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ABSTRACT 
Aims: To describe healthcare resource utilization (HCRU) and associated costs after initiation of inject-
able glucagon-like peptide-1 receptor agonist (GLP-1 RA) therapy by adult patients with type 2 dia-
betes (T2D) in the prospective, observational, 24-month TROPHIES study in France, Germany, and Italy.
Materials and methods: HCRU data for cost calculations were collected by treating physicians during 
patient interviews at baseline and follow-up visits approximately 6, 12, 18, and 24 months after GLP-1 
RA initiation with once-weekly dulaglutide or once-daily liraglutide. Costs were evaluated from the 
national healthcare system (third-party payer) perspective and updated to 2018 prices.
Results: In total, 2,005 patients were eligible for the HCRU analysis (1,014 dulaglutide; 991 liraglutide). 
Baseline patient characteristics were generally similar between treatment groups and countries. The 
largest proportions of patients using �2 oral glucose-lowering medications (GLMs) at baseline (42.9– 
43.4%) and month 24 (44.0–45.1%) and using another injectable GLM at month 24 (15.3–23.2%) were 
in France. Mean numbers of primary and secondary healthcare contacts during each assessment 
period were highest in France (range ¼ 4.0–10.7) and Germany (range ¼ 2.9–5.7), respectively. The 
greatest proportions (�60%) of mean annualized costs per patient comprised medication costs. Mean 
annualized HCRU costs per patient varied by treatment cohort and country: the highest levels were in 
the liraglutide cohort in France (e909) and the dulaglutide cohort in Germany (e883).
Limitations: Limitations included exclusion of patients using insulin at GLP-1 RA initiation and collec-
tion of HCRU data by physician, not via patient-completed diaries.
Conclusions: Real-world HCRU and costs associated with the treatment of adults with T2D with two 
GLP-1 RAs in TROPHIES emphasize the need to avoid generalization with respect to HCRU and costs 
associated with a particular therapy when estimating the impact of a new treatment in a country- 
specific setting.

PLAIN LANGUAGE SUMMARY
Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) have become frequent treatments of hypergly-
cemia in type-2 diabetes (T2D). Not all types of clinical study provide information about the cost of 
these treatments or the effects they might have on use of other medicines and equipment to control 
T2D or the need for visits to a doctor or nurse and different types of treatment in hospital. This study 
collected this information during the regular care of adults in France, Germany, or Italy who were pre-
scribed either dulaglutide or liraglutide (both types of GLP-1 RAs) by their family doctor or a specialist 
in T2D. There were differences in costs and the need for other medicines and medical services 
between people using either dulaglutide or liraglutide and for people who were using the same GLP- 
1 RA in each of the three countries. The information from this study could be used to more accurately 
understand the overall costs and medical care needed when patients use dulaglutide or liraglutide in 
France, Germany, or Italy.
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Introduction

Diabetes is a chronic condition with a high economic cost in 
Europe. One in 11 adults (aged 20–79 years) in Europe has 
diabetes (total �61 million adults)1 and more than 95% of 
people with diabetes have type 2 diabetes (T2D)2. Diabetes- 
related expenditure in Europe totaled USD 189 billion in 
2021, with Europe having the second highest average cost 
(after the North America and Caribbean International 
Diabetes Federation region) per adult with diabetes – USD 
3,086 per annum1. However, despite the considerable finan-
cial burden of diabetes, and specifically T2D, cost data on 
the real-world management of T2D are rarely collected in 
prospective research studies.

Due to homogenous patient populations and strictly 
adhered to treatment regimens, only limited evaluations of 
resource use and the cost of T2D therapy can be conducted 
in randomized clinical trials. Conversely, real-world evidence 
from large, well-designed, prospective, observational studies 
in T2D can provide information fundamental for healthcare 
decision makers, such as estimates of resource use and cost 
in more diverse patient populations within specific countries 
and/or healthcare systems. This type of research is particu-
larly important in T2D because of its chronic and complex 
nature and the large, heterogeneous population affected by 
the disease.

T2D is a progressive disease and maintaining glycemic 
control over the course of the disease often requires treat-
ment intensification by switching from oral glucose-lowering 
medications (GLMs) to injectable therapy. Glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs) are typically the first 
injectable therapy recommended for T2D, offering glycemic 
control in addition to other health benefits, such as weight 
reduction and potential cardiovascular disease (CVD) 
prevention3,4.

Several GLP-1 RAs are available, each displaying a differ-
ent profile with regards to duration of action and ease of 
dosing, efficacy, tolerability, and immunogenicity4–6. Two 
such GLP-1 RAs, dulaglutide (TrulicityVR , Eli Lilly and Company 
USA; approved in the European Union in 2014)7 and liraglu-
tide (VictozaVR , Novo Nordisk, Denmark; approved in the 
European Union in 2009)8, have demonstrated positive out-
comes in clinical trials9–13. The multinational, prospective, 
real-world TROPHIES study, conducted between 2017 and 
2021, sought primarily to estimate the time spent on the first 
GLP-1 RA until a significant treatment change due to treat-
ment- or diabetes-related factors in patients initiating their 
first injectable treatment for T2D with these two commonly 
prescribed GLP-1 RAs (at the time the study was designed 
and started)14,15 over 24 months in France, Germany, and 
Italy16,17. The TROPHIES study also offered an excellent 
opportunity to evaluate the healthcare resource use (HCRU) 
and costs associated with GLP-1 RA treatment in real-world 
clinical practice in these three countries. In the current envir-
onment, in which increasing numbers of people with T2D 
are being treated with GLP-1 RAs18–21, HCRU and cost data 
are key inputs for cost-effectiveness evaluations in specific 
countries.

Our objective is to describe the HCRU and associated 
costs during the 24 months after initiation of injectable 
GLP-1 RA therapy in the prospective, observational TROPHIES 
study of adult patients with T2D in France, Germany, and 
Italy.

Methods

Design and patients

As reported elsewhere, TROPHIES was a non-interventional, 
multinational, 24-month study, initiated to investigate the 
use of dulaglutide and liraglutide in routine clinical practice 
in adults with T2D (Supplementary Figure S1)16. Participant 
enrolment took place between July 2017 and May 2019, and 
the last patient visit occurred during June 2021. Patients 
aged �18 years were eligible to participate if they were naïve 
to injectable treatment for T2D (except for short-term 
[�4 weeks] use of insulin for acute conditions or insulin use 
during pregnancy) and were scheduled to begin their first 
injectable GLM with either dulaglutide once weekly or lira-
glutide once daily (based on physician decision) in one of 
three large European countries: France, Germany, and Italy. 
Patients initiating treatment with a GLP-1 RA in combination 
with insulin (defined as the initiation of insulin within the 
first 30 days of GLP-1 RA treatment initiation) or those being 
treated with an investigational drug or procedure were 
excluded.

Patients were enrolled at general practitioner or specialist 
healthcare practitioner (HCP) sites across France, Germany, 
and Italy. Physicians prescribed and dosed dulaglutide and 
liraglutide according to the approved label in their respective 
country. The recommended dose for dulaglutide at the time 
of the study was 0.75 mg once weekly as monotherapy and 
1.5 mg once weekly when used as add-on therapy. The 
0.75 mg once-weekly dose could be considered a starting 
dose in add-on therapy for potentially vulnerable patients22. 
The liraglutide starting dose was 0.6 mg per day. After at 
least 1 week, the dose was increased to 1.2 mg per day and 
could be further increased to 1.8 mg per day for patients 
expected to benefit from a dose increase and based on clin-
ical response8.

Data relating to study objectives were collected at base-
line (from medical records over the previous 6-month period) 
and during subsequent routine clinical care visits at approxi-
mately 6, 12, 18, and 24 months (± 45 days) after GLP-1 RA 
initiation (see Supplementary Figure S1). Although visits 
were planned at ± 45 days, they often fell outside this win-
dow in routine practice; for the purposes of the analyses, 
windows of ± 91 days were used. Baseline data collected 
included demographic and clinical characteristics (e.g. dia-
betes duration, previous glycated hemoglobin [HbA1c] level, 
concomitant diseases, and previous treatment). Electronic 
case report forms were used for data entry.

The study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki23 and the applicable 
laws and regulations of the three countries. Appropriate local 
bodies approved the study. All patients analyzed provided 
authorization for the use and disclosure of their personal 
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health information covering the collection and release of 
data regarding treatment and its outcomes for the entire 
study period.

