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Background: A substantial share of type 2 diabetes mellitus (T2DM) patients receive

insulin. However, little is known about the real-world treatment patterns around insulin

initiation.

Methods: This was a retrospective claims data analysis. T2DM patients who initiated an

insulin therapy between 01/01/2013 and 31/12/2015 were identified in the German AOK

PLUS dataset. For validation of results, additional data on a similar T2DM patient population

were collected in a Germany-wide medical chart review.

Results: A total of 284,878 T2DM patients were identified. Of these, 27,340 (9.6%) initiated

an insulin treatment during the inclusion period (mean age: 72.2 years; 51.4% female).

Mean/median weight and BMI of patients with available clinical data was 85.8/84.0 kg

(SD:18.9) and 30.6/29.8 kg/m2 (SD:6.1), respectively at baseline. Mean/median HbA1c-

value at baseline was 8.4/8.0% (SD: 1.8). Most commonly prescribed antidiabetic drugs

(AD) within 6 months before insulin initiation were metformin (MET; 54.0%), DPP-4

inhibitors (DPP-4i; 37.6%), and sulfonylureas (SU; 29.5%). As high as 23.2% of the patients

did not receive any AD prescription within 6 months before insulin initiation. A total of

10,953 of above 27,340 insulin starters (40.1%) initiated their insulin therapy without

concomitant ADs (insulin monotherapy); 43% of these patients did not receive any AD

before insulin initiation. Of the remaining 16,387 patients (59.9%), 4070 patients (14.9%)

received MET only as concomitant AD, 6385 (23.4%) received MET plus at least one further

AD, and 5932 (21.7%) received at least one further AD excluding MET. Throughout the first

year of treatment, prescribed insulin dosage increased over time, resulting in approximately

43.3–77.9 IUs per observed patient day after 12 months of insulin treatment.

Conclusions: Characteristics of German T2DM patients initiating insulin deviate substan-

tially from the average German population, especially in terms of weight. We identified an

unexpectedly high number of patients without previous AD therapy receiving insulin mono-

therapy, which is not in line with the clinical guidelines.
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Introduction
Among the most common chronic diseases, type 2 diabetes mellitus (T2DM)

presents some of the greatest clinical and health-economic challenges.1 In addition

to the burdens directly associated with this disease, diabetic patients also face an

increased risk of micro- and macrovascular complications and increased mortality

rates.2–7 Prevalence of T2DM in industrialized countries reaches at least 5% of the

whole population and is as high as 25% in those over 85 years old.8–10 According to
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the International Diabetes Federation (IDF) atlas for 2015,

6.5 million people were living with T2DM in Germany,

with an increasing trend in the next years.2–7,11,12

The long-term treatment of T2DM aims to pre-

vent micro-/macroangiopathic complications, restoration of

quality of life, improvement in accompanying illnesses, and

avoidance of hypoglycemia and weight gain.11 To reach

these goals, it is of utmost importance to control blood

glucose levels.13,14 If lifestyle modifications and/or metfor-

min (MET) monotherapy result in an HbA1c value that is

still elevated beyond the agreed-upon target range (generally

between 6.5% and 7.5%11), the treatment can be amplified

with the addition of other antidiabetic drugs (ADs) and/or,

finally, by prescription of insulin.11 A previous study based

on a German sample of 394,828 T2DM patients in 2011

showed that approximately 30% of the T2DM patients

were treated with insulin either as monotherapy or in combi-

nation with other ADs, with a higher percentage of insulin

users among more comorbid T2DM patients.3

There exist several different insulin regimens for T2DM

patients as, for example, a conventional therapy with a pre-

mixed insulin, an intensified combination therapy involving

long-acting or intermediate-acting basal insulin administra-

tion and fast-acting insulin boluses with each meal, or a long-

acting insulin therapy supported by an additional AD (eg,

MET). Yet, there is no evidence from clinical trials demon-

strating superiority of one of these regimens over the other

(s).11 So, available guidelines recommend that the insulin

regimen should be based on the patient’s individual needs,

quality of life, and his/her metabolic state.11,13–15

There is a general lack of data on the real-world treat-

ment of T2DM patients, especially around initiation of

insulin therapy. This relates to AD treatment of patients

before insulin initiation, concomitant AD treatment after

start of insulin therapy as well as characteristics of patients

initiating an insulin therapy. Consequently, the objective of

this study was to close this data gap, based on a large real-

world sample of T2DM patients.

