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I. EXECUTIVE SUMMARY

The FDA requested that we test an alternative strategy to validating diagnostic algorithms for diabetes
mellitus (DM) that avoids medical record validation. The SUrveillance, PREvention, and ManagEment of
Diabetes Mellitus (SUPREME-DM) DatalLink (or registry) is a national distributed database of individuals
with Any DM (i.e., Type 1 DM [T1DM], Type 2 DM [T2DM], and DM of rare or uncertain types). In this
project, we employed data from five Mini-Sentinel Data Partners that are also SUPREME-DM Datalink
sites.

We linked the Mini-Sentinel Distributed Database (MSDD) and the SUPREME-DM Datalink using
variables found in both (probabilistic match) and using patient health record numbers maintained in
Datalink and MSDD crosswalks at sites (direct match). With the direct approach, >99.9% of individuals
in the SUPREME-DM DatalLink were linked to individuals in the MSDD, while in the probabilistic
approach, 98.8% were linked. A total of 737,122 adults were linked (01/01/2006 — 06/30/2014). We
conclude the SUPREME-DM Datalink is an excellent source registry for Any DM in adults.

The SUPREME-DM DatalLink Any DM Algorithm uses diagnoses, laboratory test results, and medication
criteria. Considering the SUPREME-DM Datalink Algorithm the gold standard for Any DM in adults, we
determined the sensitivity (SE) and positive predictive value (PPV) of other Any DM algorithms. To
evaluate the impact of laboratory criteria on case ascertainment, we tested a modified SUPREME-DM
Datalink Algorithm without laboratory criteria (i.e., diagnoses and medications only), identifying 5%
fewer adults with Any DM than with the laboratory criteria. The workgroup tested three additional Any
DM algorithms.*? All had excellent SE (>93.6%) and PPV (> 98.1%) relative to the SUPREME-DM DataLink
Algorithm. We conclude that all tested algorithms worked well at identifying Any DM.

No gold standard algorithms for TADM or T2DM are available for adults. Therefore, SE and PPV of
existing TLDM or T2DM algorithms could not be determined. We did compare numbers and proportions
of TIDM and T2DM cases identified in the MSDD using published algorithms. Two T1DM Algorithms®
were tested. The T1DM algorithm that identified more cases across sites identified 3.6% (n = 26,418) of
adults with Any DM as T1IDM. This is below national estimates of TIDM in adults (4.6% - 4.8%).> While
the workgroup considers the TIDM cases identified using the algorithm as true cases, there is clearly
under-ascertainment with this algorithm. New-onset TIDM can be defined as the presence of diabetes
antibodies or a low or negative C-peptide value. Because neither of these laboratory result types is in
the MSDD, we had to modify the tested algorithm, omitting the laboratory criteria. To determine how
case ascertainment changed when DM autoantibody and C-peptide results were included, we extracted
these laboratory results from source data into the SUPREME-DM Datalink at one site. The proportion of
adults identified with TLDM at that site increased 0.4% (from 4.8% to 5.2%), confirming the importance
of T1IDM laboratory results when identifying adults with TLDM. We conclude case ascertainment of
adult TIDM improves when the algorithm can include C-peptide and DM autoantibody criteria.

Two T2DM Algorithms® were tested. The algorithm that identified more cases identified 70.7% of adults
with Any DM as T2DM. Any DM cases identified as T2DM were even lower at sites without glucose-
related laboratory results in the MSDD. We conclude that the tested T2DM algorithms under-ascertain
T2DM cases and cannot be recommended.

Considering both the tested TIDM and T2DM algorithms, still > 25% of adults with Any DM were not
identified as either TLDM or T2DM. We explored why individuals did not meet tested algorithm T1DM
or T2DM criteria and incorporated those findings into recommendations.

Mini-Sentinel Methods -1- Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink
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Recommendations for using the SUPREME-DM Datalink

e Any DM: Employ the SUPREME-DM Datalink as the gold standard registry for adults. With the
linkage established between SUPREME-DM DatalLink and MSDD, the SUPREME-DM Datalink can
replace medical record review and be used as the alternative reference source for Any DM.

e T1DM: Consider the SUPREME-DM Datalink the gold standard registry for adults. We believe
the tested T1DM algorithm identified a higher number of adults in the SUPREME-DM Datalink as
T1DM than are available in any other TIDM registry. SUPREME-DM sites are adding DM
autoantibody and C-peptide results to the Datalink; these laboratory results will further
increase the number of true cases of adult TLDM available in the DatalLink.

e T2DM:

0 Consider the SUPREME-DM Datalink the gold standard non-T1DM registry for adults, that is,
for adults with T2DM and DM of uncertain and rare types. Nearly all adults that do not have
T1DM have T2DM. For most Sentinel DM-related safety surveillance activities, the medical
products of interest are used similarly in patients with T2DM and DM of uncertain or rare
types. Differentiating between T2DM and DM of uncertain or rare types is usually
unnecessary.

O Prior to deeming the SUPREME-DM Datalink the gold standard T2DM registry for adults,
consider testing a newly-developed T2DM Algorithm in the SUPREME-DM DatalLink Any DM
population. This algorithm retains most diagnosis and medication criteria from the tested
T2DM algorithms and adds criteria to identify additional patients such as adults with T2DM
not taking T2DM medication and who do not have laboratory results available. The
workgroup believes this algorithm will identify 83% - 90% of adults in the SUPREME-DM
Datalink as having T2DM.

e There are many advantages to employing the SUPREME-DM Datalink as the gold standard DM
registry in medical product surveillance. Examples: 1) established linkage for > 737,000 adults;
this number increases by > 50,000 adults yearly, 2) data in the SUPREME-DM Datalink are not
consistently in the MSDD (e.g., additional laboratory result types, social behavioral data, race
and ethnicity, cause of death), and 3) years of data are available for most adults.

Recommendations for using algorithms to identify adults with Any DM, TIDM, and T2DM in the MSDD

e Any DM: Apply the SUPREME-DM Datalink Algorithm as the gold standard

e TI1DM: First, individuals should meet Any DM SUPREME-DM Datalink algorithm criteria. Second,
apply the Modified Klompas T1DM algorithm (without laboratory results). The limitation is
under-ascertainment of cases because TIDM laboratory results are not available.

e T2DM: First, individuals should meet Any DM SUPREME-DM Datalink algorithm criteria. Second,

apply Option 1 or 2.

0 Option 1 (T2DM algorithm): A newly-developed algorithm that retains most diagnosis and
medication criteria from the tested T2DM algorithms and adds criteria to identify additional
patients such as adults with T2DM not taking T2DM medication and who do not have
laboratory results available. This algorithm minimizes case misclassification, but is
somewhat complex to implement because of multiple criteria sets.

0 Option 2 (non-T1DM algorithm): Identify and exclude adults with TIDM using the Modified
Klompas T1DM algorithm. Classify all remaining adults as T2DM. This Option is easy to
implement, but misclassifies some cases because DM of uncertain and rare types are
considered T2DM.

Mini-Sentinel Methods -2- Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink
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Implications for Sentinel Routine Query Tools

e This workgroup focused on utilizing the SUPREME-DM Datalink (or registry) to explore
algorithms to identify cohorts of individuals with ‘Any DM’, ‘“TADM’, and ‘T2DM’ within the
Sentinel Distributed Database. Although workgroup aims were accomplished with de novo code,
it would be possible to utilize Sentinel routine tools for algorithm implementation if
recommended parameters are modified to include index dates. Sentinel routine tools were
designed in the context of medical product safety surveillance, and require use of index dates to
identify cohorts and health outcomes of interest. They utilize inclusion/exclusion criteria for
cohort selection, which are assessed during a requester defined number of days before, on, or
after the exposure episode index date. Similarly, Sentinel tools also require use of index dates to
identify specific health outcomes of interest. Although the workgroup did not focus on
identifying incident DM outcomes subsequent to a medical product exposure, it would be
possible to modify recommended algorithm parameters (e.g., specify index dates) to capture
Any DM and T2DM outcomes.

e Algorithms for Any DM and T2DM may be able to be implemented in the current Sentinel tools if
all parameters and temporal relationships are defined in a tool-specific manner. For example, as
algorithms for Any DM exclude pregnancy, an already developed algorithm for pregnancy would
need to be adapted to the Sentinel tool framework. NDC lists for relevant antidiabetic agents
have already been developed by the Workgroup and, similar to use of other NDC lists, would
need periodic updates. All examined DM algorithms include several criteria (or criteria sets), and
temporal relationships are at times, integral. Thus, timeframes included within each algorithm
would need to be reinterpreted in terms of index dates. Current Sentinel tools are able to utilize
the glucose and glycosylated hemoglobin (HbA1lc) laboratory result values included in the
Sentinel Common Data Model; it is possible to distinguish elevated versus non-elevated random
and fasting glucose values and HbA1lc at Data Partners that contribute laboratory result values
to the laboratory results table. Thus, the individual criteria for Any DM and T2DM (if
reinterpreted) appear to be compatible with Sentinel tools.

e To implement algorithms for TLIDM examined in this report, Sentinel tools would need to be
modified to accommodate ratios of TIDM to T2DM codes. However, should accommodation of
these T1DM algorithms be deemed a priority, it would be possible to determine if the tools can
be updated to accommodate these algorithms.

e In summary, algorithms for Any DM and T2DM described in this report appear to be compatible
with current Sentinel tools, but algorithms for TIDM currently cannot be implemented using
existing Sentinel tools. The Sentinel Operations Center recommends piloting algorithm
implementation to confirm the Any DM and T2DM algorithm parameters can be implemented
as intended using the existing query tools. This will assist with identifying any gaps between
current and needed tool functionality. Careful consideration of potential medical product safety
question (s) of interest during this pilot will also help to ensure algorithms are implemented
appropriately.

Il.  INTRODUCTION AND SPECIFIC AIMS

Diabetes mellitus (DM) is a high priority health outcome of interest (HOI) to the FDA. However, most
studies that have validated DM algorithms did not distinguish between T1IDM and T2DM in adults.
Further, accurate identification of Any DM can be problematic in the Mini-Sentinel Distributed Database
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(MSDD) because electronic databases rely on ICD codes alone or in combination with data algorithms to
identify outcomes. Misclassification is always a concern with electronic observational databases, and the
“gold standard” approach is to employ algorithms validated using full-text medical record review.
Whether or not existing DM algorithms used data or populations similar to those in the MSDD is not
known. Additionally, resources required for extensive medical record validation can be substantial.

The Mini-Sentinel Alternative Methods for HOI Validation workgroup summarized alternative methods
for validating selected HOIs, including linking to registries and external data sources, as compared to
chart validation (http://mini-sentinel.org/methods/outcome validation/details.aspx?ID=105).” In that
project, methods that are less costly and time-consuming than medical record review were explored.
The HOIs selected in that project were based on a dearth of validated algorithms with high performance
characteristics in the existing literature in addition to FDA priority. DM was not only rated as a high
priority HOI, but was also considered feasible for linkage to a registry based on the availability and
accessibility of alternate data sources, cost of linking alternative data sources to the MSDD, and the
extent of overlap between available alternative databases and the MSDD.

The SUrveillance, PREvention, and ManagEment of Diabetes Mellitus (SUPREME-DM) Datalink is a
distributed database (or registry) developed for studying Any DM in usual care environments in the
United States. It brings together extensive data from electronic health records (EHR) and other clinical
and administrative databases from 11 representative healthcare delivery and insurance systems, nine of
which also participate in Mini-Sentinel. Detailed information about development and implementation of
the SUPREME-DM Datalink is provided in Section lll. In brief, patients in the SUPREME-DM DatalLink
were identified from combinations of diagnoses, laboratory test results, and medication use found in
electronic health record (EHR) and other clinical and administrative electronic data. At several sites, the
DM cases in the SUPREME-DM Datalink are patients in site-specific DM registries. Through 2012, the
SUPREME-DM Datalink represented a defined population of over 1.1 million adult patients across the
United States with Any DM, including over 250,000 with incident DM and an estimated 40,000 to 50,000
patients with TIDM. The proportions of adult patients in the SUPREME-DM Datalink with TIDM and
with T2DM approximate the proportions in the United States adult population.

This current Mini-Sentinel workgroup was charged with employing an alternative strategy to validating a
diagnostic algorithm that avoids extensive medical record validation. Specifically, the FDA asked this
workgroup to test this alternative strategy using the SUPREME-DM Datalink electronic database registry
that contains true cases of Any DM, and to link it to the MSDD. In this project, we investigated the
feasibility of this alternative validation method using the SUPREME-DM Datalink data from five Mini-
Sentinel Data Partner sites that are also SUPREME-DM sites to undertake the following:

e Specific Aim 1: Demonstrate the feasibility of linking the MSDD and the SUPREME-DM Datalink.
Because participating SUPREME-DM Datalink sites are also MSDD Data Partner sites, we
anticipated linkage would approach 100%. Therefore, the main activity within this Aim was to
develop and implement the data table cross-walk that identified and linked patients in the
MSDD and the SUPREME-DM Datalink in the distributed data environment.

e Specific Aim 2: Determine the SE and PPV of diagnosis codes and medication claims for patients
with a) Any DM (e.g., inclusive of TIDM, T1DM, and DM of uncertain of rare types), b) T1DM,
and c) T2DM present in the MSDD, compared to the SUPREME-DM Datalink algorithm as the
gold standard algorithm for Any DM.

The workgroup suggested conducting a Specific Aim 3. The objective of Aim 3 would have included
reviewing a sample of medical records from patients identified in Aim 2 as, for example, having DM of
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uncertain type (e.g., patients with mixed TLDM and T2DM coded diagnoses). The workgroup also
anticipated that the criteria sets applied in Aim 2 likely would not perform in the MSDD population as
they did in the populations where they had been originally studied (e.g., because they were developed
in a much smaller population than that in the MSDD, had not been previously externally validated, or
required data elements not available in the MSDD). Reviewing medical records as part of this project
would assist in estimating validity of tested criteria sets and allow the workgroup to determine
characteristics associated with discrepancy, ultimately informing an approach to reduce uncertainty
(e.g., algorithm refinement). Reviewing a sample of medical records within the context of the current
project could also help avoid the need to justify foregoing medical record review in the future. However,
Aim 3 was deemed outside the scope of the current project because this project was intended to be
incremental towards the larger objective of alternative HOI validation.

lll. THE SUPREME-DM DATALINK

Registries of patients with DM have been available for decades. Older DM registries were single-site
registries comprised of coded diagnoses and medication prescription data from administrative claims.
Recently, the availability of detailed clinical data from sources such as EHR and laboratory test results
databases enabled building DM registries that included more complete DM cohorts and detailed patient
information. Newer registries are still usually single-site registries. While several single-site studies have
validated administrative definitions of DM,**™ criteria for inclusion in single-site DM registries lack
uniformity, rendering across-registry comparisons of limited usefulness.™ Further, single-site registries
typically include fewer than 100,000 individuals with DM and often contain just a few thousand patients.
Single-site registries are of insufficient size to be useful for many comparative effectiveness and safety
activities.

The lack of uniform criteria and data elements across existing single-site DM registries and the relatively
small numbers of patients with DM in single-site registries compelled the development of a robust
multi-site Any DM registry. In 2010, funding from the Agency for Healthcare Research and Quality
(AHRQ; grant number RO1HS019859) under the PROSPECT (Prospective Outcome Systems using Patient-
specific Electronic data to Compare Tests) initiative established the SUPREME-DM Network, which was
comprised of 11 integrated healthcare delivery systems (http://www.supreme-dm.org/). The SUPREME-
DM Datalink employed a standardized methodology for identifying people with DM using the detailed
clinical information available in EHRs and applied that methodology across the multiple health systems.
Many sites and researchers that participated in developing the SUPREME-DM Datalink had previous
experience developing and using single-site DM registries.***** The success of the SUPREME-DM
Datalink is evident: since 2010, a series of papers have been published that emphasize DM surveillance,
disparities, complications, and pharmacotherapy.'®*’

The SUPREME-DM consortium brought together nearly three dozen DM researchers from 11
organizations that are members of the Health Care Systems Research Network (HCSRN, formerly the
HMO Research Network). Organizations that participate in SUPREME-DM include six Kaiser Permanente
regions (Northern California, Southern California, Northwest [Oregon/Washington], Hawaii, Colorado,
and Georgia), HealthPartners (Minnesota), Marshfield Clinic (Wisconsin), Geisinger Health System
(Pennsylvania), Group Health Cooperative (Washington), and Henry Ford Health System (Michigan). Five
of these SUPREME-DM sites participated in this current Mini-Sentinel project (Section 1V).
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Developing the SUPREME-DM DatalLink multi-site registry required a different approach than a single-
site registry. As recommended by Richesson, *® a standardized methodology was employed across all
sites to build and maintain the SUPREME-DM DatalLink in a manner that ensured data could be
appropriately aggregated across sites and organizations. For example, identical data variable definitions
were employed, data were extracted into similarly formatted data tables at each site, and routine data
quality checks were conducted on the diverse population data from the multiple sites and healthcare
delivery systems represented in SUPREME-DM.

Building the SUPREME-DM Datalink benefitted from using the existing HCSRN Virtual Data Warehouse
(VDW), a data resource supported by member organizations and network consortia.?’> Within each
participating site, when building the VDW, data were extracted from health plan databases and
configured into identically-formatted VDW tables using standard variable names and values. The VDW
data tables used for SUPREME-DM are far more comprehensive than the data available to commercial
insurers, in Medicare or Medicaid databases, or in the MSDD because VDW tables include extensive EHR
data as well as administrative claims data. The data can be linked through a common unique patient
identifier. This approach enables use of standardized data extraction programs distributed to all sites.
Each site constructs individual-level data sets for analysis and either a) sends limited or de-identified
data sets to the lead site where they are combined for analysis, or b) retains the individual-level data
sets at individual sites and run distributed analytic programs on their site’s project-specific data set.
Nine SUPREME-DM sites use an EPIC-based EHR (EPIC, Verona, Wisconsin). Examples of VDW data that
are also available in the SUPREME-DM Datalink include race and ethnicity, comprehensive laboratory
result values (e.g., chemistry laboratory test results [glycosylated hemoglobin, fasting and random
plasma glucose, serum lipids, electrolytes, thyroid function, liver enzymes] and hematology and
coagulation laboratory test results, vital signs (blood pressure, height, weight), and social history
(tobacco use, substance use). All data can be used to assess the presence and intensity of conditions
such as hyperglycemia, dyslipidemia, hypertension, and obesity. At all participating sites, at least 90% of
members have a pharmacy benefit that helps ensure near complete identification of medication
dispensings.™®

DM indicator variables used to develop the initial SUPREME-DM Datalink included inpatient or
outpatient DM diagnoses, glucose-related laboratory test results, and medication dispensings available
from the EHR, clinical, and administrative databases of the health systems. These indicator variables
were applied in an algorithm to identify individuals with Any DM (detailed information about the
SUPREME-DM DataLink Algorithm is in Section VII.B).*® Patients with DM are recognized in a reasonably
short period of time using the SUPREME-DM Datalink algorithm, in part because multiple data sources
and variable types are employed. When the SUPREME-DM DatalLink was developed, about 85% of DM
cases identified at all sites had multiple DM indicators.

The initial iteration of the SUPREME-DM Datalink included nearly 1.1 million members of all ages with
DM from these 11 health systems between 2005 and 2009. On average, these individuals had 5 years of
health system membership after DM identification. Mean age at DM identification (55.7 years) and the
proportion of women (48.1%) were consistent across systems.® Data from 2010 through 2012 were
later added to the SUPREME-DM Datalink, bringing the number of individuals in the SUPREME-DM
Datalink registry to over 1.3 million.

