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Abstract

Background—Chronic rhinosinusitis (CRS) has a broad range of co-morbidities. Due to a lack
of longitudinal studies, it is not known whether these co-morbidities cause CRS, are promoted by
CRS, or share a systemic disease process with CRS.

Objective—To determine the risk of incident disease within five years after a new diagnosis of
CRS with nasal polyps (CRSwNP) and without nasal polyps (CRSSNP).

Methods—We conducted a case-control study nested within the longitudinal cohort of primary
care patients in the Geisinger Clinic using electronic health record data. We evaluated incident
disease over 5 years in newly diagnosed CRSWNP and CRSsNP cases compared to controls using
multivariable Cox regression models.

Results—CRSsNP (n=3612) cases were at greater risk (HR, 95% confidence interval) than
controls for incidence of: upper airway diseases, including adenotonsillitis (3.29, 2.41-4.50);
lower aerodigestive tract diseases, including asthma (2.69, 2.14-3.38); epithelial conditions,
including atopic dermatitis (2.75, 1.23-6.16); and hypertension (1.38, 1.19-1.61). CRSwNP
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(n=241) cases were at greater risk for obesity than controls (1.74, 1.08-2.80), but CRSWNP was
not associated with other diseases.

Conclusion—The risk of other diseases associated with CRS adds to the burden of an already
highly burdensome condition, and suggests either that CRS promotes onset of other diseases or is
an indicator of systemic disease processes. Different patterns of association with diseases by CRS
phenotype may be due to CRSWNP sample size imitations or reflect a different pattern of disease
onset by phenotype. These findings have implications for screening guidelines and care of CRS
patients.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a highly prevalent and burdensome condition of the nose
and paranasal sinuses. In the United States CRS is estimated to affect 31 million people,
more than diseases such as asthma and diabetes.1~* Co-morbidities associated with CRS,
including asthma and chronic obstructive pulmonary disease (COPD), are highly
burdensome, and in some cases, associated with high morbidity and mortality.>=7 It is not
known whether these relationships are causal or the result of shared etiology. Observations
of co-occurrence might also reflect part of a natural progression of diseases, analogous to the
atopic march, whereby an exposure could initiate a systemic response and predispose
individuals to development of one or more diseases over time.8 Insights into the reasons for
the co-occurrence of disease with CRS could provide guidance on the prevention and
management of this highly prevalent disease.

There are a number of potential explanations for the co-morbidities associated with CRS.
Consistent with the unified airway model, the pathophysiological processes of CRS could
expand to involve other parts of the airways, leading to the onset of other airway
diseases.210 Defects in the epithelial barrier that may predispose individuals to develop CRS
could put CRS patients at risk for other diseases involving epithelial surfaces such as atopic
dermatitis and psoriasis.1112 Finally, exposure to inflammatory cytokines found in the
sinuses of CRS patients could increase the risk for inflammatory conditions outside of the
airway.13.14

Most of the studies that have reported co-morbid associations lack the longitudinal data
needed to assess the temporal relationship between incident CRS and other diseases, limiting
any conclusions about what accounts for these associations.>~":15 Retrospective electronic
health record (EHR) datasets provide the longitudinal data needed to study the natural
history of the occurrence of CRS relative to other diseases. We previously used EHR data to
determine what diseases precede a diagnosis of CRS. We reported that patients with CRS
had a higher prevalence of acute rhinosinusitis, allergic rhinitis, asthma, and other conditions
before diagnosis than controls.18 The objective of the present study was to use EHR data to
learn what diseases occur after a CRS diagnosis. We used longitudinal data from the EHR of
Geisinger Clinic (GC) to determine the risk of incident diseases within five years after a new
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diagnosis of CRS with nasal polyps (CRSWNP) or CRS without nasal polyps (CRSsNP) in a
primary care population.

iew

We conducted a case-control study nested within the longitudinal cohort of GC’s primary
care patients using EHR data. We identified patients with a new diagnosis of a CRS
phenotype (CRSWNP or CRSsNP) between 2004 and 2007. We then evaluated incident
disease over a five year period in the CRS cases compared to controls without CRS. Prior to
analysis we selected diseases with plausible pathophysiological links to CRS, including
upper airway diseases, lower aerodigestive diseases, epithelial diseases, systemic
autoimmune diseases, and conditions linked to inflammation, including heart and vascular
diseases. This study was approved by Geisinger’s Institutional Review Board.

Study Setting and Data Source

GC provides care to more than 400,000 primary care patients residing across a 44-county
region of Pennsylvania. The primary care population is representative of the general
population in the region. Age and sex distribution of the GC population is similar to that of
the census data for the region.1” We used EHR data available from 2001 to 2012 to identify
CRS cases and controls and compare these populations. All data used in this analysis was
extracted from the GC EHR.

Identification of CRS patients and controls

We confined our study to patients with an initial diagnosis of a CRS subtype between 2004
and 2007. To be considered an incident case, primary care patients had to have at least two
ICD-9 codes for a CRS subtype (CRSWNP — 471.X; CRSSNP — 473.X) associated with an
outpatient, inpatient, or emergency department encounter, with the first ICD-9 code
appearing between 2004 and 2007. A comparison group of primary care patients with no
ICD-9 code for CRS was frequency matched to each of the CRS subtypes on age strata and
visit year.

