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and laboratory variables in the 730 days prior to cohort entry. Approximately half
of the individuals in the cohort were females and 20% Black. Hypertension (60.3%)
and hyperlipidemia (50.5%) were highly prevalent. Most patients were prescribed ei-
ther a single T2D drug class (42.2%) or had no evidence of a T2D prescription in the
EMR (42.4%). A smaller percentage was prescribed multiple T2D drug types (15.4%).
Among patients prescribed a single T2D drug type, metformin was the most com-
mon (42.6%), followed by insulin (18.2%) and sulfonylureas (13.9%). Newer classes
represented approximately 13% of single T2D drug type prescriptions (dipeptidyl
peptidase-4 inhibitors [6.6%], glucagon-like peptide-1 receptor agonists [2.5%], thia-
zolidinediones [2.0%], and sodium-glucose cotransporter-2 inhibitors [1.6%]). Among
patients prescribed multiple T2D drug types, the most common combination was
metformin and sulfonylureas (63.5%). Metformin-based regimens were highly preva-
lent in PCORnet's T2D population, whereas newer agents were prescribed less fre-

quently. PCORnet is a novel source for the potential conduct of observational studies

KEYWORDS

2 diabetes

1 | INTRODUCTION

Electronic medical record (EMR) data sources are increasingly recog-
nized for their potential to help answer important clinical questions
and provide valuable information on a variety of patient outcomes.
Since EMR data have already been collected for clinical reasons, EMR
data can be leveraged to provide large study populations®* with lon-
gitudinal follow-up.? Moreover, the sizeable and heterogeneous sam-
ple of patients in EMR databases can be used to detect rare events or
common events among certain high-risk groups.® Thus, EMR data may
serve as valuable sources of long-term outcomes data in large, “re-
al-world” populations.Z#%7 EMR data sources can also be leveraged
to evaluate the cardiovascular safety of drugs used to treat Type 2 di-
abetes (T2D), which has been a high-priority research area since 2008
when concerns arose about the cardiovascular safety of the T2D drug
rosiglitazone.® Some multi-institutional clinical T2D cohorts have
been established, including the Veterans Health Administration,3'9

10-12 and

Northern California Kaiser Permanente healthcare system,
healthcare registries in Nordic countries.*®

The National Patient-Centered Clinical Research Network
(PCORnet) is a novel source of EMR data. PCORnet is a national, dis-
tributed research network of interconnected healthcare data systems
established by the Patient-Centered Outcomes Research Institute
(PCORI)in 2014 to facilitate research across multiple sites.'* PCORnet's
demographic diversity (in terms of gender, racial, and geographic diver-
sity) offers advantages over some existing T2D datasets. In PCORnet,
EMR data across multiple participating sites are organized into a
common data model (CDM). The CDM facilitates the construction of

among patients with T2D.

distributed research network, electronic health records, PCORI, pharmacoepidemiology, Type

standardized research datasets across multiple institutions, allowing
for rapid responses to queries and for the potential to answer clinical
guestions in a large population across many healthcare systems. Our
aim was to assemble and describe a retrospective cohort of patients
with T2D according to the prescribing of specific T2D medications, the
availability of clinical and laboratory variables, and the prevalence of
comorbidities and non-T2D medication prescriptions. We sought to
clarify PCORnet's potential as a resource to inform future efforts to

determine the cardiovascular outcomes associated with T2D drugs.

2 | MATERIALS AND METHODS
2.1 | Data source and study population

We used a previously validated computable phenotype (positive pre-
dictive value: 96.2% (Cl 95.1%-97.0%) to assemble a retrospective
cohort of patients with T2D using data from PCORnet.'® PCORnet is
composed of multiple research networks encompassing one or mul-
tiple datamarts (a collection of data that can be queried and return
output) across the United States. The EMR data from participating
PCORnet networks are organized into the CDM and include clinical
information, demographics, diagnosis and procedure codes, labora-
tory values, and prescription information.***® To ensure datamart
autonomy and maximize patient privacy, each datamart conducted
secure data analysis locally behind its own firewall and maintained
its own individual-level data such that only summary statistics from

each datamart were available.
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We queried 44 datamarts from across the United States to create
a cohort of adult patients (218 years of age) with T2D and a minimum
of 1 healthcare encounter (inpatient, outpatient, or emergency depart-
ment visits) in each of the 2 years prior to the date of cohort entry
(t0). The tO was the earliest date that a patient fulfilled one of three
previously validated computable phenotypes (CP) for T2D between 1
January 2012 and 31 December 2017%%: (CP1) a T2D diagnosis code
(ICD9 or ICD10) as an inpatient or outpatient, and an outpatient pre-
scription for a diabetes medication (Table S1) within 90 days after the
first instance of a T2D diagnosis code, (CP2) T2D diagnosis code and
Hemoglobin Alc (HbA1c) level >6.5% within 90 days before or after
the diagnosis date, or (CP3) outpatient diabetes medication prescrip-
tion within 90 days before or after a HbA1c level >6.5%. Patients with
evidence of gestational diabetes, Type 1 diabetes, prediabetes, or a

positive pregnancy test within 90 days of tO were excluded.