The SUPREME-DM Datalink capitalized on strengths of the participating organizations, such as defined
populations and rich longitudinal data. As Nichols et al pointed out in 2012, the SUPREME-DM Datalink
is unigue in size, comprehensiveness, and geographic coverage.16 Other previous or existing electronic
DM registries cannot provide data for analysis equivalent to the SUPREME-DM Datalink because they
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have not been maintained,?® are comprised of non-representative populations,* or only include patients
from a single geographic region.’

Use for safety surveillance is a goal of SUPREME-DM. The efficiency of the DataLink and SUPREME-DM
network was initially tested in 2012. Judith Fradkin, MD, Director, Division of Diabetes, Endocrinology, &
Metabolic Diseases at the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)
inquired about SUPREME-DM’s capability to answer questions about the risks of pancreatic cancer
among patients with DM treated with dipeptidyl peptidase IV (DPP-IV) Inhibitors and glucagon-like
peptide-1 (GLP-1) receptor agonists. The program to extract information about the number of
individuals exposed to these therapies was distributed and data from 10 sites were received, tabulated,
and provided back to NIDDK < 3 working days later. Although the number of individuals exposed to
these drugs at that time was small, the capability to efficiently identify medication exposures and to
aggregate and report multi-site data using the SUPREME-DM Datalink registry was demonstrated.

Although the SUPREME-DM Datalink sites built and maintained the SUPREME-DM Datalink using
identical methods and variables, site-specific variations can exist. Differences in how providers’ code DM
diagnoses or incomplete data capture could introduce site-specific variation in DM identification.
Although a common case identification algorithm was used to identify members with DM across all
SUPREME-DM sites, resources were not available to validate each of the 1.1 million cases using medical
record review. Finally, the SUPREME-DM Datalink was developed as an Any DM registry. Work with the
SUPREME-DM Datalink to date has not focused on distinguishing adults with TLDM versus T2DM.

Overall, the SUPREME-DM Datalink is the most robust and most representative EHR-based multi-site
DM registry in the United States. It is a large and unique registry that provides opportunities to conduct
multiple types of data for DM research and surveillance. Pertinent to the current Mini-Sentinel linkage
and alternative validation project, the SUPREME-DM DatalLink was chosen as the gold standard Any DM
registry because it was a valuable, emerging resource for safety and effectiveness studies and related
epidemiologic surveillance and research. If the TIDM and T2DM algorithms tested in this project
identified substantial numbers of patients with TIDM or T2DM in the SUPREME-DM DatalLink registry, it
could also be explored as the potential gold standard for TADM and T2DM registries.

IV. DATA PARTNERS AND DATA DEVELOPMENT

A. DATA PARTNERS

Five Mini-Sentinel Data Partners that are also SUPREME-DM Datalink sites participated in this project:

1. Institute for Health Research, Kaiser Permanente (KP) Colorado (KPCO), Denver, Colorado (lead
site)

HealthPartners Institute for Education and Research, Minneapolis, Minnesota

Division of Research, KP Northern California, Oakland, California

Center for Health Research, KP Northwest, Portland, Oregon

5. Group Health Research Institute, Seattle, Washington

PwnN

All five sites participated in Aims 1 and 2.
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VI.

B. DATA DEVELOPMENT

KPCO wrote distributed programming code to update the SUPREME-DM Datalink at the participating
sites, to link the patients in the SUPREME-DM Datalink with the patients in the MSDD, and to execute
the DM algorithms. The code was tested and quality-checked in accordance with Mini-Sentinel Principles
and Policies.* All distributed code was sent to the participating Data Partners according to Mini-Sentinel
Principles and Policies.*® Data partner sites executed the work plans against their SUPREME-DM
Datalink (data refresh, linking programs and DM algorithms) and MSDD (linking programs and DM
algorithms) and retained their site-specific linked datasets. Results describing site-specific linkages were
returned to the Mini-Sentinel Operations Center and KPCO. Site-specific DM algorithm datasets were
returned to the Mini-Sentinel Operations Center and KPCO where the datasets from the five sites were
combined to yield one analytic dataset for DM algorithm testing.

SUPREME-DM DATALINK REFRESH

Through 2012, the five participating sites had an enrolled population of 10,900,772 individuals, including
722,069 patients with Any DM in the SUPREME-DM Datalink. Refreshing the SUPREME-DM Datalink
with data from January 1, 2013 through June 30, 2014 added 1,095,612 patients (total n = 11,996,384)
and an additional 83,640 patients with Any DM. Thus, the total number of patients with Any DM in the
SUPREME-DM DatalLink at these five sites was 805,709.

The date range of this project included January 1, 2006 through June 30, 2014. However, the date range
of patients in the SUPREME-DM Datalink was broader (January 1, 2005 through June 30, 2014). After
restricting to patients who entered the Datalink from January 1, 2006 through June 30, 2014, the total
number of patients of any age with Any DM in the SUPREME-DM Datalink eligible for linking with the
MSDD was 776,125.

SPECIFIC AIM 1: LINKING THE PATIENTS IN THE MSDD AND THE SUPREME-
DM DATALINK

A. DIRECT AND PROBABALISTIC MATCHING

The Alternative Methods for HOI Validation workgroup recommended validation processes of linking by
patient identifier (direct matching) and by probabilistic matching (Figure 1).” In this project we
demonstrated the feasibility of linking the MSDD and the SUPREME-DM Datalink both by patient
identifier and by probabilistic matching by developing and implementing the necessary data table
crosswalks.
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Figure 1. Linked HOI alternative validation®
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The Mini-Sentinel Data Partners participating in this project maintain patient identifier crosswalks at
their local sites that enabled linking the unique patient identifier in the MSDD to the patient’s actual
health record number and the unique patient identifier in the SUPREME-DM Datalink to the patient’s
actual health record number.® Thus, patients in the SUPREME-DM Datalink could be linked to patients
in the MSDD using variables found in both the SUPREME-DM Datalink and MSDD (probabilistic match)
or using actual patient health record numbers maintained in SUPREME-DM Datalink and MSDD
crosswalks at local sites (direct match).

Employing the probabilistic match potentially offers a durable method should future linkage be
desirable to an additional patient registry (e.g., a registry where a direct match is not possible).
Employing the direct match method enabled determining the accuracy of the probabilistic match and
ensured near-complete linkage of the individuals in the SUPREME-DM Datalink to the individuals in the
MSDD. Individuals matched in the direct match were considered the project population.

Both probabilistic and direct matching were conducted at the local sites and the resulting matched
datasets were retained at each site. Only the denominator (total patients in that site’s SUPREME-DM
Datalink) and the numerator (total patients matched at the site to the MSDD) were returned to the
lead site.

In the direct match approach, > 99.9% of individuals were matched (776,037 of 776,125).

To be considered a match in the probabilistic approach, all of the following criteria must have matched:

Total number of days enrolled

Gender

Date of birth

The first two pharmacy dispensing dates and NDC's associated with them

® Reproduced from the final report of the Alternative Methods for Health Outcomes of Interest Validation
Workgroup (http://mini-sentinel.org/methods/outcome_validation/details.aspx?ID=105)

® The actual health record number of each patient is not contained within either the MSDD or the SUPREME-DM
Datalink
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e  First outpatient visit
e First inpatient visit

In the probabilistic approach, 98.8% of individuals were matched (766,999 of 776,125).

As shown in Table 1, the SE of the probabilistic match could be determined. The SE measures how well
the probabilistic approach correctly linked individuals (calculated by dividing the number of correctly
linked individuals by the total of correctly linked individuals plus “incorrectly not linked” individuals
[additional individuals linked only with direct match]). The SE of the probabilistic match was 98.8%
(766,998/776,037).

Table 1. Probabilistic Match and Direct Match Gold Standard in Mini-Sentinel Distributed Database
and SUPREME-DM Datalink Linkage Project

Probabilistic Match ' Gold Standard: Direct Mach Total
Linked (Yes) Not Linked (No)
Linked (Yes) 766,998 1 766,999

Correctly Linked Incorrectly Linked

(True Positive; TP) (False Positive; FP)

Not Linked (No) 9,039
Incorrectly Not Linked
(False Negative; FN)
Total 776,037

B. FINAL PROJECT POPULATION SIZE

This project focused on adults. There were 38,915 linked individuals who were < 20 years of age.
Therefore, limiting the individuals linked in the direct match to individuals aged 20 and older at the time
of cohort entry yielded the final project population size of 737,122. These 737,122 adults aged 20 and
older were included in validating the DM algorithms.

VIl. SPECIFIC AIM 2: DETERMINING THE SENSITIVITY (SE) AND POSITIVE
PREDICTIVE VALUE (PPV) OF DIAGNOSIS CODES AND MEDICATION CLAIMS
FOR DIABETES MELLITUS

A. GENERAL APPROACH

The SUPREME-DM Datalink is the gold standard for identifying patients with Any DM 261820223334
SUPREME-DM Datalink patients were identified from combinations of diagnoses, laboratory test results,
and in some situations, medication use criteria. The initial plan for this project was to use several criteria
sets, including two published algorithms,** to identify patients with Any DM as well as to identify
patients with TADM, T2DM, and DM of uncertain type (e.g., mixed TLDM and T2DM codes) in the MSDD.
We intended to determine the SE and PPV of sets of criteria (e.g., diagnosis codes only, combinations of
coded diagnoses and oral or non-insulin injectable antidiabetic medication dispensings, combinations of
coded diagnoses and only insulin dispensings) and the published algorithms and compare the case
definitions. For each tested criteria set/algorithm, the patients identified with DM in the MSDD were to

Mini-Sentinel Methods -10- Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink



N[ini-Sentinel’
B

be compared to the SUPREME-DM Datalink as the gold standard, particularly the new standard for
validated T1DM case definition.

While the planned approach was in general maintained, the workgroup (including FDA investigators)
identified several published DM algorithms™***%*>*° for Any DM and for TIDM and T2DM and
determined that it would be more efficient and informative to test more than two published algorithms
rather than develop new criteria sets. Details about each of the published algorithms the workgroup
considered are in Appendix A. From these published algorithms, we selected algorithms that were most
appropriate for testing in the MSDD population. For example, we required that the algorithm had been
applied to adults. We also considered recommendations from the Mini-Sentinel Methods: 15 Cohorts of
Interest for Surveillance Preparedness” workgroup, and gave preference to algorithms that had been
externally validated. This process yielded nine algorithms for testing. These included:

e Any DM Algorithms

0 SUPREME-DM Datalink as the gold standard Algorithm?**®*820:2%333

0 SUPREME-DM Datalink Algorithm without laboratory results criteria. The Gold Standard
Algorithm was revised to exclude laboratory results criteria to evaluate the impact of
laboratory criteria on case ascertainment

0 Solberg Primary Algorithm®

0 Solberg Secondary Algorithm (as modified by the Mini-Sentinel Methods: 15 Cohorts of
Interest for Surveillance Preparedness workgroup)

o Zgibor Algorithm?

e T1DM Algorithms

0 Klompas Primary Algorithm®
0 Klompas Optimized Algorithm (as modified by the Workgroup to align with the data
elements available in the MSDD)*

e T2DM Algorithms

0 electronic MEdical Records and GEnomics (eMERGE)® Primary Algorithm (without laboratory
test results)
0 eMERGE Secondary Algorithm® (with laboratory test results)

As discussed later in this report, neither of the TLDM or T2DM Algorithms we tested is a gold standard.
As a result, SE and PPV are not estimated for the TIDM and T2DM Algorithms we tested.

B. SE AND PPV OF PUBLISHED ALGORITHMS FOR PATIENTS WITH ANY DM IN THE MSDD
COMPARED TO THE SUPREME-DM DATALINK AS THE GOLD STANDARD

All of the Any DM algorithms include diagnosis and medication criteria (Table 2 and Appendix B). The
SUPREME-DM Datalink algorithm (the gold standard) and the Zgibor et al Any DM algorithm also include
laboratory test results. The modified SUPREME-DM DataLink Any DM algorithm does not include
laboratory test results, nor does the primary Solberg Any DM algorithm or the modified Solberg
secondary Any DM algorithm. Comparing the gold standard SUPREME-DM Datalink Algorithm with the
modified SUPREME-DM DatalLink Algorithm without laboratory test results at the participating sites with
laboratory results in the MSDD enabled us to estimate the impact on these algorithms of not having
laboratory test results available. As indicated in Table 2, prior to testing, some algorithms were updated
to include newer diagnosis codes (i.e., available only after the date the algorithm was published) and
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other minor modifications (e.g., to align with current rather than previous published DM guidelines) that
did not alter the intent of the approach used in the original algorithm.

Table 2. Any Diabetes Algorithms

. - Fr . - . Notes from 15
Algorithm Identifier Original Algorithm Tested/Modified Algorithm Cohorts WG>
1. Gold Standard: > 1 inpatient ICD-9 codes from among the Original algorithm N/A
“Any Diabetes” following: 250.XX, 357.2, 362.01-362.07, 366.41,

Algorithm: OR
SUPREME-DM
Datalink Two of the following (when the two events were
from the same source [e.g. two outpatient
SUPREME-DM™® diagnoses or two elevated laboratory values],
24,3334 they must occur on separate days no more than
730 days apart):
Diagnosis codes, 1) Outpatient ICD-9 codes from among the
medications, and labs following: 250.XX, 357.2, 362.01-362.07,
366.41
2) Prescription for an antidiabetic medication
(two dispensing of metformin or two
dispensings of thiazolidinediones with no
other indication of diabetes were not
included)
3) Alc>6.5%
4)  Fasting plasma glucose > 126 mg/dl
5) Random plasma glucose > 200mg/dI
Criteria ascertained during periods of pregnancy
were excluded to ensure gestational diabetes
was not inadvertently captured. The approach
for all of the DM algorithms for periods of
pregnancy will mirror that used for SUPREME-DM
2. SUPREME-DM > 1 inpatient ICD-9 codes from among the SUPREME-DM algorithm N/A
“Any Diabetes” following: 250.XX, 357.2, 362.01-362.07, 366.41, modified to remove the
Algorithm Without OR laboratory criteria (for the
Labs purposes of evaluating the
Two of the following: impact of laboratory criteria
Diagnosis codes and 1) Outpatient ICD-9 codes from among the on case ascertainment)
medications following: 250.XX, 357.2, 362.01-362.07,
366.41
Nichols et al*® _— - . I
2) Prescription for an antidiabetic medication
(two dispensing of metformin or two
dispensings of thiazolidinediones with no
other indication of diabetes were not
included)
Criteria ascertained during periods of pregnancy
were excluded to ensure gestational diabetes
was not inadvertently captured. The approach
for all of the DM algorithms will mirror that used
for SUPREME-DM
3. Primary “Any 1) >2 outpatient ICD-9 codes from among the “In a given calendar year” Workgroup
Diabetes” Algorithm following, in a given calendar year: 250.XX, was modified to “no more recommended
357.2,362.01, 362.02, 366.41, OR than 730 days apart” for the primary
Diagnosis codes and 2) >1inpatient ICD-9 codes from among the “any diabetes”
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Notes from 15

Diabetes” Algorithm

Diagnosis codes and
medications

Solberg1

following, in a given calendar year: 250.XX,
357.2,362.01, 362.02, 366.41, OR

2) >1emergency department/inpatient ICD-9
codes from among the following, in a given
calendar year: 250.XX, 357.2, 362.01,
362.02, 366.41, OR

3) > 1 prescription for an antidiabetic
medication (excluding single-agent
metformin) within + 365 days only if no ICD-
9 diagnosis of 251.8, 256.4, or 962.0 occurs
in the same calendar year or year prior

was modified to “no more
than 730 days apart”

The list of retinopathy codes
(362.01 and 362.02) in
Solberg was expanded to
include codes 362.01-362.07.
We believe that these
additional retinopathy codes
were added to the ICD-9-CM
after the Solberg algorithm
was developed

Algorithm Identifier Original Algorithm Tested/Modified Algorithm Cohorts WG>
medications following, in a given calendar year: 250.XX, The list of retinopathy codes algorithm
357.2,362.01, 362.02, 366.41, OR (362.01 and 362.02) in
Solberg1 3) > 1 prescription for an antidiabetic Solberg will be expanded to
medication (excluding single-agent include codes 362.01-362.07.
metformin) in a given calendar year We believe that these
additional retinopathy codes
were added to the ICD-9-CM
since the Solberg algorithm
was developed.
4. Secondary “Any 1) >2 outpatient ICD-9 codes from among the “In a given calendar year” Workgroup

modification to
Solberg et al; use
in parallel with
the primary
recommendation
to examine
alternate
definition if there
is concern that
the primary
might miss
persons
diagnosed with
diabetes in the
emergency
department

5. “Any Diabetes”
Algorithm

Diagnosis codes,
medications, and labs

Zgibor3

Two or more of the following:

1) ICD-9 code for 250.XX on an inpatient
claim

2) ICD-9 code for 250.XX on an outpatient
claim

3) ICD-9 code for 250.xx on an emergency
department claim

4)  Prescription for an antidiabetic
medication

5) Any Alc measurement, regardless of
value

6) Blood glucose > 200mg/dI

OR any single ICD-9 code for 250.XX on an
outpatient claim

The SUPREME-DM algorithm
applies random glucose > 200
mg/dl (as well as fasting
glucose > 126 mg/dl and Alc
> 6.5%) in keeping with the
2011 and 2015 ADA DM
diagnosis criteria.”* The
Zgibor criteria apply random
glucose > 200 mg/dl. We
modified the Zgibor
algorithm to apply random
glucose > 200 mg/dl. Because
Alcis now used for diagnosis
(which was not the case
when the Zgibor algorithm
was developed), changed the
“any Alc measurement,
regardless of value” criterion
to an Alc >6.5%.

Zgibor et al; use if
requisite
laboratory data
become widely
available within
the distributed
database

1. Gold Standard for Any DM: SUPREME-DM Datalink Algorithm

As shown in Figure 2, essentially 100% (99.98%; 736,985 of 737,122) of patients in the population in the
MSDD were linked to patients in the SUPREME-DM Datalink using the gold standard SUPREME-DM
Datalink diagnosis codes, medications, and laboratory test result algorithm criteria.
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Figure 2. SUPREME-DM Datalink Linkage to Mini-Sentinel Distributed Database Project Cohort for
SUPREME-DM Datalink Algorithm Gold Standard for Any Diabetes

Gold Standard Study Population:

Members of Kaiser Permanente (KP) Colorado, KP Northwest, KP Northern California,
Group Health, and HealthPartners who 1) had any enrollment between January 1,
2006 and June 30, 2014, 2) meet SUPREME-DM diabetes criteria, 3) were aged > 20 by
date diabetes criteria were first met (cohort entry date, t0), and 4) were included in
the Mini-Sentinel Distributed Database

Patients present in both the Mini- Patients present in the Mini-Sentinel
Sentinel Distributed Database and the Distributed Database but not present in
SUPREME-DM Datalink the SUPREME-DM DatalLink

(n =736,985; 99.98%) (n=137,0.02%)

Only 137 (0.02%) patients were present in the MSDD but not in the SUPREME-DM Datalink. It is likely
these represent data entry errors in the source databases (e.g., inconsistent health record numbers).

2. Modified Gold Standard for Any DM: SUPREME-DM Datalink Algorithm without
Laboratory Results Criteria

As shown in Figure 3, essentially 100% (99.98%; 702,051/702,186) of patients in the gold standard
population (in the MSDD) were linked to patients in the SUPREME-DM Datalink using the SUPREME-DM
Datalink Algorithm without laboratory test results (medications and diagnoses only).

