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Objective. Immunoglobulin-G4-related disease (IgG4-RD) is a systemic autoimmune disease that can affect nearly
any organ, but its epidemiology remains poorly understood. Validated algorithms to identify cases in claims data will
enable studies to describe IgG4-RD epidemiology in the general population.

Methods. Potential claims-based algorithms were developed by IgG4-RD experts using a combination of Interna-
tional Classification of Diseases, Ninth Revision (ICD-9) and International Classification of Diseases, 10th Revision
(ICD-10) codes, dispensed medications, and procedure codes for immunoglobulin G (IgG) subclass testing. Algorithms
were tested using Medicare Parts A, B, and D linked to medical records (2007-2017). Classification of cases as
IgG4-RD was determined using the American College of Rheumatology (ACR) and European League Against Rheuma-
tism (EULAR) classification criteria for IgG4-RD. We estimated the positive predictive value (PPV) of each algorithm;
sensitivity was determined using a cohort of patients with IgG4-RD also enrolled in Medicare Parts A, B, and D during
the study period.

Results. We identified seven algorithms that used a combination of ICD-9 and ICD-10 codes, medication prescrip-
tions, and/or IgG subclass tests to identify patients with IgG4-RD. The PPV of algorithms in the derivation cohort
ranged from 57% to 100%, and sensitivity ranged from 0% to 58%. The best performing algorithm in the validation
cohort had a PPV of 81% and a sensitivity of 58%. Typical IgG4-RD manifestations were observed in the cohort
(n = 36) assembled by this algorithm, including 50%with sialadenitis, 64%with pancreatic disease, 31%with renal dis-
ease, and 59% with an elevated IgG4 concentration.

Conclusion. We derived and validated a well-performing algorithm to identify IgG4-RD cases with typical manifes-
tations of the disease. The claims-based algorithm can be used in research studies of IgG4-RD.

INTRODUCTION

Immunoglobulin-G4-related disease (IgG4-RD) is a systemic

rheumatic disease that causes fibrosing inflammatory lesions in

nearly any organ (1,2). Common manifestations include autoim-

mune pancreatitis, submandibular and/or parotid gland sialadeni-

tis, dacryoadenitis, sclerosing cholangitis, and retroperitoneal

fibrosis (3). Serum immunoglobulin G4 (IgG4) concentrations are

elevated in the majority of patients with IgG4-RD (3) and are often

tested serially as part of the diagnostic evaluation and manage-

ment of patients (4). IgG4-RD is most often treated with

glucocorticoids, but other common treatments include azathio-
prine, methotrexate, mycophenolate mofetil, and rituximab (2).

Our understanding of the epidemiology of IgG4-RD is largely
derived from cohort studies describing patients assembled from
referral centers, which may be biased toward more severe or dif-
ficult to treat cases. These studies suggest that IgG4-RD tends
to affect men more than women, most often in their fifth to sev-
enth decades of life (3). There are no population-based estimates
of IgG4-RD incidence and prevalence, in part because there are
no validated methods for identifying patients with IgG4-RD using
administrative claims data. A prior study estimated the incidence
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of autoimmune pancreatitis, a common manifestation of

IgG4-RD, to be 0.9 cases per 100,000 people in Japan by

random sampling of hospitals (5). A major obstacle to using

administrative claims data to study IgG4-RD is that there is no

specific International Classification of Diseases, Ninth Revision

(ICD-9) or International Classification of Diseases, 10th Revision

(ICD-10) code for IgG4-RD, so providers often bill for encounters

using nonspecific codes reflecting an autoimmune disease or a

specific manifestation of IgG4-RD.
We used Medicare Parts A, B, and D data linked to medical

records to develop algorithms for use in administrative claims
databases to identify patients with IgG4-RD for epidemiologic
and comparative effectiveness studies.