Methods
Dataset and samples
This was a retrospective claims data analysis using data

provided by a German statutory health insurance fund

(AOK PLUS). The database included about 3.5 million

insured persons in Germany, which reflects 4.3% of the

German population insured by statutory health insurance

funds. It included information on patients’ demographics

(age, gender, date of death), outpatient treatment (diagno-

sis codes, drug therapy, and visits to GPs and specialists),

inpatient treatment (dates, main diagnoses, procedures,

length of stay), and claims filed for prescription medica-

tions (drug groups, prescribed dosage as defined daily

dosages [DDD] as published by the German Institute of

Medical Documentation and Information (DIMDI),16 date

of prescription). Furthermore, basic clinical information

was available for a subgroup of patients participating in

a T2DM disease management program (DMP).

The dataset covered five consecutive years from 01/01/

2012 to 31/12/2016. All continuously insured patients with

an age of at least 18 years and a confirmed diagnosis of

T2DM (ICD-10 E11.- at least one inpatient or two out-

patient diagnoses in two different quarters of the study

period) were included. Each included patient was required

to have started an insulin therapy of any type between 01/

01/2013 and 31/12/2015, meaning that for all included

patients a minimum insulin-naive period of 12 months as

well as a minimum follow-up period (between 01/01/2016

and 31/12/2016) of at least 12 months after insulin initia-

tion was required. Patients with a concomitant T1DM

diagnosis as well as pregnant patients were excluded.

Patient characteristics were described based on index date

and/or based on a 6 months pre-index baseline period. This

included the comorbidity status of the patients, which was

described based on the Charlson Comorbidity Index17,18

(CCI; Table S2) and the adapted Diabetes Complications

Severity Index2,7 (aDCSI; Table S1). For a subsample of

above patients who were inscribed in above-mentioned

DMP, additional patient characteristics such as HbA1c,

weight, and BMI were available. These characteristics,

based on measured values within 3 months before/1 month

after index date (in case of multiple measurements, values

closest to index date were considered), were described for

those DMP patients with valid DMP data. Invalid data were

defined as patients with identical values for weight or HbA1c

throughout the first year of insulin treatment measured within

3 months before/1 month after index date and compared to a

second measurement within 9–15 months after index date (in

case of multiple measurements, values closest to exactly 1

year after index were considered).

Identification of insulin treatment

regimens
Patients starting an insulin regimen were classified into sub-

groups according to their concomitant AD medication:
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Patients without any additional AD prescription at insulin start

(index date) or within the following two weeks were categor-

ized as “Insulin Mono”, while patients with at least one pre-

scription of MET in addition to insulin within two weeks after

index date were classified as “Insulin +MET” patients. In case

ofMET prescriptions later than during this two-week period, a

patient was assigned to this group if pre-index MET prescrip-

tions with remaining stock at index date had been identified.

The assessment of the stock was based on supplied DDDs of

all MET prescriptions observed in the pre-index period.16 In

case a patient received a second AD as add-on medication to

insulin and MET within the first two weeks after index date

and/or an overlapping treatment as described for MET above,

he/she was classified as “Insulin + MET + AD” patient.

Finally, all the remaining patients were classified to be

“Insulin + AD” patients. The following non-insulin AD agents

were observed: MET, SU, DPP-4 inhibitors (DPP-4i), gli-

nides, GLP-1 receptor agonists (GLP-1-RA), alpha-glucosi-

dase inhibitors, thiazolidinediones, and sodium-glucose

cotransporter-2 inhibitors (SGLT-2i).

