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Abstract

Randomized controlled trial (RCT) populations often do not reflect those typically

seen in clinical practice. This retrospective, observational cohort study analysed the

real-world data of people with type 2 diabetes (T2DM) prescribed basal insulin ana-

logues from electronic medical records (EMRs) in the Explorys database, which

includes data from 39 integrated healthcare systems in the United States, to deter-

mine how representative selected RCTs investigating insulin glargine 300 U/mL (Gla-

300) are of T2DM populations in a real-world setting. Applying eligibility criteria

derived from the EDITION 1, 2 and 3 (Gla-300 vs. insulin glargine 100 U/mL [Gla-

100]) and BRIGHT (Gla-300 vs. insulin degludec) RCTs, we observed that only 17%

(33 345/191 218) of people captured in the real-world database would have been

eligible for such trials. Those who were ineligible tended to be older, had more com-

orbidities and a higher baseline hypoglycaemia rate than the eligible group. Using

another large US EMR database (Optum Humedica) as corroboration, we found that

15% (36 285/235 697) would have been eligible to participate in the EDITION/

BRIGHT RCTs. Furthermore, only 7% (1734/24 547) would have been eligible for the

CONCLUDE (insulin degludec vs. Gla-300) RCT. Our findings remind us of the value

of real-world data studies, complementing the results of RCTs, and providing addi-

tional insights into groups who would typically be excluded from RCTs.
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1 | INTRODUCTION

Randomized controlled trials (RCTs) are the gold standard setting in

which to evaluate the efficacy and safety of therapies.1 For example,

in people with type 2 diabetes (T2DM), RCTs have been undertaken

to compare the efficacy and safety of the basal insulin analogue insu-

lin glargine 300 U/mL (Gla-300) with insulin glargine 100 U/mL (Gla-

100) (the EDITION 1, 2 and 3 trials2-4) and with insulin degludec

(IDeg) (the BRIGHT and CONCLUDE trials5,6). However, to create a

relatively homogeneous population and to avoid factors that may con-

found treatment comparisons, RCTs often have strict eligibility criteria

and consequently may not fully reflect all the populations treated in

real-world clinical practice. RCTs can also be prone to investigator

selection bias, and to the selection of more motivated populations
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through the need for participants to provide informed consent and

adhere to structured follow-up. Such bias may affect population char-

acteristics even if the effects on between-group comparisons are miti-

gated by randomization.

Databases of electronic medical records (EMRs) often contain

large amounts of data from a broad spectrum of people. Analysing

data from EMRs allows the clinical effectiveness of a therapy to be

assessed in a real-world population, including those people who

would have been excluded from most RCTs. The DELIVER series of

studies, for example, has evaluated the effectiveness of Gla-100, insu-

lin detemir (IDet), Gla-300 and IDeg using real-world data drawn from

a broad population with T2DM.7,8

The aim of the present study was to determine the proportion

and characteristics of people with T2DM treated with basal insulin

analogues in the real world after applying eligibility criteria adapted

from the EDITION 1, 2 and 3, BRIGHT and CONCLUDE trials.

2 | METHODS

2.1 | Study design and participants

In this retrospective, observational cohort study, EMRs were

obtained for adults in the United States from the Explorys (IBM

Watson Health, Armonk, New York) database. This database con-

tains longitudinal medical data from 39 major integrated delivery

networks across the United States, and includes 3 997 077 people

with T2DM. Claims-based data were not included in our analyses.

