM management allow GLP-1 RA pre-
scription if glycemic control is not achieved
with metformin [26–28]. Second, as German
patients had a high mean weight and BMI,
physicians in this country may be initiating
treatment with GLP-1 RA earlier than French or
Italian physicians because of the weight loss
potential with these agents [4]. In fact, the
current German T2DM management guidelines
recommend using GLP-1 RAs in conjunction
with oral GLMs (preferably metformin) in
patients with substantial weight problems [29].
Our finding is supported by Qiao et al. [30], who
reported that patients initiating GLP-1 RAs in
Germany had a higher mean BMI than patients
initiating other non-GLP-1 RA antihyper-
glycemic medications (36.1 vs 31.3 kg/m2,
respectively). Third, the proportion of patients
with baseline HbA1c levels C 7.5% and\8.5%
in Italy was almost twofold higher than the
respective proportions in France or Germany;
this finding may be attributed to the fact that,
in Italy, GLP-1 RAs were reimbursed only for
patients with HbA1c levels of 7.5–8.5% at the
time of patient enrollment in the TROPHIES
study.

The mean BMI for French patients reported
in this study is consistent with that reported for
French patients with T2DM in the ObEpi (obe-
sity epidemiology) 2012 survey (33.3 and
29.9 kg/m2, respectively) [31], and the mean
BMI of the TROPHIES Italian patients is consis-
tent with that reported for Italian patients with
T2DM aged less than 65 years (32.6 and
30.7 kg/m2, respectively) [32]. Systolic blood
pressure was numerically higher for German
than for French or Italian patients, a factor that
might align with the higher body weight of this
population.

In France, the proportion of patients with
macrovascular conditions, including MI, was
significantly lower in the dulaglutide than the
liraglutide cohort, which resulted in a corre-
sponding difference observed at the overall
study population level. This difference may be

Fig. 3 Baseline mean HbA1c (a) and BMI (b) values in
patients of France, Germany, and Italy with type 2 diabetes
mellitus at the initiation of dulaglutide or liraglutide.
Vertical lines denote the upper and lower limits of the 95%
confidence intervals. BMI body mass index, HbA1c
glycated hemoglobin
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because, during the patient enrollment period
for TROPHIES, the French Diabetes Society
position statement recommended the adminis-
tration of liraglutide to patients with T2DM
who required secondary CVD prevention on the
basis of the outcomes of the LEADER study
[5, 33]. This supposition is supported by the
analyses of factors associated with treatment
choice at baseline that showed that the pres-
ence of macrovascular cardiovascular disease
increased the likelihood of the patient receiving
liraglutide in France. However, since the start of
TROPHIES, other trials demonstrating cardio-
vascular benefit have been published, including
REWIND for dulaglutide [7]. In 2019, the 2018
ADA/EASD consensus statement update recom-
mended that GLP-1 RAs be considered in
patients with T2DM with established CVD or
without established CVD but with high risk
factors to reduce MACE, and proposed the use
of dulaglutide for the primary prevention of
CVD, as it was supported by strong evidence
that was lacking from other GLP-1 RAs [2]. As
the TROPHIES study progresses, treatment
modifications based on newly published data
and updated guidance in this field will be
monitored.

A numerically higher proportion of patients
from Italy reported concomitant use of at least
one GLM compared with patients from France
or Germany. In France and Italy, GLP-1 RAs are
reimbursed only if given concomitantly with
metformin; thus, approximately two-thirds of
patients were taking metformin, either alone or
in combination with a sulfonylurea, at the time
of GLP-1 RA initiation. Because SGLT2 inhibi-
tors were not reimbursed in France, and in Italy
they were not reimbursed in association with
GLP-1 RAs when TROPHIES was initiated, no
patients in France and only four in Italy repor-
ted using SGLT2 inhibitors alone or as part of
combination therapy at baseline.

Limitations should be considered when
interpreting these findings. At some sites,
investigators may not have had patients’ com-
plete treatment records, so the numbers and
types of GLMs received before baseline are
probably underestimated. Patient selection bias
cannot be ruled out. Per protocol, patients who
had previously received insulin were excluded,T
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but this may not reflect the therapeutic history
of all patients who initiate GLP-1 RAs in real-
world practice in the countries in the study.
Moreover, healthcare systems and patient care
may vary across countries, so the findings of
this study may not apply to other countries. For
example, in Italy, all physicians were specialists,
as Italian GPs are not allowed to prescribe GLP-
1 RAs. Likewise, in France, almost all physicians
enrolling patients were diabetes specialists;
however, GPs in France can also initiate treat-
ment with GLP-1 RAs in patients with T2DM.
This may have influenced the profile of the
French patients included in TROPHIES, as
patients treated by specialists may have a more
advanced and complex disease profile than
those treated by GPs.