Data on the insulin regimen and the prescribed conco-

mitant ADs were additionally reported for the whole 12

months follow-up period since insulin initiation. In addition,

based on the observed insulin prescriptions in the claims

database, the patient-specific daily insulin dosage was cal-

culated by excluding observed hospitalization days. For this

purpose, the prescribed amount of a specific insulin pre-

scription was evenly distributed over the period between

two observed prescriptions. If a patient received more than

one type of insulin, the insulin-specific calculated dosages

were added in case of overlapping prescriptions. For the

respective last prescriptions during the follow-up period,

the same daily dosage as for the previous prescription inter-

val was assumed, until the end of the observational period

(end of 12 months or death, whatever came first). In cases of

a DDD-based insulin supply gap of >15/30/90 days (sensi-

tivity: 180 days), a patient was assumed to have interrupted

the insulin therapy and was therefore excluded from insulin

dosage calculations during the identified gap period. In

scientific research on insulin usage, a wide range of defini-

tions of supply gaps/grace periods has been used.19–23 Given

the nature of insulin therapy and based on three recently

conducted claims data analyses on insulin usage and asso-

ciated persistence and adherence, we decided to use a supply

gap of 30 days as base case scenario. To account for any

uncertainty around this assumption, we ran scenario ana-

lyses based on 15 days and 90 days (additional sensitivity

analysis: 180 days).

Validity check by comparing claims data

with MCR data
The claims data analysis described earlier was conducted

based on data from AOK PLUS, a regional sickness fund

operating in two states of Germany (Saxony, Thuringia).

To address the resulting potential regional bias, an addi-

tional Germany-wide MCR was performed as a validity

check. The MCR was based on a nation-wide sample of

diabetologists, internists, and general practitioners (GPs).

At maximum, 30 patients could be included per study site

to reduce the probability of cluster effects. Patients with an

age of at least 18 years and a confirmed diagnosis of

T2DM who initiated an insulin therapy between 01/01/

2013 and 31/12/2015 were identified and included into

the study by the participating physicians, with the vast

majority of patients (90%) being included by diabetolo-

gists. Again, patients with a pregnancy during the observa-

tional period or 6 months before insulin initiation were

excluded.

Physicians generated PatientLog lists containing all

patients who met the general inclusion criteria; for these,

information on concomitant AD medication at the start of

insulin therapy was documented. Based on these lists,

specific patients in the three subgroups “Insulin Mono”,

“Insulin + MET”, and “Insulin + MET + AD” were ran-

domly selected for a full MCR. We aimed for a balanced

distribution among these subgroups by assigning up to 100

patients to each category. Enrollment of the first patient

took place in December 2017. In September 2018, the last

case report was filled in.

Statistical analysis and ethical approval
All reported variables were presented using descriptive

statistics such as mean, median, ranges, and standard

deviation. Comparisons of baseline characteristics among

patient subgroups were conducted for continuous variables

using unpaired (two sample) t-test or a suitable non-para-

metric test. For comparisons of categorical variables,

either Chi-square tests or Fisher’s exact test were used.

Statistical analyses were performed using STATA (Version

14.1) and MySQL (Version 8.0).

The study was coordinated and led by a Scientific

Steering Committee to which all authors belonged. It was

approved by the Ethics Committee of the Faculty of

Medicine, University of Rostock and the Saxon State

Ministry for Social Welfare and Consumer Protection in

accordance to § 75 SGB X.
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Results
Patient characteristics and baseline

treatment
We identified 284,878 patients with confirmed T2DM in our

claims database. Among these, 27,340 T2DM patients

started an insulin therapy between 01/01/2013 and 31/12/

2015. Thereof, 10,953 patients (40%) started insulin without

any concomitant other ADs (“Insulin Mono”), 4070 patients

(15%) started insulin with metformin (“Insulin + MET”),

6385 patients (23%) were prescribed with insulin plus

MET and at least one further AD (“Insulin + MET + AD”)

and 5932 patients (22%) received insulin together with at

least one further AD excluding MET (“Insulin + AD”).