MATERIALS AND METHODS

Data source. We used longitudinal Medicare claims data
from Parts A (inpatient coverage), B (outpatient coverage), and D
(prescription benefits) for patients with Medicare Fee-for-Service
from January 1, 2007, to December 31, 2017. These data were
linked to the Mass General Brigham (MGB) Research Patient Data
Registry (RPDR), which is a centralized data warehouse that con-
tains unstructured and structured data for all patients seen in the
MGB health care system. MGB includes two tertiary care hospi-
tals (Massachusetts General Hospital [MGH] and Brigham and
Women’s Hospital) as well as community hospitals, primary care
clinics, and subspecialty clinics in the greater Boston, MA, area
(6). For algorithm development, we randomly divided the entire
Medicare–RPDR linked cohort in half, with n = 71,393 used
for algorithm development and n = 71,393 for validation testing.
Random selection of cases for the derivation and validation sets

was performed using PROC SURVEYSELECT in SAS (SAS
Institute, Inc.).

To assess sensitivity of algorithms, we identified patients
from the MGH Center for IgG4-RD registry who were enrolled in
Medicare Fee-for-Service with Part A, B, and D coverage during
the study period after the initial date of their IgG4-RD diagnosis.
The MGH Center for IgG4-RD maintains a registry of all patients
evaluated who have IgG4-RD confirmed to be definite, probable,
or atypical according to the American College of Rheumatology
(ACR) and European League Against Rheumatism (EULAR) clas-
sification criteria for IgG4-RD and previously described methods
(7–9). This study was approved by the MGB Institutional Review
Board.

Potential algorithm criteria. Three authors (ZSW, CAP,
and JHS) with expertise in IgG4-RD developed potential algo-
rithms to be used to identify patients with IgG4-RD in claims data.
The development of these algorithms was informed, in part, by
similar algorithms for identification of antineutrophil cytoplasmic
antibody (ANCA)-associated vasculitis and systemic lupus ery-
thematosus cases in claims data because, like IgG4-RD, these
are multiorgan rheumatic diseases with protean manifestations
and specific diagnostic tests (10,11). Algorithms were developed
using a combination of ICD-9-Clinical Modification and ICD-
10-Clinical Modification codes (referred to as ICD-9 and ICD-10
codes throughout this study), dispensed medications, and proce-
dure codes for IgG subclass testing.

ICD-9 and ICD-10 code inclusion criteria. There are no spe-
cific ICD-9 or ICD-10 codes for IgG4-RD or its manifestations.
The authors therefore identified an initial list of 821 ICD-9 and
ICD-10 codes using two approaches. First, we identified ICD-9
and ICD-10 codes with description keywords potentially related
to IgG4-RD on the basis of the ACR/EULAR classification criteria:
Orbit, Lacrima* (eg, lacrimal, lacrimation), Subman* (eg, subman-
dibular, submandib, submand), Salivary gland, Parotid, Retropri-
ton*, Pseudotumor, Pancrea* (eg, pancreatitis, pancreas,
pancreatic), Thyroiditis, Nephritis, Cholangitis, Bile Duct, Biliary,
Aortitis, Tubulointerstitial nephritis, Mesenteritis, Mediastinitis,
and Meningitis. Second, we reviewed all ICD-9 and ICD-10 codes
used to bill for clinical encounters of patients with IgG4-RD in the
MGH Center for IgG4-RD registry, which is linked to the RPDR.
From these codes, we identified codes not identified in the key-
word search that might be relevant to a diagnosis of
IgG4-RD. From this list of 821 codes, two authors (ZSW and
JHS) excluded 622 ICD-9 and ICD-10 codes because they were
specific to malignancy, infection, trauma, or other non-
IgG4-related conditions. From the remaining 199 codes, two
authors (ZSW and JHS) classified 54 ICD-9 and ICD-10 codes
that were thought to have a high likelihood of identifying
IgG4-RD on the basis of their expertise (Supplementary Table 1).
Four ICD-9 and ICD-10 codes commonly used to bill for
IgG4-RD clinical encounters were also identified (ICD-9: 279.49

SIGNIFICANCE & INNOVATION
• Immunoglobulin-G4-related disease (IgG4-RD) is a

recently recognized multiorgan fibroinflammatory
disease for which population-based studies of its
epidemiology, the comparative effectiveness of
interventions, and other outcomes are needed.

