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ABSTRACT

Introduction: Immune-mediated inflammatory
diseases (IMIDs) cause significant impairment
in quality of life. Although they share similar
genetic factors, environmental precipitants, and
pathophysiological mechanisms, there is little
evidence on the risk of developing subsequent
IMIDs after an initial IMID diagnosis. We
sought to assess the risk of developing subse-
quent IMIDs among patients diagnosed with an
initial IMID.
Methods: This retrospective matched cohort
study used a large US commercial health insur-
ance claims database (01/01/2006–09/30/2015).

The risks of developing secondary IMIDs among
patients aged 18–64 years with a diagnosis of
one of nine IMIDs of interest (ankylosing
spondylitis, celiac disease, hidradenitis suppu-
rativa [HS], inflammatory bowel disease, lupus,
psoriatic arthritis [PsA], psoriasis, rheumatoid
arthritis, and uveitis) as identified from diag-
nosis codes on medical claims were compared
with up to 1000 matched controls without the
primary IMID using Cox proportional hazards
models.
Results: Across the nine IMIDs of interest, there
were 398,935 unique case patients matched to
256,795,796 non-unique control patients. Case
patients with an initial IMID had higher risks of
developing each, any one, and any two of the
other eight secondary IMIDs compared to their
matched controls. Hazard ratios [95% confi-
dence intervals] for the risk of developing any
one secondary IMID ranged from 5.4 [5.0, 5.8]
(initial IMID: HS) to 62.2 [59.9, 64.6] (initial
IMID: PsA), and hazard ratios for developing
any two secondary IMIDs ranged from 3.0 [2.3,
3.8] (HS) to 75.2 [69.3, 81.7] (PsA).
Conclusions: This study demonstrates that the
risk of developing a second IMID is significantly
higher for individuals who have already expe-
rienced a first IMID in a large and contemporary
US claims database. Certain pairs of IMIDs co-
occur more frequently than others. The risk of
developing subsequent IMIDs may be an
important consideration for clinicians when
selecting treatment strategies.
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INTRODUCTION

Immune-mediated inflammatory disease (IMID)
describes a class of conditions that share com-
mon inflammatory pathways. Previously called
autoimmune disorders, there are more than 80
different disorders in this class, including
rheumatoid arthritis, lupus, psoriasis, and
inflammatory bowel disease [1–3]. These dis-
eases share similar genetic factors, environ-
mental triggers, and pathophysiological
mechanisms, a phenomenon known as
autoimmune tautology [2, 4]. Polyautoimmu-
nity, the presence of two or more IMIDs in a
single patient, supports the autoimmune tau-
tology theory and has been reported previously
in the literature; it implies that patients with an
existing IMID may be at higher risk of devel-
oping additional IMIDs [2, 5, 6].

Although prior studies have examined the
risk of subsequent IMIDs in patients with an
existing IMID, they are limited in scope and
scale because of low IMID incidence rates and
data limitations [3, 5, 7–10]. Published studies
demonstrate that many IMIDs are relatively
rare, with the combined prevalence of a group
of 29 IMIDs estimated to be 7.6–9.4% [6].
Large, real-world data sources can allow for
investigation of occurrence patterns, comorbid
illnesses, and coexistence of relatively rare
conditions. Further, as treatments are currently
available or in development for several IMIDs,
clinicians may incorporate knowledge of the
risks of secondary IMIDs into their treatment
decisions and preventive care strategies for
patients with existing IMIDs. To better under-
stand the interrelation of IMIDs and frequency
of subsequent IMID development, we assessed
the risk of secondary IMID development
among patients with an existing IMID in a
large claims database of commercially insured
adults in the USA.

METHODS

Study Design

The association between having one of nine
initial IMIDs and the risk of subsequently
developing one or more of the other eight
IMIDs was assessed using a large administrative
database of commercial insurance claims from
2006 through 2015. Secondary IMID incidence
was compared between cohorts of patients with
each initial IMID and their matched controls
using stratified Cox proportional hazards
models.