Table 1 presents baseline characteristics of the overall

T2DM sample initiating insulin therapy as well as for the

four patient subgroups regarding the initiated insulin regi-

men. Mean/median age of insulin starting T2DM patients

was 72.2/75.0 years, 51.4% of the patients were female.

Mean CCI was 5.2 and mean aDCSI in that population was

3.2. Patients in the “InsulinMono” group and “Insulin + AD”

groups were older and more comorbid than patients who

started their insulin therapy with either MET only or MET

plus at least one additional AD (Table 1).

The most commonly prescribed AD before insulin initia-

tion was MET (54%), followed by 38% of the patients with at

least one prescription of a DPP-4i, and 30% receiving at least

one prescription of SU (Table 1). A total of 6344 (23%) T2DM

insulin starters did not receive any AD treatment in the 6

months baseline period. Most of these previously untreated

patients started with an insulinmonotherapy. Out of the 10,953

“Insulin Mono” patients, 43% did not receive any AD in the 6

months before insulin initiation. Furthermore, patients starting

an insulin therapy in combination with MET were more fre-

quently previously treated with MET than the others (“Insulin

Mono”: 35% and “Insulin + AD”: 33% vs “Insulin + MET”:

80% and “Insulin + MET + AD”: 90%).

Description of insulin treatment
As presented in Figure 1, the most frequently initiated insulin

types in patients among all subgroups were long-acting insu-

lins (“Insulin Mono”: 26%/“Insulin + MET”: 42%/“Insulin +

MET + AD”: 72%/“Insulin + AD”: 62%) and fast-acting

insulins (“Insulin Mono”: 28%/Insulin + MET: 20%/“Insulin

+ MET + AD”: 9%/“Insulin + AD”: 12%). Intermediary-

acting insulins or combination regimens with long- and fast-

acting insulins or premixed insulin compounds were less often

prescribed at insulin initiation.

We observed a continuous increase in daily prescribed

insulin dosage over the first 12 months (Figure 2); reported

daily insulin dosage at the end of the 12 months follow-up

period depended on the methodological assumptions. Based

on the assumption that a patient continuously received an

insulin therapy if she/he did not experience a supply gap of

15/30/90 days, the resulting insulin dosage after 360 days

was 77.9/63.4/43.3 IUs/day (Figure 2; data for 180 days gap

calculation in Figure S1). Figure 3 demonstrates differences

in calculated insulin dosages across subgroups, based on a

30-day supply gap. Patients starting an insulin monotherapy

demonstrated the highest dosage throughout the first year of

insulin treatment (mean: 68.6 IU at day 360 after start of

therapy; considering a 30 days gap | mean of 80.8/46.9 IU

with 15/90 days gap; Figure 4), while patients receiving at

least three AD agents including MET received substantially

lower insulin dosages (mean: 57.9 IU [72.9/38.4 IU with 15/

90 days gap] at day 360). Respectively, the estimated daily

insulin dosage at day 360 after the start of therapy was on

average 64.2 IU (76.3/45.3 IU with 15/90 days gap) for

patients with “Insulin + MET” and 59.4 IU (78.5/41.7 IU

with 15/90 days gap) for patients with “Insulin + AD”.

Clinical characteristics of patients
For 7475 (27%) of above 27,340 observed patients, valid

DMP data were available (Table 2). Mean age of these

patients was 69.5 (SD: 11.8) years, which was slightly

younger than the overall sample, while the share of

observed female patients (49.9%) was similar.

Furthermore, substantially less patients starting an insulin

monotherapy (2077 patients, ie, 27.8%) were identified in

this subsample. The observed mean/median HbA1c at base-

line was 8.5/8.2%. Mean/median weight of patients at base-

line was 87.4/86.0 kg (BMI: 31.1/30.4 kg/m2). This was 9.5

kg heavier than the average citizen in Germany as reported

by the Federal Statistical Office (Destatis). Patients starting

insulin treatment without further AD are characterized by

lower weight at index (83.4 kg/BMI: 29.8 kg/m2). HbA1c

values at baseline did not show significant discrepancies

among the subgroups, only patients using insulin with

MET initially exhibited a slightly increased HbA1C value

(8.9%) in comparison to the other groups.

