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Abstract

Aims

To investigate real-world clinical and patient-related variables associated with initiating

GLP-1 receptor agonist (GLP-1RA) treatment relative to initiation of other glucose-lowering

therapies in type 2 diabetes (T2D) patients of primary care in Germany.

Methods

Data for 938 T2D patients who started therapy with a GLP-1RA within 823 practices of pri-

mary care throughout Germany were retrospectively analyzed (Disease Analyser: 01/

2011–03/2014). 5,197 T2D patients who initiated other non-GLP-1RA antidiabetic therapies

were selected as controls. Multivariate logistic regression analyses were applied to identify

factors associated with GLP-1RA initiation in primary care.

Results

Mean age (SD) of GLP-1RA users was 57.8 (11.8) years (males: 55.5%) and the average

BMI was 36.1 (6.7) kg/m2. 22.8% were in diabetologist care and 12.0% had private health

insurance. In multivariate regression, choice of GLP-1RA therapy instead of a different glu-

cose-lowering drug class was associated with obesity (odds ratio: 1.68; 95% CI: 1.34–

2.10), private health insurance (2.42; 1.89–3.09), younger age (0.94; 0.93–0.95 per year),

male sex (0.85; 0.73–0.99), diabetologist care (2.11; 1.73–2.57), and geographic practice

location (East vs. West-Germany; 1.25; 1.05–1.49). Among co-medication, angiotensin II

antagonists (increased) and non-steroidal antirheumatic agents (decreased) were related

to GLP-1RA prescriptions (both p<0.001).
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Conclusions

Consistent with German guidelines, GLP-1RA is mainly prescribed preferentially in T2D

patients who are obese. GLP-1RA drugs were more frequently used than other options in

privately health insured patients and in patients seeing a diabetologist.

Introduction
Metformin is recommended as first line drug treatment for type 2 diabetes both in the German
National Disease Management Guideline on the Treatment of Type 2 Diabetes, and the guide-
lines of the American Diabetes Association (ADA) and the European Association for the Study
of Diabetes (EASD) [1–3]. These guidelines recommend GLP-1 receptor agonists (GLP-1RAs)
as add-on treatment to metformin if hyperglycemia is still not sufficiently controlled with met-
formin alone [1–3]. GLP-1RAs increase insulin secretion and inhibit glucagon release, but only
in the presence of elevated glucose levels [4]. This mode of action is different from sulfonyl-
ureas and glinides, which are associated with higher risk of hypoglycemia because they increase
insulin secretion regardless of the actual glucose levels. Hypoglycemia is also a disadvantage of
insulin therapy. Furthermore, insulin therapy in type 2 diabetes is often associated with weight
gain [5], whereas GLP-1RA treatment often results in weight loss [6].

Little information is available about patient-related characteristics and other clinical factors
leading to initiation of GLP-1RA therapy instead of other non-GLP-1RA antidiabetic agents in
real-world primary care settings. Few studies have examined the initiation of GLP-1 RA ther-
apy in type 2 diabetes patients in a real-world setting [7–10]. As an example in the UK, com-
pared with insulin starters, those initiating a GLP-1RA therapy had higher body mass index
(BMI) and better glycaemic control at baseline, and were younger with shorter duration of dia-
betes [7]. The objective of this study was to identify clinical and patient-related variables associ-
ated with initiating GLP-1 RA therapy in type 2 diabetes patients in real-world primary care
settings in Germany.