Mini-Sentinel Methods -14 - Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink



N[ini-Sentinel’
B

Figure 3. Linkage to Mini-Sentinel Distributed Database Project Cohort for SUPREME-DM DatalLink Any
Diabetes Algorithm without Laboratory Results

SUPREME-DM Datalink Study Population without considering Laboratory Test Results:

Members of Kaiser Permanente (KP) Colorado, KP Northwest, KP Northern California,
Group Health, and HealthPartners who 1) had any enrollment between January 1,
2006 and June 30, 2014, 2) meet SUPREME-DM diabetes criteria without laboratory
test results, 3) were aged > 20 by date diabetes criteria were first met (cohort entry
date, t0), and 4) were included in the Mini-Sentinel Distributed Database

Patients present in both the Mini- Patients present in the Mini-Sentinel
Sentinel Distributed Database and the Distributed Database but not present
SUPREME-DM Datalink in the SUPREME-DM Datalink
(n=702,051; 99.98%) (n=135,0.02%)

Only 135 (0.02%) patients were present in the MSDD but not in the SUPREME-DM Datalink. As
previously noted, it is likely these 135 patients represent data entry errors in the source databases (e.g.,
inconsistent health record numbers).

3. Impact on Case Ascertainment of Including Laboratory Test Results Criteria in the
SUPREME-DM Datalink Gold Standard Algorithm

At the time this work was conducted, four of the five Mini-Sentinel Data Partner sites participating in
this project had laboratory test results data approved for use in the MSDD. Thus, for the site that did not
yet have laboratory test results data approved for use in the MSDD, the gold standard SUPREME-DM
Datalink Algorithm and the SUPREME-DM Datalink Algorithm without laboratory test results identified
the same number of patients.

The gold standard SUPREME-DM Datalink Algorithm (diagnoses, medications, and laboratory test
results) identified 737,122 individuals in the MSDD. The SUPREME-DM algorithm without laboratory test
results (diagnoses and medications only) identified 702,186 individuals, or approximately 5% fewer
individuals as having DM from the other four sites with laboratory test results.

Mini-Sentinel Methods -15- Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink



IV[ini-Sentinel’
B

4. Solberg Primary Any DM Algorithm

Case ascertainment with the primary Solberg algorithm for Any DM is detailed in Table 3.

Table 3. Case Ascertainment of the Solberg Primary Any DM Algorithm versus the SUPREME-DM
Datalink Algorithm Gold Standard

. Gold Standard (SUPREME-DM DataLink Algorithm) Total
Primary Solberg
Algorithm Applied to HEE Be
MSDD
Yes 687,394 (A) 4,034 (B) 691,428
No 49,728 (C)
Total 737,122

a. SE of the Solberg Primary Any DM Algorithm versus the SUPREME-DM Datalink Algorithm Gold
Standard across Sites Combined and by Individual Sites

The Solberg Primary Any DM Algorithm identified a total of 687,394/737,122 = 93.3% of the adults in the
SUPREME-DM DatalLink from the five sites as having Any DM. Across the five sites, the proportion
identified as having Any DM ranged from 91.6% - 98.0%.

We considered all individuals who met the SUPREME-DM Datalink Algorithm Gold Standard (n=
737,122) as being true positive Any DM cases. Those who met both the Primary Solberg Any DM
algorithm and the SUPREME-DM Datalink gold standard Algorithm (cell A) were considered the true
positives identified in the Primary Solberg Any DM algorithm. The SE is the proportion of all positives that
are true positives.

Discordant cell C (false negatives):

e 43,391/49,728 (87.3%) entered the gold standard by at least one lab criteria. The Solberg
primary Any DM Algorithm does not include lab criteria.

e 5801/49,728 (11.7%) entered the gold standard by a metformin dispensing plus an outpatient
diagnosis. The Solberg primary Any DM Algorithm excludes single-agent metformin.

b. SE of the Solberg Primary Any DM Algorithm versus the SUPREME-DM Datalink Algorithm Gold
Standard by Age Group

Age as of date of cohort entry:

20— 44 Years: 131,183/142,661 = 92.0%
45 — 64 Years: 372,507/399,740 = 93.2%
65— 74 Years: 121,068/128,030 = 94.6%
> 75 Years: 62,636/66,691 = 93.9%

c. SE of the Solberg Primary Any DM Algorithm versus SUPREME-DM Algorithm DataLink Gold
Standard by Gender

Female: 324,295/347,621 = 93.3%
Male: 363,060/389,454 = 93.2%
Ambiguous: 3/3 = 100%
Unknown: 36/44 = 81.8%
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d. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM Datalink Algorithm Gold
Standard across Sites Combined and by Individual Sites

The Solberg Primary Any DM Algorithm identified a total 687,394/691,428= 99.4% of the adults in the
SUPREME-DM Datalink as having any DM. Across the five sites, the proportion identified as having any
DM ranged from 99.1% - 99.5%.

Discordant cell B: 4,006/4,034 (99.2%) entered using the Solberg Primary Any DM Algorithm by a single
dispensing of an antidiabetic medication. In the gold standard, at least 2 dispensings of an antidiabetic

medication or a combination of a medication dispensing with either a lab or an outpatient diagnosis is

required.

e. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM DatalLink Algorithm Gold
Standard by Age Group

20— 44 Years: 131,183/132,482 = 99.0%
45 — 64 Years: 372,507/374,015 = 99.6%
65— 74 Years: 121,068/121,634 = 99.5%
> 75 Years: 62,636/63,297 = 99.0%

f. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM DatalLink Algorithm Gold
Standard by Gender

Female: 324,295/326,562 = 99.3%
Male: 363,060/364,827 = 99.5%
Ambiguous: 3/3 = 100%
Unknown: 36/36 = 100%

5. Interpretation of the SE and PPV of the Solberg Primary Any DM Algorithm versus the
SUPREME-DM Datalink Algorithm Gold Standard

The Solberg Primary Any DM Algorithm does not include laboratory results criteria and most patients
who are in the gold standard and not in the Solberg primary Any DM qualified by having met at least one
laboratory criterion. This finding helps confirm the importance of laboratory results values for
supplementing Any DM cohort identification.

Most patients who qualified for the Solberg Primary Any DM Algorithm and did not meet the gold
standard qualified through a single dispensing of an antidiabetic medication without meeting any other
criteria for DM. These individuals could have DM but had either only a short enrollment period or had
enrollment near the beginning or the end of the dataset timeframe (i.e., insufficient time to have a
second qualifying DM parameter), or might not have DM. Without any second criterion being met, there
is a lower degree of confidence that these individuals have DM. We recommend against a single
medication dispensing criterion being sufficient to qualify as having Any DM.

6. Solberg Secondary Any DM Algorithm (Solberg Modified to include Emergency
Department (ED) Visits in Diagnosis Criteria)

Case ascertainment with the Solberg Secondary Any DM Algorithm is shown in Table 4.
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Table 4. Case Ascertainment with the Solberg Secondary Any DM Algorithm Modified to Include
Emergency Department Visits versus the Gold Standard

Gold Standard (SUPREME-DM DataLink Algorithm) Total
Solberg Secondary Yes No
Algorithm Applied to
MSDD
Yes 689,726 (A) 13,669 (B) 703,395
No 47,396 (C)
Total 737,122

a. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM DatalLink Algorithm Gold
Standard across Sites Combined and by Individual Sites

The Solberg Secondary Any DM Algorithm identified a total of 689,726/737,122 = 93.6% of the adults in
the SUPREME-DM Datalink as having Any DM. Across the five sites, the proportion identified as having
Any DM ranged from 91.9% - 98.1%.

Discordant cell C:

e 41,314/47,396 (87.2%) entered the gold standard by meeting at least one lab criteria. The
Solberg Secondary Any DM Algorithm does not include lab criteria.

e 5,350/47,396 (11.2%) met the gold standard algorithm through a metformin fill + and one or
more outpatient diagnosis code(s). The Solberg Secondary Any DM Algorithm excludes single-
agent metformin.

b. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM Datalink Algorithm Gold
Standard by Age Group

20 —44 Years: 131,842/142,661 = 92.4%
45 - 64 Years: 373,801/399,740 = 93.5%
65— 74 Years: 121,289/128,030 = 94.7%
> 75 Years: 62,794/66,691 = 94.2%

c. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM Datalink Algorithm Gold
Standard by Gender

Female: 325,334/347,621 = 93.6%
Male: 364,353/389,454 = 93.6%
Ambiguous: 3/3 = 100%
Unknown: 36/44 = 81.8%

d. PPV of the Solberg Secondary Any DM Algorithm versus SUPREME-DM Datalink Algorithm Gold
Standard across Sites Combined and by Individual Sites

The Solberg Secondary Any DM Algorithm identified a total of 689,726/ 703,396 = 98.1% of the adults in
the SUPREME-DM Datalink as having Any DM. Across the five sites, the proportion identified as having
Any DM ranged from 96.7% - 98.4%.

Discordant cell B:
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e 9,843/13,669 (72.0%) qualified by having a diagnosis associated with an emergency department
(ED) visit only. ED visits are not criteria in the gold standard.

e 3,647/13,669 (26.7%) qualified by having one antidiabetic medication dispensing only. In the
gold standard, at least 2 dispensings of an antidiabetic medication or a combination of a
medication dispensing with either a lab or an outpatient diagnosis is required.

e. PPV of the Solberg Secondary Any DM Algorithm versus Gold Standard by Age Group

20— 44 Years: 131,842/135,815 = 97.1%
45 — 64 Years: 373,801/379,060 = 98.6%
65— 74 Years: 121,289/123,201 = 98.4%
> 75 Years: 62,794/65,319 = 96.1%

f. PPV of the Solberg Secondary Any DM Algorithm versus Gold Standard by Gender

Female: 325,334/332,940 = 97.7%
Male: 364,353/370,416 = 98.4%
Ambiguous: 3/3 = 100%
Unknown: 36/36 = 100%

7. Interpretation of the SE and PPV of the Solberg Secondary Any DM Algorithm versus the
Gold Standard

The Solberg Secondary Any DM Algorithm does not include glucose-related laboratory results criteria
and most patients who are in met the gold standard algorithm and did not meet the Solberg Secondary
Any DM Algorithm qualified by having met at least one laboratory criterion. This finding helps confirm
the importance of glucose-related laboratory results values for supplementing Any DM cohort
identification.

Nearly 3/4 of the patients who qualified in the Solberg Secondary Any DM Algorithm who did not meet
the gold standard algorithm qualified through a diagnosis made during an ED visit. Diagnosis during an
ED visit is not a criterion for inclusion through the gold standard. Approximately 1/4 of the patients who
qualified in the Solberg Secondary Any DM Algorithm and who did not meet the gold standard qualified
through a single dispensing of an antidiabetic medication without meeting any other criteria for
diabetes. In the gold standard, at least two dispensings of an antidiabetic medication are required or a
medication dispensing in combination with a laboratory result or an outpatient diagnosis is required.
Thus, these individuals who met the Solberg Secondary Any DM Algorithm criterion for a single
antidiabetic medication dispensing could have DM either and had either only a short enroliment period
or only had enrollment near the beginning or the end of the dataset timeframe (i.e., insufficient time to
have a second qualifying DM parameter), or might not have DM. Without any second criterion being
met, there is a lower degree of confidence that these individuals have DM. We recommend against a
single medication dispensing criterion being sufficient to qualify as having DM.

8. Comparison of the Solberg Primary and Secondary Any DM Algorithms

SE of the two Solberg algorithms was similar (93.4% and 93.6%) relative to the gold standard. The
Solberg Primary Any DM Algorithm had modestly better PPV than the Solberg Secondary Any DM
Algorithm (99.4% vs. 98.1%) compared to the gold standard. Patients could meet the Any DM criteria in
either of these Algorithms through a single dispensing of an antidiabetes medication. The SUPREME-DM
Datalink Algorithm gold standard requires either two antidiabetes medication dispensings or a
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medication dispensing in combination with a laboratory test result compatible with DM or a DM
diagnosis code. Patients could be considered as having met the Solberg Secondary Any DM Algorithm
criteria through a DM diagnosis code from an ED visit, whereas this was not a criterion in the Solberg
Primary Any DM Algorithm.

9. Zgibor Any DM Algorithm
Case Ascertainment with Zgibor Algorithm for Any DM is shown in Table 5.

Table 5. Case Ascertainment with the Zgibor Algorithm versus the Gold Standard

Zgibor Algorithm Gold Standard (SUPREME-DM DataLink Algorithm) Total
Applied to MSDD e o
Yes 703,332 (A) 3,895 (B) 707,227
No 33,790 (C)
Total 737,122

a. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM Datalink Algorithm Gold Standard
across Sites Combined and by Individual Sites

The Zigbor Any DM Algorithm identified a total of 703,332/737,122 = 95.4% of the adults in the
SUPREME-DM Datalink as having Any DM. Across the five sites, the proportion identified as having Any
DM ranged from 95.1% - 96.3%.

Discordant Cell C:

e 12,664/33,790 (37.5%) entered the gold standard by an inpatient diagnosis alone. The Zgibor
Any DM Algorithm requires either two inpatient diagnoses or an inpatient diagnosis combined
with a medication, outpatient diagnosis, ED diagnosis, or laboratory test.

e 12,525/33,790 (37.1%) entered the gold standard by at least one fasting glucose test. Fasting
glucose is not a criterion in the Zgibor Any DM Algorithm.

e 3,737/33,790 (11.1%) enter the gold standard by at least two (at least one of which is non-
metformin) medication dispensings. The Zgibor Any DM Algorithm requires at least one other
criterion (diagnosis, lab) be met.

e 3,372/33,790 (10.0%) enter the gold standard by two elevated HbA1c test results. The Zgibor
Any DM Algorithm requires at least one other criterion (diagnosis, medication, other laboratory
test) be met.

e 649/33,790 (1.9%) enter the gold standard by two random glucose tests. The Zgibor Any DM
Algorithm requires at least one other criterion (diagnosis, medication, other laboratory test) be
met.

b. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM DatalLink Algorithm Gold Standard by
Age Group

20— 44 Years: 136,865/142,661 = 95.9%
45 — 64 Years: 384,769/399,740 = 96.3%
65— 74 Years: 121,981/128,030 = 95.3%
> 75 Years: 59,717/66,691 = 89.5%
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c. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM Datalink Algorithm Gold Standard by
Gender

Female: 331,076/347,621 =95.2%
Male: 372,211/389,454 = 95.6%
Ambiguous: 3/3 = 100%
Unknown: 42/44 =95.5%

d. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM Datalink Algorithm Gold Standard
across Sites Combined and by Individual Sites

The Zgibor Any DM Algorithm identified a total of 703,332/707,227 = 99.4% of the adults in the
SUPREME-DM Datalink as having Any DM. Across the five sites, the proportion identified as having Any
DM ranged from 99.1% - 99.6%.

Discordant Cell B:

e 1,477/3,895 (37.9%) entered in the Zgibor Any DM Algorithm by a single outpatient diagnosis. In
the gold standard, either two outpatient diagnoses or an outpatient diagnosis in combination
with a qualifying laboratory result or a medication dispensing is required.

e 1451/3895 (37.3%) enter in the Zgibor Any DM Algorithm by the combination of an ED visit
diagnosis and an outpatient diagnosis. ED visits are not criteria in the gold standard.

e 403/3895 (10.3%) enter in the Zgibor Any DM Algorithm by a combination of an ED visit
diagnosis + an HbAlc test, random glucose test, or medication. ED visits are not criteria in the
gold standard.

e. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard
by Age Group

20— 44 Years: 136,865/137,968 = 99.2%
45 — 64 Years: 384,769/386,362 = 99.6%
65— 74 Years: 121,981/122,557 = 99.5%
> 75 Years: 59,717/60,340 = 99.0%

f. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DatalLink Algorithm Gold Standard
by Gender

Female: 331,076/333,113=99.4%
Male: 372,211/374,069 = 99.5%
Ambiguous: 3/3 = 100%
Unknown: 42/42 = 100%

10. Interpretation of the SE and PPV of the Zgibor Any DM Algorithm versus the SUPREME-
DM Datalink Algorithm Gold Standard

Among patients who are considered as having Any DM based on the gold standard, but who did not
meet criteria for Any DM using the Zgibor Any DM Algorithm, over 1/3 entered the SUPREME-DM
Datalink gold standard by an inpatient diagnosis alone. One inpatient diagnosis is not sufficient in the
Zgibor Any DM Algorithm. About another 1/3 of patients who are in the gold standard but did not meet
criteria using the Zgibor Any DM Algorithm entered the gold standard by fasting glucose tests. Fasting
glucose is not a criterion in the Zgibor Any DM Algorithm. Most of the other patients in the gold
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standard who did not meet criteria using the Zgibor Any DM Algorithm met gold standard criteria by
meeting the same criterion a second time on a different date, whereas the Zgibor Any DM Algorithm
required a separate criterion be met (does not include outpatient diagnosis) and these patients did not
meet a second criterion.

Qualifying for the gold standard Any DM algorithm based on an outpatient diagnosis requires either two
outpatient diagnoses or an outpatient diagnosis in combination with a qualifying laboratory result or a
medication dispensing. Over 1/3 of patients who were considered to have Any DM based on the Zgibor
Any DM Algorithm who did not meet the gold standard had a single outpatient diagnosis. Nearly one-
half of the other patients who qualified in the Zgibor Any DM Algorithm who did not meet the gold
standard algorithm qualified through the combination of an ED visit diagnosis with an outpatient
diagnosis with or without a laboratory test result or medication dispensing. ED visits are not criteria in
the SUPREME-DM Datalink Algorithm gold standard.

If the goal is to maximize SE, then the Zgibor approach to allow only one outpatient diagnosis to
qualify an individual as having Any DM could be considered. However, the workgroup does not
recommend this because it results in including more falsely positive patients: previous studies by
0’Connor et al and by Solberg and colleagues® demonstrated that using only one DM diagnostic code
identified many patients who did not have DM, providing an unacceptably low PPV.

11. Comparison of the Solberg Primary Any DM Algorithm, the Solberg Secondary Any DM
Algorithm, and the Zgibor Any DM Algorithm versus the Gold Standard

The SE of the Zgibor Any DM Algorithm was modestly better than that of either of the Solberg any DM
Algorithms (SE of the Zgibor Any DM Algorithm, 95.4% vs. 93.4% and 93.6%, respectively for the Solberg
Primary and Solberg Secondary Any DM Algorithms) in reference to the gold standard. The PPV of the
Zgibor Any DM Algorithm was similar to that of the Solberg Primary Any DM Algorithm and modestly
better than that of the Solberg Secondary Any DM Algorithm (PPV of the Zgibor Any DM Algorithm,
99.2% vs. 99.4% vs. 98.1%, respectively for the Solberg Primary and Secondary Any DM Algorithms)
compared to the gold standard. The differences in SE and PPV of these algorithms relative to the gold
standard were largely due to considering a single outpatient diagnosis as sufficient to qualify as having
any DM (the Zgibor Any DM Algorithm), including diagnoses during ED visits (the Solberg Primary Any
DM Algorithm and the Zgibor Any DM Algorithm), and including laboratory tests as criteria (Zgibor Any
DM Algorithm). Among these three Any DM Algorithms, the Zgibor Algorithm had both the best SE and
PPV.

C. COMPARISON OF PUBLISHED ALGORITHMS FOR PATIENTS WITH T1DM IN THE MSDD

Only the two Klompas® T1DM algorithms met the workgroup requirement that the algorithm must have
been tested in adults (Table 6). We tested both the Klompas Primary Algorithm and the Klompas
Optimized Algorithm. However, because neither of the Klompas algorithms had been externally
validated, neither was considered a gold standard. We therefore could only compare the number of
cases identified using the two Klompas algorithms to each other. The Klompas Optimized T1DM
Algorithm originally included C-peptide or DM autoantibodies (Table 6, Pathways 4 and 5), but these
laboratory test results are not available in the SUPREME-DM Datalink or the MSDD. The Klompas
Optimized T1DM Algorithm initially tested therefore only included Pathways 1 - 3.