Validity check by comparing claims data

with MCR data
The additionally conducted Germany-wide retrospective chart

review was based on 31 study centers (23 diabetologists, 8
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ʺInsulin monoʺ

ʺInsulin + METʺ

"Insulin + MET + AD"

"Insulin + AD (excl. MET)"

0%

Long-acting Fast-acting Intermediary Long-acting + Fast-acting Premixed Intermediary + Fast-acting Other combinations

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 1 Distribution of initiated insulin types across subgroups.

Notes: Distribution of initially prescribed types of insulin across subgroups of T2DM insulin-starting patients. This figure shows the percentage of patients receiving a

specific type of insulin as identified by ATC codes in German claims data (Long-acting: A10AE-, Fast-acting: A10AB, Intermediary: A10AC, Premixed: A10AD) at time of

initiating the insulin treatment, separately for each of the respective subgroups: “Insulin Mono”: Patients receiving insulin alone without any observed prescription of other

ADs within 2 weeks after index; “Insulin+MET”: Patients receiving insulin plus METwithin 2 weeks after index or with a sufficient stock of MET as observed within the 6

months pre-index period; “Insulin + MET + AD”: Patients receiving both – MET and at least one additional antidiabetic agent according to the definition above; “Insulin +

AD”: Remaining patients receiving at least one AD, which cannot be MET.

Abbreviations: T2DM, type 2 diabetes mellitus; AD, antidiabetic drug; MET, metformin.
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Figure 2 Estimated daily insulin dosage in 1st year of treatment considering different supply gaps (90/30/15 days).

Notes: The figure shows the estimated daily insulin dosage on a patient-level, based on time intervals between two observed insulin prescriptions of the same type within

the first year of insulin treatment. Dosage is expressed in international units (IU) for three calculations performed under different assumptions for insulin supply gaps. A

supply gap was defined as number of days between two prescription days, subtracted by the prescribed daily defined dose (DDD) of the first prescription and days in hospital

(assuming complete supply of insulin during hospitalization). If a patient experienced a supply gap of 90/30/15 days, he/she was excluded from the estimation due to an

assumed interruption of insulin therapy.

Abbreviation: N, patient number.
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internal medicine specialists/GPs). Based on PatientLog lists

of all T2DM patients who started an insulin therapy in 2015,

824T2DM insulin starters could be identified (417 [51%] from

Saxony/Thuringia, 407 [49%] from other GER regions). A

total of 671 of these patients (81.4%; other GER regions:

83.0%) could be assigned to one of the predefined subgroups:
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Figure 3 Estimated daily insulin dosage across subgroups – 30-day supply gap.

Notes: Estimated daily insulin doses compared across subgroups. The figure is showing dose estimates for the respective subgroups assuming an insulin supply gap of at

minimum 30 days. A patient is excluded from these estimates if he/she exceeds a supply gap of 30 days.

Abbreviations: AD, antidiabetic drug; IU, insulin units; MET, metformin; N, patient number.
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Figure 4 Estimated daily insulin dosage across subgroups – 90/15-day supply gap.

Notes: Estimated daily insulin doses compared across subgroups. The figure is showing dose estimates for the respective subgroups assuming different insulin supply gaps of

at minimum 90/15 days. A patient is excluded from these estimates if he/she exceeds a supply gap of 90 (respectively 15) days.

Abbreviations: AD, antidiabetic drug; IU, insulin units; MET, metformin; N, patient number.
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“Insulin Mono” 193 patients (23.4%; other GER regions:

29.0%), “Insulin + MET” 202 patients (24.5%; other GER

regions: 21.4%), and “Insulin + MET + AD” 276 patients

(33.5%; other GER regions: 32.7%). Thus, percentage of

patients with an incident insulin monotherapy was slightly

lower in this MCR sample in comparison to claims data, but

even higher in the non-Saxony/Thuringia regions (Table S3).