Study endpoints

TROPHIES collected data on clinical outcomes, persistence, 
treatment patterns, patient-reported outcomes, HCRU, and 
associated costs. The primary endpoint was the duration of 
treatment with the patients’ first GLP-1 RA (dulaglutide or lir-
aglutide) without a significant treatment change due to 
treatment- or diabetes-related factors (defined as either 
intensification or discontinuation of dulaglutide or liraglutide 
initiated at baseline). Primary endpoint results at 24 months, 
as well as interim and final clinical, treatment pattern and 
patient-reported outcomes, have been published in detail 
elsewhere17,24,25.

Medication and healthcare resource use
The collection of medication and HCRU data for inclusion in 
cost calculations was a secondary objective of the TROPHIES 
study. These data, collected using standardized case report 
forms during patient interviews with the treating physician 
at baseline (for the previous 6 months) and all follow-up vis-
its (i.e. for the period since the last visit), are listed below 
and aggregated as shown.

Medication
� GLMs and doses (i.e. index GLP-1 RA, oral antidiabetic 

drugs [i.e. alpha glucosidase inhibitor, biguanide, dipep-
tidyl peptidase-IV [DPP-IV] inhibitor, meglitinide, sodium- 
glucose cotransporter-2 [SGLT-2] inhibitor, sulfonylurea, 
thiazolidinedione] and other injectable antidiabetic drugs 
[insulin or non-index GLP-1 RA]).

HCRU
� Number of contacts with primary care HCPs (i.e. visits or 

phone calls with primary care doctor and practice- or hos-
pital-based visits, home visits or phone calls with primary 
care nurse).

� Number of visits with secondary care specialist HCPs – 
cardiologist, dentist, dermatologist, diabetologist/endo-
crinologist/internal medicine, dietician, nephrologist, neur-
ologist, ophthalmologist, podiatrist, psychiatrist, 
psychotherapist, and specialist nurse.

� Number of contacts with diabetes educator/specialized 
staff (i.e. practice- or hospital-based visits, home visits or 
phone calls) and whether or not the patient required 
training on how to use the GLP-1 RA device at each visit.

� Proportion of patients with hospital admissions (including 
daytime hospitalizations, overnight non-intensive care 
hospitalizations, and overnight intensive care hospitaliza-
tions) related to diabetes (e.g. hypoglycemia) or short- or 
long-term diabetic complications (e.g. cardiovascular) and 
number of days of hospitalization for each.

� Number of emergency room (ER) visits, and whether or 
not the patient was transported by ambulance and, if so, 
how many times.

� Number of days spent caring and number of days of 
work missed by primary caregiver (not HCP); and propor-
tion of patients with missed days at work and number of 
days of work missed by patients.

� Proportion of patients using self-monitored blood glucose 
(SMBG) devices and average number of SMBG device 
tests performed per week.

Costs
Information on the sources and handling of direct medical 
and resource-use unit costs in TROPHIES has been published 
in detail elsewhere26. In summary, costs were evaluated from 
the national healthcare system (third-party payer) perspective 
and updated to 2018 prices. All prices were taken from pub-
lished sources in Euros (e). Resource-use costs included ER 
visit costs, hospitalization costs, and other medical costs (i.e. 
visits to specialists and visits to/of primary care doctors/ 
nurses). Medication costs, which included index GLP-1 RA 
drug (dulaglutide or liraglutide) costs, oral diabetic drug 
costs, and other injectable medication costs (either insulin or 
non-index GLP-1 RA), were based on local 2018 list prices in 
each country. Direct non-medical and indirect costs were not 
assessed in this study.

For each country, costs per patient were calculated by 
applying local unit costs (from the healthcare system per-
spective) to each resource used. Several cost calculation 
assumptions were made. All medications were assumed to 
be generic formulations, where available (except dulaglutide 
and liraglutide), and public prices were used. Minimally 
priced presentations were used if different packages were 
available. Combination medication was assigned a cost for 
the total daily dose of the lowest priced medication. 
Hospitalization costs were valued based on cost per episode 
for each type of admission.

Sample size and statistical measures

The sample size calculation for TROPHIES has been reported 
in detail elsewhere16. A sample size of 350 patients per coun-
try in each treatment cohort was considered sufficient to 
provide good precision for estimating the median time to 
the first significant treatment change for each index GLP-1 
RA. All patients who fulfilled the inclusion criteria were 
included in the analyses. Analyses were performed using all 
data up to the point of the last data collection for patients 
who were lost to follow-up or who withdrew from the study. 
Descriptive statistics were planned for the main analyses; 
thus, no formal statistical comparisons of HCRU or cost data 
between treatment cohorts were conducted. No imputation 
of missing data was performed. Baseline data were reported 
as mean (standard deviation) for continuous variables and 
absolute and relative frequencies for categorical variables. 
Descriptive statistics were calculated for the study variables: 
mean (standard deviation) and/or median (interquartile 
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range) for continuous variables; and absolute and relative 
frequencies for categorical variables.

All reported costs are post-baseline only (i.e. costs related 
to resource use data collected at baseline, which refer to the 
6-month pre-index GLP-1 RA initiation period, were 
excluded), and covered the actual follow-up time for each 
patient (i.e. from index GLP-1 RA start date to study comple-
tion [24 months], or to study discontinuation for any reason). 
Reported annualized medication and resource-use costs per 
country reflect the whole 24-month study duration but are 
standardized to yearly costs (i.e. the cost for a patient who 
completed the 24-month study has been divided by 2, the 
cost for a patient who discontinued at 18 months has been 
divided by 1.5, and the cost for a patient who discontinued 
at 6 months has been multiplied by 2). A sensitivity analysis 
was conducted on mean annualized resource-use costs per 
country in which hospitalization costs were Winsorized at the 
1st and 99th percentiles to limit the impact of spurious out-
liers. Data was Winsorized by attributing the 1st percentile 
cost when the actual cost was lower in value than the 1st 

percentile estimate and, similarly, attributing the 99th per-
centile cost when the actual cost was higher than the 99th 

percentile estimate27. All statistical analyses were conducted 
using SAS 9.4 (The SAS Institute, Cary, NC).

Results

In total, 2,207 patients entered the TROPHIES study, and 
2,005 patients were eligible for the HCRU analysis, of whom 
1,014 initiated dulaglutide and 991 initiated liraglutide. The 
remaining 202 patients were considered ineligible for various 
reasons, such as not meeting eligibility criteria, not providing 
informed consent, missing source documents, or lack of prin-
cipal investigator’s signature on case report form. Most 
patients were enrolled at specialist HCP sites (651 in France, 
665 in Germany, and 639 in Italy) rather than at general 
practitioner sites (28 in France, 20 in Germany, and two in 
Italy). Of the 2,005 patients included in the HCRU analysis, 
481 (24.0%) discontinued the study, the main reasons being 
“lost to follow-up” (224 of 481, 46.6%) and “patient decision” 
(143 of 481, 29.7%). The primary endpoint and clinical results 
of TROPHIES, as well as additional details regarding the rea-
sons for discontinuation of initial injectable therapy have 
been reported elsewhere17.

Baseline demographic and clinical characteristics

Overall, the characteristics and employment status of 
patients prescribed dulaglutide (N¼ 1,014) or liraglutide 
(N¼ 991) at baseline were generally similar between treat-
ment groups (Supplementary Table S1). One notable 
between-cohort difference was the numerically higher pro-
portion of liraglutide patients presenting with �1 macrovas-
cular condition at baseline compared with dulaglutide 
patients (25.1% and 13.8%, respectively); this difference was 
driven by the patients from France (36.4% and 10.7%, 
respectively). Conversely, a slightly higher proportion of dula-
glutide patients had �1 microvascular condition at baseline 

compared with liraglutide patients (20.0% and 18.8%, 
respectively); this difference was mainly driven by the 
patients from Germany (26.6% and 17.8%, respectively). By 
country, mean age was slightly higher in the Italian cohort, 
and mean BMI, mean weight, and the proportion of patients 
with hypertension were slightly higher in the German cohort, 
compared with the other country cohorts.

Clinical outcomes (HbA1c and weight)

Although the final 24-month clinical results of TROPHIES 
have been reported elsewhere17, it should be noted that 
both GLP-1 RAs were effective, resulting in clinically mean-
ingful and sustained HbA1c reductions, and meaningful and 
sustained weight reductions from baseline to 24 months.