Methods
The Disease Analyzer database (IMS HEALTH) assembles drug prescriptions, diagnoses, and
basic medical and demographic data directly obtained from the computer system of a represen-
tative sample of primary care clinics of general practitioners and diabetologists throughout
Germany [11]. The database includes only anonymized data in compliance with the regulations
of the applicable data protection laws. All patient records/information are anonymized prior to
including in the database. In Germany, studies based on such anonymized databases do not
need ethical approval. The analyzed database period for the current study was from January
2011 to March 2014 (823 primary care clinics). Patients with type 2 diabetes, who were not pre-
scribed with a GLP-1RA in the 6 months pre-index period, but initiated on a GLP-1RA (index
date: exenatide BID, exenatide EQW or liraglutide) during the study period, were identified as
GLP-1RA initiator cohort. The comparison cohort consists of type 2 diabetes patients who
were not prescribed a GLP-1RA in the 6 months pre-index period but on first line anti-diabetic
drug treatment in the pre-index period, who subsequently had new prescriptions of other non-
GLP1-RA antidiabetic agents (oral antidiabetic drugs or insulin that were different from the
drug used in the pre-index period) on the index dates during the same study period.
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Baseline characteristics of a patient were determined based on the patient records made by
a physician during the 6-months pre-index period. Potential predictors of GLP-1RA initia-
tion considered in the present analysis were age, sex, type of health insurance, region of prac-
tice (East or West-Germany), diabetologist care, glycemic control (HbA1c), comorbidity
(cardiovascular and renal diseases, microvascular diabetes complications, mental disorders)
and co-medications. Gender was subsequently explored in more detail due to findings of
interest.

Macrovascular complications were determined based on diagnoses (ICD-10 codes) for coro-
nary heart disease (I24, I25), myocardial infarction (I21, I22, I23, I25.2), stroke (I63, I64, G45),
peripheral vascular disease (I739, E105, E115, E145) and heart failure (I50). Microvascular
complications included retinopathy (E113, E143, H360), neuropathy (E114, E144), and
nephropathy (N18, N19, E112, E142, Z49, Z992). Presence of mental disorders including
depression and dementia (F20-F48) was also assessed. Furthermore, diagnosed obesity (ICD
10: E66), lipid disorders and hypertension were considered as covariables. Medication with car-
diovascular and lipid-lowering drugs during the 6-months pre-index period was also assessed.
Finally, the recorded HbA1c values and the documented BMI before index date were included
in the analyses. The Charlson co-morbidity index was used as a general marker of co-morbid-
ity. The Charlson index is a weighted index that accounts for the number and severity of co-
morbidities in administrative database studies [12].

Descriptive statistics were given and differences in characteristics of patients (GLP-1RA vs.
controls) were assessed using t-tests, Wilcoxon-tests, or chi-square tests. Two sided tests were
used and a p-value of<0.05 without adjustments for multiple comparisons was considered as
statistically significant. A final multivariate logistic regression model was fitted using stepwise
selection. Variables that did not have statistical significance (p>0.05) were removed stepwise.
In addition, sex-specific models were fitted. All analyses were carried out following the German
good practice recommendations of secondary data analysis [13] using SAS 9.3 (SAS Institute,
Cary, USA).

Results
After patient selection, 938 new users of GLP-1RAs (mean age: 57.8 years; 55% males) and
5197 type 2 diabetes patients (67.4 years; 55% men) initiating other non-GLP1-RA agents with-
out any GLP-1RA prescriptions at baseline were included. The baseline clinical characteristics
are shown in Table 1. Some patients were privately insured and approximately three quarters
of all patients were fromWest Germany. Almost a quarter of the type 2 diabetes patients with
GLP-1RA were treated by diabetologists. The mean BMI and the average HbA1c were both
high. Biguanides were the most frequently prescribed antidiabetic drug at baseline, followed by
DPP-4 inhibitors and sulfonylureas (Table 1). Insulin was used in 16% of the GLP-1RA initia-
tors, either alone or in combination with other agents.

Arterial hypertension was diagnosed in 50% and lipid disorders were found in about a quar-
ter of patients (Table 1). Coronary heart disease was diagnosed in 10% of the patients initiating
GLP-1RA treatment. About 1% had already suffered from a myocardial infarction. Peripheral
vascular disease was diagnosed in about 4%. Microvascular diabetes complications were also
observed, in particular, peripheral neuropathy, which was found in 8% of the new GLP-1RA
users (Table 1).

Co-medications with antihypertensives, lipid-lowering drugs (including statins), non-ste-
roidal antirheumatic agents and analgesics were each prescribed to about 30% of patients.