Adults eligible for inclusion in this analysis were those with T2DM

(presence of one or more International Classification of Diseases

[ICD]- 9 or -10 diagnosis codes [ICD-9: 250.x0; 250.x2; ICD-10:

E11] or one or more prescriptions for an antihyperglycaemic drug,

plus exclusion of type 1 diabetes based on ICD-9/-10 codes) on

March 1, 2015 (the index date, corresponding to the launch date

of Gla-300), who had received one or more prescriptions for a

basal insulin analogue (Gla-100, Gla-300, IDet or IDeg), had been

enrolled in the database, and had data available, for at least

12 months prior to the index date, and had one or more glycated

haemoglobin (HbA1c) value and one or more blood pressure mea-

surement available from the previous 12 months. The inclusion

criteria used in our analysis were selected to enable the specific

RCT exclusion criteria to be applied. Exclusion criteria were

adapted from those of the EDITION 1, 2 and 3 and BRIGHT

RCTs,2–5 but did not match them exactly as exclusion criteria var-

ied slightly among the trials. These adapted exclusion criteria,

chosen to approximate all four trials, were HbA1c <53/>86 mmol/

mol (<7 %/>10 %), uncontrolled severe hypertension (systolic

blood pressure >180 mmHg and/or diastolic blood pressure

>95 mmHg) and key comorbidities (myocardial infarction, heart

failure, stroke, autonomic or diabetic neuropathy, diabetic foot

ulcer, chronic or end-stage renal disease, pyelonephritis, diabetic

retinopathy or severe mental illness; Table S1) in the previous

12 months.

2.2 | Outcomes and analysis

The proportion of people with T2DM in the Explorys database who

would have been excluded from participating in RCTs based on eligi-

bility criteria adapted from the EDITION 1, 2 and 3 and BRIGHT

RCTs was estimated. The following characteristics for individuals eli-

gible or ineligible for the RCTs based on these criteria (eligible and

ineligible populations) were analysed: age, antihyperglycaemic medi-

cations, HbA1c, hypoglycaemic events, comorbidities and the

Elixhauser comorbidity index9 (an index that measures comorbidity

based on ICD-9/-10 diagnosis codes and that includes prevalent

comorbidities that are not encompassed by the well-known Charlson

index10).

To ascertain whether similar results would be obtained with data

from a different EMR database, a sensitivity analysis was undertaken.

The same eligibility criteria adapted from the EDITION 1, 2 and 3 and

BRIGHT RCTs were applied to EMRs in the Optum Humedica data-

base, which included data for 14 940 692 people with T2DM. As with

the Explorys analysis, claims data were not included in the Optum

Humedica analysis. A further analysis of data from the Optum

Humedica database was conducted using eligibility criteria adapted

from another RCT, CONCLUDE (comparing Gla-300 and IDeg in peo-

ple with T2DM switching their basal insulin6), results of which were

not published at the time that the Explorys database analysis was con-

ducted. CONCLUDE eligibility criteria were not pooled with those of

EDITION 1, 2 and 3 and BRIGHT, as CONCLUDE purposefully

included only those people who had at least one risk factor for

hypoglycaemia.6

As these analyses were exploratory and hypothesis-generating, all

analyses were descriptive and no statistical comparisons were made.

3 | RESULTS

3.1 | Study population

Of the 3 997 077 people with T2DM in the Explorys database, EMRs

from 191 218 people who met the inclusion criteria for the present

analysis (see Section 2.1) were evaluated (Figure 1). Based on the eli-

gibility criteria adapted from EDITION 1, 2 and 3 and BRIGHT, only

17% (33 345/191 218) of these people would have been eligible to

participate in the RCTs; 83% (157 873) met at least one exclusion cri-

terion (Figure 1). More people aged >65 years were in the ineligible

population (47%) than in the eligible population (40%; Table 1). While

non-basal insulins were more commonly prescribed in the ineligible

population, prescriptions for other classes of antihyperglycaemic med-

ications were similar in both populations (Table 1).

3.2 | Glycaemic control and hypoglycaemia

In the ineligible population based on eligibility criteria adapted from

EDITION 1–3 and BRIGHT, 32% of people had good glycaemic
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control (HbA1c <53 mmol/mol [< 7 %]), while 19% had HbA1c levels

>86 mmol/mol (>10 %; Table 1). The proportion of people who had

one or more previous hypoglycaemic event and the annualized rate of

these events were higher in the ineligible population than in the eligi-

ble population (Table 1).