Data Source

This retrospective, matched cohort study used
data from the MarketScan Commercial
Claims and Encounters database from January
1, 2006 through September 30, 2015. The
MarketScan patient-level administrative data-
base contains insurance enrollment and
medical and pharmacy claims from health
insurers and self-insured employers across the
USA. It includes longitudinal information on
patient demographics and clinical diagnoses
recorded using International Classification of
Disease, Ninth Revision, Clinical Modification
(ICD-9-CM) diagnosis codes. This study used
de-identified which complied with the US
Health Insurance Portability and Account-
ability Act and was therefore deemed to not
constitute Human Subjects Research nor
require IRB approval.

IMID Selection

The nine IMIDs selected for this study were
ankylosing spondylitis (AS), celiac disease (CE),
hidradenitis suppurativa (HS), inflammatory
bowel disease (IBD), lupus (LU), psoriatic
arthritis (PsA), psoriasis (PsO), rheumatoid
arthritis (RA), and uveitis (UV). These IMIDs
were selected because they are identifiable in
claims data using ICD-9-CM diagnosis codes
and have medications available or in develop-
ment for their treatment. The ICD-9-CM
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diagnosis codes used to identify these condi-
tions are listed in Table S1.

Study Population

Patients were eligible for inclusion if they were
between 18 and 64 years old at their index date
(defined below); had at least 365 days of con-
tinuous enrollment both before and after their
index date; and had valid values for sex, insur-
ance type, and location of residence in the USA
(50 states or Washington, DC). Patients aged
65 years and older at their index date were
excluded as the majority of these patients
receive health insurance coverage under Medi-
care and subsequently have health claims that
are unobservable in the MarketScan database.
For individuals with interruptions in their
insurance enrollment resulting in multiple
enrollment periods lasting 730 days or more,
one enrollment period was selected at random.

Case and Control Selection

Separate cohorts were created for each of the
nine selected IMIDs. For each IMID cohort,
cases consisted of patients with a positive diag-
nosis of an IMID that was based on the presence
of ICD-9-CM diagnosis codes on at least two
medical claims that were 30 days or more apart
and that occurred at least 365 days after the
patient’s entry into the data [11, 12]. For
patients with initial claims for multiple IMIDs
of interest, the IMID with the earliest second
claim was designated as the initial IMID. The
date of the first diagnosis for the initial IMID
was assigned as the index date for case patients.

To reduce the computational burden for
identification of control patients, a simple ran-
dom sample of 5 million control candidates was
selected from the overall MarketScan database
population of 37 million individuals [13]. From
this sample, up to 1000 control patients were
matched with replacement to each case patient
on sex, age (± 1 year), insurance plan type, and
state of residence (Fig. S1). When more than
1000 control patients matched, 1000 were
selected at random. Candidate controls were
assigned the index date of their matched case

patient. Candidate controls were excluded if
they had any claim for the case’s initial IMID
prior to the index date or if their first IMID
claim after the index date was for the case’s
initial IMID (e.g., for AS case patients, the first
IMID a control patient developed after the
index date had to be different from AS).

Outcomes

For each matched IMID cohort, the primary
outcomes were the development of each, any
one, and any two of the other eight secondary
IMIDs after the index date through September
30, 2015. The risk of a case patient developing a
secondary IMID was measured on the basis of
the presence of at least one claim with a diag-
nosis for the secondary IMID after the index
date. Control patients were excluded from risk
calculations for a given secondary IMID if their
first claim for the secondary IMID occurred
prior to the index date. Controls with a diag-
nosis for one of the other seven secondary
IMIDs, however, were included in the analysis
of that secondary IMID regardless of when the
diagnosis was first recorded.

Statistical Analysis

Descriptive statistics for the covariates used to
match control patients to case patients (i.e.,
patient sex, age, insurance plan type, and state
of residence) were calculated for case patients
combined across the nine IMIDs. To assess
covariate balance after matching, baseline
characteristics were compared between case and
matched control patients for each initial IMID
by calculating stratified standardized differences
[14, 15].