2.2 | T2D medications

The primary outcome was outpatient T2D medication prescriptions,
organized by pharmacologic class (Table S1), in the 90 days before
and 90 days after t0. We sought to capture a “snapshot” of the active
outpatient prescriptions at the initial time a patient was identified
by the computable phenotype as having T2D (t0), and therefore we
designed the medication query in the following manner. First, we
limited the time window to capture T2D prescriptions to a relatively
narrow baseline period (t0 + 90 days) to purposely identify active
T2D medication prescriptions at the time the patient was identified
in the cohort (t0). Second, a medication would only be captured and
reported as an “outpatient T2D prescription” if an electronic pre-
scription linked to an outpatient encounter was submitted during the
timeframe of t0 + 90 days. Medications that were simply listed in
the medication list section in the progress note of the EMR were not
captured as active prescriptions.

We generated a comprehensive list of FDA-approved T2D med-
ications, organized by T2D pharmacologic class (or “drug type”) (eg,
sulfonylureas, insulin, glucagon-like peptide-1 receptor agonists,
etc), using standardized nomenclature codes for individual drugs
(RxNorm codes). The RxNorm code list was used to query the CDM
for evidence of specific T2D medication prescriptions linked to out-
patient encounters. The components of each drug were mapped to
RxNorm codes for the individual drug such that the use of combina-
tion drugs was identified based on the presence of RxNorm codes
for more than one pharmacologic class (Table S1). Each datamart
then classified individual patients with T2D into mutually exclusive

categories of T2D pharmacologic class.

2.3 | Patient characteristics

For each patient, demographic and clinical characteristics were col-
lected in the 730 days preceding tO, including age, sex, race (White,

Black, Other), calendar year of cohort entry, smoking status, and
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specific comorbidities (Table S2). We also identified the most recently

available information for specific clinical variables, including body
mass index (BMI), blood pressure, HbA1lc, low-density lipoprotein
(LDL) levels, and creatinine (which was used to calculate estimated
glomerular filtration rate (€GFR) using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation).}’” Evidence of at
least one prescription for selected non-T2D medications in 730 days
prior to tO were also characterized (Table S3). In addition, healthcare
utilization (hospitalizations and outpatient visits) are reported in the
365 days prior to tO0.

2.4 | Statistical analysis

Each datamart reported the total number of patients with T2D
within each mutually exclusive category of pharmacologic class,
including those who met the computable phenotype T2D without
evidence of a prescribed T2D medication. For each mutually ex-
clusive group, the datamart characterized the patients by race and
sex, the prevalence of specific comorbidities, and prescriptions of
selected non-T2D medications. Furthermore, for each pharmaco-
logic class, each datamart characterized the availability, median,
and interquartile range of the individual physiological and labora-
tory values for the population. As a result, only proportions and
summary statistics for each pharmacologic class from each data-
mart were available to characterize the total PCORnet population.
Therefore, we described continuous variables (age, BMI, blood
pressure, and laboratory values) using weighted median values
based on the denominator of the specific drug user population
at each datamart such that more highly prevalent T2D drug user
populations at datamarts with a greater number of patients re-
ceived higher weights. Categorical variables (including prevalence

of comorbidities) are reported as percentages.

3 | RESULTS
3.1 | Cohort assembly

We queried 44 datamarts, and 33 (75%) datamarts responded with
the necessary results within the required timeframe. Across the 33
datamarts, we identified 613,203 individuals who met criteria for
the T2D cohort (Figure 1). There was a median of 12,711 patients
per datamart, and a range of 122-79,519 patients among individual
datamarts.

3.2 | Patient characteristics

Patient demographics, comorbidities, and prescription of non-T2D
medications were characterized in the 730 days prior to cohort entry
(Table 1). Approximately half of the individuals in the T2D cohort

were females, and 20% were Black. Prevalence of hypertension was
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44 datamarts

-1 did not meet age criteria
(pediatric population)
-1 had incomplete data

-7 did not respond
-2 unable to run the query

33 datamarts

613,203 patients met criteria

for T2D cohort

FIGURE 1 Schematic of creation of T2D cohort in PCORnet.
The process of creating the T2D cohort in PCORnet is depicted.
T2D, Type 2 diabetes; PCORnet, National Patient-Centered Clinical
Research Network

60.3% and of hyperlipidemia was 50.5%. Atherosclerotic cardiovas-
cular disease (ASCVD) was highly prevalent; 16.5% (N = 100 967)
had coronary artery disease, 2.2% (N = 13 698) had stroke and tran-
sient ischemic attacks, 0.2% (N = 1426) had carotid artery disease,
and 4.2% (N = 25 986) had peripheral artery disease. The prevalence
of a prescription for angiotensin-converting enzyme ACE inhibitors
(ACEi) or angiotensin-receptor blockers (ARB) was 27.4%.

3.3 | Outpatient T2D drug prescriptions

Qutpatient T2D prescriptions (based on submission of electronic pre-
scriptions linked to an outpatient encounter) were captured for each
patient during the 90 days before and 90 days after tO (the earliest date
that the patient fulfilled any of the 3 computable phenotypes for the
T2D cohort). During this period, 42.4% of patients were prescribed no
outpatient T2D medications, 42.2% were prescribed a single T2D drug
type, and 15.4% were prescribed 2 or more T2D drug types (Figure 2).