We required individuals to meet the gold standard Any DM Definition (the SUPREME-DM DataLink
definition) before applying either TLDM algorithm. We did this because the TIDM algorithms were not
designed to identify individuals with Any DM, but rather to determine who has T1DM in a population
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Klompas et al in deriving the T1DM algorithms.*

Table 6. Algorithms for Type 1 Diabetes Mellitus
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Algorithm Identifier

Original Algorithm

Tested/Modified Algorithm

Notes from 15 Cohorts
WG’

1. Primary Type 1
Diabetes Algorithm

Diagnosis codes and
medications

KIompas4

1) aratio of type | (ICD-9 250.X1 or
250.X3) to type Il (ICD-9 250.X0 or
250.X2) codes >0.5], AND

2) no prescription for a non-insulin
antidiabetic drug (excluding
metformin)]

Restating #2 for clarity: A prescription

for insulin or metformin is allowed, but a

prescription for any other antidiabetes

medication results in exclusion

Original algorithm

Workgroup
recommendation for the
primary Type 1 Diabetes
algorithm.

2. Optimized Type 1
Diabetes Algorithm

Diagnosis codes and
medications

Klompas Optimized 4

Pathway 1:

1) aratio of type I (ICD-9 250.X1 or
250.X3) to type Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND

2)  no prescription for a non-insulin
antidiabetic drug (excluding
metformin)]

Restating #2 for clarity: A prescription for

insulin or metformin is allowed, but a

prescription for any other antidiabetes

medication results in exclusion

OR Pathway 2:

1) aratio of type | (ICD-9 250.X1 or
250.X3) to type Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND

2) aprescription for glucagon

OR Pathway 3:
Prescription for urine acetone test strips

OR Pathway 4:
C-peptide negative

OR Pathway 5:
diabetes autoantibodies positive

Pathway 1 (no change):
1) aratio of type I (ICD-9
250.X1 or 250.X3) to type
Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND
2) no prescription for a non-
insulin antidiabetic drug
(excluding metformin)]
Restating #2 for clarity: A
prescription for insulin or
metformin is allowed, but a
prescription for any other
antidiabetes medication
results in exclusion

OR Pathway 2 (no change):

1) aratio of type | (ICD-9
250.X1 or 250.X3) to type
Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND

2)  aprescription for
glucagon

OR Pathway 3: Prescription for
urine acetone test strips

(No change as initially tested.
Workgroup does not
recommend its use as a
criterion; see text below)

Pathways 4 and 5: Removed
because C-peptide and
diabetes autoantibodies are
not available

Klompas et all’s optimized
algorithm; use if requisite
laboratory data become
widely available within
the distributed database,
if not, drop the definition
components requiring C-
peptide and diabetes
autoantibodies, as PPV
and SE are still high for
such a definition
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1. Klompas Primary T1IDM Algorithm

The number of patients identified with TIDM using the Klompas Primary T1DM algorithm is shown in
Table 7.

Table 7. Patients Identified with TLDM in the MSDD Based on the Klompas Primary TIDM Algorithm

Klompas Primary Patients in the MSDD Previou§ly Identified using tl}e Gold Total
T1DM Algorithm Standard SUPREME-DM DatalLink Algorithm as having Any
Applied to MSDD Diabetes
Yes No
Yes 24,850 (A) 1,780 (B)
No 712,272 (C)
Total 737,122

a. Numbers and Proportions of Patients in MSDD Identified as Having TLDM by the Klompas Primary
Algorithm across Sites Combined and by Individual Sites

The Klompas Primary Algorithm identified a total of 24,850 (3.4%) of the adults with Any DM in the
MSDD from these five sites as having TLDM. Across the five sites, the proportion identified as having
T1DM ranged from 2.2% - 6.8%.

The 1,780 individuals in shaded cell B in Table 7 did not meet the gold standard Any DM Definition (the
SUPREME-DM Datalink Algorithm), even though they were identified by the Klompas Primary Algorithm.
Most (1,418 or 79.7%) of these 1,780 cases had just a single TIDM diagnosis which may or may not have
been an outpatient diagnosis. The remaining 362 (20%) cases entered with two or more diagnoses that
were either not outpatient diagnoses or did not fall on different days within two years (as required by
the SUPREME-DM Datalink Algorithm).

b. Numbers and Proportions of Patients in MSDD Identified as Having TLDM by the Klompas Primary
Algorithm by Age Group

20 —44 Years: 15,192/142,661 = 10.6%
45 — 64 Years: 8,076/399,740 = 2.0%
65— 74 Years: 1,061/128,030 = 0.8%

> 75 Years: 521/66,691 = 0.8%

The denominator for each age group is the number of individuals with Any DM in that age group.

c. Numbers and Proportions of Patients in MSDD Identified as Having TLDM by the Klompas Primary
Algorithm by Gender

Female: 11,536/347,621 = 3.3%
Male: 13,314/389,454 = 3.4%
Ambiguous: 0/3 = 0%
Unknown: 0/44 = 0%

The denominator for each gender is the number of individuals with Any DM with that gender.
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2. Klompas Optimized T1DM Algorithm

The number of patients identified with TIDM using the Klompas Optimized Algorithm is in Table 8.
Table 8. Patients Identified with TLDM in the MSDD Based on the Klompas Optimized Algorithm

Klompas Optimized Patients in the MSDD Previou§ly Identified using tlfe Gold Total
Algorithm Applied to Standard SUPREME-DM Datalink Algorithm as having Any
MSDD Diabetes
Yes No
Yes 26,418 (A) 2,189 (B)
No 710,704 (C)
Total 737,122

a. Numbers and Proportions of Patients in MSDD Identified as Having TIDM by the Klompas
Optimized Algorithm across Sites Combined and by Individual Sites

The Klompas Optimized T1IDM Algorithm (Pathways 1 — 3) identified 26,418 (3.6%) of the adults with
Any DM in the MSDD at these five sites as having TIDM. Across the five sites, the proportion identified
as having TIDM ranged from 2.4% - 7.4%.

The 2,189 individuals in shaded cell B in Table 8 did not meet the gold standard Any DM Definition (the
SUPREME-DM Datalink Algorithm), even though they were identified by the Klompas Optimized
Algorithm. Most (1,780; 81.3%) of these 2,189 cases are the same cases as previously discussed for the
Klompas Primary Algorithm. The remaining 409 (18.7%) cases met the Klompas Optimized Algorithm
criteria by having a prescription for urine acetone test strips. Because neither the SUPREME-DM
Datalink nor the MSDD has C-peptide or diabetes autoantibody laboratory test results, no cases could
enter through those pathways (Pathways 4 and 5) when this algorithm was initially tested.

b. Numbers and Proportions of Patients in MSDD Identified as Having TLDM by the Klompas
Optimized Algorithm by Age Group

20 —44 Years: 15,926/142,661 = 11.2%
45 — 64 Years: 8,745/399,740 = 2.2%
65— 74 Years: 1,189/128,030 = 0.9%

> 75 Years: 558/66,691 = 0.8%

The denominator for each age group is the number of individuals with Any DM in that age group.

A higher proportion of people with TLIDM were identified in younger age groups. It was expected that
T1DM prevalence would be higher in the young.

c. Numbers and Proportions of Patients in MSDD Identified as Having TIDM by the Klompas
Optimized Algorithm by Gender

Female: 12,469/347,621 = 3.6%
Male: 13,949/389,454 = 3.6%
Ambiguous: 0/3 = 0%
Unknown: 0/44 = 0%

The denominator for each gender is the number of individuals with Any DM with that gender.
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3. Comparison of Klompas Primary TIDM and Klompas Optimized T1DM Algorithm with
Neither Considered a Gold Standard

In Table 9 the two Klompas T1DM Algorithms are compared. The T1IDM cases identified using the
Klompas Primary Algorithm is a subset of the cases identified using the Klompas Optimized Algorithm
(Pathways 1 — 3). That is, all TIDM cases identified by the Klompas Primary Algorithm are also identified
by the Klompas Optimized Algorithm and the Klompas Optimized Algorithm identified additional cases
with TIDM.

Table 9. Comparisons of the Klompas Primary T1DM Algorithm and the Klompas Optimized TIDM
Algorithm with Neither Considered a Gold Standard

. Klompas Optimized T1IDM Algorithm Total
Klompas Primary
T1DM Algorithm UEE A
Yes 24,850 (A) 0 (B) 24,850
No 1,568 (C) 710,704 (D) 712,272
Total 26,418 710,704 737,122

The Klompas Optimized Algorithm identified 1,568 (6.7%; range across sites 2.1% —9.8%) more cases as
T1DM than the Klompas Primary Algorithm. These additional cases identified by the Klompas Optimized
Algorithm were due to the following Pathways:

e 309 (19.7%) entered by Pathway 2 only (diagnosis + glucagon)
e 1,086 (69.3%) entered by Pathway 3 only (urine acetone test strips)
e 173 (11.0%) entered by Pathways 2 and 3 (diagnosis + glucagon + urine acetone test strips)

There were some differences by age in the additional percentage of cases with TLDM identified by the
Klompas Optimized Algorithm compared to the Klompas Primary Algorithm:

20— 44 Years: 734 additional cases = 4.8% (734/15,192)
45 — 64 Years: 669 additional cases = 8.3 % (669/8,076)
65 — 74 Years: 128 additional cases = 12.1% (128/1,061)
> 75 Years: 37 additional cases = 7.1% (37/521)

The denominator for each age group is the number of TIDM cases in that age group identified by the
Klompas Optimized Algorithm.

The Klompas Optimized Algorithm identified 8.1% (n = 933) more females and 4.8% (n=635) more males
with TIDM than the Klompas Primary Algorithm.

4. Interpretation of Case ldentification using the Klompas Primary and Optimized TIDM
Algorithms

The version of the Klompas Optimized Algorithm we tested is somewhat preferred over the Klompas
Primary Algorithm for identifying patients with TIDM in the MSDD. However, in the tested Klompas
Optimized Algorithm, 1,086 patients were classified as TIDM on the basis of Pathway 3, a urine acetone
test strip dispensing alone. Because we do not consider a urine acetone test strip dispensing by itself is a
sufficiently robust criterion to consider an individual as having T1DM, at this time the workgroup cannot
recommend including Pathway 3 in the TIDM algorithm (considering urine acetone test strip dispensing
alone as a criterion for classifying as TLDM alone would first need to be validated through chart review).
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Omitting the individuals identified as having TIDM through Pathway 3 only, the individuals from these
five sites in the MSDD identified as having TIDM decreases from 26,418 (3.6%) to 25,332 (3.4%). Also,
because laboratory test results for C-peptide and diabetes autoantibodies are not available in the
MSDD, in the Klompas Optimized Algorithm initially tested, we did not include Pathways 4 and 5 (C-
peptide and diabetes autoantibodies laboratory test results). We recommend that only the Klompas
Optimized Algorithm Pathways 1 and 2 be included as T1DM criteria if applying the Klompas Optimized
Algorithm to the MSDD.

Approximately 5% of the adult American population with diagnosed diabetes is believed to have
T1DM.** The prevalence of TIDM in American youth is fairly well defined using data from the SEARCH
for Diabetes in Youth study.****** However, similar data does not exist for adults. The National Health
And Nutrition Examination Survey (NHANES) collects information such as age of diabetes diagnosis,
current insulin use, and age of insulin initiation, but not on diabetes type.’ Researchers have thus used
the following (or similar) definitions when attempting to identify TIDM using NHANES data: 1) started
insulin with 1 year of diabetes diagnosis, and 2) currently using insulin, and 3) diagnosed with diabetes
under age 30 or 40. Using these definitions, the proportion of individuals with TIDM diabetes (both
youth and adults) based on NHANES 1999-2010 data is 4.6% (age 30 cut point) to 4.8% (age 40 cut
point). However, this definition clearly misses individuals in whom T1DM develops after age 40. In
addition, the SE for the optimized T1DM algorithm in the Klompas article was 65% in their validation
data set.? There is thus considerable uncertainty in TLDM case identification using the Klompas
algorithms, but it is most likely that the 3.4% of the MSDD population we identified with TIDM using the
Klompas Optimized Algorithm Pathways 1 and 2 is an under-ascertainment of cases.

D. CASE ASCERTAINMENT USING PUBLISHED ALGORITHMS FOR PATIENTS WITH T2DM IN
THE MSDD

We tested the two eMERGE “case” T2DM algorithms.® The eMERGE Primary T2DM Algorithm includes
diagnosis codes and medications (Table 10). The eMERGE Secondary T2DM Algorithm includes diagnosis
codes, medications, and laboratory test results (Table 10). Comparing the eMERGE Primary and
Secondary Algorithms at the sites with laboratory results in the MSDD allowed us to estimate the impact
of unavailable laboratory results data on these algorithms.

Although the two eMERGE T2DM algorithms begin with the entire universe of individuals as the starting
point (i.e., not limited to individuals with Any DM), we required individuals to have met the gold
standard Any DM Definition before applying the T2DM algorithms (i.e., we started with the individuals in
the MSDD identified as having Any DM). In this way the workgroup approach differed from the
methodology used by the eMERGE team.

The workgroup could not confirm that the eMERGE Primary and Secondary Algorithms had been
externally validated. Neither eMERGE T2DM Algorithm was considered a gold standard.
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Algorithm Identifier | Original Algorithm Tested/Modified Notes from 15
Algorithm Cohorts WG>
8. Primary Type 2 Pathway 1 Only Pathways 1 Workgroup had
Diabetes Algorithm 1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3), and 2. no
regardless of source, AND recommendation
Diagnosis codesand | 2) > 1 type 2 diabetes ICD-9 codes (250.x0, 250.x2; We are not able to for T2DM
medications excluding 250.10, 250.12), regardless of source, AND define Pathway 5 algorithm
3) Any type 2 diabetes medication, AND using MSCDM (due
eMERGE “case”® 4)  Any type 1 diabetes medication (insulin, pramlintide), to the “AND > 2
algorithm without AND Type 2 diabetes
labs 5) Date of type 2 diabetes medication < date of type 1 diagnosis by
diabetes medication physician,” because
it cannot be
OR Pathway 2 confirmed that the
1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3), diabetes diagnosis
regardless of source, AND was assigned by a
2) >1type 2 diabetes ICD-9 codes (250.x0, 250.x2; physician, so that
excluding 250.10, 250.12), regardless of source, AND pathway was not
3) Any type 2 diabetes medication, (in this case, we are included
allowing metformin due to “AND” criterion) AND
4) No type 1 diabetes medication (insulin, pramlintide)
OR Pathway 5
1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3),
regardless of source, AND
2) > 1type 2 diabetes ICD-9 codes (250.x0, 250.x2;
excluding 250.10, 250.12), regardless of source, AND
3) Any type 1 diabetes medication (insulin, pramlintide),
AND
4) No type 2 diabetes medication, AND
5) >2 Type 2 diabetes diagnosis by physician
9. Secondary Type 2 | Pathway 1 Pathways 1 through | Workgroup had
Diabetes Algorithm 1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3), 4, no
regardless of source, AND recommendation
Diagnosis codes, 2) > 1type 2 diabetes ICD-9 codes (250.x0, 250.x2; The SUPREME-DM for T2DM
medications, and excluding 250.10, 250.12), regardless of source, AND Datalink algorithm algorithm

labs

eMERGE “case”®
algorithm with labs

3) Any type 2 diabetes medication (including metformin),
AND

4)  Any type 1 diabetes medication (insulin, pramlintide),
AND

5) Date of type 2 diabetes medication < date of type 1
diabetes medication

OR Pathway 2

1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3),
regardless of source, AND

2) >1type 2 diabetes ICD-9 codes (250.x0, 250.x2;
excluding 250.10, 250.12), regardless of source, AND

3) Any type 2 diabetes medication (including metformin),
AND

4) No type 1 diabetes medication (insulin, pramlintide)

OR Pathway 3
1) No type 1 diabetes ICD-9 codes (250.x1, 250.x3),

applies fasting
glucose > 126 mg/dI
and a random
glucose > 200 mg/dl
in keeping with the
2011 and 2015 ADA
DM diagnosis
criteria. The
eMERGE criteria
apply fasting
glucose > 125 mg/dI
and a random
glucose > 200
mg/dl. We modified
the eMERGE
algorithm Pathways
3 and 4 to apply
fasting glucose >
126 mg/dl and
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1)
2)

3)
4)

OR Pathway 4

No type 1 diabetes ICD-9 codes (250.x1, 250.x3),
regardless of source, AND

No type 2 diabetes ICD-9 codes (250.x0, 250.x2;
excluding 250.10, 250.12), regardless or source, AND
Any type 2 diabetes medication (metformin), AND
Random plasma glucose > 200 mg/dL OR Fasting
plasma glucose > 125 mg/dL OR HgAlc > 6.5%

OR Pathway 5 (See Primary Type 2 Diabetes Algorithm and
next column)

Algorithm Identifier | Original Algorithm Tested/Modified Notes from 15
Algorithm Cohorts WG>
regardless of source, AND random glucose >
2) >1type 2 diabetes ICD-9 codes (250.x0, 250.x2; 200 mg/dl.
excluding 250.10, 250.12), regardless of source, AND
3) Not 1 diabet dication (insuli lintid We are not able to
) A’c\)lDype iabetes medication (insulin, pramlintide), define Pathway 5
. o . . using MSCDM (due
4) Z'c\;l;ype 2 diabetes medication (including metformin), to the “AND > 2
Type 2 diabet
5) Random plasma glucose > 200 mg/dL OR Fasting d?/apgenosi;ab; es
0,
plasma glucose > 125 mg/dL OR HgAlc > 6.5% physician,” because
it cannot be

confirmed that the
diabetes diagnosis
was assigned by a
physician, so that
pathway was not
included

1. eMERGE Primary T2DM Algorithm

The number of patients identified with T2DM using the eMERGE Primary Algorithm is shown in Table 11.

Table 11. Patients Identified with T2DM in the MSDD Based on the eMERGE Primary Algorithm

eMERGE Primary T2DM
Algorithm Applied to

Patients in the MSDD Previously Identified using the Gold
Standard SUPREME-DM Datalink Algorithm as having Any

Total

MSDD Diabetes
Yes No
Yes 432,912 (A) 1,359 (B)
No 304,210 (C)
Total 737,122

a. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Primary
Algorithm across Sites Combined and by Individual Site

The eMERGE Primary Algorithm identified 432,912 (58.7%) of the adults in the MSDD from the five
participating sites as having T2DM. Across the five sites, the proportion identified with T2DM ranged

from 49.6%-61.5%.

If we had not limited our observations to individuals in the MSDD first identified with Any DM using the
gold standard SUPREME-DM Datalink criteria, 1,359 additional individuals (cell B) in the MSDD would
have met T2DM criteria using the eMERGE Primary Algorithm. Nearly all (1,354; 99.6%) of these
additional cases would have qualified through Pathway 2. The remaining 5 (0.4%) cases qualified
through Pathway 1. Criteria would have been met because the eMERGE Primary T2DM Algorithm
includes visits other than, or in addition to, outpatient or inpatient visits, only requires one diagnosis
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regardless of source, and the diagnosis and dispensing were not required to be within 730 days of each
other (required in the gold standard).

b. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Primary
Algorithm by Age Group

20— 44 Years: 86,410/142,661 = 60.6%
45 - 64 Years: 251,910/399,740 = 63.0
65— 74 Years: 68,455/128,030 = 53.5%
> 75 Years: 26,137/66,691 = 39.2%

The denominator for each age group is the number of individuals with Any DM in that age group.
¢. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by eMERGE Primary
Algorithm by Gender

Female: 200,434/347,621 =57.7%
Male: 232,448/389,454 = 59.7%
Ambiguous: 2/3 = 66.7%
Unknown: 28/44 = 63.6%

The denominator for each gender is the number of individuals with Any DM with that gender.
2. eMERGE Secondary T2DM Algorithm

The number of patients identified with T2DM from the eMERGE Secondary Algorithm is shown in Table
12.