• There is no specific International Classification of Dis-
eases, Ninth Revision (ICD-9) or International Classifi-
cation of Diseases, 10th Revision (ICD-10) code for
IgG4-RD, limiting our ability to conduct studies
using administrative claims and other data sources.

• Here, we derived and validated an algorithm to
accurately identify cases of IgG4-RD in administra-
tive claims data using a combination of ICD-9 and
ICD-10 codes associated with IgG4-RD manifesta-
tions, dispensedmedications, and testing for immu-
noglobulin G subclass concentrations.

• This algorithm will enable the conduct of subse-
quent studies using administrative claims data and
represents a novel approach for identifying cases
of a disease with no specific ICD-9 or ICD-10 codes.
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and 279.9; ICD-10: D89.89 and D89.9). In total, there were
216 ICD-9 and ICD-10 codes of interest. Where possible, we cat-
egorized ICD-9 and ICD-10 codes as being associated with a
common anatomic site of IgG4-RD, as identified by the entry cri-
teria included in the ACR/EULAR classification criteria for
IgG4-RD.

ICD-9 and ICD-10 code exclusion criteria. Because immuno-
globulin G (IgG) subclass testing is commonly used to screen for
immunodeficiency and because some ICD-9 and ICD-10 codes
that may be used in encounters for IgG4-RD may also be used
in encounters for immunodeficiency, we identified ICD-9 and
ICD-10 codes associated with immunodeficiency for potential
exclusion (Supplementary Table 2). Because some manifesta-
tions of pancreatitis or cholangitis are manifestations of inflamma-
tory bowel disease and are treated with similar medications as
those for IgG4-RD, we also identified ICD-9 and ICD-10 codes
for ulcerative colitis and Crohn disease for potential exclusion.

IgG subclass testing criteria. The Current Procedural Termi-
nology (CPT) code for IgG subclass testing is 82787. We required
that patients needed to have at least two procedure codes for IgG
subclass testing as one criterion in these algorithms. We required
at least two procedure codes because our preliminary work dem-
onstrated that requiring only one code was associated with a sub-
stantially lower positive predictive value (PPV) across algorithms.
For instance, the PPV of each of the seven algorithms reported

in this study was substantially lower when only one CPT code for
IgG subclass testing was required, as opposed to at least two
CPT codes. This decrease in PPV ranged from 16% to 46%. Sen-
sitivity was not affected.

Medication criteria. Medications commonly used to treat
IgG4-RD were identified by their national drug code (NDC) and
included glucocorticoids (ie, prednisone, prednisolone, methyl-
prednisolone), methotrexate, mycophenolate mofetil or myco-
phenolic acid, mercaptopurine, and azathioprine (Supplementary
Table 3). Treatment with rituximab was identified by either NDC
or CPT codes.

Algorithm development. In iterative testing using the
derivation cohort, we determined that algorithms including only
ICD-9 and ICD-10 codes had poor performance. For instance,
requiring only one high-likelihood code identified 12,707 individ-
uals, the vast majority of whom do not have IgG4-RD. Addition-
ally, we found that requiring two CPT codes for IgG subclass
testing enhanced the performance of algorithms, as discussed
previously. Through this iterative process of trial and error, we
found that the algorithms performed better after incorporating
criteria for medication prescriptions and IgG subclass testing.
On the basis of this work and the previous algorithms developed
for other multiorgan rheumatic diseases, we identified seven
algorithms for additional testing.

TABLE 1. Characteristics of the Medi-
care cohort and IgG4-RD cohort used to
assess algorithm performance

Medicare cohort IgG4-RD cohort

n 142,786 30
Age, mean (SD)a 70 (11) 71 (11)
Female sex, n (%) 81,339 (57) 8 (27)
Race, n (%)
White 123,369 (86) 26 (87)
Black 7735 (5) 0 (0)
Asian 2195 (2) 4 (13)
American Indian or Alaska Native 99 (<1) 0 (0)
Other or not reported 9388 (7) 0 (0)
Hispanic 3402 (2) 1 (3)