CONCLUSIONS

This observational study will improve our
understanding of the treatment patterns asso-
ciated with two widely prescribed GLP-1 RAs in
three large European countries, including rea-
sons for therapeutic changes. Valuable clinical
data from patients will also be obtained. The
current report shows how the design of the
study will address multiple questions and
highlights how patient characteristics differ
among cohorts and countries. The similarities
and differences identified may be explained by
the study design or by local patient factors,
prescribing habits, and guidelines.
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world observational prospective study of health
outcomes with dulaglutide and liraglutide in type 2
diabetes patients (TROPHIES): baseline patient-re-
ported outcomes. Diabetes Ther. 2020;11:2383–99.
https://doi.org/10.1007/s13300-020-00908-9.

16. European Medicines Agency. Trulicity SPC. https://
www.ema.europa.eu/en/documents/product-
information/trulicity-epar-product-information_
en.pdf. Accessed Jun 22, 2020.

17. European Medicines Agency. Victoza SPC. https://
www.ema.europa.eu/en/documents/product-
information/victoza-epar-product-information_en.
pdf. Accessed Jun 22, 2020.

18. World Medical Association. Declaration of Helsinki.
Recommendations guiding physicians in biomedi-
cal research involving human subjects. JAMA.
1997;277(11):925–926.

19. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A
new method of classifying prognostic comorbidity
in longitudinal studies: development and valida-
tion. J Chronic Dis. 1987;40:373–83.

20. Bradley C, Lewis KS. Measures of psychological
well-being and treatment satisfaction developed
from the responses of people with tablet-treated
diabetes. Diabet Med. 1990;7:445–51. https://doi.
org/10.1111/j.1464-5491.1990.tb01421.x.

21. Matza LS, Boye KS, Stewart KD, Paczkowski R, Jor-
dan J, Murray LT. Development of the diabetes
injection device experience questionnaire (DID-EQ)
and diabetes injection device preference question-
naire (DID-PQ). J Patient Rep Outcomes. 2018;2:43.
https://doi.org/10.1186/s41687-018-0068-z.

22. EuroQol Group. https://euroqol.org/eq-5d-
instruments/eq-5d-5l-about/. Accessed Jun 22,
2020.

Diabetes Ther (2021) 12:1929–1946 1945

https://doi.org/10.2337/dci19-0066
https://doi.org/10.2337/dci19-0066
https://doi.org/10.1111/dom.13129
https://doi.org/10.1111/dom.13129
https://doi.org/10.1161/CIRCULATIONAHA.117.028136
https://doi.org/10.1161/CIRCULATIONAHA.117.028136
https://doi.org/10.1056/NEJMoa1607141
https://doi.org/10.1016/S0140-6736(19)31149-3
https://doi.org/10.1007/s13300-016-0224-5
https://doi.org/10.1007/s13300-016-0224-5
https://doi.org/10.1007/s13300-019-0615-5
https://doi.org/10.1007/s13300-019-0615-5
https://doi.org/10.1080/03007995.2018.1538011
https://doi.org/10.1007/s13300-018-0396-2
https://doi.org/10.1007/s13300-018-0396-2
https://doi.org/10.1111/dom.13178
https://doi.org/10.1111/dom.13178
https://doi.org/10.2337/dc16-2725
https://doi.org/10.2337/dc16-2725
https://doi.org/10.1007/s13300-020-00908-9
https://www.ema.europa.eu/en/documents/product-information/trulicity-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/trulicity-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/trulicity-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/trulicity-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/victoza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/victoza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/victoza-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/victoza-epar-product-information_en.pdf
https://doi.org/10.1111/j.1464-5491.1990.tb01421.x
https://doi.org/10.1111/j.1464-5491.1990.tb01421.x
https://doi.org/10.1186/s41687-018-0068-z
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/
https://euroqol.org/eq-5d-instruments/eq-5d-5l-about/


23. Brod M, Skovlund SE, Wittrup-Jensen KU. Measur-
ing the impact of diabetes through patient report of
treatment satisfaction, productivity and symptom
experience. Qual Life Res. 2006;15:481–91. https://
doi.org/10.1007/s11136-005-1624-6.

24. Hayes RP, DeLozier AM. Reliability, validity, and
responsiveness of the impact of weight on self-
perceptions questionnaire (IW-SP) in individuals
with type 2 diabetes and obesity. Diabetes Technol
Ther. 2015;17:210–4.

25. Divino V, DeKoven M, Hallinan S, et al. Glucagon-
like peptide-1 receptor agonist treatment patterns
among type 2 diabetes patients in six European
countries. Diabetes Ther. 2014;5:499–520.

26. Landgraf R, Kellerer M, Aberle J, et al. Therapie des
Typ-2-Diabetes. Diabetologie. 2019;14(Suppl 2):
S167–87.
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