Table 12. Patients Identified with T2DM in the MSDD Based on the eMERGE Secondary Algorithm

eMERGE Secondary T2DM Patients in the MSDD f’reviously It.ientified !Jsing the Total
Algorithm Applied to MSDD Gold Standard Algorithm as having Any Diabetes
Yes No
Yes 521,450 (A) 4,293 (B)
No 215,672 (C)
Total 737,122

a. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE
Secondary Algorithm across Sites Combined and by Individual Site

The eMERGE Secondary Algorithm identified 521,450 (70.7%) of the adults in the MSDD from these five
participating sites as having T2DM. Across the five sites, the proportion identified as having T2DM
ranged from 49.6%-76.1%.

If we had not limited identification to individuals in the MSDD first identified with Any DM using the gold
standard SUPREME-DM Datalink criteria, an additional 4,293 individuals (cell B) in the MSDD would
have been included when applying the eMERGE Secondary Algorithm. These include the 1,359
individuals identified using the eMERGE Primary Algorithm (based on the same criteria as in the eMERGE
Primary Algorithm), as well as 2,934 additional cases. Among the additional 2,934 cases, 2,698 entered
through Pathway 3 and 236 entered through Pathway 4. The reasons for meeting the eMERGE
Secondary Algorithm criteria and not the gold standard criteria again include that visits other than
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outpatient or inpatient visits are considered for diagnosis for the eMERGE Secondary Algorithm. Also,

diagnosis, dispensing, and/or laboratory criteria are not required to occur within 730 days of each other

(which is required in the gold standard), and only one diagnosis was required regardless of source.

b. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE
Secondary Algorithm by Age Group

20 — 44 Years: 96,631/142,661 = 67.7%
45 — 64 Years: 294,998/399,740 = 73.8%
65 — 74 Years: 89,794/128,030 = 70.1%
> 75 Years: 40,027/66,691 = 60.0%

The denominator for each age group is the number of individuals with Any DM in that age group.

c. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE
Secondary Algorithm by Gender

Female: 243,025/347,621 = 69.9%
Male: 278,387/389,454 = 71.5%
Ambiguous: 3/3 = 100%
Unknown: 35/44 = 79.5%

The denominator for each gender is the number of individuals with Any DM with that gender.

3. Comparison of the eMERGE Primary T2DM Algorithm and the eMERGE Secondary T2DM
Algorithm with Neither Considered a Gold Standard

The two eMERGE T2DM algorithms are compared in Table 13. The eMERGE Primary Algorithm is a
subset of the eMERGE Secondary Algorithm. That is, all T2DM cases identified by the eMERGE Primary
Algorithm are also identified by the eMERGE Secondary Algorithm and the eMERGE Secondary
Algorithm identifies additional cases as T2DM.

Table 13. Comparisons of T2DM eMERGE Primary Algorithm (without Laboratory Test Results) and
eMERGE Secondary Algorithm (with Laboratory Test Results) with Neither Considered a Gold Standard

eMERGE Primary eMERGE Secondary Algorithm Total
Algorithm e AL
Yes 432,912 (A) 0 (B) 432,912
No 88,538 (C) 215,672 (D) 304,210
Total 521,450 215,672 737,122

The eMERGE Secondary Algorithm identified 88,538 (20.5%; range across sites 0% [the site without
laboratory results data] to 25.1%) more cases as T2DM than the eMERGE Primary Algorithm. These
additional cases identified by the eMERGE Secondary Algorithm were due to the following:

o 84,866 (95.9% of 88,538) entered by T2DM diagnosis and random or fasting glucose or HbAlc
(Pathway 3)

e 3,672 (4.1% of 88,538) entered by T2DM diagnosis, T2DM medication, and random or fasting
glucose or HbA1lc (Pathway 4)
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There were differences by age in the additional cases with T2DM identified by the eMERGE Secondary
Algorithm:

20—44 Years: 10,221 additional cases = 11.8% (10,221/86,410)
45 — 64 Years: 43,088 additional cases = 17.1% (43,088/251,910)
65— 74 Years: 21,339 additional cases = 31.2% (21,339/68,455)
> 75 Years: 13,890 additional cases = 53.1% (13,890/26,137)

The denominator for each age group is the number of individuals with T2DM identified by the eMERGE
Secondary Algorithm in that age group. The eMERGE Secondary Algorithm identified an important
number and proportion of additional cases among individuals ages 65 years and older.

The eMERGE Secondary Algorithm identified 21.2% (n = 42,591) more females and 19.8% (n=45,939)
more males with T2DM than the eMERGE Primary Algorithm.

4. Interpretation of Case Identification using the T2DM eMERGE Primary and Secondary
Algorithms

The eMERGE Secondary Algorithm is somewhat preferred over the eMERGE Primary Algorithm for
identifying patients T2DM in the MSDD. If an eMERGE T2DM algorithm is to be employed, the eMERGE
Secondary Algorithm, including Pathways 1 through 4 should be used (modified to be consistent with
the 2011 and 2015 ADA DM diagnosis criteria of fasting glucose > 126 mg/dl and random glucose > 200
mg/dl).

In the MSDD population, employing the eMERGE Secondary Algorithm identified 70.7% of adults as
having T2DM, compared to 58.7% of adults identified with T2DM employing the eMERGE Primary
Algorithm. However, the proportion of cases in the MSDD identified with T2DM varied widely across the
participating sites (49.6%-76.1%), and was lower than expected at all sites.

The vast majority of additional cases identified using the eMERGE Secondary Algorithm were from
combining T2DM diagnosis codes with a random or fasting glucose or HbAlc. That is, most of the
additional cases identified using the eMERGE Secondary Algorithm are T2DM cases from Data Partner
sites that have laboratory results data in the MSDD. The eMERGE Primary and eMERGE Secondary
Algorithms identified a similar number of cases from the participating Data Partner site that does not
have laboratory results data. Under-ascertainment of T2DM will occur at Data Partner sites without
laboratory results data in the MSDD. Use of glucose-related laboratory test result values criteria
increases the number of Any DM cases and the number of T2DM cases identified.

Importantly, compared to the eMERGE Primary Algorithm, the eMERGE Secondary Algorithm identified
a substantial number of additional T2DM cases among individuals’ aged 65 years and older (ages 65 —
74: eMERGE Primary Algorithm = 68,455 of 128,030 [53.5%] versus eMERGE Secondary Algorithm =
89,794 of 128,030 [70.1%]; ages > 75: eMERGE Primary Algorithm = 26,137 of 66,691 [39.2%)] versus
eMERGE Secondary Algorithm = 40,027 of 66,691 [60.0%]).

E. PATIENTS WITH ANY DM WHO HAVE DM OF UNCERTAIN TYPE AFTER APPLYING T1DM
AND T2DM ALGORITHMS

Fully 25.7% (189,593 of 737,122; range across the five sites: 21.5% to 43.1%) of individuals within the
MSDD identified from the participating sites as having Any DM did not meet either the criteria to be

classified as having TIDM based on the Klompas Optimized TIDM Algorithm or as having T2DM based
on the eMERGE Secondary T2DM Algorithm definitions. Examining these individuals informs why they
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do not meet either TADM or T2DM criteria, potentially aiding in refining the algorithms for use within
the MSDD.

1. Why Individuals Did Not Meet eMERGE T2DM Algorithm Criteria

Exploring why individuals did not meet criteria in the eMERGE T2DM Secondary Algorithm reveals that
many of those individuals only partially met criteria in Pathways 1 - 4. For example:

e Pathway 1: 61,949 of 189,593 (32.7%) met the two diagnosis criteria (no TLDM ICD-9 codes and
> 1 T2MD ICD-9 codes), but did not meet the medication and date order criteria (any T2DM
medication and any TIDM medication and date of T2DM medication < date of TIDM
medication)

e Pathway 1: 31,866 (16.8%) met both diagnosis and medication criteria, but the date order
criterion was not met

e Pathway 2: 27,802 (14.7%) met the T2DM diagnosis criteria (> 1 T2DM diagnosis) and T2DM
medication criterion (any T2DM medication), but also had some T1DM diagnosis codes and
medications (exclusions in Pathway 2)

e Pathway 3: 61,949 (32.7%) met the first four criteria (no TLDM diagnosis, > 1 T2DM diagnosis,
no T1DM or T2DM medications) but did not meet the laboratory criteria (random plasma
glucose > 200 mg/dL, fasting plasma glucose > 126 mg/dl, or HgAlc > 6.5%)

e Pathway 4: 68,272 (36.0%) had T2DM codes (exclusion in Pathway 4), no type 2 medications,
and no qualifying laboratory result values

The eMERGE algorithm does not include the option of being defined as having T2DM using only > 2
T2DM diagnosis codes AND no T1DM diagnosis codes (with or without medications and with or without
laboratory results available). We therefore evaluated what proportion of the 189,593 patients would
have been considered as meeting T2DM criteria based on > 2 T2DM diagnosis codes AND no T1DM
diagnosis codes. Fully 48.7% of the individuals who did not meet eMERGE T2DM Algorithm criteria
would have met criteria for having T2DM based on these diagnosis codes criteria. Importantly, the range
across sites was from 42.1% to 63.2% of the uncertain DM patients who would be reclassified into the
T2DM group. The highest proportion reclassified was at the site that did not have laboratory results
available in the MSDD.

It is likely that the majority of individuals who did not meet criteria required in the eMERGE T2DM
Secondary Algorithm Pathways (or the T1DM algorithm) actually have T2DM, but a) were treated with
an oral medication and insulin started at the same time, b) had predominantly T2DM diagnosis codes,
but also had one or more T1DM diagnosis codes, c) were not treated with an antidiabetic medication
(whether not prescribed or never dispensed), or d) had other diabetes medication use patterns such as
profound non-adherence. Exploration of these important subgroups of patients (particularly those
patients who do not meet the 2 T2DM diagnosis codes AND no T1DM diagnosis codes modification to
the criteria for T2DM) will be important to determine whether they do appear to have T2DM, if they
have T1DM, if they have a condition such as latent autoimmune diabetes of adults (LADA; often
supported by low C-peptide and diabetes autoantibodies rather than insulin resistance), or if they have
other uncommon types of DM that are not well-coded using diabetes diagnosis codes (e.g.,
monogenetic defects in beta-cell function such as maturity-onset diabetes of the young or MODY, drug-
induced diabetes such as due to glucocorticoids, or diseases affecting the pancreas such as cystic
fibrosis).*
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Comparing the proportion of individuals identified using the eMERGE Primary (no labs) and Secondary
(with labs) Algorithms between sites with and without laboratory results in the MSDD helps inform us
about patients who likely have T2DM that are not identified when laboratory results for glucose or
HbAlc tests are not available in the MSDD. As expected, the participating site that does not have
laboratory test results in the MSDD identified 49.6% of its patients with Any DM in the MSDD as having
T2DM using both the eMERGE Primary and Secondary T2DM Algorithms (Table 14). In contrast, the four
participating sites with laboratory test results in the MSDD identified 53.3% to 61.5% of their patients
with Any DM in the MSDD as having T2DM using the eMERGE Primary Algorithm (without labs) and
increased their proportion of cases identified using the eMERGE Secondary T2DM Algorithm (with labs)
by 8.2% to 14.8% (Table 14).

Table 14. Comparison of Proportions of Individuals Identified with T2DM using the eMERGE Primary
Algorithm (does not include laboratory test results) versus the eMERGE Secondary Algorithm (includes
laboratory test results)

Site Laboratory eMERGE Primary eMERGE Secondary Additional Proportion of
Results Data in Algorithm (no Algorithm (with Patients Identified with T2DM
MSDD? Labs) (%) Labs)(%) Using Algorithm with Labs (%)
1 Yes 53.3 61.5 8.2
2 No 49.6 49.6 0
3 Yes 59.0 73.8 14.8
4 Yes 61.5 76.1 14.6
5 Yes 59.6 73.3 13.7

This demonstrates that applying T2DM algorithms at sites without laboratory results values in the
MSDD will miss an important minority of T2DM cases at those sites because a proportion of T2DM
cases do not have the coded diagnosis and/or medication dispensings for T2DM required by the
eMERGE Algorithms.

2. Why Individuals Did Not Meet the Klompas Optimized T1DM Algorithm Diagnosis Ratio
Criteria

Two of the Klompas Optimized TIDM Algorithm Pathways (1 and 2) requires that the ratio of TIDM
diagnosis codes to the sum of TIDM plus T2DM diagnosis codes exceed 0.5 as a criterion to be classified
as having TIDM. To inform whether this minimum ratio requirement contributed to many individuals
not being identified as having TIDM, we examined the distribution of ratios of TIDM to T1DM plus
T2DM codes among all 737,122 Any DM cases in the MSDD. As shown in Figure 4, more than 97% of
individuals who did not qualify as having either TLDM or T2DM using the TIDM and T2DM algorithms
had no T1DM (67.5%) code, a code ratio < 0.1 (24.7%), or a code ratio between 0.1 and < 0.25 (5.1%).
Therefore, with a few exceptions (see Section VI.E. 3. below related to including the laboratory test
criteria), the requirement for a ratio of TADM to sum of TLDM plus T2DM diagnosis codes to exceed 0.5
did not substantially contribute to individuals not being identified with TLDM.
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Figure 4. Ratios of TLDM to T1DM plus T2DM Diagnosis Codes across All Individuals from Five Sites in
the Mini-Sentinel Distributed Database with Any DM °
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® T2DM cases identified using the eMERGE Secondary Algorithm by definition had no TIDM codes

3. Exploration of Including C-Peptide and Diabetes Autoantibody Laboratory Test Results as
Criteria for TADM (Originally Pathways of Klompas Optimized Algorithm)

As noted previously, neither the MSDD nor the SUPREME-DM Datalink has C-peptide or diabetes
autoantibody laboratory test result values. TLDM is defined by the presence of one or more of the
diabetes autoantibody markers, including autoantibodies to glutamate decarboxylase 65 (GAD65),
autoantibodies to insulin, islet cell autoantibodies, autoantibodies to the tyrosine phosphatases IA-2 and
IA-2b, and autoantibodies to zinc transporter 8 (ZnT8).** C-peptide is produced by the B-cells in the
pancreas when proinsulin splits apart and forms one molecule of C-peptide and one molecule of insulin.
Because C-peptide and insulin are produced at the same rate, C-peptide is used as a marker of
endogenous insulin production; low or undetectable C-peptide levels are consistent with TIDM. To help
us better understand the potential consequences of not having these laboratory test results available,
we set out to determine whether these laboratory test results are obtained in usual ambulatory care
settings in the United States and, if obtained, whether the results identified additional TIDM cases in
the MSDD. We examined all C-peptide and diabetes autoantibodies (including GAD65 antibody, insulin
antibody, pancreatic islet cell antibody, and pancreatic islet cell IGG) laboratory test results for adults
with Any DM in the MSDD at KPCO (N = 57,189), a representative ambulatory care setting that is the
lead site for this project.

Among the adults with Any DM in the MSDD at KPCO, we found 2,798 C-peptide or diabetes
autoantibody test results in the laboratory source data. These tests were completed within the study
timeframe (January 1, 2006 - June 30, 2014). That is, these tests were completed after the patients
reached adulthood and were most likely obtained to assess possible adult-onset TLDM, not possible
juvenile-onset TIDM. C-peptide was the most common test with 1,821 results. GAD65 was next in

Mini-Sentinel Methods -35- Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink



N[ini-Sentinel’

frequency with 729 results, and taken together insulin antibody, pancreatic islet cell antibody, and
pancreatic islet cell IGG accounted for 248 additional test results. More than one test was often
conducted for the same individual. The 2,798 results were from 1,709 unique individuals. This confirmed
that C-peptide or diabetes autoantibody laboratory tests for TLDM in adults are obtained in usual care
in the United States.

The Klompas Optimized T1DM Algorithm had identified 2,724 individuals at KPCO as having T1DM; 608
of these individuals (22.3%) also had C-peptide negative and/or diabetes autoantibody positive
laboratory test results. Importantly, the results of these TLDM laboratory tests identified an additional
226 adults in the MSDD at KPCO as having T1IDM, increasing the proportion of patients identified with
T1DM at KPCO from 4.8% (2,724 of 57,189) to 5.2% (2,950 of 57,189). The numbers of specific
laboratory test results indicating TIDM and the number and percentages of those individuals identified
using the Klompas Optimized T1DM Algorithm are shown in Table 15.

Table 15. C-peptide Negative and Diabetes Antibody Positive Laboratory Test Results at One Site
among Patients Identified as Having Any DM in the MSDD

Number of Individuals with | Number (%) of Individuals Number (%) of
T1DM Laboratory Test Type Laboratory Results with Laboratory Results Individuals Not
Consistent with TAIDM (C- Consistent with TIDM Identified using
peptide negative; diabetes | Identified using Klompas Klompas Optimized
autoantibody positive) Optimized T1DM Algorithm * | TIDM Algorithm °
C-peptide 648 466 (71.9) 182 (28.1)
GAD 65 antibody 215 136 (63.3) 79 (36.7)
Insulin antibody 24 21 (87.5) 3(12.5)
Pancreatic islet cell antibody 1 1 (100) 0(0)
Pancreatic islet cell IGG 37 27 (73.0) 10 (27.0)
Total unique individuals 752 526 (69.9) 226 (30.1)

% Several laboratory test types could have been conducted on a single individual, therefore the sum across
laboratory test types does not equal the number of unique individuals

In examining the electronic data for the 226 individuals newly-identified with TIDM using the laboratory
test results, 182 (80.5%) had not met criteria for either TADM or T2DM using the Klompas T1DM
Optimized or eMERGE T2DM Secondary Algorithms (i.e., they had DM of uncertain type) and 44 (19.5%)
had met criteria for T2DM using the eMERGE T2DM Secondary Algorithm. The only medication used by
97 of these individuals was insulin, but these 97 did not have a ratio of TIDM to T1DM plus T2DM
diagnosis codes > 0.5 as required for meeting criteria using the TIDM Klompas Optimized Algorithm.
Similarly, 21 additional individuals had a dispensing of glucagon, but they did not have a majority of
T1DM diagnosis codes. Thirty-one individuals had a majority of TIDM diagnosis codes, but had been
dispensed an oral antidiabetic medication other than metformin. This exploration confirms the value of
C-peptide and diabetes autoantibody laboratory test results in augmenting the case identification of
TiDM.
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VIll. RECOMMENDATIONS FOR USING THE SUPREME-DM DATALINK FOR ANY DM,
TiDM, AND T2DM

Recommendation 1: Employ the SUPREME-DM Datalink as the Registry of Adults with Any DM
for Sentinel Public Health Surveillance Activities

The workgroup recommends that the SUPREME-DM Datalink be used as the gold standard for adults
with Any DM. Using patients in the SUPREME-DM DatalLink can replace medical record review as the
alternative reference source for cases with Any DM. In addition to efficiencies gained from the fact that
individuals in the SUPREME-DM Datalink are already linked to individuals in the MSDD, there are other
advantages to employing the SUPREME-DM Datalink as the gold standard DM registry in medical
product surveillance. A few of these include that the SUPREME-DM Datalink investigators and
programming teams are productive and collaborative, many data elements available in the SUPREME-
DM Datalink are not available in the MSDD such as multiple types of laboratory test results, social
behavioral data, race and ethnicity, cause of death, and many years of follow-up data are available for
most adults in the SUPREME-DM DatalLink.

To optimize the usefulness of the SUPREME-DM Datalink as the gold standard registry for DM in
Sentinel, the workgroup also recommends the SUPREME-DM Datalink be updated at least yearly. The
SUPREME-DM Datalink from the five participating sites identified 737,122 adults with Any DM between
January 1, 2006 and June 30, 2014). Updating the SUPREME-DM Datalink at these five sites will identify
an additional 50,000 — 60,000 adults with Any DM each year and lengthen follow-up most individuals
already in the SUPREME-DM Datalink.