ACR/EULAR classification, n (%)
Definite IgG4-RD ─ 29 (97)
Probable IgG4-RD ─ 0 (0)
Atypical IgG4-RD ─ 1 (3)

IgG4-RD features, n (%)
Orbit ─ 3 (10)
Lacrimal gland ─ 8 (27)
Salivary gland ─ 18 (60)
Pancreas ─ 15 (50)
Biliary ─ 6 (20)
Kidney ─ 11 (37)
RPF ─ 6 (20)
Single organ ─ 6 (20)
Multiorgan ─ 24 (80)
Elevated IgG4 levels ─ 25 (83)

Abbreviations: ACR, American College of Rheumatology; EULAR, European League Against Rheuma-
tism; IgG4, immunoglobulin G4; IgG4-RD, immunoglobulin-G4-related disease; RPF, retroperitoneal
fibrosis.
a For theMedicare cohort, age represents the age at the start of their Medicare data availability dur-
ing the study period; for the IgG4-RD cohort, age represents the age at IgG4-RD diagnosis.
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Establishing the IgG4-RD diagnosis in chart review. Two
authors (ZSW and JHS) reviewed cases identified by each algo-
rithm and determined whether they were IgG4-RD on the basis
of the classification criteria approved by the EULAR and ACR (7).
We included patients who fell into one of three categories: 1) def-
inite IgG4-RD, 2) probable IgG4-RD, and 3) atypical IgG4-RD
(8,9). Patients in the definite category fulfilled the published classi-
fication criteria. Patients who were considered probable fulfilled
two parts of the ACR/EULAR classification criteria (ie, had clinical
involvement of a typical organ and were rigorously evaluated to
ensure that they did not meet any exclusion criteria) but did not
reach the threshold of 20 inclusion points according to the criteria.
Patients with probable IgG4-RD often had lesions (eg, retroperito-
neal fibrosis) inaccessible to perform a safe biopsy or were seen
or evaluated prior to the recognition of IgG4-RD and might have
had incomplete data collected, but sufficient evidence was avail-
able to classify them as having IgG4-RD. Patients who were con-
sidered atypical met the previously established pathological and

immunostaining criteria for diagnosing IgG4-RD but presented
with involvement of an atypical organ (eg, breast, prostate) that
was not considered in the ACR/EULAR classification criteria (7).
Patients identified in Medicare claims as fulfilling an algorithm’s
criteria but lacking records in the RPDR from the same time
period were excluded.

Statistical analysis. Descriptive statistics were used to
describe the demographics and clinical characteristics of
patients identified by each algorithm. The PPV for each algo-
rithm in the derivation and validation cohorts was based on the
proportion of cases classified as IgG4-RD from all of the cases
identified by each algorithm. The sensitivity of each algorithm
in the derivation and validation cohorts was based on the pro-
portion of cases from the MGH Center for IgG4-RD linked to
Medicare that were identified by each algorithm. The 95% con-
fidence intervals of the PPV and sensitivity estimates were cal-
culated using the normal approximation of the binomial
distribution. SAS version 9.4 was used for all analyses.

TABLE 2. Algorithms chosen for testing in derivation and validation cohorts

Algorithm ICD-9 and ICD-10 codesa

Medicationsa used for
IgG4-RD dispensed
�365 days of earliest
ICD-9 or ICD-10 code

At least two
CPT codes
for IgG
subclass
tests

No use of ICD-9 or ICD-10
codes associated with
immunodeficiency or
inflammatory bowel

disease

1 ≥1 high-likelihood ICD-9 or
ICD-10 code from >1
entry criteria category

Yes Yes Yes

2 ≥1 high-likelihood ICD-9 or
ICD-10 code from >1
entry criteria category
used twice ≥30 days
apart

Yes Yes No

3 ≥1 high-likelihood ICD-9 or
ICD-10 code from >1
entry criteria category
used twice ≥30 days
apart