GLP-1RA users were about 10 years younger than non-users (Table 1) (p<0.0001). GLP-
1RA users were twice more often privately health insured (p<0.0001) and more frequently
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treated by diabetologists (p<0.0001). Furthermore, GLP-1RAs were more prescribed in the
primary care practices in East-Germany (p<0.0001).

There were also significant differences in some baseline clinical characteristics of the two
groups (Table 1). The average baseline HbA1c did not differ between the two treatment groups
in either men or women (Table 1), but a small difference was identified in the population as a
whole. The mean body mass index (kg/m2) at baseline was higher among GLP-1RA users than
in non-users (p<0.0001). The prevalence of obesity defined by a baseline BMI value of�30.0
kg/m2 (p<0.001), as well as the prevalence of obesity identified based on ICD-10 diagnostic

Table 1. Baseline characteristics of type 2 diabetes patients who initiated GLP-1 receptor agonists (GLP-1RAs) or other non-GLP-1RA anti-dia-
betic drugs (Control) between January 2011 andMarch 2014 in primary care in Germany.

Variables Men Women Total

Variables GLP-1 RAs Control GLP-1 RAs Control GLP-1 RAs Control

N 521 2838 417 2359 938 5197

Age (years) 57.3 (11.5)* 65.9 (11.9)* 58.4 (12.2)* 69.3 (12.7)* 57.8 (11.8)* 67.4 (12.4)*

Private health insurance (%) 15.9* 8.0* 7.2* 3.8* 12.0* 6.1*

Diabetologist care (%) 23.0* 11.0* 22.5* 10.8* 22.8* 10.9*

Practice region (East Germany) (%) 28.8* 20.4* 23.5 21.5 26.4* 20.9*

HbA1c % 8.2 (1.5) 8.1 (1.6) 8.1 (1.5) 7.9 (1.5) 8.1 (1.5)* 8.0 (1.6)*

Body mass index (kg/m2) 35.9 (7.0)* 30.8. (5.8)* 36.4 (6.3)* 31.9 (6.3)* 36.1 (6.7)* 31.3. (6.1)*

Peripheral neuropathy (%) 8.8 8.1 7.9 7.3 8.4 7.8

Retinopathy (%) 2.5 1.7 1.2 1.8 1.9 1.8

Nephropathy (%) 7.1 7.6 6.0 7.5 6.6 7.5

Baseline diagnoses:

Hypertension (%) 50.3* 56.4* 49.6* 61.1* 50.0* 58.6*

Dyslipidemia (%) 26.9 30.7 25.2 27.3 26.1 29.1

Obesity diagnosis (%) 14.2* 6.8* 17.7* 7.4* 15.8* 7.0*

Myocardial infarction (%) 1.5 2.9 0.7 1.1 1.2 2.1

Coronary heart disease (%) 9.6* 18.3* 9.8 12.0 9.7* 15.4*

Peripheral vascular disease (%) 3.5* 7.1* 4.3 4.5 3.8* 5.9*

Mental illness (%) 11.5 12.6 19.9 20.9 15.2 16.3

Charlson Comorbidity Score 1.9 (1.5) 1.9 (1.4) 1.7 (1.1) 1.9 (1.5) 1.8 (1.3) 1.9 (1.5)

Baseline anti-diabetic medication:

Metformin (%) 41.7* 70.3* 46.3* 69.3* 43.7* 69.8*

Sulfonylureas (%) 14.6* 21.1* 12.5* 22.7* 13.6* 21.8*

DPP-4 inhibitors (%) 27.6* 3.3* 24.0* 4.4* 26.0* 3.8*

Insulin (%) 16.5* 2.1* 15.3* 2.1* 16.0* 2.1*

Other OADs (%) 9.9* 5.2* 14.1* 8.0* 9.4* 5.0*

Baseline medication:

Diuretics (%) 18.8* 25.8* 19.2* 32.4* 19.0* 28.8*

Beta-blockers (%) 35.7* 41.8* 33.6* 46.7* 34.8* 44.4*

Calcium channel blockers (%) 18.4* 22.6* 18.0* 26.3* 18.2* 24.3*

ACE inhibitors (%) 33.6* 42.1* 23.7* 39.2* 29.2* 40.8*

Angiotensin II receptor blockers (%) 23.0* 18.5* 26.1* 21.4* 24.4* 19.8*

Lipid lowering drugs (%) 30.9* 38.0* 25.4* 31.7* 28.5* 35.1*

Non-steroidal antirheumatic agents and other analgesics (%) 27.4* 34.5* 33.3* 42.2* 30.1* 38.0*

Data are means (SD) or proportions (%).