Among patients prescribed a single outpatient T2D drug type,
metformin was the most common (constituting nearly 50%), followed
by insulin (21%) and sulfonylureas (16%). Newer drug classes (dipep-
tidyl peptidase-4 inhibitors [DPP4], glucagon-like peptide-1 [GLP-1]

receptor agonists, thiazolidinediones, and sodium-glucose cotrans-
porter-2 [SGLT-2] inhibitors) represented approximately 13% of single
drug type regimens in PCORnet. Among patients prescribed multiple
classes of T2D agents, the most common combination regimen was
metformin and sulfonylureas (approximately 50%), followed by met-
formin and insulin (16%).

The finding that 42% of the T2D cohort had no evidence of an
active outpatient T2D prescription is due, in part, to the specified
timeframe and the structure of the query which was designed to
capture a “snapshot” of the active outpatient T2D prescriptions at
the first instance that a patient met any of the criteria for the T2D
cohort (t0). For instance, a patient may have qualified for the T2D
cohort at tO based on the criteria of a diagnosis code and labora-
tory value (CP3). If an outpatient prescription for a T2D medication
was not written during the 90 days before or after this qualifying
date, that patient would have been classified as having no outpa-
tient T2D prescriptions even if a T2D medication was listed on EMR
medication list or if a T2D prescription was written after 90 days. To
address the latter issue, we conducted an exploratory analysis ex-
amining patients’ T2D drug regimens in the 12 months following tO.
Over half of those individuals prescribed a particular T2D regimen
at tO had a prescription for the same regimen in the 12 months fol-
lowing tO (Table 2). Moreover, all of the patients classified as having
no outpatient T2D prescriptions at tO were found to have a pre-
scription for a T2D drug in the 12 months following tO.

3.4 | Availability of electronic medical record
clinical variables

The availability of clinical and laboratory data varied by variable type,
across datamarts, and between groups with different prescribed
drug regimens (Table 3). The datapoint with the highest availability
was blood pressure (84.5% of patients had at least one reported
value), followed by BMI (78.9%), eGFR (51.5%), HbA1c (54.0%), and
cholesterol (39.6%). The availability of clinical and laboratory infor-
mation varied across the 33 datamarts. The maximum percentage of
patients with HbA1c, cholesterol, and eGFR values at a single data-
mart were 80.3%, 68.1%, and 82.9%, respectively.

3.5 | Clinical and laboratory variations between
drug type regimen

Patient characteristics, stratified by subgroup of T2D medication
drug regimen, are presented for some of the most common T2D
drug type regimens (Table 2). Patient characteristics and median
laboratory values varied substantially among datamarts, as well as
between specific T2D drug regimen populations within and between
datamarts (Figure 3). Median age was between 50 and 70 years of
age for most drug regimen groups at most datamarts. Median BMI
was between 30 and 35 kg/m? for most datamarts, though individual

drug regimen groups reported more extreme BMI values.
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TABLE 1 Characteristics of patients identified with Type 2 Diabetes in PCORnet, 2012-2017

Total Any T2D No T2D
population N =613 203 Prescription N =353331 Prescription N =259 872
Age (y) - Median (25th percentile, 75th 64 (47,71) 62 (45, 69) 64 (47,71)
percentile)®
Demographics N (%) N (%) N (%)
Female 305 138 (49.8) 178 367 (50.5) 126 771 (48.8)
Race
White 397 614 (64.8) 231105 (65.4) 166 509 (64.1)
Black 119 954 (19.6) 73 198 (20.7) 46 756 (18.0)
Other 64993 (10.6) 32387 (9.2) 32 606 (12.5)
Missing 31159 (5.1) 17 166 4.9) 13993 (5.4)
Hispanic/ Latino 56 024 (9.1) 33589 (9.5) 22435 (8.6)
Comorbidities N (%) N (%) N (%)
Atherosclerotic cardiovascular disease
Carotid artery disease 1426 (0.2) 849 (0.2) 577 (0.2)
Coronary artery disease 100 967 (16.5) 49 297 (14.0) 51 670 (19.9)
Peripheral Artery disease 25986 (4.2) 12 250 (3.5) 13736 (5.3)
Stroke/Transient ischemic attack 13 698 (2.2) 7038 (2.0) 6660 (2.6)
Cancer 43 256 (7.1) 23516 (6.7) 19 740 (7.6)
Cardiac arrhythmia/ Atrial fibrillation 65 603 (10.7) 30128 (8.5) 35475 (13.7)
Cardiac valve disease 20962 (3.4) 9538 (2.7) 11 424 (4.4)
Depression 48 146 (7.9) 26 897 (7.6) 21 249 (8.2)
Heart failure 50402 (8.2) 21551 (6.1) 28 851 (11.1)
Hyperlipidemia 309 666 (50.5) 182772 (51.7) 126 894 (48.8)
Hypertension 369 992 (60.3) 210 949 (59.7) 159 043 (61.2)
Liver disease 20 494 (3.3) 10 654 (3.0) 9840 (3.8)
Parkinson's 8971 (1.5) 5486 (1.6) 3485 (1.3)
Pulmonary hypertension/ Embolism 17 292 (2.8) 7548 (2.1) 9744 (3.7)
Retinopathy 15 622 (2.5) 8786 (2.5) 6836 (2.6)
Serious mental illness 29 044 (4.7) 15 599 (4.4) 13 445 (5.2)
Smoking-related illness/Chronic obstructive 62 111 (10.1) 31403 (8.9) 30708 (11.8)
pulmonary disease/Oxygen use
Outpatient antihypertensive prescriptions N (%) N (%) N (%)
Angiotensin-converting enzyme- 167728 (27.4) 134 869 (38.2) 32589 (12.6)
inhibitors/ Angiotensin-receptor
blockers
Beta-blockers 92 868 (15.1) 70 494 (20.0) 22 374 (8.6)
Calcium channel Blockers 72 472 (11.8) 56 463 (16.0) 16 009 (6.2)
Loop diuretics 41,636 (6.8) 29 557 (8.4) 12079 (4.6)
Nitrates 10 202 (1.7) 7226 (2.0) 2976 (1.1)
Non-selective alpha blockers 7129 (1.2) 5529 (1.6) 1600 (0.6)
Peripheral vasodilators 1976 (0.3) 1561 (0.4) 415 (0.2)
Thiazide diuretics 19 270 (3.1) 14 304 (4.0) 4966 (1.9)
Antihypertensives - other 15786 (2.6) 11 230 (3.2) 4556 (1.8)
Other outpatient non-T2D prescriptions N (%) N (%) N (%)
Antiarrhythmics/ digoxin and inotropes 9523 (1.6) 6836 (1.9) 2687 (1.0)
Anticoagulants and platelet inhibitors 31 357 (5.1) 22 457 (6.4) 8900 (3.4)