3.3 | Comorbidities

The mean (± SD) Elixhauser comorbidity index score was higher in the

ineligible population (4.19 ± 2.81) than in the eligible population

(2.16 ± 1.51), based on eligibility criteria adapted from EDITION 1, 2

and 3 and BRIGHT. A history of myocardial infarction was the most

common comorbidity leading to exclusion (Table 1). Other non-

exclusionary comorbidities were generally more common in the ineli-

gible than the eligible populations (Table 1).

3.4 | Further analyses using the Optum Humedica
database

Of the 14 940 692 people with T2DM in the Optum Humedica data-

base, 235 697 met the inclusion criteria for the sensitivity analysis

using the same adapted EDITION 1, 2 and 3 and BRIGHT eligibility

criteria. Of these, the percentage of people with T2DM eligible to par-

ticipate in the RCTs based on these adapted criteria was 15%

(36 285/235 697; Figure 1; Table S2), corroborating the results from

the Explorys database. In a further analysis, using the Optum

Humedica database and the eligibility criteria adapted from CON-

CLUDE, an RCT that specifically recruited people with at least one risk

factor for hypoglycaemia,6 the percentage of people with T2DM eligi-

ble to participate in this RCT was 7% (1734/24 547; Figure 1:

Table S3). This estimate is based on a smaller subset of the Optum

Humedica database than the EDITION 1, 2 and 3 and BRIGHT esti-

mates, because the inclusion criteria required to enable the CON-

CLUDE exclusion criteria to be applied were more restrictive (for

example, an estimated glomerular filtration rate (eGFR) value was

required to enable the exclusion of those with eGFR 30–59 mL/min/

1.73 m2; Table S3).

4 | DISCUSSION

In the present analysis of data from the EMRs of people with T2DM

in the Explorys database, the majority of people (83%) would have

been excluded from the EDITION 1, 2 and 3 and BRIGHT RCTs, based

(A) (B)

F IGURE 1 Schematic showing A, participant selection and percentage of people with type 2 diabetes (T2DM) in the Explorys database
eligible to participate in randomized controlled trials (RCTs) using eligibility criteria adapted from the EDITION 1, 2 and 3 and BRIGHT trials, and
B, the percentage of people with T2DM in the Optum Humedica database eligible to participate in RCTs using eligibility criteria adapted from the
EDITION 1, 2 and 3 and BRIGHT trials and adapted from CONCLUDE. Main analysis: All exclusion criteria apply 12 months prior to the index
date. Uncontrolled hypertension defined as systolic blood pressure >180 mmHg and/or diastolic blood pressure >95 mmHg at any point in the
12 months prior to the index date. Additional analysis: Eligibility criteria adapted from the CONCLUDE RCT are shown in Table S3. BI, basal
insulin; DBP, diastolic blood pressure; Gla-300, insulin glargine 300 U/mL; HbA1c, glycated haemoglobin; SBP, systolic blood pressure
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on eligibility criteria adapted from the trials. Furthermore, of the 17%