Healthcare resource utilization

Glucose-lowering medications and monitoring
The mean once-weekly dose of dulaglutide over the 24- 
month study duration was similar between countries (range 
¼ 1.40–1.44 mg per week), as was the mean once-daily dose 
of liraglutide (range ¼ 1.21–1.26 mg per day) (Table 1). Most 
patients in the study were using at least one oral antidiabetic 
drug at baseline (92.3% in the dulaglutide cohort and 90.5% 
in the liraglutide cohort) and at month 24 (92.2% and 90.4%, 
respectively). Of note, the smallest proportions of patients 
using �2 oral antidiabetic drugs at baseline and month 24 
were in Italy (24.0% and 27.8%, respectively, in the dulaglu-
tide cohort; 22.2% and 24.7%, respectively, in the liraglutide 
cohort); whereas the largest proportions were in France 
(43.4% and 44.0% of dulaglutide patients, respectively; 42.9% 
and 45.1% of liraglutide patients, respectively). Overall, 9.3% 
of patients in the dulaglutide cohort and 14.5% of patients 
in the liraglutide cohort were using �1 other injectable anti-
diabetic drug (i.e. insulin or another GLP-1 RA) at month 24. 
The largest proportions of patients using another injectable 
antidiabetic drug at month 24 were in France (15.3% of dula-
glutide patients and 23.2% of liraglutide patients); whereas 
the smallest proportions were in Italy (4.5% and 7.5%, 
respectively). Insulin, specifically, was used by 8.4% and 
11.0% of patients treated with dulaglutide and liraglutide, 
respectively, at month 24. The smallest proportions of 
patients using insulin at month 24 were recorded in Italy 
(4.5% and 4.7% of dulaglutide- and liraglutide-treated 
patients, respectively) and the largest proportions were 
recorded in France (12.7% and 15.5%, respectively). 
Information on the utilization of each oral antidiabetic drug 
is presented in Supplementary Table S2. Data on the propor-
tion of patients who used an SMBG device, and the number 
of test strips used per week is described in Supplementary 
Table S3.

Healthcare contacts
The mean numbers of primary care doctor or nurse contacts 
were higher in France in both GLP-1 RA cohorts during each 
6-month assessment period (range ¼ 4.0–10.7 contacts) 
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compared with Germany (range ¼ 1.9–2.9 contacts) and Italy 
(range ¼ 1.7–2.4 contacts), with patients in Italy having fewer 
primary care contacts on average than patients in Germany 
during all 6-month assessment periods, except in the liraglu-
tide cohort at months 6 and 12 (Figure 1a and Table 2). The 
mean numbers of secondary care specialist HCP visits were 
highest in Germany (range ¼ 2.9–5.7 visits) and lowest in 
Italy (range ¼ 0.5–2.9 visits) in both treatment cohorts during 
each 6-month assessment period (Figure 1b). Notably, there 
was a trend in both GLP-1 RA cohorts towards a reduction in 
the mean number of secondary care specialist HCP visits 
from baseline to 6 months before the number of visits stabi-
lized. Following the same trend, patients in Germany had the 
highest mean numbers of diabetologist/endocrinologist/ 
internal medicine visits during all 6-month assessment peri-
ods in both cohorts (range ¼ 0.7–1.7 visits) and patients in 
Italy had the lowest (range ¼ 0.2–0.9 visits) (Figure 1c). The 
mean numbers of diabetes educator/specialized staff con-
tacts were also highest in Germany in both GLP-1 RA cohorts 
during each 6-month assessment period (range ¼ 0.2–0.8 
contacts) (Figure 1d). Information on the number of diabetes 
educator/specialized staff visits at which training on the use 
of the index GLP-1 RA device was required is presented in 
Supplementary Table S4.

Hospital admissions and emergency room visits
Overall, the proportions of patients with hospital admissions 
declined from baseline over the course of the study in both 
GLP-1 RA cohorts, from 9.4% and 14.1% at baseline in the 
dulaglutide and liraglutide cohorts, respectively, to 7.9% and 
7.0% at 24 months, respectively (Table 2). Notably, the pro-
portions of patients with hospital admissions were higher in 
France in both treatment cohorts during all assessment 

periods, compared with Germany and Italy. Overall, the 
mean number of days of hospitalization related to diabetes 
or short- or long-term diabetic complications remained sta-
ble between baseline and the 24-month post-baseline study 
visit in both treatment cohorts, although there were consid-
erable differences between individual countries. Additional 
data on hospital admissions, by category of hospitalization 
(i.e. daytime, overnight non-intensive care, and overnight 
intensive care hospitalizations), and ER visits, including 
whether or not the patient was transported by ambulance 
and, if so, how many times, are presented in Supplementary 
Table S5.

Primary caregiver time and missed time at work by care-
giver and patient
Primary caregiver time spent caring and missed time at work 
were minimal in both treatment cohorts across the duration 
of the 24-month study (Table 2). Overall, the proportions of 
patients who missed days at work were generally low across 
all time periods in both treatment cohorts (range ¼ 3.8–7.5% 
per 6-month period). Notably, the proportions were lowest in 
Italy (range ¼ 0.5–4.5% per 6-month period). The mean num-
ber of days of work missed by patients overall during the 
study varied by assessment period and cohort, ranging from 
0 to 4.7 days per 6-month period. The number of workdays 
missed also tended to be lower in Italy (range ¼ 0–0.4 days 
per 6-month period). Data on employment status at baseline 
are shown in Supplementary Table S1.

Costs

A summary of mean annualized direct medical and resource- 
use costs per patient by country is presented in Figure 2 and 

Table 1. Mean index glucagon-like peptide-1 receptor agonist doses and proportions of patients using oral antidiabetic drugs and/or other injectable antidia-
betic drugs overall and per country.

Overall France Germany Italy

Dulaglutide 
N¼ 1,014

Liraglutide 
N¼ 991

Dulaglutide 
n¼ 355

Liraglutide 
n¼ 324

Dulaglutide 
n¼ 342

Liraglutide 
n¼ 343

Dulaglutide 
n¼ 317

Liraglutide 
n¼ 324

Mean (SD) index GLP-1 RA dose (dulaglutide mg once weekly; liraglutide mg once daily)
Over 24-month study duration 1.42 (0.23) 1.23 (0.37) 1.40 (0.25) 1.26 (0.38) 1.41 (0.23) 1.21 (0.35) 1.44 (0.20) 1.22 (0.37)

Number (%) of patients using oral antidiabetic drugsa,b

0 @ baseline 78 (7.7) 94 (9.5) 33 (9.3) 27 (8.3) 35 (10.2) 38 (11.1) 10 (3.2) 29 (9.0)
1 @ baseline 593 (58.5) 581 (58.6) 168 (47.3) 158 (48.8) 194 (56.7) 200 (58.3) 231 (72.9) 223 (68.8)
�2 @ baseline 343 (33.8) 316 (31.9) 154 (43.4) 139 (42.9) 113 (33.0) 105 (30.6) 76 (24.0) 72 (22.2)
n @ month 24 858 757 300 233 292 269 266 255
0 @ month 24 67 (7.8) 73 (9.6) 29 (9.7) 20 (8.6) 26 (8.9) 31 (11.5) 12 (4.5) 22 (8.6)
1 @ month 24 471 (54.9) 434 (57.3) 139 (46.3) 108 (46.4) 152 (52.1) 156 (58.0) 180 (67.7) 170 (66.7)
�2 @ month 24 320 (37.3) 250 (33.0) 132 (44.0) 105 (45.1) 114 (39.0) 82 (30.5) 74 (27.8) 63 (24.7)

Number (%) of patients using any other injectable antidiabetic drugc,d

�1 @ month 24 80 (9.3) 110 (14.5) 46 (15.3) 54 (23.2) 22 (7.5) 37 (13.8) 12 (4.5) 19 (7.5)
Number (%) of patients using insulind

@ month 24 72 (8.4) 83 (11.0) 38 (12.7) 36 (15.5) 22 (7.5) 35 (13.0) 12 (4.5) 12 (4.7)
aOral antidiabetic drugs included alpha glucosidase inhibitors, biguanides, dipeptidyl peptidase-IV inhibitors, sodium-glucose cotransporter-2 inhibitors, sulfony-
lurea, and thiazolidinedione (counted by class of drug).

bPercentages of patients using oral antidiabetic drugs at baseline and at 24 months were calculated using the numbers of patients per treatment cohort at base-
line and 24 months, respectively, as the denominator.

cOther injectable antidiabetic drugs included insulin or non-index GLP-1 RA.
dPercentages of patients using other injectable antidiabetic drug or insulin at 24 months were calculated using the numbers of patients per treatment cohort at 
24 months as the denominator.