The crude incidence rate per 1000 person-
years of developing each, any one, and any two
of eight secondary IMIDs were calculated for
case and matched control patients separately
according to the initial IMID. The risk of
developing each secondary IMID for case
patients compared with their matched controls
was assessed using stratified, continuous-time
Cox proportional hazards models to account for
differences in follow-up time. Model results are

1674 Adv Ther (2019) 36:1672–1683



presented as hazard ratios and 95% confidence
intervals (CI), where the hazard ratio represents
the ratio of the instantaneous risk of developing
a secondary IMID among case patients to the
analogous risk for controls. Models were strati-
fied to account for IMID-specific match groups,
each of which consisted of a case patient and
their matched controls. Model standard errors
were adjusted to account for the clustering of
patients into match groups.

All analyses were conducted using Stata ver-
sion 15.1 (StataCorp LLC, College Station, TX,
USA). P values less than 0.05 from two-sided
hypothesis tests were considered statistically
significant.

Sensitivity Analyses

In the main analysis, secondary IMIDs were
identified by the presence of a single medical
claim, which is maximally sensitive but may
result in misdiagnosis. To increase the speci-
ficity of diagnosis, analyses were repeated after
requiring secondary IMIDs to appear on at least
two medical claims.

Clinical misdiagnosis of the initial IMID may
artificially inflate associations between initial
and secondary IMIDs as identified in claims if
the secondary IMID diagnosis is intended to
replace (rather than add to) the initial IMID
diagnosis. To address this, analyses were repe-
ated for the three included musculoskeletal
IMIDs (AS, PsA, and RA), which have a higher
risk of misdiagnosis. Case patients with AS, PsA,
or RA as their initial IMID and one of the other
two conditions as their secondary IMID were
required to have one or more additional claim
for the initial IMID after the first claim for the
secondary IMID, thereby providing evidence
that the diagnosis for the initial IMID persisted
even after the diagnosis of the secondary IMID
was made. Outcomes for control patients were
unchanged from their original definitions.

RESULTS

There were 1,220,622 unique individuals with
an initial IMID eligible to be in a case cohort
(Fig. 1). Across the nine IMIDs of interest, there

were 398,935 unique case patients matched to
256,795,796 non-unique control patients after
the sample selection criteria were applied. The
final number of case patients ranged from 6352
for AS to 115,141 for PsO, and for matched
control patients from 4,059,296 for AS to
74,228,131 for PsO. Among case patients, the
mean age at earliest initial IMID claim was
46.5 years, 63.3% were female, 61.9% were
covered by a preferred provider organization
plan, and 40.0% resided in the South Census
region (Table 1). Demographic characteristics
stratified by initial IMID case cohort were lar-
gely similar, with the exception of sex
(Table S2). The observed period of continuous
enrollment without the IMID of interest prior to
a case patient’s first primary IMID diagnosis
date was between 1 and 2 years for 39% of the
sample, 2–3 years for 19%, 3–4 years for 12%,
and more than 4 years for 30%. The mean
number of matched control patients per case
patients ranged from 598 for HS to 668 for RA.
Median follow-up time was slightly longer in

Total cases in ini�al sample 
n=1,220,622

Age 18 to 64 years 
n=1,194,327

1-year con�nuous eligibility 
prior to index date

n=511,309

1-year con�nuous eligibility 
a�er index date

n=399,254

Case pa�ent matched to 
control pa�entsa

n=398,935

–26,295

–683,018

–112,055

–319

Fig. 1 Cohort selection criteria for case patients. aCase
patients were matched to at least one control patient on
the basis of age (± 1 year), sex, insurance plan type, state
of residence, and 1 year or more of continuous eligibility
before and after the case patient’s index date
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case patients (range 918–1023 days) than con-
trol patients (range 883–971 days).

Covariate balance between case and matched
control patients was assessed before and after
stratification by match group. Before stratifica-
tion, mean differences in covariates were small
(1–5% for categorical variables and 1 year for
patient age). After stratification, mean
case–control differences were 0 for the covari-
ates on which exact matching occurred (patient
sex, insurance plan type, state of residence) and
for year of index date. The mean difference in
age was reduced to approximately 0.01 years
after stratification.