Recommendation 2: Consider the SUPREME-DM Datalink as the Registry of Adults with TIDM

The adult TLDM cases identified by the Modified Klompas T1DM Algorithm in the SUPREME-DM
Datalink are considered by the workgroup to be true cases. The workgroup believes the TIDM
algorithm tested by the workgroup identified a higher number of adults in the DatalLink as having
T1DM than are available in any other TIDM registry. The concern was under-ascertainment of cases
due to lack of access to C-peptide and diabetes autoantibody results. In this project we demonstrated
that C-peptide and diabetes autoantibody laboratory tests for TADM in adults were available at a
participating SUPREME-DM site and confirmed that including these laboratory test results enhanced
T1DM case identification (increasing the proportion of cases from 4.8% to 5.2% of the SUPREME-DM
DatalLink Any DM population at that site). Other SUPREME-DM sites that participated in this project are
now adding C-peptide and diabetes autoantibodies laboratory test results to the SUPREME-DM Datalink
registry. Therefore, the Modified Klompas T1DM Algorithm that includes laboratory test result criteria
can be used to identify patients in the SUPREME-DM Datalink Registry with adult TIDM. Enhancing the
SUPREME-DM Datalink with these T1IDM laboratory test results removes the current shortcoming to
considering the SUPREME-DM Datalink as the gold standard for TIDM (and these laboratory test
results can be added more efficiently to the SUPREME-DM Datalink than to the MSDD).

Recommendation 3: Consider the SUPREME-DM Datalink the Gold Standard Registry of Adults
with non-T1IDM
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Recommendation 4: Consider Testing the Newly-Developed T2DM Algorithm in the SUPREME-
DM DataLink Any DM Population Prior to Considering the SUPREME-DM Datalink the Gold
Standard Registry of Adults with T2DM

Because the T2DM algorithms tested in this project only identified 70.7% of patients with Any DM as
having T2DM, we do not recommend either tested algorithm (see Section IX.C.). We also do not
recommend applying either of those tested algorithms to the SUPREME-DM Datalink population to
identify the T2DM population. Instead, we recommend the approaches detailed below.

The workgroup recommends employing the SUPREME-DM Datalink as the gold standard non-T1DM
registry for adults, that is, including adults with T2DM and the relatively small number of patients that
have DM of uncertain or rare types. Nearly all adults that do not have T1IDM have T2DM. For most
Sentinel DM-related safety surveillance activities, the medical products of interest are used similarly in
patients with T2DM and DM of uncertain or rare types and differentiating between T2DM and DM of
uncertain or rare types is usually unnecessary. By first identifying individuals in the SUPREME-DM
DatalLink with T1DM using the Modified Klompas T1DM Algorithm, those individuals can be removed
from consideration and all remaining individuals can be classified as having non-T1DM.

The workgroup developed a new T2DM algorithm that retains most diagnosis and medication criteria
from the tested algorithms and added criteria to identify additional patients with T2DM (See Section IX.
C.1. for details of the Pathways in this new algorithm). To increase confidence that the SUPREME-DM
Datalink can be used as a gold standard T2DM registry, we recommend testing the newly-developed
algorithm in the SUPREME-DM Datalink Any DM population, with validation through review of a
subset of medical records. This work could efficiently yield two work products: a validated T2DM
algorithm (where none currently exists) and the SUPREME-DM Datalink as the gold standard T2DM
registry.

RECOMMENDED ALGORITHMS FOR IDENTIFYING ANY DM, T1IDM AND T2DM
IN THE MSDD POPULATION

A. IDENTIFYING ANY DM IN THE MSDD POPULATION

The MSDD includes patients from multiple sites, including a large number of insurers, broad geographic
regions, and many care delivery settings. As a consequence, applying a DM identification algorithm
tested in a single site DM registry may not correctly classify MSDD patients. Strengths of this work
include successfully linking patients from a multi-site any DM registry — the SUPREME-DM Datalink — to
patients in the MSDD and then testing the SE and PPV of several published algorithms using the
SUPREME-DM Datalink as the gold standard. All tested Any DM algorithms performed very well
compared to the gold standard SUPREME-DM Datalink criteria, lending credibility to the three tested
algorithms, as well as further confirming the SUPREME-DM Datalink Algorithm is the gold standard Any
DM algorithm. We recommend the original SUPREME-DM Datalink Algorithm criteria to identify
patients with Any DM in the MSDD which includes laboratory results when available from the Data
Partner.
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Recommendation 1: Consider the SUPREME-DM Datalink Algorithm the Gold Standard to
Identify Adults with Any DM in the MSDD

e > 1 inpatient ICD-9 codes from among the following: 250.XX, 357.2, 362.01-362.07,
366.41,

e OR > 2 of any of the following (when the two events are from the same source [e.g. two
outpatient diagnoses or two elevated laboratory values], they must occur on separate
dates < 730 days apart)

0 Outpatient ICD-9 codes from among the following: 250.XX, 357.2, 362.01-362.07,
366.41

0 Antidiabetic medication (two dispensing of metformin or two dispensings of
thiazolidinediones with no other indication of diabetes are not included)

0 Alc>6.5%

O Fasting plasma glucose > 126 mg/dI

0 Random plasma glucose > 200mg/d|I

e Exclude criteria ascertained during periods of pregnancy to ensure gestational diabetes is
not inadvertently captured

While the recommended SUPREME-DM Datalink algorithm includes diagnosis, medication, and
laboratory results criteria, we also confirmed the utility of applying the SUPREME-DM DatalLink
Algorithm modified without laboratory results (identified 5% fewer individuals as having Any DM in
the MSDD across the five participating Sentinel Data Partner sites). It was important to confirm the
performance of the gold standard Any DM algorithm modified to include only diagnosis and
medication criteria because some Sentinel Data Partners either have no or only partial access to
laboratory test results for their enrollees. Some under-ascertainment of Any DM at Data Partner sites
with incomplete or no laboratory test results will invariably occur, but this is unavoidable regardless of
the criteria/algorithm used when laboratory results are not available. Thus, we recommend employing
the gold standard Any DM algorithm at all Data Partner sites, whether claims-based or integrated
delivery systems. In other words, the critical issue is not whether the Data Partner is claims-based or an
integrated delivery system, but rather how complete the data are on the individual. As long as the
healthcare system has pharmacy claims and inpatient and outpatient diagnosis claims, the algorithm
is expected to perform well (e.g., the results are generalizable).

B. CRITERIA/ALGORITHM(S) FOR IDENTIFYING T1DM IN THE MSDD POPULATION

Most published TLDM algorithms were designed to identify TIDM in children and youth.***** The only

two T1DM algorithms we found that had been tested in adults were both by Klompas.* Prior to applying
a Klompas algorithm to identify patients with TIDM in the MSDD population, we recommend that
individuals first meet the SUPREME-DM Datalink Algorithm gold standard Any DM criteria because
the Klompas T1DM algorithms were designed to determine patients with TIDM within a population
already identified as having Any DM.*

After testing both Klompas algorithms, we determined the Klompas Optimized TIDM Algorithm
identified more cases as having TIDM in part because of a pathway (Pathway 2) that identified patients
with diagnosis + glucagon dispensing and in part because it allowed patients who had ever been
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prescribed a medication other than insulin or metformin to be considered TIDM (such as adults with
new-onset TIDM who were started on multiple oral agents before they fail.) We recommend a
Modified Klompas T1DM Algorithm to identify patients with TIDM in the MSDD. This Algorithm is
expected to perform similarly in both Data Partners that are claims-based and those that are integrated
delivery systems.

The Klompas Optimized T1DM Algorithm originally included C-peptide negative (Pathway 4) or DM
autoantibodies positive (Pathway 5) pathways. Neither of these laboratory test results types is available
in the MSDD. We therefore had to modify the Klompas Optimized Algorithms prior to testing it in the
MSDD Any DM population. Because definitive existence of TIDM in adult onset TIDM is made by the
presence of diabetes antibodies or a low or negative C-peptide value, at the lead site we examined
whether these laboratory tests were used and if so, whether or not their use increased the proportion
of patients identified with TIDM. We confirmed that these laboratory tests were obtained in many
patients who had T1DM based on the Klompas Optimized Algorithm. Further, we determined that
additional patients would have been identified with TIDM had these laboratory results been available in
the MSDD: the proportion of patients identified with TADM would have increased from 4.8% to 5.2% of
the Any DM population at that data partner site. In the absence of C-peptide and DM autoantibody
laboratory test results criteria, the recommended Modified Klompas T1DM Algorithm will under-
ascertain TIDM cases at all data partner sites.

Recommendation 2: Employ the Modified Klompas T1DM Algorithm to Identify Adults with
T1DM in the MSDD

e Before applying this algorithm, individuals must meet the criteria for the Any DM
algorithm (see Recommendation 1)

e Pathway 1:

0 Diagnosis codes: a ratio of type | (ICD-9 250.X1 or 250.X3) to type Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND

0 Medications: insulin or metformin is allowed, but any other antidiabetes medication
results in exclusion

e OR Pathway 2:

0 Diagnosis codes: a ratio of type | (ICD-9 250.X1 or 250.X3) to type Il (ICD-9 250.X0 or
250.X2) codes >0.5, AND
0 Medication: glucagon

The Klompas Optimized T1IDM Algorithm originally included a Pathway 3 that identified individuals as
having TIDM based solely on a single dispensing of urine acetone test strips. We do not recommend
including a single dispensing of urine acetone test strips as a criterion in the Modified Klompas T1IDM
algorithm because it lacks face validity. Medical record review of cases that met criteria for the Klompas
Optimized T1DM Algorithm based on a dispensing of urine acetone test strips should be done prior to
further considering this criterion.
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Recommendation 3: More Complete Identification of TIDM in Adults in the MSDD

Applying the Modified Klompas T1IDM Algorithm without laboratory test results under-ascertains
T1DM cases. If more complete identification of TADM cases in adults is an FDA priority, we
recommend that C-peptide and diabetes autoantibody laboratory results be added to the MSDD
and that either a negative C-peptide or positive diabetes autoantibodies be considered as
diagnostic of TLDM. These laboratory test results could be added from both claims-based Data
Partners that have laboratory results available as well as integrated delivery systems with
laboratory results, because their use would be to enhance identification of adults with TIDM, and

thereby reduce misclassification.

One caution with recommending the Modified Klompas T1DM Algorithm (Pathways 1 and 2 without
laboratory results data Pathways 4 and 5) is that the proportion of adults identified with TIDM varied
across the five participating sites from 2.4% to 7.4% of the Any DM populations. Examination of the
median ages of patients with Any DM from those sites did not help explain the variation. While there
may be systematic differences in how the Modified Klompas T1IDM Algorithm performed at the sites
with the lowest and highest proportions of patients identified with TLDM, we cannot explain this
variation.

C. CRITERIA/ALGORITHM(S) FOR IDENTIFYING T2DM IN THE MSDD POPULATION

We do not recommend either of the tested eMERGE T2DM algorithms. The eMERGE algorithms are
unsuitable when laboratory results data are not available, they are cumbersome to use, and the better
of the two eMERGE algorithms still only identified 70.7% of individuals with any DM as having T2DM.
Therefore, we recommend other options (see below) for identifying patients as having T2DM. Our
recommendations have varying strengths and weaknesses in terms of ease of use and in level of
confidence that the individuals identified actually have T2DM (e.g., likely misclassification). Prior to
applying any algorithm to identify patients with T2DM in the MSDD population, we recommend that
individuals meet the gold standard Any DM criteria previously discussed.

Recommendation 4: Tested T2DM Algorithms are Not Recommended. Recommended Options
Include:

e T2DM Algorithm Option 1
0 A newly-developed algorithm that retains most diagnosis and medication criteria
from the tested algorithms and adds criteria to identify additional patients with
T2DM.
0 Minimizes case misclassification, but is somewhat complex to implement
because of multiple criteria sets.
e Non-T1DM “Algorithm” Option 2
0 Identify and exclude individuals with TAIDM using the recommended T1DM
algorithm. Classify all remaining individuals as T2DM.
0 Easy to implement, but misclassifies a percentage of cases because individuals

with DM of uncertain type are considered T2DM.
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1. Recommended Option 1: Identifying T2DM in the MSDD Population

Based on further exploration of the individuals who did not meet the tested T2DM algorithm criteria,
we recommend a set of criteria revised and modified from the two tested eMERGE algorithms. These
revised and modified criteria are expected to identify 83% to 90% of adult patients with Any DM as
having T2DM. Because the algorithm we recommend for identifying T2DM has been modified from the
tested algorithms, it is newly-developed, and as yet, unnamed. At the discretion of the FDA, the
algorithm could be entitled the “Sentinel-SUPREME-DM DatalLink T2DM Algorithm.” The criteria for this
new T2DM Algorithm retain most diagnosis and medication criteria from the eMERGE algorithms, add
criteria for patients with T2DM who are not treated with medication, who do not have laboratory test
results in the MSDD, and whose initial treatment included a combination of oral antidiabetic
medications. The criteria for this new T2DM Algorithm also clarify acceptable care settings from which
T2DM ICD-9 codes can be used, modify the blood glucose and HbA1c criteria, and require a maximum
timeframe within which the criteria must all be met.

We recommend the following sets of criteria (Pathways 1 - 5) as the algorithm to identify patients with
T2DM in the MSDD. Taken together, all five Pathways and criteria sets constitute a single algorithm to
identify patients with T2DM in the MSDD (i.e., patients can enter through any of Pathways 1, 2, 3, 4, or

5):
e Pathways 1 —5: No T1DM ICD-9 codes (250.x1, 250.x3) from any setting
e Pathways 1-4: Require T2DM ICD-9 codes (ICD-9 codes 250.x0, 250.x2; excluding 250.10, 250.12)
from inpatient, outpatient, or ED visits
e Pathways 1 - 5: All criteria must be met within 730 days of each other
e Pathway1l
O >2T2DM ICD-9 codes, AND
0 Noinsulin or T2DM medication
e OR Pathway 2
O >1T2DM ICD-9 codes, AND
O Any T2DM medication, AND
0 Noinsulin
e OR Pathway 3
0 >1T2DM ICD-9 codes, AND
0 Any T2DM medication, AND
0 Anyinsulin, AND
0 Date of T2DM medication < date of insulin
e OR Pathway 4
0 >1T2DM ICD-9 codes, AND
0 Noinsulin, AND
0 No T2DM medication, AND
0 Random plasma glucose > 200 mg/dL, OR fasting plasma glucose > 126 mg/dL, OR
HgAlc > 6.5%
e OR Pathway 5
0 Any T2DM medication, AND
0 Random plasma glucose > 200 mg/dL, OR fasting plasma glucose > 126 mg/dL OR HgAlc
>6.5%
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The strengths of this recommended algorithm are that it is based on criteria known to identify a cohort
of patients who do have T2DM, does not include many patients with diabetes of uncertain or rare types
(e.g., LADA, MODY), and does not inadvertently include patients with TIDM. The limitation of this
algorithm is that it requires somewhat complex programming code to operationalize and it is somewhat
unwieldy to explain. Importantly, this algorithm should be used when it is important to have relatively
high confidence that the cohort of patients identified to study a drug safety question includes only
patients with T2DM (i.e., anticipated to have high specificity).

2. Recommended Option 2: Identifying Non-T1DM in the MSDD Population

A simpler approach is to identify Non-T1DM in the MSDD population. This is accomplished by first
identifying individuals with Any DM, then identifying and excluding individuals with TLDM using the
Modified Klompas T1DM Algorithm, and finally, classifying all remaining individuals as having T2DM
(e.g., just excluding individuals with TIDM). The strength of this approach is ease of implementation.
The limitation of this approach is that the cohort includes some patients who do not have T2DM,; it
allows patients who have DM of uncertain type and T1DM patients from sites without laboratory results
data to remain in the Non-T1DM cohort. An example of an appropriate use of this approach would be
when the drug safety question involves a drug used in patients with DM that is not TIDM and there is
little concern the outcome of interest differs by T2DM, DM of uncertain type, or DM of other rare types.

D. IMPLICATIONS FOR SENTINEL ROUTINE TOOLS
Implications for Sentinel Routine Query Tools

This workgroup focused on utilizing the SUPREME-DM Datalink (or registry) to explore algorithms to
identify cohorts of individuals with ‘Any DM’, ‘TAIDM’, and ‘T2DM’ within the Sentinel Distributed
Database. Although Workgroup aims were accomplished with de novo code, it would be possible to
utilize Sentinel routine tools for algorithm implementation if recommended parameters are modified
to include index dates. Sentinel routine tools were designed in the context of medical product safety
surveillance, and require use of index dates to identify cohorts and health outcomes of interest. They
utilize inclusion/exclusion criteria for cohort selection, which are assessed during a requester defined
number of days before, on, or after the exposure episode index date. Similarly, Sentinel tools also
require use of index dates to identify specific health outcomes of interest. Although the workgroup did
not focus on identifying incident DM outcomes subsequent to a medical product exposure, it would be
possible to modify recommended algorithm parameters (e.g., specify index dates) to capture Any DM
and T2DM outcomes.

e Algorithms for Any DM and T2DM may be able to be implemented in the current Sentinel tools if
all parameters and temporal relationships are defined in a tool-specific manner. For example, as
algorithms for Any DM exclude pregnancy, an already developed algorithm for pregnancy would
need to be adapted to the Sentinel tool framework. NDC lists for relevant antidiabetic agents
have already been developed by the Workgroup and, similar to use of other NDC lists, would
need periodic updates. All examined DM algorithms include several criteria (or criteria sets), and
temporal relationships are at times, integral. Thus, timeframes included within each algorithm
would need to be reinterpreted in terms of index dates. Current Sentinel tools are able to utilize
the glucose and glycosylated hemoglobin (HbAlc) laboratory result values included in the
Sentinel Common Data Model; it is possible to distinguish elevated versus non-elevated random
and fasting glucose values and HbA1c at Data Partners that contribute laboratory result values
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to the laboratory results table. Thus, the individual criteria for Any DM and T2DM (if
reinterpreted) appear to be compatible with Sentinel tools.

e To implement algorithms for TLDM examined in this report, Sentinel tools would need to be
modified to accommodate ratios of TIDM to T2DM codes. However, should accommodation of
these T1DM algorithms be deemed a priority, it would be possible to determine if the tools can
be updated to accommodate these algorithms.

In summary, algorithms for Any DM and T2DM described in this report appear to be compatible with
current Sentinel tools, but algorithms for TIDM currently cannot be implemented using existing
Sentinel tools. The Sentinel Operations Center recommends piloting algorithm implementation to
confirm the Any DM and T2DM algorithm parameters can be implemented as intended using the
existing query tools. This will assist with identifying any gaps between current and needed tool
functionality. Careful consideration of potential medical product safety question (s) of interest
during this pilot will also help to ensure algorithms are implemented appropriately.

X. RECOMMENDATIONS FOR FUTURE WORK
A. FURTHER ENHANCEMENT OF THE SUPREME-DM DATALINK

1. Ongoing Refresh of the SUPREME-DM Datalink Database

Given that the workgroup successfully linked essentially 100% of the adult patients in the SUPREME-DM
Datalink to adult patients in the MSDD from January 1, 2006 through June 30, 2014 (Specific Aim 1), and
confirmed that the SUPREME-DM Datalink performed excellently as the gold standard registry for adults
with Any DM (Specific Aim 2), we have recommended use of the SUPREME-DM Datalink resource as the
gold standard registry in future DM projects. Some of the advantages to employing the SUPREME-DM
Datalink as the gold standard include that the it is comprised of over 737,000 adults with Any DM
already linked to the MSDD, contains a large cohort of adults already confirmed with T1DM, enables
access to additional data elements for these patients beyond those available in the MSDD (e.g.,
additional laboratory test result types, social behavioral data, race and ethnicity, cause of death), and 3)
includes years of healthcare follow-up data for most SUPREME-DM Datalink patients. To further
enhance longitudinal follow-up of patients already in the SUPREME-DM Datalink and to increase the
number of adults with Any DM in the gold standard population in an ongoing manner, the workgroup
recommends the SUPREME-DM Datalink be refreshed yearly.