Abbreviations. GLP-1 RA, glucagon-like peptide-1 receptor agonist; n, number of patients providing data; N, total number of patients per treatment cohort in 
study; SD, standard deviation.
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Supplementary Table S6). The greatest proportions (�60%) 
of mean annualized costs per patient were made up of medi-
cation costs (i.e. index GLP-1 RA drug [dulaglutide or liraglu-
tide], oral diabetic drug cost, and other injectable diabetic 
medication cost [either insulin or GLP-1 RA]) in each treat-
ment cohort across all three countries. Mean annualized 
medication costs in both treatment cohorts were highest in 
Germany (e1,588 in the dulaglutide cohort and e1,643 in the 
liraglutide cohort). Mean annualized medication costs were 
similar in the dulaglutide cohort in France and Italy (e1,209 
and e1,254, respectively) but were lower in Italy (e1,036) 
compared with France in the liraglutide cohort (e1,355). 
Mean annualized index GLP-1 RA costs made up the majority 
of medication costs in all three countries.

Mean annualized non-medication resource-use costs per 
patient varied by treatment cohort and by country, with 
the highest levels in the liraglutide cohort in France (e909) 
and the dulaglutide cohort in Germany (e883) and the low-
est levels in dulaglutide cohorts in Italy (e252) and France 
(e482) (Figure 2 and Supplementary Table S6). Hospital 
admissions made up the greatest proportions of mean 
annualized resource use costs across all three countries, 
with ER visits making up the smallest proportions. The 
greatest variation in mean annualized resource-use costs 
between countries was seen in hospitalization costs. The 
results of the Winsorized cost sensitivity analysis supported 
those of the main cost analysis and are presented in 
Supplementary Figure S2.

Figure 1. Mean number of healthcare contacts per 6-month period overall and by country during treatment with dulaglutide or liraglutide in clinical practice. 
(a) Primary care doctor or nurse contacts�. (b) Secondary care specialist healthcare practitioner visits†. (c) Diabetologist/endocrinologist/internal medicine visits. 
(d) Diabetes educator/specialized staff contacts‡. 
� Primary care contacts include visits or phone calls with primary care doctor and practice- or hospital-based visits, home visits or phone calls with primary care nurse. 
†Secondary care specialist HCP visits include cardiologist, dentist, dermatologist, diabetologist/endocrinologist/internal medicine, dietician, nephrologist, neurologist, ophthalmologist, 
psychiatrist, psychotherapist, podiatrist, and specialist nurse. 
‡Diabetes educator/specialized staff contacts include practice- or hospital-based visits, home visits, or phone calls. 
N/n, number of patients providing data by cohort in overall study and by country, respectively (i.e. means calculated for the proportion of patients with non-missing data).
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Discussion

We have described the HCRU and costs of treatment in clinical 
practice from the prospective, 24-month, real-world TROPHIES 
study of adult patients with T2D in France, Germany, and Italy 
who started their first injectable GLP-1 RA with either once- 
weekly dulaglutide or once-daily liraglutide. Prior prospective 
data on real-world HCRU and costs associated with the use of 
GLP-1 RAs in T2D are limited. The prospective, 24-month 
CHOICE study compared resource use and costs of an early 
GLP-1 RA (exenatide) with insulin treatment, determining that 
much of the higher cost of GLP-1 RA treatment, compared 
with insulin, was compensated for by lower HCRU costs28. 
More recently, a comparative cohort study based on linked 

prospective healthcare databases compared HCRU and costs 
for an SGLT-2 inhibitor (empagliflozin) with GLP-1 RAs in the 
Danish population, finding that lower average healthcare costs 
for the SGLT-2 inhibitor were driven by lower drug costs29. 
The TROPHIES study comprehensively assessed the HCRU and 
costs associated with the treatment of T2D with two com-
monly prescribed GLP-1 RAs in real-world clinical practice in 
multiple European healthcare settings over a 24-month fol-
low-up period. Moreover, TROPHIES provided rare and valu-
able insights into resource utilization aspects not typically 
evaluated in prospective, observational studies, such as care-
giver time and missed time at work by patients and/or 
caregivers.

Figure 1. Continued.
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Table 2. Non-medication resource use in patients with type 2 diabetes mellitus receiving dulaglutide or liraglutide overall and per country.
Healthcare resource Dulaglutide once weekly

Baseline 6 months 12 months 18 months 24 months

Proportion of patients with primary care contactsa per 6-month period
With contact, n/non-missing, n (%)b

Overall >573/794 (72.2) >471/703 (67.0) >466/662 (70.4) >444/614 (72.3) >375/510 (73.5)
France >241/309 (78.0) >187/264 (70.8) >179/241 (74.3) >177/222 (79.7) >138/190 (72.6)
Germany >207/265 (78.1) >179/225 (79.6) >179/219 (81.7) >168/198 (84.8) >161/192 (83.9)
Italy >125/220 (56.8) >105/214 (49.1) >108/202 (53.5) >99/194 (51.0) >76/128 (59.4)

Number of primary care contactsa per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall >2.8, 2 (0, 3) (794) >2.8, 1 (0, 2) (703) >2.9, 2 (0, 3) (662) >2.8, 2 (0, 2) (614) >2.7, 2 (0, 2) (510)
France >4.0, 2 (1, 3) (309) >4.2, 1 (0, 3) (264) >4.5, 2 (0, 3) (241) >4.2, 2 (1, 3) (222) >4.0, 1 (0, 2) (190)
Germany >2.4, 2 (1, 3) (265) >2.0, 2 (1, 2) (225) >2.1, 2 (1, 2) (219) >2.2, 2 (1, 2) (198) >2.1, 2 (1, 3) (192)
Italy >1.7, 1 (0, 2) (220) >1.8, 0 (0, 2) (214) >1.9, 1 (0, 2) (202) >1.7, 1 (0, 2) (194) >1.7, 1 (0, 3) (128)

Proportion of patients with secondary care specialist HCP visitsc per 6-month period
With visit, n/non-missing, n (%)b

Overall >779/795 (98.0) >548/703 (78.0) >503/661 (76.1) >460/612 (75.2) >384/509 (75.4)
France >299/311 (96.1) >207/264 (78.4) >198/241 (82.2) >188/221 (85.1) >152/189 (80.4)
Germany >261/264 (98.9) >209/225 (92.9) >197/218 (90.4) >179/197 (90.9) >176/192 (91.7)
Italy >219/220 (99.5) >132/214 (61.7) >108/202 (53.5) >93/194 (47.9) >56/128 (43.8)

Number of secondary care specialist HCP visitsc per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall >4.0, 3 (2, 5) (795) >2.7, 2 (1, 4) (703) >2.5, 1 (1, 3) (661) >2.5, 2 (1, 4) (612) >2.7, 2 (1, 4) (509)
France >4.4, 3 (2, 5) (311) >2.6, 2 (1, 4) (264) >2.5, 2 (1, 3) (241) >2.5, 2 (1, 4) (221) >3.0, 2 (1, 4) (189)
Germany >4.6, 4 (3, 5) (264) >4.1, 4 (2, 6) (225) >3.9, 3 (1, 6) (218) >4.0, 3 (2, 6) (197) >3.9, 3 (2, 6) (192)
Italy >2.9, 3 (2, 4) (220) >1.2, 1 (0, 2) (214) >0.9, 1 (0, 1) (202) >0.9, 0 (0, 1) (194) >0.7, 0 (0, 1) (128)

Proportion of patients with diabetologist/endocrinologist/internal medicine visits per 6-month period
With visit, n/non-missing, n (%)b

Overall >584/796 (73.4) >404/704 (57.4) >307/662 (46.4) >281/614 (45.8) >237/510 (46.5)
France >226/311 (72.7) >144/265 (54.3) >115/242 (47.5) >106/222 (47.7) >95/190 (50.0)
Germany >202/265 (76.2) >178/225 (79.1) >136/219 (62.1) >120/198 (60.6) >114/192 (59.4)
Italy >156/220 (70.9) >82/214 (38.3) >56/201 (27.9) >55/194 (28.4) >28/128 (21.9)