(Continues)
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TABLE 1 (Continued)
Total Any T2D No T2D
population N =613 203 Prescription N =353331 Prescription N =259 872
Antipsychotics 6981 (1.1) 5516 (1.6) 1465 (0.6)
Acetylsalicylic acid 55 495 (9.1) 43 876 (12.4) 11 619 (4.5)
Bone Resorption Inhibitors 3153 (0.5) 2447 (0.7) 706 (0.3)
Lipid lowering drugs 111 993 (18.3) 89 854 (25.4) 22139 (8.5)
Oral glucocorticoids 49 731 (8.1) 36914 (10.4) 12 817 (4.9)
Average values for selected clinical Median? (25th, 75th Median?® (25th, 75th Median? (25th, 75th

variables %)? %)? %)?
Body mass index (kg/mz) 32.0 (23, 41) 32.5 (23.5,41.5) 32.0 (23.41)
Blood pressure - systolic (mmHg) 130 (108, 152) 130 (109, 151) 130 (107, 153)
Blood pressure - diastolic (mmHg) 75 (61, 89) 76 (62, 90) 74 (59,89)
Hemoglobin Alc (%) 7.0 (5.4,8.6) 7.2 (5.7,8.7) 7.0 (5.4,8.6)
Low-density lipoprotein cholesterol (mg/ 875 (42.5,132.5) 86.0 (41.0,131.0) 89.0 (43.0, 135.0)

dl)
Estimated glomerular filtration rate 75.0 (38, 112) 80.0 (49.0,121.0) 72.0 (34.0, 110.0)
(€GFR) (ml/min/1.72 m?)
Healthcare utilization in the past year

Hospitalization - N (%) 87,147 (14.2) 39,602 (11.2) 47,545 (18.3)
Outpatient visits - Median (25th %, 75th 5 (0, 14)° 6 (0, 15)° 5 (0, 14)°

%)?

Abbreviation: T2D, Type 2 diabetes.

Note: Demographics, comorbidities, non-T2D prescriptions, and clinical variables are reported during the 730 days prior to tO, the earliest date that

patient met criteria for the T2D cohort.

Median values were calculated as a weighted median of the median values reported from each drug-type user population (ie metformin only, insulin
only, etc) at each PCORnet site, while 25th and 75th percentile values calculated as estimated percentages based upon the weighted median and

weighted IQR values reported from each drug-type user population.

b25t percentile values estimated to be less than O were recorded as O outpatient visits inTable 2.

There were some differences in patient demographics, co-
morbidities, and non-T2D medications among patients prescribed
the most common T2D drug regimens (Tables 2 and 3). Patients
prescribed metformin (whether alone or in combination regimens)
had a lower median age in the PCORnet population (metformin
only: 62 years; metformin-sulfonylurea: 61 years; metformin-in-
sulin: 59 years) compared with those receiving insulin, DPP4, or
sulfonylurea regimens only (64, 65, and 68 years, respectively).
Median HbA1c values generally ranged from 6.8% to 8.4% in the

most common drug regimens.