This confirms the results of above claims data analyses.

Discussion
As there is a general lack of data around T2DM patients

newly initiating an insulin therapy, it was the main objective

of this study to collect these data. The main strength of this

analysis is the use of a large claims dataset unaffected by any

selection bias and an additional collection of MCR data for

reasons of a validity check of claims data analysis results, as

the claims data specifically addressed two German states

(Saxony/Thuringia). The results of the MCR confirmed the

findings of the claims data analysis, so that this study is not

substantially affected by any regional bias.

Both German and international guidelines recommend

MET as standard baseline therapy in case lifestyle modifica-

tions are not sufficient to control blood glucose levels.13,24 To

the knowledge of the authors, no guideline recommends initia-

tion of an insulin monotherapy in T2DM patients without any

previous non-insulin AD treatment. Nevertheless, our data do

not only show that a high percentage of up to 40% of the

patients receive an incident insulin monotherapy, but 43% of

these patients were previously untreated with other ADs. We

conclude that this treatment pattern is in most cases not in line

with current treatment guidelines. Obviously, there is an

undertreatment of T2DM patients with non-insulin ADs

including newer agents. Interestingly, even though a substan-

tial percentage of patients can be classified as overweight,

newer agents such as DPP-4i, SGLT-2i or GLP-1-RA agents

are not widely used in our observed patient population.

Therefore, we hypothesize that a substantial percentage of

our observed insulin starters should not yet get an insulin

therapy and/or should get a concomitant AD treatment. A

retrospective cohort study based on primary data coming

from the UK identified a similar amount of T2DM patients

starting with an insulin monotherapy (54% “Insulin Mono” vs

46% “Insulin + MET”) when initiating insulin usage.25 We

recommend further investigating this treatment pattern, espe-

cially if patients started an insulin monotherapy without hav-

ing previously received other ADs.

In our patient population, we observed an insulin dosage of

43.3–77.9 IUs per day after 12 months of treatment with

insulin. Throughout the first year of treatment, an increasing

trend in insulin dosages was identified in our dataset. It should

be mentioned that claims data estimates are sensitive to under-

lying assumptions for potential supply gaps between prescrip-

tion dates for insulin packages. Here, the assumption when a

patient can be considered as continuously treated with insulin

influences the analysis results mainly. We consider 15/30/90

days as most valid assumptions in this respect and used a 30

days gap as our base case. Results for a 180 days gap assump-

tion are reported as sensitivity analysis in addition. Our insulin

dosage findings generally show higher insulin dosages than in

previous clinical trials (UKPDS, Kumamoto study, ORIGIN

study).26–28 Obviously, insulin dosages are higher in clinical

practice compared to clinical trials. This is in line with other

observational studies for developed countries.29 Apart from

methodological limitations around the calculation of used

insulin dosages, our comparatively high insulin dosages

might be explained by two additional facts. First, T2DM

insulin starters weigh more than the average population, with

about 10 kg above the usual assumptions used by German

Table 2 Clinical characteristics of T2DM insulin starters

Overall Insulin Mono Insulin + MET Insulin + MET + AD Insulin + AD

N 7475 2077 1236 2432 1730

Age in years – mean (SD) 69.5 (11.8) 71.9 (12.3) 66.6 (11.8) 65.8 (10.9) 74.1 (10.1)

Female gender – n (%) 3728 (49.9%) 1045 (50.3%) 590 (47.7%) 1112 (45.7%) 981 (56.7%)

Weight (in kg) at index – mean (SD) 87.4 (19.2) 82.9 (18.3) 88.9 (19.6) 91.9 (19.7) 85.6 (17.5)

BMI (in kg/m2) at index – mean (SD) 31.1 (6.2) 29.8 (6.0) 31.4 (6.1) 32.1 (6.3) 31.2 (6.1)

HbA1c (in %) at index – mean 8.5 (1.8) 8.4 (2.1) 8.9 (1.8) 8.6 (1.6) 8.4 (1.6)

Notes: Clinical parameters for subsample of T2DM patients initiating insulin therapy at baseline and after 12 months. This table presents clinical characteristics (weight,

body mass index, and values for glycated hemoglobin - HbA1c) as documented measurements were available at index and 12 months later. Patients with carried forward

observations (identical values for at least one parameter at baseline and after 12 months) are excluded.