2. Test the Newly-developed T2DM Algorithm in the SUPREME-DM Datalink Any DM
Population

See Section VIl for details of this recommended enhancement. See Sections IX. and IX.C. for information
about this new algorithm.

B. FURTHER IMPROVEMENTS TO THE SE AND PPV OF THE ALGORITHMS RECOMMENDED
FOR USE IN THE MSDD POPULATION

Although we have completed this work to develop or refine and automate algorithmic approaches to
replace medical record review for identifying patients with Any DM, TIDM and T2DM, as anticipated,
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this work was incremental towards validating DM HOI of interest, and some questions remain. For
example, because no gold standard T2DM algorithm existed, the workgroup was only able to compare
case identification between two T2DM algorithms, without knowing “truth.” As an Addendum, (similar
to the originally recommended Specific Aim 3) we recommend reviewing a sample of medical records
from selected subgroups of patients. By reviewing medical records for patient subgroups where
uncertainty remains, we can avoid the need to justify foregoing medical record review in future
projects that seek to identify patients in the MSDD (or the SUPREME-DM Datalink) with Any DM,
T1DM, or T2DM. This review of selected medical records now will increase confidence in the SE and
PPV of the automated algorithms we recommend and lend credibility to future automated DM-related
Active Risk Identification and Assessment (ARIA) activities. The workgroup’s medical record review
recommendations can be adapted to FDA priorities.

1. If the priority is to ensure DM algorithms applied in the MSDD are refined to ensure high SE
and/or PPV of TIDM or T2DM, the workgroup recommends:

0 Chart review of patients with DM of uncertain type. This group includes, for example,
patients with a mixture of TLDM and T2DM diagnosis codes.

0 Chart review will aid understanding of whether these patients have DM of uncertain type or
if further algorithm refinement would classify them as TIDM or T2DM. The public health
benefit is likely greatest in two situations: a) additional patients that are correctly classified
as T1DM given that the currently-recommended algorithm under-ascertains TIDM cases,
and b) some patients will be identified as having conditions such as LADA or MODY (i.e.,
better understandings of how such patients are coded).

2. If identifying a very “clean” cohort of individuals with TADM in the MSDD (i.e., anticipated to
have high specificity) is the key priority, the workgroup recommends:

0 Reviewing charts for patients identified using the Optimized Klompas T1DM Algorithm as
modified for testing in the MSDD by the workgroup (Pathways 1 - 3). Specifically, the
workgroup recommends chart review for patients who met algorithm criteria by having a
dispensing of glucagon and did not have insulin dispensing but who may have been
dispensed antidiabetic medications typically used for T”2DM, or who met algorithm criteria
by only having a dispensing of urine acetone test strips.

0 Confirming whether or not this subgroup of patients do have TIDM will inform whether
further algorithm refinement is needed, thus optimizing FDA investment in the TIDM
algorithm work.

3. If identifying patients with T2DM in the MSDD is a key priority, the workgroup recommends:

0 Validating the newly-developed MSDD-specific T2DM algorithm. The workgroup validated
the eMERGE Algorithms as part of this project and found they did not perform well. The
workgroup extensively modified those existing algorithms and recommended a newly-
developed algorithm to identify T2DM cases.

0 The new algorithm the workgroup recommends has not been validated. While the
workgroup developed the new algorithm based in part on best available evidence from
tested algorithms, validating the new algorithm is crucial before broadly applying it to public
health surveillance activities. Depending on priority, part of validating this new T2DM
validation could include medical chart review for any of the following subgroups: a)
Individuals identified with the new T2DM algorithm who would not be identified with the
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eMERGE Algorithms, b) individuals who could not be classified as either TLDM or T2DM, and
c) individuals meeting algorithm criteria due to ED visits.

4. If identifying additional patients with Any DM in the MSDD is a priority, the workgroup
recommends:

0 Examining charts for patients who would meet criteria for Any DM as a result of
expanding the diagnosis criteria to include ED visits.

0 Determining whether ED visits are appropriate to include as a setting from which diagnosis
codes should be ascertained will clarify whether the recommended algorithms (e.g., the
new T2DM algorithm and the Any DM algorithm) should include ED visits as part of case
definitions.

5. Rationale for the above recommendations

0 DM is a high priority health outcome of interest to the FDA in postmarketing active medical
product safety surveillance and in protocol-based assessments. Recent examples include:
0 A recommendation that newly approved medications for treatment of diabetes be

thoroughly and systematically evaluated for cardiovascular risk.*’

0 T2DM was the cohort of interest for the Mini-Sentinel acute myocardial infarction and
antidiabetic agents protocol.*®

0 T2DM was the outcome of interest for the Metabolic Effects of Second Generation
Antipsychotics in Youth, Subprojects 1, 2, and 3.%

0 The Protocol Core (now called the Applied Surveillance Core) was charged with
conducting two literature reviews on DM, including a review of TIDM as an outcome
and a review of persons with TLDM or T2DM.**°

0 The Mini-Sentinel Alternative Methods for health outcomes of interest highlighted DM.’

0 The Rivaroxaban and Immunoglobulin Administration and Thromboembolic Events
protocols use DM as a covariate.”"*?

0 Mini-Sentinel modular programs have focused on DM and laboratory test results.>*

0 A White Paper addressing methods to evaluate the impact of FDA regulator actions
highlighted a diabetes drug.”

0 Maedical record reviews of a subset of individuals in the selected priority subgroups will
provide additional information to FDA to guide future medical product safety work and ARIA
activities. The existence of patients with DM in these subgroups will be clarified, the
presence of such patients in the MSDD will be better addressed (e.g., characteristics
associated with discrepancies and uncertainties in the MSDD will be known), and as
necessary, DM automated algorithms can be further refined.

0 Itisimportant to avoid further misclassification of patients in TIDM and T2DM algorithms,
as misclassification contributes to bias in analyses utilizing these algorithms. For electronic
claims data to be used for medical product safety work and ARIA activities, a very high
proportion of people identified with TIDM or T2DM should actually have that DM type.
Therefore, we seek to further avoid misidentification of patients in TLDM and T2DM
algorithms.

0 Conducting medical record reviews within the context of the SUPREME-DM project will be
efficient. Participating workgroup sites have extensive experience conducting medical
record review using trained personnel employed by the sites’ research departments. All
sites have on-site access to EHR that include not only comprehensive ambulatory care
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information, but also information such as discharge summaries from care rendered in
hospital and ED environments.

6. Possible deliverables upon completion of the review of the sample of medical records

0 Anaddendum report that clarifies whether the algorithms recommended in the main
project report should be used as recommended or whether further modification will
improve the accuracy of handling these patient types for future projects.

0 A manuscript suitable for submission to a peer-review journal for publication based on the
T1DM algorithm work. Completion of this manuscript would require completing
incorporating C-peptide and diabetes autoantibody lab values as was done at KPCO
(currently underway at some SUPREME-DM Sites), chart review of up to 200 charts of TIDM
cases and possibly chart review of up to 200 charts of uncertain DM individuals based on the
T1DM and T2DM algorithms.

0 The chart abstraction tool(s) used in the medical record review (if of interest to the FDA).

C. ADDING C-PEPTIDE AND DIABETES AUTOANTIBODIES LABORATORY TEST RESULTS TO THE
MSDD TO IMPROVE CASE IDENTIFICATION OF ADULT-ONSET T1DM

If more complete identification of TLDM cases in adults in the MSDD is a priority for the FDA for active
medical product safety surveillance, we recommend C-peptide and diabetes autoantibody laboratory
test results be added to the MSDD (and Pathways 4 and 5 added to the Modified Klompas T1DM
Algorithm). Reasons for these suggested additions to the MSDD Laboratory Results Table are listed
below (these reasons also apply to the ongoing work at the SUPREME-DM sites that are adding these
laboratory tests to the DatalLink).

1. T1DMiis caused by cellular-mediated autoimmune destruction of the pancreatic B-cells. This
typically leads to little or no pancreatic insulin secretion, which can be detected as a low or
undetectable C-peptide level. Individuals with positive diabetes autoantibodies, by definition
have TIDM. T2DM is primarily a disease of relative (as opposed to absolute) insulin deficiency.
The vast majority of individuals with undetectable C-peptide levels have TIDM.

2. Pilot work with C-peptide and diabetes autoantibody laboratory test results confirmed that
T1DM laboratory tests are obtained in adults in usual care settings in the United States.
Although testing occurred in a small proportion of patients, it was clear the patients tested were
those clinicians suspected of having TLDM, as evidenced by the fact that 56% of the patients in
whom these laboratory tests were obtained had one or more test results consistent with TLDM.

3. Incorporating C-peptide and diabetes autoantibody results into the MSDD Laboratory Results
Table for patients identified with Any DM would enhance case identification of TAIDM across
all sites with laboratory results data available.

0 C-peptide and diabetes autoantibody tests are often conducted in the outpatient care
environment and thus, even data partner sites with only outpatient laboratory results can
enhance their TLDM case identification through inclusion of these laboratory test results
when the T1DM algorithm is applied.

0 We are likely missing TIDM laboratory test results for individuals whose TIDM was
identified during childhood, but for those individuals, a TIDM diagnosis code is likely to have
been consistently applied. Therefore, the laboratory tests are most likely to be useful in
identifying adults with new-onset TIDM.
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4. Even using a TIDM algorithm (the T1DM algorithm without laboratory test results) it is not
always possible to separate TIDM from T2DM. This results in many new-onset adult TIDM
cases not being accurately characterized.

0 Accurate separation of Any DM into TIDM and T2DM is important for “routine”
postmarketing active medical product safety surveillance (see above examples of DM as a
high priority health outcome of interest to the FDA in postmarketing active medical product
safety surveillance and in protocol-based assessments)

D. ALGORITHM DIAGNOSIS CODE CONVERSION TO ICD-10

The diagnosis codes in the algorithms recommended by the workgroup are ICD-9 codes. With the United
States healthcare system transitioning to ICD-10 coding, for the recommended algorithms to remain
usable in the future (e.g., in ARIA activities), the diagnosis codes in the current algorithms need to be
mapped from ICD-9 to ICD-10. Programs are available that map individual codes from ICD-9 to ICD-10
(e.g., ICD-9 250.x codes). Clinical judgment is still required as matches are not always clear. If conversion
to ICD-10 is a priority for the FDA, members of the workgroup have experience with using an ICD-9 to
ICD-10 translation program. Also, clinical expertise is available within the workgroup to assist with
mapping when questions arise.
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APPENDIX A

Mini-Sentinel’

Published Diabetes Mellitus Algorithms Considered by the Validating Type 1 and Type 2 Diabetes Mellitus in the Mini-Sentinel Distributed
Database using the SUrveillance, PREvention, and ManagEment of Diabetes Mellitus (SUPREME-DM) DataLink Workgroup

Lead Setting T1DM or Methods Results Comments Applicable to
Author, T2DM; N MSCDM?
year (age range);
Timeframe
Any/Either TIDM or T2DM
Lawrence Integrated | Any/Either --Source population T1DM/T2DM (any DM) --Assess only youth Partially.
et al, 2014 | healthcare | and TIDM was population from o . . . o .
36 - - . 1) individual indicators with highest sensitivity: --All cases previously
system vs. T2DM in which all youth with . A
. -- >=1 outpatient (OP) ICD-9-CM Code (250.xx), validated (SEARCH study) .
(Kaiser youth DM had been . Available:
. . - Sensitivity 94.4% .
Permanen previously identified as . . . . -- Approach with greatest
792,992 -- Any oral antihyperglycemic or insulin Rx, . ) --ICD-9-CM codes
te EHR part of the SEARCH for o accuracy in bootstrapping
youth; 1,568 . . sensitivity 87.6% . . :
data) with DM Diabetes in Youth analysis: >=1 OP diagnosis --Rx
(<20 years) (SEARCH) Study 2) Combinations of DM indicators with highest codes or Rx for insulin for
y sensitivity: both total membership and
--1) ICD-9-CM codes ;
Jan-Dec for diabetes (250.xx) -->=1 OP ICD-9-CM code (250.xx) or 1 Rx for subset with healthcare Available from some
2009 (12 - o insulin, sensitivity 95.9% utilization, sensitivity 95.9% | Data Partners:
Rx for insulin and oral . . :
months) -->=1 OP ICD-9-CM code (250.xx) or >=1 inpatient | and PPV 95.5%

antidiabetes meds,
and lab test results 2)
published DM case
identification
algorithms with
modifications

to these algorithms
when data not locally
available; and 3) other
combinations of
indicators

--Investigated total
membership and
subset with healthcare
utilization

(IP) ICD-9-CM code (250.xx) or 1 Rx for insulin or
an oral antihyperglycemic agent, sensitivity 95.0%
-->=1 OP ICD-9-CM code (250.xx) or >=1 IP ICD-9-
DM (250.xx), sensitivity 94.8% or multi-indicator
algorithm adopted by SUPREME-DM, sensitivity
93.9%

3) PPV highest for >=1 or ICD-9-CM 250.xx, PPV IP,
96.7%; PPV OP, 95.6%

--HbAlc >6.5%, PPV 97.6%

-- 2 random blood glucose results >=200 mg/dL,
PPV 95.6%

-- Insulin Rx, PPV 99.8%

-- glucagon Rx, PPV 99.4%

--Any antidiabetic drug other than metformin, PPV
99.3%

-- Short timeframe studied;
potential less opportunity
for variations in coding than
studies of longer duration

--Authors: C-peptide and

diabetes autoantibody test
results would have assisted
in distinguishing TIDM vs
T2DM, but these tests not
ordered routinely and
physicians’ assessments of
DM type not completely
concordant with clinical

--HbA1c, blood
glucose >=200 mg/dl|

Strength:

Validated

Limitation:

Studied only in youth.
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Lead Setting T1DM or Methods Results Comments Applicable to
Author, T2DM; N MSCDM?
year (age range);
Timeframe
T1DM indicators with highest sensitivity: assessments of DM type
--OP diagnosis code of TIDM (250x1 or 250.x3),
sensitivity 94.8%
--No Rx for metformin, sensitivity 98.0%
-- Rx for insulin or HbA1c >7.5% without
metformin Rx, sensitivity 94.6%
T2DM indicators with highest sensitivity:
--No OP T1DM diagnosis, sensitivity 93.2%, PPV
81.8%
-->=1 OP diagnosis of T2DM, sensitivity 86.7%
-->=1 OP DM diagnosis codes (ICD-9-CM code
250.xx) or an insulin Rx without T1DM diagnosis
code, sensitivity 81.8%
-->=2 T2DM diagnosis codes, sensitivity 71.2%
--Rx for any oral antihyperglycemic, sensitivity
66.5%
Holt et al, GE Any/Either --Feasibility of 0Of 1,110,398 records indicating DM (by code or --Considered DM med use Yes.
20137 Centricity (not detecting patients with | DM med use), 61.9% contained DM diagnostic as “diagnosed” DM.
EHR specified); undiagnosed DM by code (i.e., 32% identified by medication use only). Excluded those with PCOS.
database; applying algorithms to | Of 10 430 056 records for nondiabetic patients, Available:
longitudin 11,540,454 EHR data derived from | 0.4% (n = 40,359) had >=2 abnormal fasting or ~Total of 1,174,018, of
al records (not_ . nationally random blood glucose values, and 0.2% (n = whom 63 620 (5.4%) had --ICD-9-CM codes
specifically . . .
from representative sample | 23,261) of remaining records had >=1 documented | “undiagnosed” DM —-Rx
>9000 stated; of US primary care HbAlc >=6.5% .
primary appears any practices --No internal or external
care age was validation .
L included) --Patients without Available from some
clinics (11 DM code or DM med --Care could be sought Data Partners:
million “Current to use with outside of EHR system (e.g.,
instfred 9/1/2009” 2) >=2 random specialty care) --Gll,::ose lab test
patients) glucose >=11.1 results
mmol/L/ fasting
glucose >=7.0
Limitations:
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Lead Setting T1DM or Methods Results Comments Applicable to
Author, T2DM; N MSCDM?
year (age range);
Timeframe
mmol/L OR Not validated
b) HbAlc >=6.5% OR
c) either of above
Zgibor et Single Any/Either --ldentified by ICD-9 --Indicators: 1-3) ICD-9 code 250 from IP, --Internal validation Yes.
al, 2007 3 academic (not code 250 from IP, emergency, or OP setting; 4) any Alc result . .
. - --Likely a mixture of reasons
medical specified) emergency, or OP (regardless of value); 5) blood glucose > 200 A
. ] S - for HbA1c testing (PPV, .
center setting (each mg/dL; or 6) Rx antidiabetes medication L o Available:
. 99,144 (>=18 . sensitivity, and specificity
(Pitt) considered a separate . - . . .
years) - -- Using two or more indicators or an outpatient not improved using any -- ICD-9-CM codes
indicator); any Alc . . . e .
diagnosis maximized PPV (96 and 97%) and specific HbA1c cut point)
Jan 2000~ | result; blood glucose > | (L 99 and 100%)
Dec 2003 200 mg/dL; or anti- y ° --Database does not o
diabetes medication distinguish TIDM vs. T2DM | Limitation:
—Validation studies (authors st.at.e. thls_reflect.s No external
. lack of definitive diagnosis validation
internally . . .
in practice and potential
recording bias due to
coders use of non-specific _-15-Cohorts WG
ICD-9 code) recommends this
--Medication data only indicator—t_)ased
available for inpatients approach if lab
results (HbAlc and/or
glucose) available
Solberg et | Not Any/Either -- Series of small- --1) >=2 outpatient or 1 inpatient DM diagnostic --Algorithm to maximize Yes.
al, 2006* stated; (not sample chart audits on | code(s) 250.xx, 357.2, 362.01, 362.02, 366.41 PPV based on prior .
. . s . . , Available:
likely one specified) randomly selected within a calendar year; or 2) any filled Rx of O’Connor work 1CD-6-CM cod
multispeci cases identified using glucose-lowering medication (not metformin) in ) . o - RP-o-LM codes
7148 . o Single site; no validation --Rx
alty " . various criteria the same calendar year
network (fadults”) Small | iew limits | Limitation:
-- Final criteria: >=2 --PPV 96.5% - 100%, sensitivity not reported omall sample review fimits | timitation:
model 2000 . precision of calculated PPV No external
outpatientor 1 o
HMO . . o . validation
inpatient DM --Sensitivity of algorithm
diagnostic code(s) not determined --15-Cohorts WG
250.xx, 357.2, 362.01, recommends this
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Lead
Author,
year

Setting

T1DM or
T2DM; N
(age range);
Timeframe

Methods

Results

Comments

Applicable to
MSCDM?

362.02, 366.41 within
a calendar year; or any
filled Rx of glucose-
lowering medication
(not metformin) in the
same calendar year

algorithm for
identifying cohort
with any DM and
recommended
modification to align
with HEDIS measure
(modification not
evaluated): 1) 22 OP
or 21 emergency
department/IP ICD-9
from following, in a
given year: 250.XX,
357.2,362.0X%, or
366.41; or 2) Rx for
an antidiabetic
medication (excluding
single-agent
metformin) in same
year, only if no ICD-9
diagnosis of 251.8
(other specified
disorders of
pancreatic internal
secretion), 256.4
(polycystic ovaries) or
962.0 (poisoning by
adrenal cortical
steroids) in
same/prior year

Birman-
Deych et
al, 2005 *

Medicare
Part A
claims
data

Any/Either

23,657,
including
6519 with
DM

Cross-sectional study
comparing ICD-9-CM
data to structured
medical record review
for beneficiaries with

--ICD-9-DM discharge diagnosis code 250.X in any
position, PPV 98%, Sensitivity 75%, NPV 91%

--Population limited to
adults with a fib.

