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Purpose: Achieving good glycemic control in type 2 diabetes (T2DM) may require individualized pharmacological approaches. We
aimed to compare direct healthcare costs in patients treated with empagliflozin (EMPA) compared to dipeptidyl peptidase-4 inhibitors
(DPP-4i) or glucagon-like peptide-1 receptor agonists (GLP-1-RA).
Patients and Methods: This German claims data study included continuously insured persons with at least two outpatient diagnoses
and/or one inpatient diagnosis of T2DM if they started EMPA, DPP-4i, or GLP-1-RA in 2015–2018. Healthcare costs were assessed
from therapy initiation until the end of data availability, death, or therapy discontinuation and compared among propensity score-
matched cohorts.
Results: Of 24,465 patients included, 3285 received EMPA, 19,443 DPP-4i, and 1747 GLP-1-RA. Matched cohorts were balanced on
baseline characteristics (EMPA versus DPP-4i: n1/n2 = 3100/3100 and EMPA versus GLP-1-RA: n3/n4 = 1346/1346). Mean total costs
after start of DPP-4i were €7009 (95%-CI: 6573–7444) versus €4274 (3982–4566) for EMPA. Costs associated with GLP-1-RA
treatment were also significantly higher compared with EMPA (€6851 [6183–7518] versus €4895 [4345–5445]).
Conclusion: Although the individual clinical patient profile and physician assessment are paramount in treatment decisions,
substantial differences in the economic impact of different antidiabetic therapies should be considered.
Keywords: type 2 diabetes mellitus, sodium-glucose cotransporter-2 inhibitor, DPP-4 inhibitors, GLP-1 receptor agonists, healthcare
costs

Introduction
In Germany, the current estimates of the prevalence of diabetes range between 7.2% (population aged 18 to 79 years)
based on health examination surveys of the Robert Koch Institute and 9.9% (among all age groups) based on statutory
health insurance data.1 Patients with type 2 diabetes mellitus (T2DM) make up the largest share, with an estimated
prevalence of 6.9 million diagnosed cases in 2015 and a projected future number of diagnosed cases of between 10.7
million (+54%) and 12.3 million (+77%) by 2040.2

According to the German National Disease Management Guideline on the Treatment of Type 2 Diabetes, there are
multiple stages.3 If a patient is unable to achieve their individual therapy target through changing their lifestyle (ie,
education on dietary change and enhanced physical activity), physicians will add different pharmacological therapies.
This will depend on the patient’s presence or estimated risk of diabetes-associated cardiovascular and/or renal events.
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Metformin is first recommended as a monotherapy if there is no high risk for such events. Metformin plus sodium-
glucose cotransporter type 2 inhibitors (SGLT-2i) or glucagon-like peptide-1 receptor agonists (GLP-1-RA) are recom-
mended if the patient is already suffering from clinically relevant cardiovascular disease (CVD). Suppose the initial
therapy strategy does not achieve the patient-individual therapy target after three to six months. In that case, physicians
can opt for additional or alternative medications (including insulin, dipeptidyl peptidase-4 inhibitor [DPP-4i], SGLT-2i,
GLP-1-RA, and sulfonylurea), or intensify the existing therapy.

SGLT-2i have been available since 2012 and are one of the newer treatment options for T2DM. In addition to the
glucose-lowering effects, they positively affect body weight, blood pressure, blood uric acid levels, and inflammation.3

When added to the standard care, SGLT-2i can reduce the incidence of major cardiovascular events (non-fatal myocardial
infarction, non-fatal stroke, and cardiovascular mortality) and improve renal outcomes in patients with chronic kidney
disease (CKD) despite a lesser antihyperglycemic effect.4 Based on this evidence, the indications for SGLT-2i expanded
to include a reduction in the risk of major cardiovascular events, coronary heart disease (CHD), and heart failure,
respectively.5,6 Superiority in cardiovascular outcomes was also demonstrated for some GLP-1-RA when compared to
placebo, while DPP-4i was found to have a neutral effect on the risk of heart failure.7–10

CVDs are reported to contribute up to 50% of healthcare costs in the treatment of T2DM, with hospitalizations and
surgical resources being the main drivers of direct costs.11 However, there is little known about the costs and healthcare
resource utilization (HCRU) associated directly with the antidiabetic regimen of T2DM patients, particularly when
comparing SGLT-2i, DPP-4i and GLP-1-RA. This study aims to close this research gap by comparing the healthcare
costs and HCRU of German T2DM patients who initiated the SGLT-2i empagliflozin (EMPA) versus DPP-4i and GLP-1-
RA in routine clinical practice. In this study, we describe the expenditures from the perspective of the statutory health
insurance funds in Germany. In addition, cost drivers are identified by disaggregating costs by inpatient and outpatient
care and pharmacy sales. Finally, this study examines the causes for differences in economic impact by comparing the
most common reasons for hospitalization between the comparison cohorts.

Materials and Methods
Data Source, Study Population, and Observational Period
This study retrospectively analyzed an anonymized claims dataset from GWQ ServicePlus AG covering over 4 million
persons insured by different statutory health insurance companies across Germany. Generally, claims data of German
sickness funds contain patient-level information on patients’ demographics and reimbursement-related data on outpatient
care, inpatient care, and outpatient medication.