Yes Yes Yes

4 ICD-10 code D89.89 or
D89.9 used twice
≥30 days apart

Yes Yes Yes

5 Algorithm 1 but includes
ICD-10 codes
commonly used to bill
for IgG4-RDb

Yes Yes Yes

6 Algorithm 3 but includes
ICD-10 codes
commonly used to bill
for IgG4-RDb

Yes Yes No

7 Algorithms 2 and 4
combined together

Yes Yes Algorithm 2 (no),
algorithm 4 (yes)

Note: These algorithms require fulfillment of ICD-9 or ICD-10 code criteria, medication exposure, and CPT codes for
IgG subclass testing; some also require that other ICD-9 or ICD-10 codes are not used (indicated by “Yes” in the last
column).
Abbreviations: CPT, Current Procedural Terminology; ICD-9, International Classification of Diseases, Ninth Revision; ICD-
10, International Classification of Diseases, 10th Revision; IgG, immunoglobulin G; IgG4-RD, immunoglobulin-
G4-related disease.
a A complete list of ICD-9 and ICD-10 codes and medications used in each algorithm is available in the Supplemen-
tary Material.
b ICD-10 code refers to D89.89 or D89.9.

WALLACE ET AL374



RESULTS

Study population. In the linked cohort of MGB patients
with Medicare records (Part A, B, and D), there were a total of
142,786 individuals with any potential ICD-9 or ICD-10 code of
interest. The mean age was 70 (SD 11), 61,447 (43%) were male,
and 123,369 (86%) were White. This cohort was randomly

divided in half, with one half (n = 71,393) reserved for use as the
derivation cohort and the other half (n = 71,393) reserved for the
validation cohort (Table 1). Of the 364 patients with IgG4-RD in
the MGH Center for IgG4-RD registry, 30 (8%) were identified in
the available Medicare data (12 in the derivation cohort and 18 in
the validation cohort) and used to estimate the sensitivity of algo-
rithms (Table 1).

Algorithms tested and performance. On the basis of
preliminary work, we identified seven algorithms for additional
testing in the derivation and validation cohorts (Table 2). The
PPV of each algorithm in the derivation cohort ranged from 57%
to 100% (Table 3). In the validation cohort, the PPV of each algo-
rithm ranged from 71% to 100%. The sensitivity of each cohort in
the derivation and validation cohorts ranged from 0% to 58% and
from 11% to 56%, respectively. When we considered the PPV
and specificity of each algorithm, as measured in the validation
cohort, the best performing algorithm was algorithm 7.

Characteristics of patients with IgG4-RD identified
by high-performing algorithm. The demographic and
disease-specific characteristics of patients identified by algorithm
7 in the derivation and validation cohorts are included in Table 4.
Overall, 45 patients with IgG4-RD were identified. The mean age
was 71 (SD 7) years, and the majority of patients were male
(30, 83%) and White (32, 89%). The median of organs affected
was 3 (interquartile range 1-5), and 20 (59%) had an elevated
IgG4 concentration. The most common locations of IgG4-RD
manifestations in this cohort were the pancreas (23, 64%), sali-
vary gland (18, 50%), and kidney (11, 31%). Of these patients,
31 (86%) fulfilled the ACR/EULAR classification criteria, and one
(3%) and four (11%) were considered to have atypical or probable
IgG4-RD, respectively. The majority of patients were diagnosed
with IgG4-RD by a rheumatologist or gastroenterologist
(29, 81%); the remainder were diagnosed by other providers,
including surgeons and nephrologists. The cases falsely identified

TABLE 4. Characteristics of Patients with IgG4-RD identified by the
high-performing algorithm

Characteristic Distribution

N (%) 36 (100)
Age, mean (SD) 70.7 (6.7)
Male sex, n (%) 30 (83)
Race, n (%)
White 32 (89)
Black 1 (3)
Asian 2 (6)
Hispanic 1 (3)

ACR/EULAR classification criteria, n (%)
Definite 31 (86)
Probable 4 (11)
Atypical 1 (3)

IgG4-RD features
Orbit 2 (6)
Lacrimal gland 6 (17)
Salivary gland 18 (50)
Pancreas 23 (64)
Biliary 11 (31)
Kidney 11 (31)
RPF 5 (14)
Single organ 12 (33)
Multiorgan 24 (67)
Elevated IgG4 concentration 20 (59)

Specialist establishing diagnosis
Rheumatology 16 (44)
Gastroenterology 13 (36)
Other 6 (17)
Unknown 1 (3)

Abbreviations: ACR, American College of Rheumatology; EULAR,
European League Against Rheumatism; IgG4, immunoglobulin G4;
IgG4-RD, immunoglobulin-G4-related disease; RPF, retroperitoneal
fibrosis.