* p-value <0.05 for the difference between the two treatment groups. Mental illness include schizophrenic, mood and neurotic disorders.

doi:10.1371/journal.pone.0152281.t001
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codes (p<0.0001) were higher in patients with GLP-1RA therapy than in the comparator
group. However, the prevalence of musculoskeletal disorders (ICD 10: M00-M99) was lower
among GLP-1RA users (35.5% vs. 43.2%; p<0.0001).

Differences in medication usage were also found. In both groups, the most often prescribed
antidiabetic agent at baseline was metformin, which was more often used in the control group,
as well as sulfonylureas (Table 1). In contrast, DPP-4 inhibitors and insulin were more often
prescribed in patients who started a GLP-1RA therapy. In addition, other oral antidiabetics
(thiazolidinediones, glinides, acarbose) were also more often used in GLP-1RA starters. Non-
steroid antirheumatic agents and other analgesics were less often prescribed among GLP-1RA
users (p<0.0001), consistent with the lower incidence of musculoskeletal disorders.

The prevalence of macrovascular complications at baseline was significantly lower among
GLP-1RA users, except for myocardial infarction (Table 1). Arterial hypertension (p< .0001)
and dyslipidemia (p = 0.0604) were also less frequently observed in the GLP-1 RA users. In
addition, cardiovascular drugs (ACE inhibitors, angiotensin II antagonists, calcium channel
blockers, beta blockers, diuretics) and lipid lowering drugs were also less often used among
patients with GLP-1RA prescriptions.

After stepwise selection using logistic regression, several clinical and patient-related vari-
ables were independently associated with the initiation of GLP-1RA therapy in type 2 diabetes
patients (Table 2). Younger age and male gender were associated with GLP-1RA therapy rather
than another therapy. Patients with diagnosed obesity had a higher odds of having GLP-1RA
prescriptions than a prescription for a different therapy. Furthermore, diabetologist care was
related to a higher chance of receiving GLP-1RA therapy than non-GLP-1RA therapy. Among
demographic characteristics, patients with private health insurance had an increased odds of
having initiation of GLP-1RA therapy compared to type 2 diabetes patients with statutory
health insurance. Furthermore, patients treated in primary care practices located in East-Ger-
many were more likely to have newly prescribed GLP-1RA than in West-German practices.
Baseline prescriptions of angiotensin II receptor blockers were related to a higher chance of
having GLP-1RA therapy. Prescription use of non-steroidal antirheumatic drugs and other
analgesics or antipyretics (e.g. salicyclic acid, pyrazolone) were associated with a lower odds of
having initiation of GLP-1RA treatment.

Some of the findings differed by gender (Table 1). The associations of age, obesity, diabetol-
ogist care, private health insurance, and angiotensin II receptor blockers were comparable

Table 2. Multivariate adjusted odds ratios (95% confidence intervals) for initiating GLP-1 receptor agonists compared with initiators of non-GLP-
1RA anti-diabetic drugs in type 2 diabetes patients of primary care in Germany.