The analysis sample included all adult persons continuously insured between 01/01/2014 until 31/12/2018 or death
who received at least one outpatient prescription with EMPA (ATC codes: A10BK03 [formerly A10BX12] and
A10BD20), DPP-4i (ATC codes: A10BH*, A10BD07, A10BD08, and A10BD10), or GLP-1-RA (ATC codes:
A10BJ* [formerly A10BX04, A10BX07, A10BX10, or A10BX14] and A10AE56) between 01/01/2015 and 31/12/
2018, excluding all patients already receiving one of the respective agents in 2014 (12-month treatment-free period
ensuring the identification of therapy starters). All patients included in the analysis were identified as having T2DM by
observing at least one inpatient diagnosis (International Statistical Classification Of Diseases And Related Health
Problems, 10th revision, German Modification [ICD-10-GM] code: E11) or at least two outpatient diagnoses in two
different quarters within one year before the treatment initiation (index date). Finally, patients were excluded if another
form of diabetes (type 1, gestational, or secondary diabetes), neoplasms (identified by diagnosis or prescriptions of
cancer-related drugs), or one of the top three most cost-intensive diseases as defined by the German Federal Insurance
Office (sepsis, human immunodeficiency virus [HIV], or opportunistic infections) have been diagnosed in the 12 months
before the start of treatment.

Patients were observed starting from the first day of treatment initiation until the date of death, the end of data
availability (31/12/2018), or the date of therapy discontinuation. Discontinuation of therapy was assumed if there was a
gap in drug availability of at least 90 days, approximating the drug supply based on the quantity and the daily defined
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dose (DDD) of prescribed medication. If there was a gap in drug availability was observed, the end of the respective gap
was considered the end of the treatment.

Study Variables
HCRU and costs were calculated from the perspective of the statutory health insurance (including outpatient and
inpatient care as well as drug prescriptions). All costs and HCRU items were assessed in the available patient-individual
follow-up period, investigating total all-cause costs. All costs are reported in Euros. No discounting was applied because
the median follow-up time of the patients in this analysis was less than one year.

Costs for outpatient care were assessed according to the Uniform Valuation Scheme (EBM). In Germany, outpatient
services are valued based on pre-defined weighted points that were multiplied by the EBM. The values used in this study
ranged from €0.101300 per point in 2014 to €0.106543 per point in 2018.

Inpatient treatment costs were assessed per hospitalization according to the German “diagnosed-related-group” (G-
DRG) reimbursement framework. Hospital financing for operating costs in Germany is based on a grouping algorithm,
which considers major diagnosis, procedures, secondary diagnoses, length of stay, type of admission (emergency, referral
from general practitioner or transfer from other hospitals), as well as patient characteristics (age and sex) to determine the
G-DRG for each inpatient stay. The hospital payment for a patient treated is determined by multiplying the base case
value by a fixed cost weight of the patient’s G-DRG, calculated by the Institute for the Hospital Remuneration System
(InEK) on average costs as documented by a subsample of hospitals. The G-DRGs are collected from all German
hospitals and transmitted to the sickness funds for payment to the hospitals. Hospital outpatient services are not included
in this system.

Medication costs were calculated as costs for prescribed drugs according to the pharmacy sales price at the
prescription date. Patient co-payments, reimbursement for medical aids/remedies, rehabilitation, and daily sickness
allowance were not considered in this analysis. Due to medical progress and evolution of health policy legislation,
costs for outpatient care, inpatient treatment costs, and medication costs are subject to future change. The utilization of
healthcare resources was assessed in terms of the numbers of outpatient visits, the number of all-cause inpatient visits,
and the number of prescribed DDDs of antidiabetic drugs.

For each patient, the following available baseline characteristics were measured within a 12-months baseline period:
age (at index date), sex, binary indicators for the level of care at index date (degree of need for care according to statutory
long-term care insurance; level I–V), the Charlson Comorbidity Index (CCI based on documented diagnoses excluding
age factor; Supplementary Table 1), binary indicators for the use of prespecified antidiabetic and cardiovascular therapies
(insulin, metformin, sulfonylurea, other antidiabetics, antithrombotic agents, beta-blocking agents [BB], calcium channel
blockers, renin-angiotensin-aldosterone system [RAAS] inhibitors, lipid-lowering therapies [LLT]), binary indicators for
prevalent CVD (ischemic stroke, myocardial infarction, CHD, or heart failure), documented alcohol abuse, documented
nicotine dependence, the top ten most frequently diagnosed comorbidities (any outpatient or inpatient diagnosis) as well
as T2DM-associated and non-T2DM-associated costs for outpatient physician visits, inpatient stays, and drug
prescriptions.

Statistical Analysis
The comparability issue due to systematic differences in patient characteristics between treatment groups must be
addressed when comparing non-randomized study cohorts. To compare HCRU and related costs of patients starting an
EMPA treatment with patients who initiated therapy with DPP-4i or GLP-1-RA, respectively, a propensity score
matching (PSM) approach was used to adjust for potential differences in patient characteristics and prior disease and
treatment history among these cohorts. Patients starting EMPA versus either DPP-4i or GLP-1-RA were matched 1:1
based on a propensity score using a nearest-neighbor matching algorithm without replacement and a maximum caliper of
0.001. The propensity scores were derived by logistic regression models estimating the probability of a patient belonging
to the different treatment groups (two estimations: EMPA versus DPP-4i and EMPA versus GLP-1-RA). In addition, four
prespecified subgroup analyses were performed to determine differences between patients who had started treatment with
any of the above agents as i) monotherapy, ii) add-on therapy with insulin, iii) therapy without insulin, or iv) dual therapy
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with metformin. A separate comparison was performed in a further prespecified sensitivity analysis between EMPA and
the individual GLP-1-RAs dulaglutide (DULA) and liraglutide (LIRA). An overview of all the variables included in the
logistic regression models estimating the propensity scores for each comparison is provided in Supplementary Table 2.