Abbreviations: BMI, body mass index; T2DM, type 2 diabetes mellitus; AD, antidiabetic drug; MET, metformin.
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authorities. Second, a substantial percentage of patients starts

an insulin monotherapy, which is itself associated with higher

insulin dosages that other treatment regimens such as “Insulin

+ MET” or “Insulin + MET + AD”.

Limitations
Weacknowledge some limitations.Our conclusions aremainly

based on German claims data. Their main strength, access to a

large unselected patient sample, is associated with the main

weakness that some disease/patient specifics such as duration

since first T2DM diagnosis are not available. Especially

around the calculation of prescribed/used insulin dosages, we

needed to work with assumptions as outlined in this manu-

script. Reporting of clinical characteristics was based on a

subsample of DMP patients, which differed from all insulin

starters in type of initiated insulin treatment. DMP patients

were slightly younger (on average about 3 years) and the share

of patients starting an insulin monotherapy was substantially

smaller compared to the overall sample (27.8% versus 40.0%).

Moreover, we observed some differences between claims

andMCR data. In the regions of Saxony/Thuringia, we identi-

fied 40.0% of the patients starting an insulin monotherapy in

the claims data, whereas this percentage was 23.4% for MCR

patients in Saxony/Thuringia. As we identified a higher per-

centage of insulin monotherapy patients in the MCR sample

for the remaining German regions (29.0%), we conclude that

the percentage of insulin monotherapy starters is at least 40%

in other German regions and that MCRs focusing on diabetol-

ogists as treatment sites underestimate this percentage.

Conclusions
German T2DM patients who start their insulin therapy are

heavier in weight than currently assumed and, consequently,

receive comparatively high and increasing insulin dosages after

the start of such a therapy. Up to 40% of the T2DM patients

start their insulin therapy as insulinmonotherapy. Among them,

more than 40%, ie, more than 16% of all insulin starters, do not

receive any AD in the 6 months before insulin initiation, mean-

ing that insulin seems to be the first AD treatment in these

patients. Further studies need to look at this patient population

in more detail in order to understand the reasons for this treat-

ment pattern and, potentially, to increase the percentage of

T2DM patients treated according to guidelines.

Abbreviation list
AD, antidiabetic drug; aDCSI, adapted diabetes complica-

tions severity index; BMI, body mass index; CCI, Charlson

comorbidity index; DDD, defined daily dose; DDP-4i,

dipeptidyl peptidase inhibitor; DIMDI, German institute

of medical documentation and information; DMP, disease

management program; GLP-1-RA, Glucagon-like peptide

receptor antagonist; GP, general practitioners; IDF, interna-

tional diabetes federation; IU, international unit; MCR,

medical chart review; MET, metformin; SD, standard

deviation; SGLT-2i, sodium–glucose cotransporter 2 inhi-

bitors; SU, sulfonylureas; T1DM, type-1 diabetes mellitus;

T2DM, type-2 diabetes mellitus.
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Supplementary materials

Table S1 Adapted Diabetes Complications Severity Index (aDCSI)

Complication Diagnosis aDCSI score

Retinopathy Diabetic ophthalmologic disease 1

Background retinopathy 1

Other retinopathy 1

Retinal edema 1

Clinical significant macular edema (CSME) 1

Other retinal disorders 1

Proliferative retinopathy 2

Retinal detachment 2

Blindness 2

Vitreous hemorrhage 2

Nephropathy Diabetic nephropathy 1

Acute glomerulonephritis 1

Nephrotic syndrome 1

Hypertension, nephrosis 1

Chronic glomerulonephritis 1

Nephritis/nephropathy 1

Chronic renal failure 2

Renal failure - not otherwise specified (NOS) 2

Renal insufficiency 2

Urine protein ≥ 40 mg/g of creatinine, or (+) dipstick protein or serum creatinine ≥ 1.5 mg/dL 1