Variablesa Men P value Women P value Total P value

Age (per year) 0.94 (0.93–0.95) <0.0001 0.94 (0.93–0.95) <0.0001 0.94 (0.93–0.95) <0.0001

Obesity diagnosis (yes/no) 1.59 (1.17–2.17) 0.0032 1.75 (1.27–2.41) 0.0006 1.69 (1.35–2.11) <0.0001

Private health insurance (yes/no) 2.38 (1.78–3.19) <0.0001 2.45 (1.55–3.87) 0.0001 2.41 (1.88–3.09) <0.0001

Diabetologist care (yes/no) 2.25 (1.74–2.91) <0.0001 2.05 (1.52–2.76) <0.0001 2.11 (1.73–2.57) <0.0001

Angiotensin II receptor blocker prescriptions [ATC: C09C, C09D] 1.67 (1.31–2.14) <0.0001 1.89 (1.45–2.46) <0.0001 1.76 (1.47–2.11) <0.0001

Coronary heart disease (yes/no)b 0.72 (0.52–0.99) 0.0479 - - 1.36 (0.95–1.97) 0.0956

Geographic practice location (East vs. West-Germany) 1.43 (1.14–1.80) 0.0018 - - 1.25 (1.05–1.49) 0.0119

a Full model included: age, gender, geographic practice location, private health insurance, diabetologist care, HbA1c, baseline co-diagnoses (peripheral

neuropathy, retinopathy, nephropathy, hypertension, dyslipidemia, obesity diagnosis, myocardial infarction, coronary heart disease, peripheral vascular

disease, mental illness), baseline medication (metformin, sulfonylureas, DPP-4 inhibitors, Insulin, other OADs, diuretics, beta-blockers, calcium channel

blockers, ACE inhibitors, angiotensin II receptor blockers, lipid lowering drugs, non-steroidal antirheumatic agents and other analgesics)
b Coronary heart disease and geographic practice location entered into the final model in men only

doi:10.1371/journal.pone.0152281.t002
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between men and women (Table 2). However, coronary heart disease was related to GLP-1 RA
use in men but not in women. Practice location (East/West-Germany) was also related to GLP-
1 RA use in men only.

There were no differences between GLP-1 RA and controls in a stratified analysis (East- vs.
West German practice location) compared to the total population (data not shown).

Discussion
Using a large representative primary care database in Germany the present study indicates that
GLP-1RA are more likely initiated in obese and younger type 2 diabetes patients compared to
patients initiating non-GLP-1RA therapies. GLP-1RA are also more often prescribed in pri-
vately health insured patients. Further predictors were treatment by a diabetologist and pri-
mary health care practice location in East-Germany. Baseline angiotensin II receptor blocker
prescriptions were related to a higher chance of having a GLP-1RA treatment initiated. Nonste-
roidal antirheumatic agents were associated with a lower odds of having these drugs started.
Finally, coronary heart disease was related to a lower odds of having GLP-1 RA started in men
but not in women.

The finding that GLP-1 RA therapy was favored by physicians in patients with higher body
weight is not surprising and is in line with previous observational studies [7, 9]. Body weight
reduction with GLP-1 RA has been confirmed in a meta-analysis of randomized controlled tri-
als [6]. The mean weight reduction in patients with diabetes was -2.8 kg, which makes GLP-1
RA a preferred option for patients who are obese compared with treatments which may
increase weight, including sulfonylureas and insulin [6].

Patients initiating GLP-1 RA were substantially younger than those initiating non-GLP-
1RA drugs, which has also been found in previous studies [7,9]. Using retrospective electronic
medical records from the General Electric Centricity database in the U.S., factors associated
with exenatide initiation were younger age and a body mass index of 35 kg/m2 or greater [8].
Based on administrative pharmacy, medical claims, and laboratory result data obtained from
the HealthCore Integrated Research Database, type 2 diabetes patients with an initial claim for
exenatide or insulin glargine between May 1, 2005 and June 30, 2007 were retrospectively ana-
lysed [10]. Cardiovascular diseases, nephropathy, and retinopathy were all more prevalent
among patients initiating insulin glargine [10]. This finding is further supported by the
CHOICE study [9]. CHOICE was a prospective observational study that recruited patients ini-
tiating their first injectable glucose-lowering therapy (with any type of insulin or exenatide) in
routine clinical practice from six European countries (Denmark, Belgium, France, Germany,
Greece and Sweden) [9]. A higher proportion of patients initiating insulin had microvascular
and macrovascular complications compared with patients starting exenatide, which is in line
with the present study [9]. Younger age of the GLP-1RA cohort to certain extent explains the
lower prevalence of comorbidities in this cohort as compared with the control cohort.