Descriptive statistics for baseline characteristics were summarized for all patients in the unmatched and matched
cohorts for each index therapy. The differences in baseline characteristics between the groups (EMPA versus DPP-4i/
GLP-1-RA) before and after the matching were tested for statistical significance using t-tests. The group differences in
the costs incurred after treatment initiation were evaluated based on an incremental cost approach using the Bang and
Tsiatis estimator with possibly censored data, as previously described by Chen et al 2015.12,13 The group differences in
the utilization of healthcare resources investigated in the follow-up period were assessed by the ratio of total items
utilized per observable person-years (PY). In addition, differences in the hospitalization rates were assessed by reporting
the event rate ratios separately for different admission reasons (most frequently observed main diagnoses).

All analyses were performed using STATA (Version 14.1), Microsoft Excel (version 2105), and MySQL (Version
17.9.1).

Results
Patient Characteristics
The stepwise procedure selecting eligible patients is presented in Figure 1. Overall, 24,465 T2DM patients newly treated
with EMPA, DPP-4i, or GLP-1-RA were observed. The mean age at index date was 60.0/63.3 years in the unmatched
groups for EMPA versus DPP-4i (p<0.001; Table 1), and 60.0/55.0 for EMPA versus GLP-1-RA (p<0.001; Table 2).
Fewer women were represented in the EMPA cohort (33.8%) compared with DPP-4i (39.6%) and GLP-1-RA (43.2%).
The mean Charlson Comorbidities Index (CCI), measured within the 12-month baseline period before the first prescrip-
tion date, was 7.4 in EMPA treated patients, 7.2 in DPP-4i treated patients, and 7.5 in GLP-1-RA treated patients. Within
the group of unmatched EMPA patients, 39.5% had experienced a major cardiovascular event (non-fatal ischemic stroke
or myocardial infarction) or were diagnosed with CHD or heart failure. In contrast, these comorbidities were present in
26.3% (p<0.001) of patients with DPP-4i and 32.3% (p<0.001) of patients with GLP-1-RA. There were no substantial
differences in the frequency of other comorbidities observed among the three cohorts in this study (see Tables 1 and 2).

In the DPP-4i cohort, the vast majority of patients (94.6%) were treated with sitagliptin. Other active ingredients of
this group included saxagliptin (5.4%) and vildagliptin (>0.1%). Among the patients using GLP-1-RA, DULA (60.3%)
and LIRA (35.0%) accounted for the largest proportions. Exenatide was received by 4.7% of patients. With respect to

Figure 1 Attrition chart.
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Table 1 Patient Characteristics – EMPA versus DPP-4i

Variables Unmatched Matched

EMPA DPP-4i % Bias (p-value) EMPA DPP-4i % Bias (p-value)

N 3285 19,433 3100 3100
Female - % 33.8 39.6 −12.2 (<0.001) 34.0 33.5 1.1 (0.667)

Age in years – mean (SD) 60.0 (11.0) 63.3 (12.6) −27.5 (<0.001) 60.0 (11.2) 59.7 (12.4) 2.7 (0.279)
Level of care 1 - % 1.6 2.3 −5.6 (0.006) 1.5 1.8 −1.9 (0.425)
Level of care 2 - % 4.6 7.0 −10.5 (<0.001) 4.5 4.2 1.5 (0.494)

Level of care 3 - % 2.1 3.9 −10.7 (<0.001) 2.1 2.1 −0.2 (0.929)
Level of care 4 - % 0.7 1.7 −9.0 (<0.001) 0.7 0.9 −1.5 (0.482)
Level of care 5 - % 3.7 4.7 −1.7 (0.396) 3.9 3.2 −1.0 (0.669)
With cardiovascular disease -% 39.5 32.3 14.9 (<0.001) 37.9 38.2 −0.7 (0.794)
With acute renal failure - % 0.6 0.1 −6.4 (0.002) 0.7 0.6 0.7 (0.751)

Documented alcohol abuse - % 3.6 3.7 −0.6 (0.750) 3.7 3.9 −0.9 (0.740)
Documented nicotine dependence - % 14.7 11.1 10.7 (<0.001) 14.6 14.5 0.3 (0.914)

Previous use of antidiabetic agents
Number of prescribed AD – mean (SD) 1.44 (0.98) 1.12 (0.77) 36.7 (<0.001) 1.35 (0.90) 1.34 (0.93) 0.5 (0.847)

Insulin - % 31.2 15.7 37.3 (<0.001) 27.1 27.7 −1.4 (0.608)
Metformin - % 78.1 74.8 7.9 (<0.001) 78.3 78.0 0.7 (0.782)

Sulfonylurea - % 11.6 14.1 −7.3 (<0.001) 12.1 11.8 0.9 (0.724)