Yes.
Available:
-ICD-9-CM

Limitation:
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Lead Setting T1DM or Methods Results Comments Applicable to
Author, T2DM; N MSCDM?
year (age range);
Timeframe
discharge atrial fibrillation; Population only
diagnosis standardized included adults with a
code (20- abstraction fib
105, mean instruments for 9
cardiovascular and
age /8.8 stroke risk factors,
years (SD, including DM; assessed
8.6) accuracy of ICD-9-CM
April 1998- codes to identify risk
March 1999 factors, chart
abstraction gold
standard
O’Connor | Single am Any/Either --Combination of --DM identification differed between database --Relatively small Ns; single | Yes.
etal 1998 | care clinic (not survey/self-report, and survey methods (sensitivity 91% vs 98%, clinic; no validation .
8 of staff specified) administrative data, specificity 99% both methods, PPV 79% vs 81%) . Available:
model and medical record ~-Date range not within that —-ICD-9-CM codes
3,186 L -->=2 outpatient of MSCDM (may be too
HMO I, but review if survey and dated to be useful) Limitations:
cl);(;;a ! database conflicted visits in a 2-year period with any ICD-9 code imitations:

(“adult” with
both survey
and admin
data)

July 1992 -
June 1994

starting with 250: Sensitivity 91%, specificity 99%,
PPV 94% (1883 = no DM; 93 = DM), NPV 99%

--Did not differentiate
T1DM vs T2DM

--OP codes only

--Survey “overreported”
DM

--14% had no clinic visits
within one year period (i.e.,
no information available to
classify DM status)

No validation; dated;
OP codes only

T1DM vs. T2DM, TIDM Only, or T2DM Only

Klompas Multi-
et al, 2013 | specialty
am care

T1DM vs.
T2DM

-- >=two ICD-9 codes

-- TADM: Ratio of

T1DM using ICD-9-CM Codes only:
a) >=2 ICD-9 codes for TIDM only (250.X1 or

--ICD-9 codes, lab and Rx
data

Partially.
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autoantibodies
present; urine acetone
test strips Rx;
otherwise T2

--Multiple candidate
algorithms presented

--Chart review
confirmed 298 of 310

--Validated in same
system

--About 13,000 not
classified

--Sensitivity and PPV of
various algorithms for
T1DM

--T1DM requiring 22 ICD-9 diagnoses for 250.X1 or
250.X3 + a current Rx for insulin + no Rx for an oral
antidiabetic agent at any time (excluding
metformin): Sensitivity 32%, PPV 81%

--Algorithm that maximized PPV while maintaining
acceptable sensitivity: Ratio of TIDM to T2DM >0.5
+ no prescription for an oral antidiabetic drug
(excluding metformin): PPV = 96%, sensitivity =
61%

T1DM of optimized algorithm; any of foIIowing:b

a) Ratio of TIDM to T2DM codes >0.5 and
glucagon Rx or

b) Ratio of TLDM to T2DM codes >0.5 and no
record of an oral hypoglycemic other than
metformin or

c) negative C-peptide or
d) pos. DM autoantibodies or
e) urine acetone test strips Rx

Raw Sensitivity 97%, population-weighted
Sensitivity 65%, population-weighted PPV 88%

Lead Setting T1DM or Methods Results Comments Applicable to
Author, T2DM; N MSCDM?
year (age range);
Timeframe
4 practice 43,177 T1/T2 codes >0.5 and 250.X3): Sensitivity 26%, PPV 94% --Focused optimized
Atrius lucagon Rx; ratio of . L .
f—iealth (0->80 $1/T2gcodes 0.5 and b) >=2 ICD-9 codes for TIDM and any number of algorithm on sensitivity to Available:
years) T T2DM (250.X0 or 250.X2) codes: Sensitivity 90%, T1DM because even slight
EHR data) no oral hypoglycemic . I --ICD-9-CM codes
. PPV 57% misclassification of TIDM as
June 2006 - other than metformin; > )
. . T2DM is substantially --Rx
Sept 2010 C-peptide negative;

magnified after weighting
for greater size of T2DM
population

--Multiple algorithms
tested; maximizing PPV
often at cost of sensitivity
and vice versa

--Persistent sources of error
in the algorithms: physician
miscoding, free text
recording, EHR miscoding,
algorithm programming
errors

Available from some
Data Partners:

--Glucose lab test
results

Not available:
--C-peptide

--DM auto-antibodies
Strength:

Multiple algorithms
tested.

All ages included.

--Algorithm with
maximized PPV and
acceptable sensitivity
recommended by
“15-Cohorts” WG for
T1DM (optimized
algorithm
recommended only if
lab test data available
in MSDD)
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Figure 5. Algorithm for identifying T2DM cases in the EMR

Figure 6. Algorithm for identifying T2DM controls in the EMR
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one of above codes +
confirmatory anti-DM Rx
or additional DM code
within 120 days

--PCOS (265.4) excluded
--T1DM defined by insulin

Lead Author, | Setting T1DM or T2DM; | Methods Results Comments Applicable to
year N (age range); MSCDM?
Timeframe
--T2DM CASE . --does not call out . .
Pacheco and Only T2DM . . Error! Not a valid result for table. . S Partially Available:
H leorith selection using ICD-9 metformin which is not
ompson algorithm Age and codes, TIDM meds specific for T2 DM ICD-9 codes
(eMERGE presented, . . . .
timeframe not (insulin, symlin) order or Rx
D2DM no actual . .
. . given dates, T2DM meds order OP visits
algorithm) validation .
6 or dates, labs (FBS, RBS, . Available from some
2011 . Figure 6
Alc) at least maximum Data Partners:
value Glucose lab test
-T2DM CONTROL results
selection using ICD-9 Not available:
codes, TIDM meds Family history DM
(insulin, symlin) order or o
dates, T2DM meds order leltatlon.
or dates, labs (FBS, RBS, Did not rfemove
Alc) at least maximum metformm_only from
value, Family Hx DM, DM ca_se s.electlon
medical supply orders, criteria
count of dates patient
had face to face
outpatient clinic
encounter
Bobo et al, Tennessee | T1DM and --T1DM or T2DM 1) --T1DM PPV: 80.0% --Developed and validated Yes.
2012 % Medicaid; T2DM Primary IP diagnosis (250, | T2DM and unspecified DM combined in same population; Available:
youth 172,014 of 250.0X, 250.1X, 250.2X, PPV: 83.9% (PPV 74.2% if only those validated in convenience -- ICD-9-CM codes
startingan | whom 64 met 250.3X, or 250.9%; 2) >=2 | coded as T2DM were included) sample --Rx
atypical DM case other encounters of --Estimated sensitivity of the definition, --Single oral agent Rx did
antipsycho | definition (6-24 different types (e.g., an based on adjudication for a sample of 30 | was not an exclusion Limitation:
ticor years) OP diagnosis with Rx); or | cases not meeting the automated criterion because such Studied in
control Jan 1996 — Dec 3) IP stay with secondary | database definition: 64.8% drugs may be occasionally population 6 — 24
medication | 2007 discharge diagnosis for prescribed while awaiting years.

confirmatory testing results
for TADM

--Population was small
number of children,
adolescents, young adults
--Most common source of
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(30 months)

code (250,X1 or 250.X3)

-- PPV only (sensitivity

Lead Author, | Setting T1DM or T2DM; | Methods Results Comments Applicable to
year N (age range); MSCDM?
Timeframe
Rx with <=1 oral misclassification was
hypoglycemic Rx; other subthreshold hyperglycemia
cases considered T2DM (6% and 14% of adjudicated
--Medical records cases that respectively met
reviewed/adjudicated for primary or secondary case
cases that met definitions)
automated database
definition as well as for a
sample of persons with
other DM care
encounters
Lo-Ciganic, Single T1DM vs. T2DM | --Clinical criteria applied Main predictors distinguishing T1 from --No internal or external Partially.
2011 % academic 129,684 (>=18 to administrative data T2: validation Available:
center years) Nonparametric --ICD-9 codes: a) for TIDM [250.x1 or --Requires inpatient -- ICD-9-CM codes
(Pitt) Jan 2000 — Sept classification tree models | 250.x3] without codes for T2DM [250.x0 | medication data Not available:
2009 (classification and or 250.x2], b) for TADM and T2DM --79,963 patients excluded --Inpatient
regression trees [CART]) --Age < 40 for “no strong indicators” of medication use
fit/built a tree structured | --Inpatient insulin use either DM type or missing
model to distinguish --Inpatient oral hypoglycemic use data Limitations:
between T1IDM and --Episode of diabetic ketoacidosis No validation.
T2DM using admin data --For T1DM: Sensitivity 92.8%, specificity Adults only.
from Pitt Medical Center 99.3%, PPV 89.5%, NPV 99.5%
database/EHR
--Randomly selected
medical records reviewed
to verify
Rhodes et al, Specialty T2DM (based on | --Chart review T1DM: >= one ICD-9-CM T1DM code N T_l;]gtlg system; no ves.
2007 clinics, single 1CD-9-CM (250,X1 or 250.X3); PPV 97.0% validation .
Boston code) - >= one |CD-9-CM T2DM --Sensitivity not reported Available:
Children’s code (250.X0 or 250.X2, --T2DM codes include - 1CD-9-CM codes
. 432 (<26 years) X=0-9); “ o
Hospital S N T2DM: >= one ICD-9-CM T2DM code unspecified” DM Limitations:
July 2003 — inpatient/outpatientsites | ) o 550 x2: PPV 16.0% . . . o
’ --Given a) increasing Not validated.
January 2005 -- >=one ICD-9-CM T1DM pediatric obesity, b) patients | Age < 26 only

with phenotypic T2DM may
have pancreatic
autoimmunity, and c) African

--15-Cohorts WG
recommended
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Lead Author, | Setting T1DM or T2DM; | Methods Results Comments Applicable to
year N (age range); MSCDM?
Timeframe
not reported) Americans may present with | T1DM algorithm if
nonautoimmune FDA interested in
identifying cohort

(idiopathic) T1(b)DM,
differentiating T1/T2DM at
diagnosis may be

of pediatric,
adolescent, and
young adults with

difficult./.coded as T1DM
unspecified
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Table 1. ICD-9-CM Code Definitions
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Codes for Inclusion

250.xx

Diabetes Mellitus

250.x1, 250.x3

Type 1 Diabetes Mellitus

250.x0, 250.x2

Type 2 Diabetes Mellitus

357.2 Diabetic neuropathy

362.01 Background Diabetic Retinopathy

362.02 Proliferative Diabetic Retinopathy

362.03 Nonproliferative Diabetic Retinopathy

362.04 Mild Nonproliferative Diabetic Retinopathy
362.05 Moderate Nonproliferative Diabetic Retinopathy
362.06 Severe Nonproliferative Diabetic Retinopathy
362.07 Diabetic Macular Edema

366.41 Diabetic cataract

Codes for Exclusion

251.8 Other specified disorders of pancreatic internal
secretion

256.4 Polycystic ovaries

962.0 Poisoning by adrenal cortical steroids

250.10 (exclusion for Type 2 only)

Diabetes with ketoacidosis, Type Il or unspecified
type, not stated as uncontrolled

250.12 (exclusion for Type 2 only)

Diabetes with ketoacidosis, Type Il or unspecified
type, uncontrolled

As can be seen in Table 2, the algorithms we tested either did not provide a specific list of diabetes
medications they included (e.g., Solberg) or the medication lists used were out of date (e.g., Zgibor).
Therefore, we applied the updated SUPREME-DM medication list when testing all algorithms. The
SUPREME-DM medication list was updated through June 2014, the end date of the data linkage we
examined. For example, canagliflozin is included in the SUPREME-DM updated medication list, but is not
included in any of the other algorithms because it is too newly marketed.

Table 2. Antidiabetic Medication Lists from the Original Algorithms

Solberg Zgibor (2007) * SUPREME-DM *®* | Klompas (2013) *~ | eMERGE Type 2DM
(2006) * “oral agents” medications (2011) °
Not Acarbose Acarbose Acarbose

defined

Acetohexamide

Acetohexamide

Acetohexamide

Alogliptin

Canagliflozin

Chlorpropramide

Chlorpropramide

Chlorpropramide

Dapagliflozin ®

Empagliflozin ®

Exenatide

Exenatide ? Exenatide
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Solberg Zgibor (2007) * SUPREME-DM *®* | Klompas (2013) *~ | eMERGE Type 2DM
(2006) * “oral agents” medications (2011)
Gliclazide®
Glimepiride Glimepiride Glimepiride Glimepiride
Glipizide Glipizide Glipizide Glipizide
Glucagon®©
Glyburide Glyburide Glyburide Glyburide
Insulin Insulin
Linagliptin
Liraglutide
Metformin Metformin Metformin
Miglitol Miglitol Miglitol
Nateglinide Nateglinide Nateglinide
Pioglitazone Pioglitazone Pioglitazone Pioglitazone
Pramlintide Pramlintide®
Repaglinide Repaglinide Repaglinide Repaglinide
Rosiglitazone Rosiglitazone Rosiglitazone Rosiglitazone
Saxagliptin
Sitagliptin Sitagliptin Sitagliptin
Tolazamide Tolazamide Tolazamide

Tolbutamide

Tolbutamide

Troglitazone®

Troglitazone®

% Not oral but included in Klompas algorithm listing of “oral agents.”

® Not marketed in US; will not be included in any/either DM or for TLDM or T2DM.
“Will not be included in tested algorithms for any/either DM or for TLDM or T2DM.
9Removed from US market on 3/21/2000. Will not be included in tested algorithms for any/either DM or for TIDM or T2DM.
€ Included in this listing for future application. Not included in SUPREME-DM DataLink refresh through June 2014.

Mini-Sentinel Methods

-66 -

Validating Type 1 and Type 2 Diabetes
Mellitus in the Mini-Sentinel Distributed
Database using the SUPREME-DM Datalink




	I. Executive Summary
	II. Introduction and Specific Aims
	III. The SUPREME-DM DataLink
	IV. Data Partners and Data Development
	A. Data Partners
	B. Data Development

	V. SUPREME-DM DataLink Refresh
	VI. Specific Aim 1: Linking the Patients in the MSDD and the SUPREME-DM DataLink
	A. Direct and Probabalistic Matching
	B. Final Project Population Size

	VII. Specific Aim 2: Determining the Sensitivity (SE) and Positive Predictive Value (PPV) of diagnosis codes and medication claims for Diabetes Mellitus
	A. General Approach
	B. SE and PPV of Published Algorithms for Patients with Any DM in the MSDD Compared to the SUPREME-DM Datalink as the Gold Standard
	1. Gold Standard for Any DM: SUPREME-DM DataLink Algorithm
	2. Modified Gold Standard for Any DM: SUPREME-DM DataLink Algorithm without Laboratory Results Criteria
	3. Impact on Case Ascertainment of Including Laboratory Test Results Criteria in the SUPREME-DM DataLink Gold Standard Algorithm
	4. Solberg Primary Any DM Algorithm
	a. SE of the Solberg Primary Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	b. SE of the Solberg Primary Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard by Age Group
	c. SE of the Solberg Primary Any DM Algorithm versus SUPREME-DM Algorithm DataLink Gold Standard by Gender
	d. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	e. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard by Age Group
	f. PPV of the Solberg Primary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard by Gender

	5. Interpretation of the SE and PPV of the Solberg Primary Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard
	6. Solberg Secondary Any DM Algorithm (Solberg Modified to include Emergency Department (ED) Visits in Diagnosis Criteria)
	a. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	b. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard by Age Group
	c. SE of the Solberg Secondary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard by Gender
	d. PPV of the Solberg Secondary Any DM Algorithm versus SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	e. PPV of the Solberg Secondary Any DM Algorithm versus Gold Standard by Age Group
	f. PPV of the Solberg Secondary Any DM Algorithm versus Gold Standard by Gender

	7. Interpretation of the SE and PPV of the Solberg Secondary Any DM Algorithm versus the Gold Standard
	8. Comparison of the Solberg Primary and Secondary Any DM Algorithms
	9. Zgibor Any DM Algorithm
	a. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	b. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard by Age Group
	c. SE of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard by Gender
	d. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard across Sites Combined and by Individual Sites
	e. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard by Age Group
	f. PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard by Gender

	10. Interpretation of the SE and PPV of the Zgibor Any DM Algorithm versus the SUPREME-DM DataLink Algorithm Gold Standard
	11. Comparison of the Solberg Primary Any DM Algorithm, the Solberg Secondary Any DM Algorithm, and the Zgibor Any DM Algorithm versus the Gold Standard

	C. Comparison of Published Algorithms for Patients with T1DM in the MSDD
	1. Klompas Primary T1DM Algorithm
	a. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Primary Algorithm across Sites Combined and by Individual Sites
	b. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Primary Algorithm by Age Group
	c. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Primary Algorithm by Gender

	2. Klompas Optimized T1DM Algorithm
	a. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Optimized Algorithm across Sites Combined and by Individual Sites
	b. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Optimized Algorithm by Age Group
	c. Numbers and Proportions of Patients in MSDD Identified as Having T1DM by the Klompas Optimized Algorithm by Gender

	3. Comparison of Klompas Primary T1DM and Klompas Optimized T1DM Algorithm with Neither Considered a Gold Standard
	4. Interpretation of Case Identification using the Klompas Primary and Optimized T1DM Algorithms

	D. Case Ascertainment Using Published Algorithms for Patients with T2DM in The MSDD
	1. eMERGE Primary T2DM Algorithm
	a. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Primary Algorithm across Sites Combined and by Individual Site
	b. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Primary Algorithm by Age Group
	c. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by eMERGE Primary Algorithm by Gender

	2. eMERGE Secondary T2DM Algorithm
	a. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Secondary Algorithm across Sites Combined and by Individual Site
	b. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Secondary Algorithm by Age Group
	c. Numbers and Proportions of Patients in MSDD Identified as Having T2DM by the eMERGE Secondary Algorithm by Gender

	3. Comparison of the eMERGE Primary T2DM Algorithm and the eMERGE Secondary T2DM Algorithm with Neither Considered a Gold Standard
	4. Interpretation of Case Identification using the T2DM eMERGE Primary and Secondary Algorithms

	E. Patients with Any DM who have DM of Uncertain Type after Applying T1DM and T2DM Algorithms
	1. Why Individuals Did Not Meet eMERGE T2DM Algorithm Criteria
	2. Why Individuals Did Not Meet the Klompas Optimized T1DM Algorithm Diagnosis Ratio Criteria
	3. Exploration of Including C-Peptide and Diabetes Autoantibody Laboratory Test Results as Criteria for T1DM (Originally Pathways of Klompas Optimized Algorithm)


	VIII. Recommendations for using the SUPREME-DM DataLink for Any DM, T1DM, and T2DM
	IX. Recommended Algorithms for Identifying Any DM, T1DM and T2DM in the MSDD Population
	A. Identifying Any DM in the MSDD population
	B. Criteria/Algorithm(s) for Identifying T1DM in the MSDD population
	C. Criteria/Algorithm(s) for Identifying T2DM in the MSDD population
	1. Recommended Option 1: Identifying T2DM in the MSDD Population
	2. Recommended Option 2: Identifying Non-T1DM in the MSDD Population

	D. Implications for Sentinel Routine Tools

	X. Recommendations for Future Work
	A. Further Enhancement of the SUPREME-DM DataLink
	1. Ongoing Refresh of the SUPREME-DM DataLink Database
	2. Test the Newly-developed T2DM Algorithm in the SUPREME-DM DataLink Any DM Population

	B. Further Improvements to the SE and PPV of the Algorithms Recommended for Use in the MSDD Population
	C. Adding C-Peptide and Diabetes Autoantibodies Laboratory Test Results to the MSDD to Improve Case Identification of Adult-Onset T1DM
	D. Algorithm Diagnosis Code Conversion to ICD-10

	XI. Tables and Figures
	A. Tables
	B. Figures

	XII. References
	XIII. Appendix A
	XIV. Appendix B