Number of diabetologist/endocrinologist/internal medicine visits per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall >1.2, 1 (0, 2) (796) >0.9, 1 (0, 1) (704) >0.7, 0 (0, 1) (662) >0.7, 0 (0, 1) (614) >0.7, 0 (0, 1) (510)
France >1.0, 1 (0, 1) (311) >0.6, 1 (0, 1) (265) >0.6, 0 (0, 1) (242) >0.6, 0 (0, 1) (222) >0.6, 1 (0, 1) (190)
Germany >1.6, 1 (1, 2) (265) >1.5, 2 (0, 1) (225) >1.2, 1 (0, 2) (219) >1.1, 1 (0, 2) (198) >1.0, 1 (0, 2) (192)
Italy >0.9, 1 (0, 1) (220) >0.4, 0 (0, 1) (214) >0.3, 0 (0, 1) (201) >0.3, 0 (0, 1) (194) >0.2, 0 (0, 0) (128)

Proportion of patients with diabetes educator/specialized staff contactsd per 6-month period
With contact, n/non-missing, n (%)b

Overall >126/800 (15.8) >89/704 (12.6) >44/663 (6.6) >35/614 (5.7) >26/509 (5.1)
France >29/313 (9.3) >21/265 (7.9) >10/242 (4.1) >7/222 (3.2) >8/189 (4.2)
Germany >62/267 (23.2) >54/225 (24.0) >31/219 (14.2) >26/198 (13.1) >16/192 (8.3)
Italy >35/220 (15.9) >14/214 (6.5) >3/202 (1.5) >2/194 (1.0) >2/128 (1.6)

Number of diabetes educator/specialized staff contactsd per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall >0.3, 0 (0, 0) (800) >0.3, 0 (0, 0) (704) >0.2, 0 (0, 0) (663) >0.1, 0 (0, 0) (614) >0.1, 0 (0, 0) (509)
France >0.1, 0 (0, 0) (313) >0.1, 0 (0, 0) (265) >0.1, 0 (0, 0) (242) >0.1, 0 (0, 0) (222) >0.1, 0 (0, 0) (189)
Germany >0.6, 0 (0, 0) (267) >0.7, 0 (0, 0) (225) >0.4, 0 (0, 0) (219) >0.3, 0 (0, 0) (198) >0.2, 0 (0,0) (192)
Italy >0.3, 0 (0, 0) (220) >0.1, 0 (0, 0) (214) >0.0, 0 (0, 0) (202) >0.0, 0 (0, 0) (194) >0.0, 0 (0, 0) (128)

Proportion of patients with hospital admissionse per 6-month period
Admitted to hospital, n/non-missing, n (%)b

Overall >75/799 (9.4) >47/704 (6.7) >36/663 (5.4) >43/614 (7.0) >40/509 (7.9)
France >50/312 (16.0) >24/265 (9.1) >22/242 (9.1) >31/222 (14.0) >26/189 (13.8)
Germany >11/267 (4.1) >13/225 (5.8) >12/219 (5.5) >9/198 (4.5) >11/192 (5.7)
Italy >14/220 (6.4) >10/214 (4.7) >2/202 (1.0) >3/194 (1.5) >3/128 (2.3)

Number of days of hospitalization per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall >0.6, 0 (0, 0) (799) >0.5, 0 (0, 0) (704) >0.4, 0 (0, 0) (663) >0.4, 0 (0, 0) (614) >0.6, 0 (0, 0) (509)
France >0.7, 0 (0, 0) (312) >0.4, 0 (0, 0) (265) >0.3, 0 (0, 0) (242) >0.8, 0 (0, 0) (222) >0.7, 0 (0, 0) (189)
Germany >0.6, 0 (0, 0) (267) >0.9, 0 (0, 0) (225) >0.8, 0 (0, 0) (219) >0.3, 0 (0, 0) (198) >0.8, 0 (0, 0) (192)
Italy >0.2, 0 (0, 0) (220) >0.4, 0 (0, 0) (214) >0.1, 0 (0, 0) (202) >0.2, 0 (0, 0) (194) >0.2, 0 (0, 0) (128)

Proportion of patients with primary caregiversf spent caring per 6-month period
With caregiver, n/non-missing, n (%)b

Overall >4/800 (0.5) >3/704 (0.4) >2/663 (0.3) >4/614 (0.7) >1/509 (0.2)
France >0/313 (0.0) >2/265 (0.8) >2/242 (0.8) >2/222 (0.9) >1/189 (0.5)
Germany >1/267 (0.4) >0/225 (0.0) >0/219 (0.0) >1/198 (0.5) >0/192 (0.0)
Italy >3/220 (1.4) >1/214 (0.5) >0/202 (0.0) >1/194 (0.5) >0/128 (0.0)

Number of days primary caregiversf spent caring per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall >0.1, 0 (0, 0) (800) >0.1, 0 (0, 0) (704) >0, 0 (0, 0) (663) >0.4, 0 (0, 0) (614) >0, 0 (0, 0) (509)
France >0, 0 (0, 0) (313) >0.2, 0 (0, 0) (265) >0, 0 (0, 0) (242) >0.8, 0 (0, 0) (222) >0, 0 (0, 0) (189)
Germany >0, 0 (0, 0) (267) >0, 0 (0, 0) (225) >0, 0 (0, 0) (219) >0.1, 0 (0, 0) (198) >0, 0 (0, 0) (192)
Italy >0.2, 0 (0, 0) (220) >0.1, 0 (0, 0) (214) >0, 0 (0, 0) (202) >0.1, 0 (0, 0) (194) >0, 0 (0, 0) (128)
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Table 2. Continued.
Healthcare resource Dulaglutide once weekly

Baseline 6 months 12 months 18 months 24 months

Number of days primary caregiversf missed work per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall >0, 0 (0, 0) (800) >0, 0 (0, 0) (704) >0, 0 (0, 0) (663) >0, 0 (0, 0) (614) >0, 0 (0, 0) (509)
France >0, 0 (0, 0) (313) >0, 0 (0, 0) (265) >0, 0 (0, 0) (242) >0, 0 (0, 0) (222) >0, 0 (0, 0) (189)
Germany >0, 0 (0, 0) (267) >0, 0 (0, 0) (225) >0, 0 (0, 0) (219) >0, 0 (0, 0) (198) >0, 0 (0, 0) (192)
Italy >0, 0 (0, 0) (220) >0.1, 0 (0, 0) (214) >0, 0 (0, 0) (202) >0, 0 (0, 0) (194) >0, 0 (0, 0) (128)

Proportion of patients who missed work per 6-month period
Missed work, n/non-missing, n (%)b

Overall >43/797 (5.4) >34/696 (4.9) >29/644 (4.5) >33/599 (5.5) >37/493 (7.5)
France >15/310 (4.8) >8/257 (3.1) >5/224 (2.2) >8/207 (3.9) >6/173 (3.5)
Germany >18/267 (6.7) >21/225 (9.3) >21/218 (9.6) >24/198 (12.1) >28/192 (14.6)
Italy >10/220 (4.5) >5/214(2.3) >3/202 (1.5) >1/194 (0.5) >3/128 (2.3)

Number of days patients missed work per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall >1.9, 0 (0, 0) (797) >1.3, 0 (0, 0) (696) >0.7, 0 (0, 0) (644) >1.2, 0 (0, 0) (599) >2.1, 0 (0, 0) (493)
France >3.4, 0 (0, 0) (310) >1.9, 0 (0, 0) (257) >0.8, 0 (0, 0) (224) >1.2, 0 (0, 0) (207) >1.2, 0 (0, 0) (173)
Germany >1.3, 0 (0, 0) (267) >1.5, 0 (0, 0) (225) >1.3, 0 (0, 0) (218) >2.4, 0 (0, 0) (198) >4.1, 0 (0, 0) (192)
Italy >0.4, 0 (0, 0) (220) >0.3, 0 (0, 0) (214) >0.1, 0 (0, 0) (202) >0.1, 0 (0, 0) (194) >0.3, 0 (0, 0) (128)

Healthcare resource Liraglutide once daily

Baseline 6 months 12 months 18 months 24 months

Proportion of patients with primary care contactsa per 6-month period
With primary care contact, n/non-missing, n (%)b

Overall 475/667 (71.2) 392/599 (65.4) 349/521 (67.0) 314/490 (64.1) 277/413 (67.1)
France 199/257 (77.4) 144/211 (68.2) 131/177 (74.0) 120/158 (75.9) 109/129 (84.5)
Germany 136/176 (77.3) 122/157 (77.7) 109/141 (77.3) 100/132 (75.8) 93/123 (75.6)
Italy 140/234 (59.8) 126/231 (54.5) 109/203 (53.7) 94/200 (47.0) 75/161 (46.6)