Other - % 2.2 3.8 −9.3 (<0.001) 2.3 2.4 −0.4 (0.867)
Previous use of medication for the prevention of cardiovascular events
Antithrombotic agents - % 31.7 27.5 9.2 (<0.001) 31.0 30.7 0.6 (0.826)

RAAS inhibitors - % 72.9 68.4 10.1 (<0.001) 72.0 73.3 −3.0 (0.232)
Beta blockers - % 50.7 46.3 8.8 (<0.001) 49.5 49.7 −0.5 (0.839)
Calcium channel blockers - % 27.4 26.1 2.9 (0.125) 26.8 27.2 −3.0 (0.731)
Lipid-lowering agents - % 52.6 44.0 17.3 (<0.001) 51.1 50.6 1.0 (0.703)

Costs (within 12 months baseline period) in Euros
Inpatient, T2DM-related – mean (SD) 168 (1038) 175 (1117) −0.7 (0.735) 167 (1031) 161 (844) 0.6 (0.798)
Inpatient, non-T2DM-related – mean (SD) 1690 (4428) 2032 (6791) −6.0 (0.005) 1698 (4461) 1667 (4399) 0.5 (0.780)

Outpatient, T2DM-related – mean (SD) 503 (794) 427 (610) 10.7 (<0.001) 473 (363) 463 (844) 1.4 (0.552)

Outpatient, non-T2DM-related – mean (SD) 211 (789) 141 (398) 11.2 (<0.001) 184 (334) 170 (368) 2.1 (0.134)
Medication, T2DM-related – mean (SD) 478 (635) 247 (306) 46.3 (<0.001) 387 (475) 376 (490) 2.2 (0.361)

Medication, non-T2DM-related – mean (SD) 1400 (2103) 1000 (1895) 20.0 (<0.001) 1273 (2054) 1286 (3023) −0.7 (0.835)
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Table 1 (Continued).

Variables Unmatched Matched

EMPA DPP-4i % Bias (p-value) EMPA DPP-4i % Bias (p-value)

Diagnosed comorbidities (ICD-10 codes documented within 12 months BL period)
Charlson Comorbidity Index – mean (SD) 7.4 (3.7) 7.2 (3.7) 4.5 (0.018) 7.3 (3.6) 7.2 (3.7) 1.8 (0.477)
Primary Hypertension (I10) - % 80.2 80.3 −0.5 (0.807) 80.3 80.4 −0.2 (0.924)
Hypercholesterolemia (E78) - % 58.1 57.3 1.7 (0.375) 57.3 57.8 0.7 (0.797)

Spondylosis (M47)- % 17.4 17.7 −0.7 (0.722) 17.7 18.7 −2.6 (0.307)
Obesity (E66) - % 46.1 45.6 1.1 (0.557) 46.1 47.1 −1.9 (0.460)
Accommodative disorders (H52) - % 40.1 39.7 0.9 (0.635) 39.8 40.7 −1.9 (0.453)
Dorsalgia (M54) - % 39.4 38.5 1.9 (0.313) 39.3 38.7 1.2 (0.639)
Liver disease (K76) - % 23.4 22.5 2.2 (0.239) 23.5 23.3 0.5 (0.834)

Depression (F32) - % 20.8 20.0 2.0 (0.288) 20.7 20.4 0.7 (0.777)

Disorders of the purine and pyrimidine metabolism (E79) - % 19.4 19.6 −0.5 (0.798) 19.6 18.5 2.8 (0.272)
Gonarthrosis (M17) - % 17.1 18.1 −2.5 (0.182) 17.3 17.0 0.8 (0.762)

Notes: A reform of the German care system in 2017 led to a change in the official assessment of the need for care, as the former care levels (“Pflegestufen”) were replaced by five new care degrees (“Pflegegrade”). This was taken into
account as follows: Care Level 1–4 replace the former levels 0–3; former hardship cases (“Härtefälle”) were assigned to level 5.
Abbreviations: AD, antidiabetic drug; BL, baseline; DPP-4i, dipeptidyl peptidase-4 inhibitor; EMPA, empagliflozin; RAAS, renin-angiotensin-aldosterone system; SD, standard deviation; T2DM, type 2 diabetes mellitus.
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Table 2 Patient Characteristics – EMPA versus GLP-1-RA

Variables Unmatched Matched

EMPA GLP-1-RA % Bias (p-value) EMPA GLP-1-RA % Bias (p-value)

N 3285 1747 1346 1346
Female - % 33.8 43.2 −19.3 (<0.001) 41.7 39.8 3.8 (0.327)

Age in years – mean (SD) 60.0 (11.0) 55.0 (12.0) 43.7 (<0.001) 56.4 (10.8) 56.7 (11.4) −3.1 (0.407)
Level of care 1 - % 1.6 1.5 0.1 (0.985) 1.3 1.2 1.2 (0.730)

Level of care 2 - % 4.6 5.3 −3.5 (0.233) 4.6 4.7 −0.3 (0.927)
Level of care 3 - % 2.1 1.7 2.8 (0.351) 1.9 1.7 1.6 (0.655)
Level of care 4 - % 0.7 0.7 2.8 (0.957) 0.4 0.7 −4.5 (0.196)
Level of care 5 - % 3.7 2.3 2.5 (0.414) 3.7 3.0 1.4 (0.739)