of people eligible to participate in these RCTs, it is likely that other,

unmeasurable factors, specific to individual people (such as motivation

to participate in trials) would see the potential pool of participants fur-

ther reduced, so our figure may overestimate the representativeness

of RCTs. These results appear robust, as the percentage of people eli-

gible to participate based on eligibility criteria adapted from the EDI-

TION 1, 2 and 3 and BRIGHT trials was similar (15%) when these

criteria were applied to EMR data from a different US database, the

Optum Humedica database. Our findings are not specific to the EDI-

TION 1, 2 and 3 and BRIGHT RCTs, as an even smaller proportion of

people in the Optum Humedica database were eligible for participa-

tion based on criteria adapted from CONCLUDE (7%), which recruited

people with an increased risk of hypoglycaemia.6

This lack of representativeness of clinical trial participants for the

general T2DM population is not specific to studies of basal insulin

analogues. Based on eligibility criteria adapted from five phase 3 stud-

ies of the glucagon-like peptide-1 receptor agonist (GLP-1RA) liraglutide,

27% of people with T2DM (2483/9251) in northern Denmark would

have been eligible for these RCTs,11 with people primarily excluded

owing to comorbidities or having HbA1c levels outside the criteria.11 Eli-

gibility for GLP-1RA cardiovascular outcome trials has also been investi-

gated, showing that only between 10% and 35% of people with T2DM

would have been eligible to participate based on the eligibility criteria of

six such trials.12 One study reported that a higher proportion of people

with T2DM (45%; 3156/7034) would have been eligible for phase

3 RCTs investigating glycaemic control with the sodium-glucose co-

transporter-2 (SGLT2) inhibitor empagliflozin,13 with people being

excluded for reasons including use of glucose-lowering drugs that were

not permitted as per trial protocol or again having HbA1c levels outside

the eligibility criteria.13 However, another study using eligibility criteria

from an empagliflozin cardiovascular outcome RCT reported that only

16% of people with T2DM in the United Kingdom had the same cardio-

vascular risk as those included in the RCT.14 In a combined analysis of

four cardiovascular outcome trials of SGLT2 inhibitors, the representa-

tiveness of the general T2DM population varied from 59% for

DECLARE-TIMI 58 to 16% for VERTIS-CV, mainly reflecting the exclu-

sion criteria of cardiovascular risk at baseline (eg, exclusion of people

with cardiovascular risk factors but no established cardiovascular dis-

ease).15 A second study examining cardiovascular outcome studies iden-

tified a similar trend for the generalizability of DECLARE-TIMI (49.5%)

and VERTIS-CV (19.0%).16 Together, these analyses of antihyper-

glycaemic therapies show that the proportion of people with T2DM eli-

gible to participate in RCTs is generally low, but that the range is broad

depending on which RCT criteria were applied. This is reflected in a

study of the total population of people with T2DM in Scotland in 2008,

which identified that between 4% and 51% of these people would be eli-

gible for seven large RCTs that investigated various drug interventions.17

From the present study, in general terms, the population ineligible

based on criteria adapted from the EDITION 1, 2 and 3 and BRIGHT

TABLE 1 Characteristics of people with type 2 diabetes from the
Explorys database either eligible or ineligible for randomized
controlled trials based on the eligibility criteria adapted from the
EDITION 1, 2 and 3 and BRIGHT trials

Characteristic

Ineligible

population
(n = 157 873)

Eligible

population
(n = 33 345)

Age group, n (%)

18–34 years 5689 (4) 1714 (5)

35–44 years 10 387 (7) 2423 (7)

45–54 years 25 008 (16) 5676 (17)

55–64 years 41 527 (26) 9730 (29)

≥65 years 74 590 (47) 13 406 (40)

Hypoglycaemia 12 months prior to the index date

Incidence, n (%) 33 333 (21) 3143 (9)

Rate, events (per person-year) 86 698 (0.56) 5554 (0.17)

HbA1c level, n (%)

<53 mmol/mol (<7%) 50 645 (32) 0 (0)

53–<64 mmol/mol (7–<8%) 36 205 (23) 14 555 (44)

64–<75 mmol/mol ( 8–<9%) 24 579 (16) 11 932 (36)

75–86 mmol/mol (9–10%) 16 674 (11) 6858 (21)

>86 mmol/mol (>10%) 29 770 (19) 0 (0)

Antihyperglycaemic medications, n (%)

Basal insulin 95 710 (61) 20 530 (62)

Other insulin 85 525 (54) 14 377 (43)

Oral medications 90 821 (58) 20 319 (61)

Sulphonylureas 43 536 (28) 10 019 (30)

GLP-1RAs 10 833 (7) 3107 (9)

Comorbidities in the 12 months prior to the index date, n (%)

Exclusion criteria

Autonomic neuropathy 2583 (2) 0

Chronic renal disease 28 737 (18) 0

Diabetic foot ulcer 3995 (3) 0

Diabetic neuropathy 361 (0) 0

Diabetic retinopathy 8237 (5) 0

End-stage renal disease 6773 (4) 0

Heart failure 30 750 (19) 0

Myocardial infarction 54 922 (35) 0

Pyelonephritis 2839 (2) 0

Severe mental illness 32 480 (21) 0

Stroke 18 684 (12) 0

Depression 38 423 (24) 2021 (6)