Number of primary care contactsa per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall 3.7, 2 (0, 3) (667) 4.2, 1 (0, 3) (599) 4.9, 1 (0, 2) (521) 4.4, 1 (0, 3) (490) 3.9, 1 (0, 3) (413)
France 5.8, 2 (1, 3) (257) 7.7, 1 (0, 3) (211) 10.7, 1 (0, 2) (177) 9.7, 1 (1, 2) (158) 8.5, 1 (1, 3) (129)
Germany 2.9, 2 (1, 3) (176) 2.2, 2 (1, 2) (157) 1.9, 2 (1, 2) (141) 1.9, 2 (1, 2) (132) 2.1, 2 (1, 2) (123)
Italy 2.0, 1 (0, 2) (234) 2.4, 1 (0, 3) (231) 1.9, 1 (0, 3) (203) 1.8, 0 (0, 3) (200) 1.7, 0 (0, 3) (161)

Proportion of patients with secondary care specialist HCP visitsc per 6-month period
With visit, n/non-missing, n (%)b

Overall 660/668 (98.8) 439/599 (73.3) 367/522 (70.3) 345/491 (70.3) 263/414 (63.5)
France 254/256 (99.2) 188/211 (89.1) 161/178 (90.4) 144/159 (90.6) 111/130 (85.4)
Germany 172/178 (96.6) 122/157 (77.7) 109/141 (77.3) 103/132 (78.0) 100/123 (81.3)
Italy 234/234 (100) 129/231 (55.8) 97/203 (47.8) 98/200 (49.0) 52/161 (32.3)

Number of secondary care specialist HCP visitsc per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall 4.2, 3 (2, 5) (668) 2.3, 1 (0, 3) (599) 2.2, 1 (0, 3) (522) 2.0, 1 (0, 2) (491) 2.0, 1 (0, 2) (414)
France 4.5, 4 (2.5, 5) (256) 2.8, 2 (1, 4) (211) 2.9, 2 (1, 3) (178) 2.7, 2 (1, 3) (159) 2.8, 2 (1, 3) (130)
Germany 5.7, 4 (3, 8) (178) 3.5, 2 (1, 5) (157) 3.1, 2 (1, 4) (141) 2.9, 2 (1, 4) (132) 3.2, 2 (1, 4) (123)
Italy 2.9, 2 (2, 4) (234) 1.1, 1 (0, 2) (231) 1.0, 0 (0, 1) (203) 0.8, 0 (0, 1) (200) 0.5, 0 (0, 1) (161)

Proportion of patients with diabetologist/endocrinologist/internal medicine visits per 6-month period
With visit, n/non-missing, n (%)b

Overall 475/673 (70.6) 306/599 (51.1) 235/522 (45.0) 216/491 (44.0) 172/414 (41.5)
France 189/259 (73.0) 116/211 (55.0) 103/178 (57.9) 91/159 (57.2) 76/130 (58.5)
Germany 131/180 (72.8) 100/157 (63.7) 78/141 (55.3) 70/132 (53.0) 71/123 (57.7)
Italy 155/234 (66.2) 90/231 (39.0) 54/203 (26.6) 55/200 (27.5) 25/161 (15.5)

Number of diabetologist/endocrinologist/internal medicine visits per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall 1.2, 1 (0, 2) (673) 0.8, 1 (0, 1) (599) 0.6, 0 (0, 1) (522) 0.5, 0 (0, 1) (491) 0.5, 0 (0, 1) (414)
France 1.0, 1 (0, 1) (259) 0.7, 1 (0, 1) (211) 0.7, 1 (0, 1) (178) 0.6, 1 (0, 1) (159) 0.6, 1 (0, 1) (130)
Germany 1.7, 2 (0, 2) (180) 1.3, 1 (0, 2) (157) 0.9, 1 (0, 2) (141) 0.7, 1 (0, 1) (132) 1.0, 1 (0, 2) (123)
Italy 0.9, 1 (0, 1) (234) 0.5, 0 (0, 1) (231) 0.3, 0 (0, 1) (203) 0.3, 0 (0, 1) (200) 0.2, 0 (0, 0) (161)

Proportion of patients with diabetes educator/specialized staff contactsd per 6-month period
With contact, n/non-missing, n (%)b

Overall 104/673 (15.5) 56/599 (9.3) 36/524 (6.9) 36/491 (7.3) 32/414 (7.7)
France 26/259 (10.0) 12/211 (5.7) 4/180 (2.2) 4/159 (2.5) 2/130 (1.5)
Germany 46/180 (25.6) 36/157 (22.9) 30/141 (21.3) 30/132 (22.7) 30/123 (24.4)
Italy 32/234 (13.7) 8/231 (3.5) 2/203 (1.0) 2/200 (1.0) 0/161 (0.0)

Number of diabetes educator/specialized staff contactsd per 6-month period
Mean, median (Q1, Q3) number of contacts (non-missing, n)

Overall 0.3, 0 (0, 0) (673) 0.3, 0 (0, 0) (599) 0.2, 0 (0, 0) (524) 0.1, 0 (0, 0) (491) 0.2, 0 (0, 0) (414)
France 0.1, 0 (0, 0) (259) 0.1, 0 (0, 0) (211) 0.1, 0 (0, 0) (180) 0, 0 (0, 0) (159) 0, 0 (0, 0) (130)
Germany 0.7, 0 (0, 1) (180) 0.8, 0 (0, 0) (157) 0.6, 0 (0, 0) (141) 0.4, 0 (0, 0) (132) 0.5, 0 (0, 0) (123)
Italy 0.2, 0 (0, 0) (234) 0.1, 0 (0, 0) (231) 0, 0 (0, 0) (203) 0, 0 (0, 0) (200) 0, 0 (0, 0) (161)

(continued)
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In terms of medication, the average doses of dulaglutide 
or liraglutide taken by patients over the duration of the 24- 
month study were consistent across the three countries, and 
most patients were using at least one oral antidiabetic drug 
at baseline, regardless of country. Differences between coun-
tries became apparent when evaluating the proportions of 
patients using two or more antidiabetic drugs at baseline 
and study endpoint, or using at least one other injectable 
drug (i.e. insulin or another GLP-1 RA), and insulin specific-
ally, at study endpoint, with patients in France being more 

likely to fall into these categories than those in Italy. It may 
be hypothesized that the use of more GLMs, including insu-
lin, at study endpoint in the French cohort is a consequence 
of the higher baseline HbA1c values observed in France, 
resulting in the need for more intensified treatment to 
achieve glycemic control. This finding reflects our knowledge 
of common T2D management practice in Italy, where physi-
cians only add a GLP-1 RA to metformin, the standard of 
care in Italy at the time of TROPHIES initiation, when metfor-
min alone does not sufficiently control the disease. This real- 

Table 2. Continued.
Healthcare resource Liraglutide once daily

Baseline 6 months 12 months 18 months 24 months

Proportion of patients with hospital admissionse per 6-month period
Admitted to hospital, n/non-missing, n (%)b

Overall 95/673 (14.1) 48/599 (8.0) 45/524 (8.6) 33/492 (6.7) 29/413 (7.0)
France 67/259 (25.9) 25/211 (11.8) 20/180 (11.1) 23/160 (14.4) 13/130 (10.0)
Germany 17/180 (9.4) 11/157 (7.0) 12/141 (8.5) 5/132 (3.8) 9/123 (7.3)
Italy 11/234 (4.7) 12/231 (5.2) 13/203(6.4) 5/200 (2.5) 7/160 (4.4)

Number of days of hospitalization per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall 1.1, 0 (0, 0) (673) 1.0, 0 (0, 0) (599) 1.2, 0 (0, 0) (524) 0.6, 0 (0, 0) (492) 0.9, 0 (0, 0) (413)
France 1.7, 0 (0, 1) (259) 1.7, 0 (0, 0) (211) 1.5, 0 (0, 0) (180) 0.8, 0 (0, 0) (160) 0.4, 0 (0, 0) (130)
Germany 1.0, 0 (0, 0) (180) 0.8, 0 (0, 0) (157) 0.9, 0 (0, 0) (141) 0.4, 0 (0, 0) (132) 1.1, 0 (0, 0) (123)
Italy 0.3, 0 (0, 0) (234) 0.6, 0 (0, 0) (231) 1.0, 0 (0, 0) (203) 0.5, 0 (0, 0) (200) 1.2, 0 (0, 0) (160)