With cardiovascular disease -% 39.5 26.3 28.2 (<0.001) 27.6 30.2 −5.4 (0.148)
With acute renal failure - % 0.6 0.6 0.9 (0.773) 0.5 0.6 −1.9 (0.592)
Documented alcohol abuse - % 3.6 3.7 −0.4 (0.897) 3.5 3.9 −2.0 (0.609)
Documented nicotine dependence - % 14.7 15.1 −0.9 (0.761) 14.9 15.0 −0.2 (0.957)

Previous use of antidiabetic agents
Number of prescribed AD – mean (SD) 1.44 (0.98) 1.75 (1.18) −28.2 (<0.001) 1.64 (1.10) 1.63 (1.13) 0.2 (0.959)

Insulin - % 31.2 54.3 −47.9 (<0.001) 45.9 47.0 −2.3 (0.562)
Metformin - % 78.1 70.9 16.6 (<0.001) 73.1 71.9 2.7 (0.490)

Sulfonylurea - % 11.6 8.4 10.7 (<0.001) 9.4 9.4 0.2 (0.947)

Other - % 2.2 2.7 −4.9 (0.087) 3.0 2.9 −1.4 (0.725)
Previous use of medication for the prevention of cardiovascular events
Antithrombotic agents - % 31.7 23.2 23.2 (<0.001) 31.0 30.7 −6.8 (0.067)
RAAS inhibitors - % 72.9 70.3 16.2 (<0.001) 72.0 73.3 −1.9 (0.614)
Beta blockers - % 50.7 42.6 1.8 (0.540) 49.5 49.7 1.7 (0.666)

Calcium channel blockers - % 27.4 26.6 5.9 (0.047) 26.8 27.2 −4.8 (0.221)
Lipid-lowering agents - % 52.6 40.3 24.9 (<0.001) 51.1 50.6 −1.1 (0.785)

Costs (within 12 months baseline period) in Euros
Inpatient, T2DM-related – mean (SD) 168 (1038) 338 (1325) −14.2 (<0.001) 251 (1265) 260 (921) −0.8 (0.831)
Inpatient, non-T2DM-related – mean (SD) 1690 (4428) 1291 (4499) 8.9 (<0.001) 1220 (3622) 1395 (4899) −3.9 (0.293)
Outpatient, T2DM-related – mean (SD) 503 (794) 551 (483) −7.4 (0.020) 509 (418) 526 (426) −2.7 (0.283)
Outpatient, non-T2DM-related – mean (SD) 211 (789) 130 (344) 13.3 (<0.001) 131 (304) 154 (376) −3.9 (0.073)
Medication, T2DM-related – mean (SD) 478 (635) 800 (824) −43.8 (<0.001) 656 (760) 692 (703) −4.9 (0.199)
Medication, non-T2DM-related – mean (SD) 1400 (2103) 1873 (2845) −18.9 (<0.001) 1666 (2566) 1760 (2906) −3.7 (0.376)
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Table 2 (Continued).

Variables Unmatched Matched

EMPA GLP-1-RA % Bias (p-value) EMPA GLP-1-RA % Bias (p-value)

Diagnosed comorbidities (ICD-10 codes documented within 12 months BL period)
Charlson Comorbidity Index – mean (SD) 7.4 (3.7) 7.5 (3.7) −1.6 (0.589) 7.3 (3.7) 7.5 (3.7) −5.5 (0.153)
Primary Hypertension (I10) - % 80.2 79.3 2.2 (0.462) 78.4 80.1 −4.1 (0.296)
Hypercholesterolemia (E78) - % 58.1 57.9 0.4 (0.899) 56.8 57.9 −2.1 (0.586)
Spondylosis (M47)- % 17.4 17.6 −0.5 (0.868) 17.3 17.3 −1.6 (0.686)
Obesity (E66) - % 46.1 43.9 4.5 (0.128) 45.2 45.8 −1.0 (0.787)
Accommodative disorders (H52) - % 40.1 41.0 −1.8 (0.553) 39.2 40.9 −3.5 (0.366)
Dorsalgia (M54) - % 39.4 38.7 1.5 (0.615) 39.5 39.5 0.0 (1.000)
Liver disease (K76) - % 23.4 20.4 7.3 (0.014) 21.0 21.2 −0.7 (0.850)
Depression (F32) - % 20.8 19.7 2.7 (0.370) 19.1 20.3 −3.0 (0.438)
Disorders of the purine and pyrimidine metabolism (E79) - % 19.4 21.8 −5.9 (0.045) 22.7 20.4 5.7 (0.146)
Gonarthrosis (M17) - % 17.1 19.4 −5.9 (0.46) 18.9 19.8 −2.3 (0.559)