Hyperlipidaemia 119 814 (76) 23 233 (70)

Hypertension 25 351 (16) 889 (3)

Obesity 35 201 (22) 5154 (15)

Abbreviations: GLP-1RA, glucagon-like peptide 1 receptor agonist; HbA1c,

glycated haemoglobin.
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RCTs appears to be older, to have more comorbidities and to be at

higher risk of hypoglycaemia based on higher rates and incidence of

hypoglycaemia at baseline, than those eligible to participate. There-

fore, it is noteworthy that this ineligible population represents people

who may benefit most from reducing their risk of hypoglycaemia.

The strengths of the present study include the use of large, compre-

hensive, real-world EMR databases, and particularly the consistency of

results from analyses of the Explorys and Optum Humedica databases.

However, this study was only designed to assess the proportion of peo-

ple with T2DM who would be eligible for RCTs of Gla-300 based on

adapted criteria, and so is limited in that detailed analyses of the over-

looked populations were not conducted. Related to this, it is worth not-

ing that although the observed characteristics of people in the ineligible

and eligible populations provide useful information (Table 1), the study

design means that certain values may differ from expectations. For

example, the prevalence of hypertension and obesity seems lower than

that typically found in populations of people with T2DM, but as this

information is from ICD codes it is possible that they are underesti-

mates. Furthermore, the large difference between ineligible and eligible

populations in the prevalence of depression (24% vs. 6%, respectively)

may primarily reflect the inclusion of severe mental illness (ICD codes

which include depressive disorders) as an exclusion criterion. This study

is also limited specifically by the focus on trials of Gla-300, and so can-

not be fully generalized to all RCTs of basal insulin analogues. Another

factor to consider is the pooling of eligibility criteria from the EDITION

1, 2 and 3 and BRIGHT trials, because although these trials were simi-

larly designed there were some differences and the adapted criteria

used in our analyses do not fully reflect each individual trial. For exam-

ple, our adapted criteria used an upper HbA1c value of 10% (86 mmol/

mol), whereas the EDITION 3 RCT included those with HbA1c between

7% (53 mmol/mol) and 11%, so this may have lowered our final esti-

mates of eligibility. However, this can be balanced against the fact that

our pooled adapted criteria did not include every eligibility criterion from

each trial (for example, BRIGHT excluded participants with a body mass

index of <25 kg/m2 or >40 kg/m2), which may increase our final esti-

mates of eligibility. The requirement for laboratory data as a require-

ment for inclusion in this study reduced the total evaluable population

and may have lowered our estimates of trial eligibility as shown in a pre-

vious study of cardiovascular outcome trials.15 Of 592 890 people with

T2DM in the Explorys database who received a basal insulin following

the launch of Gla-300, only 191 218 also had data for at least

12 months, and one or more HbA1c and one or more blood pressure

measurement/s in the 12 months prior to the index date. In addition to

reducing the population for our analyses, potentially excluding people

who may have been eligible for the RCTs based on the adapted criteria

used, the loss of the group of people with T2DM without laboratory

measures may provide a selection bias in terms of selecting for a popula-

tion who are more actively managed.

In conclusion, this analysis of data from EMRs demonstrates that

because RCTs are designed to test the efficacy and safety of treat-

ments in a very controlled setting, a large proportion of people with

T2DM who may receive treatment with basal insulin analogues are not

represented as they fail to meet the eligibility criteria for inclusion.

RCTs that focus on specific subgroups of people with T2DM may bet-

ter reflect other groups of people shown to be excluded in this EMR

study (eg, older people in the EDITION SENIOR study18); however,

such focused RCTs are few in number and are still restrictive in their

inclusion. Our finding reinforces the value of real-world studies that

assess the clinical effectiveness of basal insulin analogues, which can

complement the results of RCTs. These results also highlight that such

real-world evidence may provide additional insights into diabetes man-

agement for those people who would typically be excluded from RCTs.
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