4 | DISCUSSION

We characterized the prescription patterns, clinical character-
istics, and medical comorbidities of a cohort of over 600 000
patients with T2D across a geographically diverse population in
PCORnNet, a novel source of EMR data. At cohort entry, approxi-
mately 42% of patients had no evidence of an outpatient T2D
prescription, 42% had a single T2D drug class prescription, and

15% were prescribed multiple T2D drug classes. Conventional

T2D medication regimens including metformin, sulfonylureas,
and insulin were extremely prevalent; in contrast, a minority of
regimens (approximately 13%) included newer T2D agents such
as GLP1 agonists, DPP4 inhibitors, and SGLT2 inhibitors. Still, be-
cause of the large sample size of over 600 000 individuals, the
13% who were prescribed newer T2D agents corresponded to
almost 80,000 individuals.

The T2D population in PCORnet has many strengths as a clin-
ical data source including its large size and demographic diversity
in terms of age, race, sex, and geographic spread. Other multi-in-
stitutional clinical T2D cohorts exist within the United States, in-
cluding the Veterans Health Administration (VHA)®? (the largest
single-payer EMR system in the United States),*® Northern California

10-12

Kaiser Permanente healthcare system, and institutions using

Centricity EMR systems,” as well as internationally, including

20,21

healthcare registries in the United Kingdom and Nordic coun-

tries.’® The PCORnet cohort offers certain advantages over existing
T2D cohorts, such as greater gender diversity compared with the

VHA,*? greater geographic diversity compared with the Northern

10-12

California Kaiser Permanente system, and greater racial diver-

sity compared with Nordic health registries.*®
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FIGURE 2 Outpatient Prescriptions of T2D medications in PCORnet (2012-2017). The prevalence of outpatient prescriptions of T2D
medications in the overall cohort of patients with T2D in PCORnet is presented. Data regarding outpatient T2D prescriptions were collected
from the prescribing fields of the electronic medical record for each patient during the 90 days before and 90 days after tO (the earliest date
that the patient fulfilled any of the three computable phenotypes for the T2D cohort). T2D, Type 2 diabetes; PCORnet, National Patient-
Centered Clinical Research Network; DPP4, Dipeptidyl peptidase-4 inhibitors; GLP-1, glucagon-like peptide-1 receptor agonists (2.5%); TZD,

thiazolidinediones; SGLT-2, sodium-glucose cotransporter-2

Traditional T2D agents were the most commonly prescribed
drug regimens in the PCORnet cohort. This finding is consistent
with other studies,”? including a recently published study of
veterans in the VHA system evaluating an earlier time period.9
In PCORnet during the years 2012-2017, sulfonylureas were the
most common second-line antidiabetic drug class combined with
metformin, which is concordant with studies evaluating earlier
time periods.>**?2 Only a minority of regimens in the PCORnet
cohort included newer T2D agents, which is consistent with the
findings in the recently published VHA study.9 The low prevalence
of prescriptions for newer T2D agents in the PCORnet cohort is
likely related to the study interval (2012-2017). A recently pub-
lished study in Nordic patients*® found an increase in the use

of newer agents toward the end of the study period (in 2015).

Moreover, several clinical trials since 2015 have demonstrated
that SGLT-2 inhibitors and GLP-1 receptor agonists decrease car-
diovascular events in patients with T2D and known cardiovascular
disease.?®%% As a result, starting in 2018 the American Diabetes
Association (ADA) and European Association for the Study of
Diabetes (EASD) recommended augmenting metformin therapy
with either SGLT2 or GLP1-receptor agonists for those with prior
cardiovascular disease.?””?’ Thus, we would expect that prescrip-
tions for newer agents in PCORnet have increased since 2018 and
will continue to increase.

The aim of the present study was to identify and characterize
the T2D population in PCORnet for the first time. Future studies
are necessary to establish PCORnet as a valid source for the con-

duct of pharmacoepidemiological studies, including examining the
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TABLE 2 Characteristics among patients with Type 2 diabetes prescribed the most common antidiabetic drug classes in PCORnet,

2012-2017

Number of patients (N)

Age (y) - Median (25th percentile,
75th percentile)

Drug regimen the same within
12 months after index date?

T2D prescription in the 90 to
720 days prior to index date

Metformin
Insulin
Sulfonylurea
DPP4
GLP1
Demographics
Female
Race
White
Black
Other
Missing
Hispanic/ Latino
Comorbidities

Atherosclerotic cardiovascular
disease

Carotid artery disease
Coronary artery disease
Peripheral artery disease
Stroke/Transient ischemic attack
Cancer
Cardiac Arrhythmia/ Atrial fibrillation
Cardiac Valve Disease
Depression
Heart failure
Hyperlipidemia
Hypertension
Liver disease
Parkinson's
Pulmonary hypertension/ Embolism
Retinopathy
Serious mental illness

Smoking-related illness/Chronic
obstructive pulmonary disease/
Oxygen use

Metformin
only

128 248
62 (45,79)

%
63.4

36.3
3.2
5.5
1.9
0.8

53.5
64.1
21.5
9.7
4.7
9.3
53.5

0.1
10.9
2.3
1.6
6.1
6.8
2.0
7.6
3.6
49.6
57.7
2.4
1.3
1.5
1.2
4.2
8.7

Insulin
only

54 608
64 (47, 81)

%
71.9

14.8
34.1
9.8
4.3
2.5

49.6
66
229
71
89
8.7
49.6

0.3
23.2
71
3.1
9.1
14.3
4.6
10.5
13.9
53
64.3
5.3
21
4.8
6.1
6.2
12.8

Metformin-
Sulfonylurea

47 645
61 (45,77)