Notes: A reform of the German care system in 2017 led to a change in the official assessment of the need for care, as the former care levels (“Pflegestufen”) were replaced by five new care degrees (“Pflegegrade”). This was taken into
account as follows: Care Level 1–4 replace the former levels 0–3; former hardship cases (“Härtefälle”) were assigned to level 5.
Abbreviations: AD, antidiabetic drug; BL, baseline; EMPA, empagliflozin; GLP-1-RA, glucagon-like peptide-1 receptor agonists; RAAS, renin-angiotensin-aldosterone system; SD, standard deviation, T2DM, type 2 diabetes mellitus.
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previous antidiabetic medication, 31.2% of EMPA patients with prior exposure to insulin were observed. In comparison,
the proportion of insulin-experienced patients was substantially smaller in users of DPP-4i (15.7%; p<0.001), while the
GLP-1-RA cohort included significantly more patients with prior insulin use than the EMPA cohort (54.3%; p<0.001).
Metformin was the most commonly used antidiabetic drug at baseline in all three groups (EMPA: 78.1%, DPP-4i: 74.8%,
GLP-1-RA: 70.9%). Furthermore, EMPA patients were significantly more likely to receive cardiovascular medications
(antithrombotic therapy: 31.7%, LLT: 52.6%, RAAS inhibition: 71.9%) than patients starting treatment with DPP-4i/
GLP1-RA (antithrombotic therapy: 27.5%/23.2%, LLT: 44.0%/40.3%, RAAS inhibition: 68.4%/70.3%; p<0.001 for each
comparison).

In the PSM comparison versus patients on DPP-4i, 94.7% of whom had received sitagliptin, all differences described
above could be adjusted for (sample size per matched cohort 3100; overall mean/median bias for observable covariates
after matching: 1.2/0.9%). The same applied to the comparison between starters of EMPA and GLP-1-RA (sample size
per matched cohort 1346; overall mean/median bias for observable covariates after matching: 2.6/2.2%). Within the
GLP-1-RA cohort post-matching, 59.3% of patients were treated with dulaglutide, 35.8% with liraglutide, and 4.9% of
patients were treated with exenatide.

Comparison of Healthcare Costs After Matching
Figure 2 summarizes the observed total direct costs for healthcare among matched cohorts of EMPA patients compared
with starters of DPP-4i and GLP-1-RA. The median follow-up time in the EMPA group was 242 days when matched to
DPP-4i (versus 458 days) and 259 days when matched to GLP-1-RA (versus 302 days). After adjustment for differences
in length of follow-up, there were significantly higher expenses for healthcare observed among patients initiating DPP-4i
(mean: € 7009 versus € 4274) and GLP-1-RA (mean: € 6851 versus € 4895) in comparison with EMPA. The highest
differences between EMPA and DPP-4i were observed for inpatient care (€ 1455 versus € 3040; p<0.001) and pharmacy
sales of prescribed drugs (€ 1966 versus € 2689; p<0.001), whereas incremental cost differences versus GLP-1-RA were
mainly driven by medication costs alone (€ 2433 versus € 3575; p<0.001). These results were consistent across all pre-
defined therapeutic subgroups (monotherapy, insulin-naïve, add-on to insulin, and dual therapy with metformin);
(Supplementary Figure 1). A further comparison of EMPA versus DULA and EMPA versus LIRA, did not show any
agent-specific cost effects compared to EMPA versus total GLP-1-RA (Supplementary Figure 2).

Comparison of Healthcare Resource Use After Matching
In line with the observed cost difference, the rate of hospitalizations per year over the entire observation period was
substantially lower in the EMPA cohort compared to patients starting treatment with DPP-4i (35 versus 46 hospital

Figure 2 Total direct cost of any cause by initiated therapy (matched cohorts).
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admission per 100 PYs). The same proved true for the comparison between EMPA and GLP-1-RA (32 versus 40 per 100
PYs). Still, higher costs per hospitalization were observed in the EMPA cohort (€ 4930 versus € 4496), resulting in
similar inpatient expenditures when comparing both cohorts. Table 3 reports the top ten reasons for hospitalization across
the PS-matched cohorts for new users of EMPA, DPP-4i, and GLP-1-RA. Eight of the ten most common diagnoses for
hospital admission were related to CVD, indicating the paramount importance of reducing cardiovascular risk in this
patient population. Overall, patients starting EMPA had fewer hospitalizations per observed year than their respective
comparison groups. Fewer hospitalizations are associated with reduced heart failure events, which is the greatest
advantage of EMPA over DPP-4i and GLP-1-RA (−1.23 events per 100 PYs versus DPP-4i; −0.84 events per 100
PYs versus GLP-1-RA). These results are consistent with the results of cardiovascular outcome studies for DPP-4i, GLP-
1-RA, and EMPA published during the last years.

Quarterly invoiced outpatient visits were more frequently observed in patients initiating EMPA (3.36 visits per PY)
when compared to DPP-4i (3.01 visits per PY), while patients who received GLP-1-RA had the highest outpatient-visit
rate (3.79 visits per PYversus 3.36 per PY with EMPA). No substantial differences were found between the study cohorts
in terms of average cost per outpatient visit.

With respect to prescriptions of antidiabetic drugs, the highest resource use in terms of received DDDs was observed
in patients starting GLP-1-RA (415 DDDs per PY), whereas comparable drug consumption as measured by the
prescribed DDDs was observed for patients receiving DPP-4i (333 DDDs per PY) or EMPA (334–336 DDDs per PY).

Discussion
This retrospective analysis of a nationwide German claims dataset, covering the years 2015–2018, compared direct
medical costs and HCRU among a sample of prevalent T2DM patients starting an antidiabetic treatment with EMPA
versus DPP-4i or GLP-1-RA. An evaluation of propensity-score matched cohorts identified substantially higher costs for
inpatient care in patients starting DPP-4i compared with EMPA. The differences in cost between EMPA and GLP-1-RA
were mainly attributed to the higher drug price and the intensified dosing of the latter, resulting in higher medication
costs.