Overall, secondary IMIDs occurred more
frequently among case patients with an initial
IMID than controls (Table 2). Across initial
IMID cohorts, the range of incidence rates
(events per 1000 person-years) for development
of any one secondary IMID was 17.6 (initial
IMID: HS) to 234.1 (PsA) for case patients
compared with 2.6 to 3.7 for controls. Likewise,
incidence rates for development of any two
secondary IMIDs ranged from 1.4 (HS) to 32.6
(PsA) for case patients and 0.4 to 0.5 across the
nine initial IMIDs for controls.

Relative to their matched controls, case
patients with an initial IMID had higher risks of
developing each, any one, and any two of the
other eight secondary IMIDs (Table 3). Across
the initial IMIDs, hazard ratios [95% CI] for the
risk of developing any one secondary IMID
ranged from 5.4 [5.0, 5.8] for patients with HS
to 62.2 [59.9, 64.6] for patients with PsA. The
hazard ratio [95% CI] for developing any two
secondary IMIDs was also smallest for HS
patients (3.0 [2.3, 3.8]) and largest for PsA
patients (75.2 [69.3, 81.7]).

Table 1 Descriptive statistics for case patients with one of
nine initial IMIDs

Variable name Cases
(n = 398,935)

Age (years)

Mean (SD) 46.5 (11.6)

Median (IQR) 49 (17)

Sex, N (%)

Male 146,505 (36.7)

Female 252,430 (63.3)

Plan type, N (%)

Comprehensive 19,516 (4.9)

Exclusive Provider Organization

(EPO)

5001 (1.3)

Health Maintenance Organization

(HMO)

65,134 (16.3)

Point of Service (POS) 38,534 (9.7)

Preferred Provider Organization

(PPO)

246,763 (61.9)

POS w/capitation 7344 (1.8)

Consumer-Directed Health Plan

(CDHP)

10,773 (2.7)

High-Deductible Health Plan

(HDHP)

5870 (1.5)

Census region, N (%)

Northeast 70,209 (17.6)

Midwest 94,331 (23.6)

South 159,702 (40.0)

West 74,693 (18.7)

Index year, N (%)

2007 32,041 (8.0)

2008 48,076 (12.1)

2009 47,172 (11.8)

2010 53,834 (13.5)

2011 72,623 (18.2)

2012 58,927 (14.8)

Table 1 continued

Variable name Cases
(n = 398,935)

2013 53,432 (13.4)

2014 32,830 (8.2)

SD standard deviation, IQR interquartile range
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Findings from the sensitivity analyses were
largely consistent with the base case results.
When requiring two or more claims for a posi-
tive secondary IMID diagnosis, the magnitudes
of the estimated incidence rates and hazard
ratios were substantially attenuated, with most
reduced by approximately half (Tables S3 and
4). Relative to controls, case patients had a sta-
tistically significantly greater risk of developing
a secondary IMID for all but six IMID pairs (out
of 81 estimated hazard ratios in all). The second
sensitivity analysis, which examined potential

misdiagnosis among the three musculoskeletal
IMIDs, similarly found that incidence rates for
case patients and hazard ratios were smaller
than estimated in the main analyses, but that
individuals with an initial IMID of AS, PsA, or
RA had a substantially increased risk of devel-
oping either of the other two IMIDs than did
control patients regardless of whether at least
one or at least two claims were required for a
positive secondary IMID diagnosis (Table S4).

Table 2 Secondary IMID conditional incidence rates per 1000 person-years for case and control patients