Proportion of patients with primary caregiversf spent caring per 6-month period
With caregiver, n/non-missing, n (%)b

Overall 2/673 (0.3) 1/599 (0.2) 1/524 (0.2) 1/492 (0.2) 2/414 (0.5)
France 1/259 (0.4) 1/211 (0.5) 0/180 (0.0) 0/160 (0.0) 2/130 (1.5)
Germany 1/180 (0.6) 0/157 (0.0) 0/141 (0.0) 0/132 (0.0) 0/123 (0.0)
Italy 0/234 (0.0) 0/231 (0.0) 1/203 (0.5) 1/200 (0.5) 0/161 (0.0)

Number of days primary caregiversf spent caring per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall 0, 0 (0, 0) (673) 0, 0 (0, 0) (599) 0, 0 (0, 0) (524) 0, 0 (0, 0) (492) 0.5, 0 (0, 0) (414)
France 0, 0 (0, 0) (259) 0, 0 (0, 0) (211) 0, 0 (0, 0) (180) 0, 0 (0, 0) (160) 1.6, 0 (0, 0) (130)
Germany 0, 0 (0, 0) (180) 0, 0 (0, 0) (157) 0, 0 (0, 0) (141) 0, 0 (0, 0) (132) 0, 0 (0, 0) (123)
Italy 0, 0 (0, 0) (234) 0, 0 (0, 0) (231) 0, 0 (0, 0) (203) 0, 0 (0, 0) (200) 0, 0 (0, 0) (161)

Number of days primary caregiversf missed work per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall 0, 0 (0, 0) (673) 0, 0 (0, 0) (599) 0, 0 (0, 0) (524) 0, 0 (0, 0) (492) 0, 0 (0, 0) (414)
France 0, 0 (0, 0) (259) 0, 0 (0, 0) (211) 0, 0 (0, 0) (180) 0, 0 (0, 0) (160) 0, 0 (0, 0) (130)
Germany 0, 0 (0, 0) (180) 0, 0 (0, 0) (157) 0, 0 (0, 0) (141) 0, 0 (0, 0) (132) 0, 0 (0, 0) (123)
Italy 0, 0 (0, 0) (234) 0, 0 (0, 0) (231) 0, 0 (0, 0) (203) 0, 0 (0, 0) (200) 0, 0 (0, 0) (161)

Proportion of patients who missed work per 6-month period
Missed work, n/non-missing, n (%)b

Overall 45/667 (6.7) 25/589 (4.2) 25/509 (4.9) 18/478 (3.8) 19/402 (4.7)
France 20/255 (7.8) 11/201 (5.5) 7/165 (4.2) 6/146 (4.1) 9/118 (7.6)
Germany 16/178 (9.0) 12/157 (7.6) 14/141 (9.9) 11/132 (8.3) 9/123 (7.3)
Italy 9/234 (3.8) 2/231 (0.9) 4/203 (2.0) 1/200 (0.5) 1/161 (0.6)

Number of days patients missed work per 6-month period
Mean, median (Q1, Q3) number of days (non-missing, n)

Overall 2.4, 0 (0, 0) (667) 0.8, 0 (0, 0) (589) 1.5, 0 (0, 0) (509) 2.0, 0 (0, 0) (478) 1.8, 0 (0, 0) (402)
France 2.8, 0 (0, 0) (255) 1.4, 0 (0, 0) (201) 2.7, 0 (0, 0) (165) 3.2, 0 (0, 0) (146) 3.0, 0 (0, 0) (118)
Germany 4.7, 0 (0, 0) (178) 1.4, 0 (0, 0) (157) 2.1, 0 (0, 0) (141) 3.7, 0 (0, 0) (132) 2.9, 0 (0, 0) (123)
Italy 0.2, 0 (0, 0) (234) 0, 0 (0, 0) (231) 0.3, 0 (0, 0) (203) 0, 0 (0, 0) (200) 0.1, 0 (0, 0) (161)

aPrimary care contacts include visits or phone calls with primary care doctor and practice- or hospital-based visits, home visits or phone calls with primary care 
nurse.

bCalculated as a proportion of patients with non-missing data.
cSecondary care specialist HCP visits include cardiologist, dentist, dermatologist, diabetologist/endocrinologist/internal medicine, dietician, nephrologist, neurolo-
gist, ophthalmologist, psychiatrist, psychotherapist, podiatrist, and specialist nurse.

dDiabetes educator/specialized staff contacts include practice- or hospital-based visits, home visits, or phone calls.
eAll hospital admissions related to diabetes (e.g. hypoglycemia) or short- or long-term diabetic complications (e.g. cardiovascular), including daytime hospitaliza-
tions, overnight non-intensive care hospitalizations, and overnight intensive care hospitalizations.

fNon-HCP primary caregivers.
Although visits were planned at ± 45 days, they often fell outside this window in routine practice; for the purposes of the analyses, 6-monthly windows (i.e. 
±91 days) were used17.
Abbreviations. HCP, healthcare practitioner; n, number of patients providing data; Q1, 25th percentile; Q3, 75th percentile.
Note: Information on the use of non-medication resources only in the group of patients using a particular resource can be derived as follows. For example, the 
average length of stay (in days) for patients with hospital admissions in the dulaglutide group can be obtained using the mean length of stay multiplied by the 
non-missing n divided by the number of patients with hospital admission, i.e. as 0.6� 799/75¼ 6.4 days at baseline in the overall population.
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world, longitudinal, country-specific data on the use of other 
GLMs in conjunction with GLP-1 RAs is important for health-
care decision-makers, particularly when considering a cost- 
effectiveness analysis within a particular healthcare system. 
We identified several other factors that may have influenced 
treatment choices in individual countries, for example, the 
numerically larger proportion of liraglutide (25.1%) than dula-
glutide (13.8%) patients who presented with �1 macrovascu-
lar condition mainly driven by France was likely a result of 
the French Diabetes Society position statement that recom-
mended the administration of liraglutide to patients with 
T2D who required secondary cardiovascular disease preven-
tion on the basis of the outcomes of the LEADER study pub-
lished during the patient enrolment period30,31. Furthermore, 
SGLT-2 inhibitors, the other class of antidiabetic medication 
known to offer cardiovascular protection in T2D, were not 
available in France at the time of TROPHIES design and initi-
ation. In addition, the longer mean duration of diabetes at 
baseline in the dulaglutide cohort compared with the liraglu-
tide cohort in Germany (7.4 vs. 6.4 years)17 may explain the 
higher prevalence of microvascular complications observed 
in the dulaglutide cohort at baseline. Furthermore, physicians 
in Germany may have been initiating GLP-1 RA treatment 
earlier than French or Italian physicians because of the 
weight loss potential with these agents, given that German 
patients had a high mean weight and BMI32. In fact, German 
T2D management guidelines at the time of TROPHIES initi-
ation recommended using GLP-1 RAs in conjunction with 
oral GLMs (preferably metformin) in patients with substantial 
weight problems33. Acknowledging the minor differences 
between the patient populations in each country, as well as 
differences in national recommendations and local 

prescribing habits, TROPHIES provides a rare multi-country 
view of treatment patterns from a single study implemented 
with a consistent design across countries.