While previous claims data studies from the US already highlighted that SGLT-2i are associated with longer treatment
persistence and reduced healthcare utilization and cost savings relative to DPP-4i and GLP-1,14,15 this paper reinforces
previous findings with novel data for the German statutory health insurance (SHI) context.

Table 3 Top 10 Reasons for Hospitalization in PS-Matched Cohorts

Reason for Hospitalization (ICD-10
Code for Main Diagnosis)

Number of Events per 100 PYs (95% CI)

EMPA (Matched
to DPP-4i)

DPP-4i EMPA (Matched to
GLP-1-RA)

GLP-1-RA

N 3100 3100 1346 1346

Any hospitalization 35.45 (33.73–37.20) 45.67 (44.22–47.12) 31.94 (29.49–34.51) 40.14 (37.73–42.59)
T2DM (E11) 2.30 (1.82–2.91) 2.28 (1.18–2.75) 3.26 (2.43–4.36) 2.88 (2.16–3.83)

Heart failure (I50) 1.31 (0.95–1.79) 2.54 (2.12–3.04) 0.76 (0.41–1.39) 1.60 (1.09–2.35)

CHD (I25) 1.58 (1.19–2.10) 1.59 (1.27–2.00) 0.91 (0.52–1.58) 0.96 (0.58–1.58)
Angina Pectoris (I20) 1.51 (1.13–2.02) 1.48 (1.17–1.88) 1.29 (0.81–2.05) 1.02 (0.63–1.66)

Ischemic stroke (I63) 1.27 (0.92–1.75) 0.80 (0.58–1.10) 0.53 (0.26–1.09) 1.28 (0.83–1.97)

Atherosclerosis (I70) 1.06 (0.75–1.51) 0.86 (0.63–1.18) 0.61 (0.31–1.19) 0.64 (0.35–1.17)
Atrial fibrillation (I48) 0.69 (0.45–1.06) 0.97 (0.73–1.30) 0.91 (0.52–1.58) 0.64 (0.35–1.17)

Myocardial infarction (I21) 0.93 (0.64–1.35) 1.04 (0.78–1.38) 1.21 (0.75–1.96) 0.38 (0.18–0.84)

Dorsalgia (M54) 0.62 (0.39–0.98) 0.80 (0.58–1.10) 0.91 (0.52–1.58) 0.83 (0.49–1.42)
Sleep disorders (G47) 0.86 (0.58–1.26) 0.60 (0.41–0.87) 0.38 (0.16–0.88) 1.34 (0.88–2.05)

Abbreviations: CHD, coronary heart disease; CI, confidence interval; DPP-4i, dipeptidyl peptidase-4 inhibitor; EMPA, empagliflozin; GLP-1-RA, glucagon-like peptide-1
receptor agonists; PY, person-year; T2DM, type 2 diabetes mellitus.
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For the cross-class comparison with DPP-4i, reimbursement for CVD-related inpatient care was found to contribute
significantly to the higher incremental costs than EMPA. This is in line with previous findings from the cardiovascular
outcome trials EMPA-REG OUTCOME, TECOS, and SAVOR-TIMI 53, suggesting a significantly reduced risk for
CVD-related hospitalizations for EMPA compared to DPP-4i, such as sitagliptin or saxagliptin.16,17 Among the known
diabetes-related complications, CVD is the most prevalent cause of morbidity and mortality in patients with T2DM,18

which yields considerable cost benefits for EMPA. Furthermore, nearly half of all deaths in patients with T2DM are due
to increased CV risk of myocardial infarction and stroke.19 Although hospitalizations due to renal complications were
rarely observed, the number of documented cases was more than three times higher in DPP-4i patients (0.66 per 100
PYs) than in EMPA patients (0.21 per 100 PYs). In contrast, event rates were similar between GLP-1-RA and EMPA.
These figures are consistent with recent studies finding positive renal effects of SGLT-2i and, to some extent, GLP-1-
RA.4,20,21 However, due to the low hospitalization rate caused by renal failure, no relevant economic impact was shown
in this study.

We found no significant cost differences in hospital expenditures between GLP-1-RA and EMPA. While some
individual GLP-1 agonists, such as liraglutide and dulaglutide, have shown CV benefit in patients with established CVD
in placebo-controlled trials,7,10 the lack of difference versus EMPA is consistent with other real-world studies comparing
GLP-1-RA and SGLT-2i, where both were associated with a similar risk for hospitalization due to major CV events,
severe hypoglycemia, and fractures.22,23 In addition, a recent US claims data analysis showed that switching from DPP-4i
to GLP-1-RA or SGLT-2i was associated with fewer hospitalizations; however, higher pharmacy costs, particularly for
GLP-1-RAs, outweighed the savings from reduced hospitalizations.24