Initial IMID Secondary IMIDa

N AS CE HS LU PsA PsO RA UV IBD Any 1 Any 2

Case patients

AS 6352 – 2.1 0.4 7.2 11.3 9.0 64.4 17.4 8.4 105.2 14.6

CE 19,217 0.4 – 0.7 3.6 0.7 5.5 7.4 1.9 10.0 28.2 2.2

HS 14,136 0.4 0.9 – 1.7 0.5 6.3 4.9 1.6 3.0 17.6 1.4

LU 29,690 1.6 2.7 1.3 – 2.0 5.3 59.6 3.7 4.0 71.9 5.2

PsA 8406 6.7 1.0 1.2 5.3 – 173.1 109.4 3.8 3.7 234.1 32.6

PsO 115,141 0.5 1.1 1.1 1.6 22.1 – 8.8 1.6 2.2 33.4 5.3

RA 103,036 5.0 2.3 1.0 18.4 8.9 7.4 – 3.2 4.0 46.3 5.2

UV 34,422 7.8 1.0 0.9 3.2 1.3 4.5 13.9 – 4.7 32.7 4.5

IBD 68,535 1.2 2.9 1.2 1.9 0.6 5.1 8.5 3.5 – 23.1 2.1

Control patients

AS 4,059,296 0.0 0.2 0.1 0.3 0.2 1.0 1.1 0.3 0.5 3.3 0.4

CE 11,520,448 0.1 0.0 0.1 0.4 0.2 1.0 1.3 0.4 0.5 3.6 0.5

HS 8,447,796 0.1 0.2 0.0 0.4 0.2 0.9 1.1 0.3 0.5 3.2 0.5

LU 19,812,412 0.1 0.2 0.2 0.2 0.3 1.1 1.5 0.4 0.5 3.7 0.5

PsA 5,380,715 0.1 0.2 0.1 0.4 0.2 1.0 1.3 0.4 0.5 3.6 0.5

PsO 74,228,131 0.1 0.2 0.1 0.4 0.1 0.1 1.2 0.4 0.5 2.6 0.4

RA 68,808,782 0.1 0.2 0.1 0.3 0.2 1.0 0.3 0.4 0.5 2.7 0.4

UV 22,166,447 0.1 0.2 0.1 0.4 0.2 1.1 1.3 0.1 0.5 3.4 0.5

IBD 42,371,769 0.1 0.2 0.1 0.4 0.2 1.0 1.2 0.3 0.1 3.1 0.5

Conditional incidence rates reflect the likelihood of developing a secondary IMID conditional on being in the sample for
the initial IMID
a Secondary IMIDs were identified by presence of at least one claim with an ICD-9 diagnosis code for that secondary
IMID
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DISCUSSION

This claims data analysis demonstrated that
patients with any one of nine IMIDs had sta-
tistically significantly higher risk of developing
a subsequent IMID. The hazard ratio for devel-
oping any one of the eight secondary IMIDs
ranged from 5.4 for patients with HS to 62.2 for
patients with PsA, while the hazard ratio for
developing any two secondary IMIDs ranged
from 3.0 (HS) to 75.2 (PsA). Results were atten-
uated only moderately in sensitivity analyses
that used stricter definitions for identifying
secondary IMIDs (Table 4).

Although previous analyses have used large
epidemiological and insurance claims databases
to assess IMID co-occurrence, comparisons with
this study are difficult because of differences in
IMID selection and statistical methodology.
Using data from the Nurses’ Health Study, Li
et al. found that patients with PsO had a sig-
nificantly higher risk of developing Crohn’s
disease, but not ulcerative colitis, compared to
patients without PsO [10]. When including
both Crohn’s disease and ulcerative colitis in
the definition of IBD, we found that PsO
patients had a higher risk of developing IBD
than did matched controls. Weng et al. reported
that patients enrolled in a US managed care
organization with IBD had significantly higher
odds of also having PsO (odds ratio [OR] 1.7)
and RA (OR 1.9) compared to matched controls
[7]. In two different commercial claims data-
bases from the USA, Cohen et al. found that IBD
patients had significantly higher odds of having
AS (OR 5.8 and 7.8) and RA (OR 2.1 and 2.7) [8].

Several possible mechanisms may explain
the associations observed in our study and in
previous research, only some of which are
understood. The high observed concordance
between some IMID pairs may be attributable in
part to diagnostic uncertainty that results from
overlapping, non-specific symptomatology
between those pairs. However, in sensitivity
analyses attempting to account for this uncer-
tainty among three musculoskeletal IMIDs that
have a greater potential for misdiagnosis (AS,
PsA, and RA), the risk of developing the sec-
ondary IMIDs remained markedly increased.