TABLE 3. Algorithm performance for identification of IgG4-RD cases in derivation and validation cohorts

Algorithm

PPV Sensitivity

Derivation cohort Validation cohort
Derivation

cohort (n = 12)
Validation

cohort (n = 18)

na PPV (95% CI) na PPV (95% CI) na
Sensitivity
(95% CI) na

Sensitivity
(95% CI)

1 7 57% (18%-90%) 6 100% (54%-100%)b 0 0% (0%-26%)c 4 22% (6%-48%)
2 12 83% (52%-98%) 10 80% (44%-97%) 4 33% (9%-65%) 4 22% (6%-48%)
3 4 100% (40%-100%)b 3 100% (29%-100%)b 0 0% (0%-26%)c 2 11% (1%-35%)
4 12 83% (52%-98%) 16 81% (54%-96%) 3 25% (5%-57%) 8 44% (22%-69%)
5 9 67% (30%-93%) 14 71% (42%-92%) 0 0% (0%-26%)c 8 44% (22%-69%)
6 5 100% (48%-100%)b 10 90% (56%-100%) 0 0% (0%-26%)c 7 39% (17%-64%)
7 21 81% (58%-94%) 24 79% (58%-93%) 7 58% (28%-85%) 10 56% (31%-78%)

Abbreviations: CI, confidence interval; IgG4-RD, immunoglobulin-G4-related disease; PPV, positive predictive value.
a The total number of cases identified by each algorithm.
b Approach higher boundary, one-sided 97.5% CI.
c Approach lower boundary, one-sided 97.5% CI.
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as IgG4-RD by this algorithm included two cases of rheumatoid
arthritis and a case each of systemic lupus erythematosus, recur-
rent infection, chronic pancreatitis, multiple myeloma, ANCA-
associated vasculitis, idiopathic serositis, and idiopathic fibrotic
disease resembling Erdheim–Chester disease (but a biopsy was
not performed).

DISCUSSION

We derived and validated an algorithm to identify IgG4-RD
cases in claims data with high PPV and good sensitivity. The best
performing algorithm used a combination of ICD-9 and ICD-10
codes, dispensed medications for common IgG4-RD treatments,
and IgG subclass testing procedure codes. This algorithm identi-
fied patients with diverse manifestations of IgG4-RD with charac-
teristics similar to those in other described cohorts. This algorithm
may be used in claims data as well as electronic health record
(EHR) data to accurately identify cases of IgG4-RD in the general
population to describe the epidemiology of this recently recog-
nized disease.

This study represents a novel addition to the literature,
expanding on prior work in IgG4-RD, which established the first
classification criteria, common terminology for reporting
IgG4-RD, the pathologic definition of the disease, and a consen-
sus approach to treatment. Like these prior studies, the algorithm
validated here will enable important future studies that will
advance our understanding of IgG4-RD by defining its epidemiol-
ogy and the comparative effectiveness of treatments in general
population cohorts.