%
58.7

46.6
71
421
7.4
2.3

45.5
65
19.3
10.7
5.0
10.2
45.5

0.2
10
2.0
1.3
4.8
5.2
1.6
5.6
29
52.2
579
2.0
1.0
0.9
1.6
29
59

Sulfonylurea
only

41787
68 (50, 86)

%
66.8

221
3.8
33.6
5.2
1.2

48.8
68.6
18.9
8.1
4.4
8.8
48.8

0.3
17.3
4.2
2.4
8.2
11.7
3.9
7.4
8.4
55.2
64.8
29
1.5
2.2
2.2
4.7
9.6

DPP4 only

17 060
65 (48, 82)

%
61.9

20.7
54
141
23.3
1.3

50.4
63.6
20.1
9.8

6.8

11.7
50.4

0.2
15.5
3.8
2.0
7.2
9.8
2.9
6.7
6.9
54
60.7
2.8
1.4
2.1
2.1
4.3
8.5

Metformin-
Insulin

14 950
59 (43, 75)

%
574

41.9
41.8
9.5
4.1
4.7

62.8
23.8
8.3
5.8
10.6
51.0

0.4
12.3
3.0
2.0
5.5
6.2
2.0
8.1
5.0
47.6
55.9
29
1.8
2.0
3.6
4.7
8.8

(Continues)
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TABLE 2 (Continued)
Metformin Insulin
only only
Outpatient antihypertensive
prescriptions
Angiotensin-converting enzyme- 37.8 34.4
inhibitors/Angiotensin-receptor
blockers
Beta-blockers 18.5 23.9
Calcium channel blockers 15.3 17.3
Loop diuretics 5.7 15.5
Nitrates 1.3 3.8
Non-selective alpha blockers 1.3 1.7
Peripheral vasodilators 0.2 0.6
Thiazide diuretics 83 6.3
Antihypertensives - other 2.3 5.8
Other outpatient non-T2D
prescriptions
Antiarrhythmics/ Digoxin and 1.5 2.5
inotropes
Anticoagulants and platelet 5.2 9.7
inhibitors
Antipsychotics 1.7 1.7
Acetylsalicylic acid 11.7 13.7
Bone resorption inhibitors 0.5 0.6
Lipid lowering drugs 24.9 24.0
Oral glucocorticoids 11.3 11
Healthcare utilization in the past year
Hospitalization- N(%) 8.9 20.9
Emergency department visits - 0 (0, 0) 0(0, 0)
Median (25th percentile, 75th
percentile)b
Qutpatient visits - Median (25th 6 (0, 14) 8 (0, 21)

percentile, 75th percentile)b’c

Abbreviation: T2D, Type 2 diabetes.
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Metformin- Sulfonylurea Metformin-
Sulfonylurea only DPP4 only Insulin
43.7 37.6 36 421
18.9 22.8 18.6 20.3
15.3 17.7 16.6 15.5
5.5 11 8.4 8.2
1.3 2.7 2.0 2.0
14 1.9 1.6 1.3
0.3 0.4 0.5 0.6
3.0 4.6 3.8 3.9
2.1 3.9 8.3 2.8
1.5 2.5 2.2 1.6

5.0 7.8 6.3 6.6
11 1.1 14 2.2
12.8 11.9 11.6 151
0.5 0.8 0.9 0.5
27.8 25.3 24.7 27.7
8.1 11.2 10.4 9.0
7.2 12.2 10.7 11.9
0(0,0) 0(0,0) 0(0, 0) 0(0,0)
5(0, 13) 7(0,17) 6 (0, 15) 7(0,17)

Note: Comobordities and non-T2D prescriptions are reported during the 720 days prior to t0, the earliest date that patient met criteria for the T2D

cohort.

@Prescribing data was examined after tO to determine if the patient remained on the same regimen in the 365 days following tO (tO + 365 days).

PMedian values calculated as a weighted median of the median values reported from each drug-type user population (ie metformin only, insulin only,
etc) at each PCORnet site, while 25th and 75th percentile values calculated as estimated percentages based upon the weighted median and weighted

IQR values reported from each drug-type user population.

cp5th percentile values estimated to be less than O were recorded as O outpatient visits inTable 2.

completeness of prescription data in PCORnet and validating the
identification of specific outcomes. Thus, caution is needed when
assessing outcomes using EMR data due to completeness of data
and accuracy of outcomes. That said, the breadth and accessibility
of data available in PCORnet could make it a valuable source of
outcomes data for T2D medications in large, “real-world” popula-
tions. Achieving similarly large and diverse sample sizes in clinical
trials would be very costly.>%3! Thus, pending additional validation
studies, PCORnet could potentially serve as a valuable comple-

ment to long-term trials for cardiovascular outcome assessment.