This may indicate that an existing diagnosis of a
musculoskeletal IMID—at least as identified in
insurance claims data—is often not abandoned
when a clinically related IMID is newly
diagnosed.

Other IMIDs are known to co-occur fre-
quently. For example, PsA may occur in up to
one-third of patients with diagnosed PsO [16].
Where clinical manifestations of IMIDs have an
apparent epidemiologic co-occurrence, they
may be considered to belong to the same class
of disease, such as in the spondylarthropathies,
which are associated with manifestations of AS,
UV, PsO, PsA, and IBD [17–19]. The exact eti-
ology of several IMID co-occurrences observed
in this study is unknown, though it has been
hypothesized that IMIDs share common genetic
origins that may increase patients’ susceptibility
to development of multiple, apparently unre-
lated IMIDs [2, 5, 20].

Although the analytic focus of this study was
pairwise associations between individual IMIDs,
identifying clusters of at least three IMIDs, ter-
med multiple autoimmune syndrome (MAS)
[20], may offer additional clues to the drivers
connecting IMIDs. MAS was explored in this
study by assessing the risk of developing two
additional IMIDs for patients with an initial
IMID versus their matched controls. All nine
primary IMIDs were associated with a statisti-
cally significantly increased risk of MAS, but the
magnitude of the risk varied across primary
IMIDs. The largest increased risk occurred in
patients initially diagnosed with PsA, which has
a particularly strong association with PsO.
Patients initially diagnosed with AS had the
second-highest risk, followed by patients first
diagnosed with PsA and RA.

Our results suggest paths for future research
and have potential implications for clinical
practice. The markedly higher risks observed for
development of certain secondary IMIDs call for
an increased level of clinical alertness in
patients diagnosed with the corresponding ini-
tial IMID. As many of the IMIDs assessed in this
study have the potential to permanently affect
physical integrity or organ function over time,
knowledge of their relationships with one
another may lead to more timely preventative
care and better interdisciplinary, holistic
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patient management. Further, the role of treat-
ment, particularly those that impact the
pathophysiologic pathways associated with
IMID development, in IMID co-occurrence is
unknown and deserves further study. Knowl-
edge of a treatment’s downstream influence on
secondary IMID development may help clini-
cians’ treatment planning for patients at high
risk of developing multiple IMIDs.

Limitations

This study has several limitations. First, while
administrative claims data offer a large sample
of patients, these data have several weaknesses
related to their clinical detail and accuracy.
Claims data limit the ability to distinguish
among diagnostic uncertainty, a new manifes-
tation of an existing disease (e.g., PsA in
patients with PsO), and the genuine onset of a
new IMID. It is thus not possible to validate
the presence and timing of IMID onset in
claims data alone. Nevertheless, results were
directionally robust to identifying secondary
IMID onset from the presence of at least one or
at least two medical claims, and the use of at
least two claims has been validated specifically
for IBD [12]. In addition, detection of truly
incident cases is constrained by the possibility
of historical IMID diagnoses made prior to the
start of the database’s coverage; thus, some
cases presumed to be incident may have been,
in fact, prevalent cases [21]. Second, general-
izability may be limited because of the scope of
IMIDs studied (nine of many autoimmune
conditions) and data coverage (our data source
reflects the experience of a group of commer-
cially insured, non-elderly individuals in the
USA). Third, our analysis was designed to
uncover statistical associations between IMIDs,
but it cannot reveal the mechanisms driving
those relationships. Fourth, our results may be
susceptible to detection bias, as case patients
may have had more contact with clinicians
(and thus more opportunity to be diagnosed
with a secondary IMID) than did control
patients.

CONCLUSIONS

This study extends prior research by demon-
strating in a large and contemporary US claims
database a significantly higher risk of develop-
ing a second IMID for individuals who already
experienced one of nine IMIDs. Certain pairs of
IMIDs were found to co-occur at a much higher
rate than others, though the etiology of some of
these relationships remains unclear. The risk of
developing subsequent IMIDs may be an
important consideration for clinicians when
managing patients with other autoimmune
conditions and when establishing treatment
goals.
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