GLP-1 RA therapy was also more often started in patients treated by diabetologists, which
most likely reflects the fact that diabetologists are more familiar with the relatively new incre-
tin-based therapies, and that the patients situation most likely requires a specialized diabetolog-
ist care.

Furthermore, although the majority of the patients were covered by a statutory health insur-
ance scheme, it is noteworthy that private health insurance was a strong predictor of having
GLP-1 RA therapy initiated, independent of other characteristics.

During the last four decades, the proportion of people having full private health insurance
cover in Germany rose from 6.9% in 1975 to 11.0% in 2012 [14]. This increasing division into
statutory and private health insurance is a challenge and may contribute to health care
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inequalities [14]. As an example, novel and more expensive glucose-lowering drugs such as
GLP-1 RAs, DPP-4 inhibitors and SGLT2 inhibitors are less often prescribed in type 2 diabetes
patients with statutory compared with patients with private health insurance [15].

For statutory health insured patients, disease management programs (DMP) for diabetes
have been implemented [16]. The DMPs should harmonize diabetes management [16]. As a
consequence it can be assumed that a homogenous treatment pattern should exist throughout
Germany. However, the present study indicates regional differences in GLP-1 RA use in Ger-
many. Men with type 2 diabetes treated in general practices in East-Germany were more likely
to start GLP-1 RAs therapy but this was not observed in women, which needs to be confirmed
in a larger study sample. Regional differences in prescription use of newer glucose-lowering
drugs have also been recently described in population-based regional health surveys in Ger-
many [17]. Further research is needed to explain these findings.

It was also noted that some of the baseline concomitant medications were either positively
or negatively associated with the initiation of GLP-1 RA therapy. That may be related to the
comorbidities that patients had at baseline, rather than a contributor directly leading to the
prescription of GLP-1RA. A typical example is that male patients who had CHD at baseline
were less likely to initiate GLP-1RA, but women had an equal chance to get a prescription of
GLP-1RA compared with controls. Since GLP-1RA has no contraindications for patients with
cardiovascular diseases, having a cardiovascular disease at baseline may or may not affect a
doctor’s decision on initiating GLP-1RA.

The primary objective of this study was to better understand the clinical characteristics of
type 2 diabetes patients in primary care initiating GLP-1RA therapy. According to national and
international guidelines, GLP-1RA are an option for second-line treatment in patients with
insufficient glycemic control with metformin monotherapy. Our study results strongly indicate
that prescription use of GLP-1RA by primary care physicians is currently mainly focused on
obese and middle-aged type 2 diabetes patients. Thus, primary care physicians limit their spec-
trum of options for second-line drugs, which is also due to budget constraints (cost-intensive
GLP-1RA). They seem to be reluctant to prescribe injectable agents for the majority of patients
with uncontrolled type 2 diabetes. This indicates a need for more patient-centered treatment
decisions for type 2 diabetes subjects unable to achieve and maintain glycemic targets.

Because the study was based on the primary care medical records, a number of limitations
should be mentioned. First, no valid information regarding onset of diabetes was provided. Fur-
thermore, assessment of co-morbidities relied on ICD codes filled in by physicians that may
under estimate the prevalence of certain comorbidities such as obesity. Due to privacy protec-
tion, data on geographic location of practices is not available. We cannot make further data anal-
ysis to check whether the study results have been heavily driven by cluster of prescriptions to
GLP-1RAs in certain practices. Since the study results are in line with previous reports we have
no reason to speculate the study has been biased by the potential cluster of practices. Finally,
measurements of HbA1c and body mass index values were not standardized. The strength of
the study is the large nationwide database and the unbiased assessment of prescriptions.

To conclude, in Germany GLP-1 RA has been commonly prescribed to type 2 diabetes
patients who were obese, and had a private health insurance coverage. GLP-1RA therapy
instead of non-GLP-1RA therapy was more likely to be initiated by a diabetologist than by a
general practitioners.
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