Serum creatinine >2.0 mg/dL 2

Neuropathy Diabetic neuropathy 1

Amyotrophy 1

Cranial nerve palsy 1

Mononeuropathy 1

Charcot’s arthropathy 1

Polyneuropathy 1

Neurogenic bladder 1

Autonomic neuropathy 1

Gastroparesis/diarrhea 1

Orthostatic hypotension 1

Cerebrovascular Transient ischemic attack (TIA) 1

Stroke 2

Cardiovascular Atherosclerosis 1

Other ischemic heart disease (IHD) 1

Angina pectoris 1

Other chronic IHD 1

Myocardial infarction 2

Ventricular fibrillation, arrest 2

Atrial fibrillation, arrest 2

Other atherosclerotic cardiovascular disease (ASCVD) 1

Old myocardial infarction 2

Heart failure 2

Atherosclerosis, severe 2

Aortic aneurysm/dissection 2

(Continued)
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Table S1 (Continued).

Complication Diagnosis aDCSI score

Peripheral vascular disease Diabetic peripheral vascular disease (PVD) 1

Other aneurysm 1

unspecified PVD 1

Foot wound + complication 1

Claudication, intermittent 1

Arterial embolism (AE)/thrombosis of lower extremity 2

Gangrene 2

Gas gangrene 2

Ulcer of lower limbs 2

Metabolic Ketoacidosis 2

Hyperosmolar 2

Other coma 2

Table S2 Charlson-Comorbidity-Score (CCI) and components

Comorbidity ICD-10 code Charlson

score

Coronary artery disease I20-, I21-, I22-, I23-, I24-, I25- 1

Congestive heart failure I11-, I50- 1

Peripheral vascular disease I73-, I74-, I77- 1

Cerebrovascular disease G45-, G46-, I6- 1

Dementia F00-, F01-, F02-, F03-, G30- 1

Chronic pulmonary disease J4-, J6- w/o J67-, J68-, J69- 1

Connective tissue disorder M05-, M06-, M07-, M08-, M3- 1

Peptic ulcer disease K25-, K26-, K27-, K28- 1

Mild liver disease B18-, K70-, K73-, K75- 1

Diabetes mellitus without complications E109-, E119-, E129-, E139-, E149- 1

Hemiplegia G81-, G82- 2

Moderate or severe renal disease N17-, N18-, N19- 2

Diabetes mellitus with end-organ damage E10-, E11-, E12-, E13-, E14- 2

Tumor without metastases, leukemia, lymphoma, multiple

myeloma

C- w/o [No 16] 2

Moderate or severe liver disease K72-, K74-, I85- 3

Metastatic solid tumor C77-, C78-, C79-, C80- 6

AIDS B20-, B21-, B22-, B23-, B24- 6

Age factor (excluded) For each decade ≥50 years of age, 1 point is added to the

score

Table S3 Initiated insulin regimen according to medical chart review

Insulin type Insulin - Mono Insulin + MET Insulin + MET + AD

Long-acting 26% 39% 73%

Intermediary 3% 2% 2%

Fast-acting 22% 27% 9%

Premixed 6% 4% 0%

Long- & fast-acting 35% 21% 11%

Other combinations 8% 6% 5%

Abbreviations: AD, antidiabetic drug; MET, metformin.
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Figure S1 Insulin dosage – sensitivity analysis with 180-day supply gap.

Notes: Estimated daily insulin doses compared across subgroups. The figure is showing dose estimates for the respective subgroups assuming an extended insulin supply

gaps of at minimum 180 days. A patient is excluded from these estimates if he/she exceeds a supply gap of 180 days.

Abbreviations: AD, antidiabetic drug; IU, insulin units; MET, metformin; N, patient number.

Dovepress Wilke et al

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
1237

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com
http://www.dovepress.com