Differences between countries were also observed with 
respect to healthcare contacts. Higher mean numbers of pri-
mary care doctor or nurse contacts were seen throughout the 
study in France than in Germany or Italy, regardless of treat-
ment cohort. The low numbers of primary care contacts 
observed in Italy were likely the result of prescribing regula-
tions associated with GLP-1 RAs that prohibited primary care 
prescribing at the time of the study34, which were relaxed in 
202235. The number of primary care contacts in the dulaglu-
tide cohort in France are aligned with a large French popula-
tion-based survey study of people treated for diabetes 
(ENTRED) conducted in 2006/200736. The higher number of 
primary care contacts observed in the liraglutide cohort in 
France was potentially driven by the higher level of cardiovas-
cular risk seen in this cohort at baseline. It should be noted 
that primary care visits were generally more frequent in the lir-
aglutide cohorts in all countries, compared with the dulaglu-
tide cohorts, likely due to up-titration consultations for 
liraglutide, whereas the majority (�80.0%) of patients in the 
dulaglutide cohort initiated treatment at 1.5 mg once weekly 
across countries, thereby not requiring up-titration visits17. The 
proportions of patients with hospital admissions (all catego-
ries) were also higher in France in both treatment cohorts 
throughout the study than in Germany or Italy. Hospital admis-
sions in France were mainly daytime hospitalizations, which 
reflects common diabetes management practice in France, 
where patients undergo annual full assessments of their condi-
tion, including disease education, during hospital day visits. 
These results are aligned with recent publications highlighting 

Figure 2. Mean annualized cost (e) per patient by country. 
Index GLP-1 RA cost¼ dulaglutide or liraglutide; other injectable medication cost¼ either insulin or non-index GLP-1 RA. Other costs include visits to specialists and visits to/of primary 
care doctors/nurses. 
In France, 59 and 74 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for other injectable medication cost; 19 and 26 patients receiving dulaglutide and lira-
glutide, respectively, had a non-zero cost for ER visit(s) cost; and 80 and 58 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for hospitalization(s) cost. 
In Germany, 28 and 52 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for other injectable medication cost; 12 and six patients receiving dulaglutide and 
liraglutide, respectively, had a non-zero cost for ER visit(s) cost; and 42 and 30 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for hospitalization(s) cost. 
In Italy, 13 and 26 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for other injectable medication cost; 16 and 22 patients receiving dulaglutide and lira-
glutide, respectively, had a non-zero cost for ER visit(s) cost; and 14 and 31 patients receiving dulaglutide and liraglutide, respectively, had a non-zero cost for hospitalization(s) cost. 
Costs are expressed in reference to 2018 public prices (in e). 
GLP-1 RA medication 2018 (e) list prices were as follows: dulaglutide (4 pens) ¼ France e86, Germany e100, and Italy e97; liraglutide (2 x 18 mg, i.e. 1.2 mg/day) ¼ France e97, Germany 
e112, and Italy e79. 
Abbreviations. ER, emergency room; GLP-1 RA, glucagon-like peptide-1 receptor agonist; OAD, oral antidiabetic drug.

876 A. BARRETT ET AL.



the trend towards reduced numbers of patients with diabetes 
requiring hospitalization for acute complications in Italy37,38. In 
contrast, the mean numbers of secondary care specialist HCP 
visits, diabetologist/endocrinologist/internal medicine visits, 
and diabetes educator/specialized staff contacts visits were 
highest in Germany, probably reflecting common clinical prac-
tice in Germany, in which secondary care specialists (i.e. diabe-
tologist/endocrinologist/internal medicine) primarily 
prescribe/initiate injectable diabetes therapies39, and high lev-
els of participation in a T2D disease management program, 
which encourages regular HCP visits, with family care physi-
cians often referring their disease management program 
patients to diabetologists/endocrinologists. In Italy, most 
patients with T2D are referred to specialist diabetes centers 
prior to initiation of more advanced therapies, such as GLP-1 
RAs; these patients are seen on average 1.5 times per year for 
the purpose of reviewing their treatment plan40. Interestingly, 
across all countries but more significantly so in France and 
Italy, reductions in the mean number of secondary care spe-
cialist HCP visits from baseline to 6 months were observed 
before the number of visits stabilized, likely due to the need 
for more frequent visits early after initiation of a new treat-
ment. Overall, it can be surmised that differences in resource 
use between countries were more likely to be related to differ-
ent regulations and patient pathways in France, Germany, and 
Italy than to the use of one or other GLP-1 RA in this study.

Estimating the total societal cost of a disease raises sev-
eral challenges, such as presenteeism (i.e. the act of showing 
up for work without being productive), and the requirements 
for large sample sizes and long-term follow-up periods. 
However, caregiver time and missed time at work, both for 
carers and patients, was minimal across treatment cohorts 
and countries in TROPHIES, suggesting that the overall soci-
etal cost of the disease associated with decreased work prod-
uctivity is also minimal. However, it should be noted that the 
average age of the TROPHIES cohort was just under 60 years 
of age at baseline; therefore, it is likely that a significant pro-
portion of the cohort were retired. Given that the prevalence 
of T2D among adolescents and young adults is rising41, care-
giver time and missed time at work may become a more 
important issue in the future.

In TROPHIES, medication costs, and specifically index GLP- 
1 RA costs, made up the largest proportions of annualized 
costs across all three countries; however, as expected, due to 
between-country price differences, there were variations in 
medication costs between countries. The highest medication 
costs were estimated in both treatment cohorts in Germany, 
perhaps because of the notably higher rates of persistence 
with GLP-1 RA treatment reported for Germany (data not 
reported), as well as the higher GLP-1 RA prices in Germany, 
compared to France and Italy.

Resource-use costs largely remained constant in the 
TROPHIES study after the initiation of GLP-1 RA treatment, likely 
reflecting standard follow-up procedures for patients with T2D. 
There was no indication of an increase in resource-use costs 
over the 24-month follow-up period or a peak in any treatment 
cohort in any country, suggesting stability on treatment.

Unsurprisingly, resource-use costs varied by treatment 
cohort and by country in TROPHIES, primarily driven by dif-
ferences between countries in hospital admission costs, 
which made up the largest proportion of resource-use costs 
in all three countries. It is recognized in the literature26 that 
prices for non-medication resource use vary widely between 
countries in Europe. The highest mean annualized non-medi-
cation resource-use costs per patient found in the liraglutide 
cohort in France could be related to the clinical characteris-
tics or increased cardiovascular risk profile of patients in this 
cohort, or other non-identified factors. Overall, these findings 
from the TROPHIES study highlight the need to avoid gener-
alization with respect to HCRU and costs associated with a 
particular therapy when estimating the impact of a new 
treatment in a specific country setting, as also concluded 
based on the earlier findings of the CHOICE study28.

Limitations

TROPHIES was a non-randomized, observational study; there-
fore, causal inference cannot be made in the unadjusted 
analyses since there were differences in patient characteris-
tics (measured and unmeasured confounders) other than the 
index treatment group that may have influenced outcomes. 
Moreover, the treatments explored (dulaglutide and liraglu-
tide) were selected as they were the most prescribed GLP-1 
RAs at the time the study was designed and started; how-
ever, interpretation of the results should take into consider-
ation other treatments that were approved and marketed 
during the study. Patients using insulin when initiating dula-
glutide or liraglutide were excluded from the study despite 
combination GLP-1 RA/insulin therapy being common prac-
tice to improve glycemic control and mitigate the risk of 
hypoglycemia and weight gain, as per treatment guidelines3; 
therefore, the TROPHIES patient population may not fully 
represent all patients initiating GLP-1 RAs in the real world. 
Furthermore, differences in GLP-1 RA prescribing regulations 
between countries in conjunction with difficulties enrolling 
patients at some types of sites, for example GP prescribers, 
may also have resulted in TROPHIES patient populations in 
each country that were not fully representative of the real- 
world patient population in that country. HCRU data were 
collected during patient interviews by the physician rather 
than via patient-completed resource-use diaries or directly 
from medical records across settings and may therefore not 
be fully complete. Although the frequency of patient con-
tacts and costs were not driven by the study protocol, the 
potential effect of study participation bias on HCRU and cost 
cannot be ruled out. Furthermore, use of available unit costs 
from a variety of sources derived using various approaches 
introduce some uncertainty into cost estimates. Therefore, 
whilst there are likely differences in direct costs between 
countries due to differences in healthcare systems and 
assigned tariffs (e.g. for GLP-1 RAs and hospitalizations), 
methodological differences in deriving unit costs may also 
contribute to differences42. Finally, the 24-month follow-up 
period of the TROPHIES study may not have been long 
enough to capture the treatment costs of long-term 
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complications of T2D or understand the impact of weight 
loss observed with GLP-1 RA treatment on HCRU and cost of 
treatment.

Conclusions

T2D imposes a substantial financial burden on the healthcare 
systems of Europe, given the high prevalence of the disease 
documented. However, HCRU data from prospective studies 
on the use of GLP-1 RAs in adults with T2D to inform cost 
analyses are limited. The TROPHIES study provides unique 
and valuable real-world HCRU and cost data in three key 
European countries. Real-world resource utilization and costs 
associated with the treatment of adults with T2D with two 
GLP-1 RAs in TROPHIES emphasize the need to avoid gener-
alization with respect to HCRU and costs associated with a 
particular therapy when estimating the impact of a new 
treatment in a specific country setting.
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