For instance, whether newer agents (SGLT2 and GLP1) prevent
cardiovascular outcomes in the broad group of T2D patients with-
out pre-existing ASCVD and compared to older more common
medications is not fully established. Interestingly, a minority of the
PCORnet T2D clinical cohort, as well as other clinical cohorts,®%?
had established ASCVD at baseline, which has been an inclusion
criteria for prior clinical trials.?>?72? Most prior observational
studies evaluating the effects of newer agents in individuals with-
out ASCVD have been methodologically limited, including a lack

of tracking medication persistence, immortal time bias which can
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TABLE 3 Values and availability of selected clinical and laboratory measurements of patients with Type 2 diabetes in PCORnet

N

Median values (25th, 75th %)¢

No T2D
prescription

Metformin only

Insulin only

Sulfonylurea only

DPP4 only

Met-Sulfonylurea

Metformin-insulin
Data Site

Overall

NV 0N oA WN e

WoWRNN NN NN NNNNR B R B R R Rl )
B O VW ©® N &6 A O N P O VW O N OB AN WN RO

259,872

128,248
54,608
41,787
17,060
47,645
14,950
N
613,203
19,808
3,974
10,106
15,678
12,711
50,036
32,842
35,523
283,777
13,974
3,158
13,600
39,062
35,953
20,489
10,768
5,312
8,647
4,421
7,729
6,196
8,807
79,519
635
28,632
2,108
122
64,121
9,044
18,394
14,962

Systolic/Diastolic blood
pressure (mmHg)

130 (107, 153)/ 74 (59, 89)

129 (109, 149)/ 77 (64, 90)
130 (106, 154)/ 73 (58, 88)
130 (109, 151)/ 74 (60, 88)
129.5 (108.5, 150.5)/ 75 (62, 88)
130 (110, 150)/ 76 (63, 89)
130 (108, 152)/ 76 (62, 90)
(% available)®

84.5

79.2

98.3

87.9

95.3

89.8

84.1

92.4

87.6

90.9

92.7

48.4

81.7

96.6

36.9

74.3

97.6

0.0

95.4

92.2

98.9

87.3

93.7

94.7

98.1

90.1

90.0

75.4

90.8

95.6

93.5

23.2

Body mass
index (kg/m2)

32(23,41)

2(23,41)
3(23,43)
2(23,41)
32(23,41)
33(24,42)
34 (24, 44)
(% available)
78.9

67.3

96.5

46.6

87.4

83.3

79.0

82.9

71.5

85.0

72.3

18.8

79.3

68.7

72.2

66.9

75.1

68.1

94.2

82.9

93.8

86.8

88.2

89.3

98.3

89.9

92.8

73.8

73.4

95.6

84.5

80.6

Hemoglobin
Alc (%)

7.0(5.4,8.6)

6.8 (5.6, 8.0)
9 (5.7,10.1)

2(5.7,8.7)

2(5.7,8.7)

6(5.7,9.5)

8.4(5.7,11)

(% available)

54.0

33.0

40.1

48.3

65.1

33.0

36.2

28.6

67.9

54.9

62.1

34.2

58.1

79.8

45.4

1.8

791

57.8

49.5

48.9

74.2

53.5

66.0

75.2

3.1

55.3

51.6

80.3

56.1

73.2

70.0

16.6

LDL®
Cholesterol
(mg/dl)

89 (43, 135)

90 (44, 136)
83 (36, 130)
83 (40, 126)
82 (39, 125)
84 (41,127)
87 (42, 132)
(% available)
39.6

39.9

30.9

43.4

57.2

38.4

36.0

23.0

56.0

45.8

46.0

16.3

46.6

65.4

38.2

68.1

60.5

41.3

51.0

38.6

49.6

46.3

477

8.7

3.1

48.7

50.7

63.9

49.5

34.7

16.6

25.0

eGFR® (ml/
min/1.73 m?)

72 (34, 110)

4 (55, 113)

67 (22,112)
1(32, 110)

73(35.5,110.5)

85(55.5, 114.5)

86 (56, 116)

(% available)

61.5

0.0

0.0

70.8

78.8

0.0

62.8

30.1

74.0

75.3

74.2

80.1

68.7

75.5

61.0

82.9

76.4

66.2

67.1

68.2

78.6

69.3

67.8

78.4

6.1

65.8

75.2

0.0

69.2

0.0

75.7

0.0

(Continues)
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TABLE 3 (Continued)
Systolic/Diastolic blood
N pressure (mmHg)
32 8,244 80.4
33 4,851 93.3

Abbreviation: T2D, Type 2 diabetes.
4LDL: Low-density lipoprotein.
PeGFR: estimated glomerular filtration rate.

B ASPET—

LDL®
Body mass Hemoglobin Cholesterol eGFR® (ml/
index (kg/m2)  Alc (%) (mg/dl) min/1.73 m?)
77.0 57.3 37.3 0.0
89.9 23.4 1.4 76.9

‘Calculated as a weighted median of the median values reported from each drug-type user population (ie metformin only, insulin only, etc) at each

PCORnet site.

4The 25th and 75th percentiles were calculated using the interquartile range (IQR) calculated using the weighted median of reported IQRs from each

drug-type user population at each PCORnet site.