Nevertheless, our study demonstrated a significant cost advantage of EMPA over GLP-1-RA when comparing direct
healthcare expenditure after therapy initiation. This was also confirmed in a direct comparison with the individual agents
dulaglutide and liraglutide. The cost difference was most evident when analyzing the reimbursement for drug prescrip-
tions between both drug classes, which accounts for nearly 60% of EMPA’s cost benefit. While drug prices in Germany
are substantially higher per average daily dose for GLP-1 RA compared to EMPA: (3.62–4.24 Euro/DDD versus 2.36
Euro/DDD; gross price according to Lauer-Taxe as of December 11, 2018), a quantity effect in favor of EMPA was
additionally observed, indicating more frequent treatment intensification with GLP-1-RA. Accordingly, the prescribed
number of daily doses for GLP-RA-1 exceeded the expected recommended daily dose on average by more than 13%. In
patients who started EMPA, the dose consumption per PY was even slightly below the recommended amount (−8%).
Similar utilization patterns for GLP-1-RAwere described in a retrospective cohort study in Italian patients with T2DM.25

Limitations
Unlike other observational studies, this study was based on a large nationwide database that is free from selection bias.
Nevertheless, several other limitations exist. Since patients receiving various classes of antidiabetic agents (ie, SGLT-2i,
DPP-4i, and GLP-1-RA) differ widely in terms of sociodemographic characteristics, certain comorbidities, and medica-
tion history, PSM was applied. While this improved comparability across cohorts by balancing prespecified observable
covariates, residual unobservable factors may present bias in the comparative analysis of matched cohorts. When new
therapies become reimbursable, there is often an increase in prescribing these drugs in individuals who have not
responded to previous therapies and are at higher risk for complications and associated higher healthcare costs. Since
empagliflozin and dulaglutide recently came to the market in 2014, we cannot exclude the possibility that these agents
were prescribed more frequently to patients who had not responded to other oral antidiabetic agents (eg, sulfonylureas) or
insulin. Consequently, these patients are more likely to be associated with higher healthcare costs. Another limitation of
this study was the degree of glycemic control at baseline (commonly quantified in terms of HbA1c values), which could
not be captured in this analysis and was therefore not controlled within the matching procedure. In addition, several risk
factors of major importance for cardiovascular outcomes, such as body weight, blood pressure, LDL-cholesterol level, or
smoking status were assessed only in severe cases, for example, when a diagnosis of obesity, hypertension, hypercho-
lesterolemia, or history of nicotine dependence was documented based on the ICD-10 classification. However, given that
the included observable characteristics are proxies for unobservable clinical parameters, the selection bias in this large
database study is expected to be minor. Nevertheless, the matching quality for the comparison between EMPA and GLP-
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1-RAwas somewhat limited due to the smaller sample size, as GLP-1-RAs were prescribed less frequently in the source
population. This resulted in a non-significant minor bias in major cardiovascular diseases (heart failure, CHD, myocardial
infarction, or ischemic stroke) present at baseline.

Furthermore, because DPP-4i and GLP-1-RA (first approved in 2006) have received approval for the treatment of
patients with T2DM for a significantly longer period of time than EMPA (approved in 2014), there is a substantial
difference in observable length of follow-up between the compared study cohorts (median duration for DPP-4i matched
to EMPA: 8.1 months versus 15.3 months), since more patients initiating treatment with EMPA were identified towards
the end of the study period, while the opposite was true for patients starting DPP-4i and GLP-1-RA. These differences
were evident in terms of distribution by index year (year of treatment initiation), particularly in the proportion of patients
who received their first prescription in 2015. Of the matched EMPA patients, only 8.2% had started their treatment in
2015, whereas 29.6% had received DPP-4i. This difference was also significant when comparing EMPA (10.2%) and
GLP-1-RA (25.6%). Therefore, there is a possibility of bias due to informative censoring, as long-term effects could be
observed less frequently in patients on EMPA than on DPP-4i or GLP-1-RA. However, a sensitivity analysis limiting the
observation period to the first year of treatment showed similar cost benefits for EMPA compared with DPP-4i and GLP-
1-RA, respectively (Supplementary Figure 3).

There were no substantial differences between the matched cohorts with respect to discontinuation rates. Of those
patients who had started EMPA, 60.8% had discontinued or switched therapy compared with those who had started DPP-
4i (56.9%). Discontinuation rates were slightly higher in patients starting EMPA (62.9%) compared with GLP-RA-1
(55.4%). With respect to the defined follow-up periods, it should be noted that drug persistence for the evaluated
antidiabetic therapies was only approximated based on prescription data and obtained pack sizes. However, the grace
period, which determines the follow-up period for drug exposure and censoring in case of treatment discontinuation
(medication refill gap > coverage of the last prescription according to DDD observed + 90 days), represents a relatively
broad definition but is still consistent with applied ranges in the previous literature.26–28 In addition, potential delayed
treatment effects after discontinuation of therapy should be considered, especially in the context of treatment of chronic
diseases such as T2DM and CVD.

Conclusions
Our analysis demonstrated that T2DM patients who initiated EMPA therapy had lower healthcare expenses in the
proceeding course of treatment than those starting DPP-4i and GLP-1-RA. In particular, patients newly treated with
EMPA had lower inpatient costs than DPP-4i users, mainly due to lower rates of CVD-related hospitalizations, such as
heart failure. The results of this study indicate that treatment with DDP-4i, which is widely prescribed in Germany, is not
a cost-effective option despite the lower drug price compared to EMPA. Healthcare providers should therefore reconsider
their current treatment patterns. The cost advantage for EMPA over GLP-RA-1 was mainly due to the difference in direct
medication costs. Further studies are recommended to confirm these results, particularly concerning the real-world
efficacy of SLGT-2 inhibition in heart failure.
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