Like other systemic rheumatic diseases, such as systemic
lupus erythematosus and ANCA-associated vasculitis, IgG4-RD
is a heterogeneous condition that can affect nearly any organ or
anatomic site. However, unlike systemic lupus erythematosus
and ANCA-associated vasculitis (10,11), IgG4-RD does not have
any specific ICD-9 or ICD-10 codes associated with the diagno-
sis. As such, we developed algorithms that would identify patients
with a variety of manifestations using a variety of ICD-9 and ICD-
10 codes. Reassuringly, the best performing algorithm in this
study identified IgG4-RD cases with diverse IgG4-RD features,
including hepatopancreatobiliary disease, salivary gland disease,
renal disease, and orbital disease. Additionally, the algorithm
identified patients with single-organ disease and multiorgan dis-
ease. Indeed, the distribution of single-organ (33% vs 24%) and
multiorgan involvement (67% vs 76%), the proportion with an ele-
vated IgG4 concentration (59% vs 79%), and the proportion with
specific organ manifestations were similar in the cohort assem-
bled by this algorithm as in the large international cohort
(n = 493) assembled to derive the ACR/EULAR classification cri-
teria for IgG4-RD (3). Patients identified by the high-performing
algorithm identified in this study had been diagnosed with
IgG4-RD by a variety of specialists, including both rheumatolo-
gists and gastroenterologists, as is typical in practice. Collectively,

these findings suggest that this algorithm may be used to identify
an IgG4-RD cohort representative of the usual spectrum of
disease.

We used structured data in this study to develop rule-based
algorithms for IgG4-RD case identification. We focused on struc-
tured data available in claims data, as opposed to unstructured
data (eg, provider notes) available in EHRs, so that the algorithm
could be used in administrative claims data, which are not typi-
cally linked to EHRs. However, because there is no specific
ICD-9 or ICD-10 code for IgG4-RD, it may be that leveraging
unstructured data with natural language processing to identify
free-text references to the diagnosis of IgG4-RD improves the
sensitivity of an algorithm in contexts in which EHR and claims
data are linked. Additionally, although we evaluated many poten-
tial algorithms for case identification, we were limited in the num-
ber and type of criteria incorporated into each algorithm
because these algorithms were developed manually. It may be
that machine learning methods are useful for identifying algo-
rithms with better sensitivity. Additional studies are needed to
evaluate the potential role of these advanced bioinformatics
methods to identify IgG4-RD cases in claims and EHR data.

Our study has important strengths. First, we leveraged a
unique data linkage of Medicare claims with a large health care
system’s EHR to develop and validate these algorithms. Second,
we applied the recent ACR/EULAR classification criteria for
IgG4-RD to validate cases. Despite these strengths, our study
has certain limitations. First, we validated these algorithms using
Medicare claims data, which typically include patients at least
65 years old. Therefore, the performance of these algorithms in
other age groups or claims databases is uncertain. However, we
do not have reason to suspect that our algorithms, which require
a combination of ICD-9 and ICD-10 codes, medication prescrip-
tions, and IgG subclass testing, would perform differently in other
age groups or databases. Once the International Classification of

Diseases, 11th Revision is introduced, the PPV of a specific code
for IgG4-RD (4A43.0) will require testing. It is important to note
that the PPV is related to baseline prevalence, so there is potential
for overestimation when testing in a Medicare population because
IgG4-RD may be particularly common in this age group. We were
unable to estimate specificity, but this may be further evaluated in
future studies. Second, the sensitivity of these algorithms was
moderate, suggesting that a portion of patients with IgG4-RD will
not be captured by these algorithms. In particular, patients not
treated with medications (eg, mild salivary gland, resected lesions)
or those in whom normal serum IgG4 subclass testing at baseline
led providers to not repeat testing are unlikely to be identified by
these algorithms. However, the majority of patients with
IgG4-RD are treated at some point in their disease course, and
our best performing algorithm still identified a large portion of
patients with normal serum IgG4 concentrations. Third, these
algorithms were derived and tested within a health care system
that included a center for IgG4-RD, which may limit the
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generalizability of our findings. However, the cases identified by
these algorithms included many not managed in our center, which
suggests that these algorithms will be generalizable beyond spe-
cialized centers. Indeed, the diagnosis of IgG4-RDwas established
by rheumatologists, gastroenterologists, and other clinicians in the
cohort assembled by the best performing algorithm.

In conclusion, the high-performing algorithm identified in this
study to identify IgG4-RD cases can be leveraged in future studies
to characterize the epidemiology of IgG4-RD and enable compar-
ative effectiveness analyses. This algorithm will enable investiga-
tors to leverage administrative claims data to study this recently
recognized disease in the general population.
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