“The percentage of patients at each participating PCORnet datamart with at least one baseline value for selected clinical and laboratory values

(2012-2017).
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FIGURE 3 Overall median and distribution of datamart-specific median values for selected variables for the common drug regimens,
PCORnet, 2012-2017 (n = 33 datamarts). The overall PCORnet population median value, as well as the datamart-specific median values,

for age, BMI, HbAlc, eGFR, LDL, and systolic blood pressure are presented for the most common drug regimens. The solid black horizontal
line represents the overall PCORnet median value for each variable. Each dot represents the median value of one individual datamart for
that specific drug regimen. Some variables have fewer than 33 dots for certain drug regimens, as some datamarts did not report values

for certain variables for specific drug regimens. Data quality and population varied between datamarts. One datamart is a pediatric

hospital yielding a low median age (included), and another datamart reported implausible HbA1c values < 1.0% for “No medication” and
“metformin-sulfonylurea” groups (excluded). PCORnet, National Patient-Centered Clinical Research Network; BMI, body mass index; HbA1c;
Hemoglobin Alc; eGFR, estimated glomerular filtration rate; LDL, low-density lipoprotein

magnify the possible benefits, mixed comparison group including
multiple drug classes as comparators, and a lack of accounting for
clinical variables such as HbAlc, eGFR, and blood pressure.>*%’
These limitations can lead to artificial inflation of the effect size,
as discussed in a prominent editorial.>®* The PCORnet datasource

can potentially be leveraged to overcome some of these limitations

of prior trials by adjusting for clinical variables, tracking medication
persistence, and through rigorous study designs.

It is informative to consider the comorbidity and non-T2D diabe-
tes medication data in the PCORnet cohort with respect to other es-
tablished T2D cohorts. Less than 30% of our PCORnet T2D cohort

had evidence of ASCVD at baseline, which is similar to other clinical
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T2D populations.>3? Notably, the prevalence of prescriptions for lip-
id-lowering therapies and for ACEi/ARBs are lower in PCORnet com-
pared with T2D cohorts in the VHA® within the United States and in
Nordic countries,'® but consistent with a recently published retro-
spective cohort study analyzing US nationwide administrative claims
data.??> We would expect a majority of patients with T2D to be taking
a lipid-lowering medication given guidelines advocating a statin pre-
scription in all patients with T2D between ages 40-75 years of age.4°
Possible explanations for the low prevalence of ACEi, ARB, and lip-
id-lowering therapies include a true underutilization of appropriate
lipid and hypertension therapies for T2D in clinical practice, adverse
effects or other contraindications not captured in the current query,
receiving prescriptions outside the PCORnet system, and/or receiv-
ing prescriptions outside the timeframe specified in the query.

The present study has some important limitations. First, indi-
vidual patient-level data were not available. PCORnet data sharing
agreements allow datamarts to maintain control of individual-level
data. Second, we classified patients according to prescribing infor-
mation available only in PCORnet; actual use was not observed.
Other studies have reported that approximately 10% of initial an-
tidiabetic prescriptions are abandoned at the pharmacy, and ap-
proximately 15% of therapies are self-discontinued by the patient
within the first 6 months.**"*® Additionally, prescriptions received
from providers outside of the health systems in PCORnet would not
have been captured in our dataset. Future work can address these
limitations through the validation of prescribing data against pre-
scription-fill data in large-scale observational studies, and through
linkage of the EMR data to other data sources, including pharmacy
claims databases. Moreover, over 40% of the T2D cohort had no
evidence of an outpatient T2D prescription which is likely related
to the timeframe of the query. We chose to capture a relatively nar-
row “snapshot” of active outpatient T2D prescriptions. For this rea-
son, the prevalence of T2D medication prescriptions in the present
study is lower than in other studies that characterized medication
use over longer follow-up periods.'? Future studies could evaluate a
broader timeframe. Next, the current study examined prescription
patterns among patients at the time they were first identified in
PCORnet, such that it included both patients with prevalent and
incident T2D. Therefore, questions related to medication use and
other important factors among only patients with incident T2D
will need to be addressed in future studies. Another limitation is
that the sensitivity and specificity of the computable phenotype
for T2D were not available because the prior validation study did
not evaluate records for patients who were not identified using the
T2D computable phenotype. In addition, as with many clinical co-
horts, laboratory values were missing in a substantial number of in-
dividuals; baseline HbAlc was only available in 54% of the patients.
However, because of our large sample size, we still had HbA1c data
in over 330,000 individuals. Finally, a limitation of the current study
is the time period evaluated (2012-2017). The present study had
relatively low prevalence of SGLT2 and GLP1 prescriptions; we ex-
pect the number of these newer T2D prescriptions to increase in

2018 and beyond due to guideline changes.

In conclusion, among individuals with T2D in PCORnet, we
found that conventional T2D therapies including metformin and
insulin were very common; newer T2D agents were prescribed
less frequently but represented a large absolute number of indi-
viduals given the large population size. The variation we observed
in demographics and clinical measures between drug regimens and
datamarts suggests geographic variation may exist in prescribing
patterns and delivery of diabetes care. With its large sample size
and geographic diversity, PCORnet represents a powerful re-
source for the study of many important questions among patients
with T2D. Future studies could leverage PCORnet to investigate
variation in prescriptions patterns and determine the potential of
PCORnet as a valid source for investigating the long-term safety of
T2D medications in “real-world” populations.
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