Outcome measurement: Incident disease

We evaluated associations between new diagnosis of CRS and incident development of
selected relevant diseases among patients with CRS and controls. For chronic conditions,
patients were classified as having a new diagnosis of disease if they had a disease ICD-9
code associated with at least two encounters (inpatient, outpatient, or emergency
department) in the record within 5 years following the CRS diagnosis, and the ICD-9 code
had not appeared in the record previously. For acute conditions, such as conjunctivitis, we
required only one ICD-9 code. Exceptions included hypertension, obesity, myocardial
infarction (MI), and stroke. We classified patients as having hypertension if they met any of
the following criteria: at least 2 hypertension diagnoses associated with outpatient
encounters; at least one antihypertensive medication prescribed in association with a
diagnosis of hypertension; or at least three measures of systolic blood pressure greater than
140 or diastolic blood pressure greater than 90. We defined obesity as a body mass index
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(BMI) = 30 kg/m?, calculated using weight and height data recorded in the EHR. Ml and
ischemic stroke were defined as at least one ICD-9 code associated with an inpatient
discharge diagnosis. To capture ischemic stroke we included codes for both ischemic and ill-
defined stroke.

Statistical Analysis

We used multilevel, multivariable Cox regression models to estimate hazard ratios for the
development of each incident disease for each CRS phenotype. Patient-level variables were
derived from EHR data and included age, sex, race/ethnicity (black, Hispanic, white),
smoking status (current, previous, never use), alcohol use (current, previous, never use),
socioeconomic status (SES) (ever vs. never on medical assistance), and BMI. Diabetes,
hypertension, and asthma status (each ever vs. never) were also included in the models.
However, the co-morbid variable was removed from the model when estimating the hazard
ratio (HR) for the same disease (e.g., diabetes was removed when estimating the HR for
diabetes). SES was a binary variable, where a patient was considered as residing in a
household with low SES if he or she used a medical assistance program as health insurance
for at least one healthcare encounter.18 Community-level variables, based on the geocoded
home addresses of patients, were also included in the model. A continuous community-level
socioeconomic deprivation score was derived using previously described methods and
community type was categorized as township, borough, or census tract.19 The community
type was taken as a random factor in the model to control the variability within each
community type. We tested the above variables for linearity. After determining the final
models, we further tested for effect modification by family SES, community-level
deprivation, age, and sex by adding cross-product (“interaction”) terms one at a time to the
final model.

The majority of cases had no objective evaluation of their sinus symptoms (e.g., sinus CT,
endoscopy procedure) recorded in the EHR. In the absence of objective testing, symptom
reporting can alter the likelihood of diagnosis. Thus, we conducted univariate analysis to
determine whether cases and controls differed in prevalence of co-morbid depression or
anxiety, as negative affect increases reporting of symptoms, regardless of the presence of
physical illness.19:20 However, no significant differences between cases and controls in
these diagnoses were observed. Therefore, in the interest of developing parsimonious
models, we did not include these diagnoses in our analysis.

Potential pathways between CRS and subsequent disease include exposure to medications
used to treat CRS. Oral corticosteroid (OCS) use has been linked to side effects such as
obesity and hypertension.?1-23 To distinguish between the effect of CRS versus the effect of
treatment for CRS on onset of incident disease, we created two variables to account for
OCS’s effect. The first variable was a binary variable to indicate an OCS prescription at
time of onset of post-morbid disease and the second variable was a continuous variable that
indicated the “intensity” of OCS prescription. The continuous variable was based on the
cumulative number of OCS prescription orders during the time between diagnosis of CRS
and onset of disease divided by the time interval. For conditions that have been linked to
OCS use, including hypertension and obesity, we added this variable to the model and
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assessed whether this addition impacted the association between CRS and post-morbid
disease.

Our final definition for CRS required that a patient have at least 2 ICD-9 codes associated
with outpatient, inpatient, or emergency department visits. We conducted sensitivity analysis
of our EHR-based CRS case criteria by repeating the statistical modeling across several
EHR-based definitions for CRS. First, we evaluated whether requiring at least one patient
interaction with GC (e.g., outpatient visit, inpatient admission) at least 12 months prior to
the incident CRS diagnosis changed our results. Next, we repeated our univariate and
multivariate analyses using several definitions that required evidence of CRS in addition to
the encounter diagnoses: a definition requiring at least one diagnostic procedure relevant to
CRS (e.g., sinus CT, endoscopy) prior to diagnosis; a definition that required the co-
occurrence of asthma; a definition that required the presence of aspirin sensitivity in the
EHR; and a definition that required the presence of both an asthma diagnosis and aspirin
sensitivity in the medical record.

Study Population Characteristics

We identified 241 patients who met the criteria for incident CRSWNP and 3612 patients who
met the criteria for incident CRSsNP between 2004 and 2007. We frequency-matched
CRSWNP cases to 240 controls and CRSsNP cases to 3567 controls. On average at the time
of the first CRS ICD-9 code, CRSsNP cases were 37.6 years of age and CRSWNP were 46.7
years of age. Nearly 60% of CRSsNP patients and 40% of CRSwWNP were women.
Approximately 13% of CRSsSNP cases and 4% of CRSwWNP cases had ever received medical
assistance during the study period. More than 97% of CRS patients were Caucasian (Table

).

Associations of CRSsNP with Incident Disease

HRs were evaluated for associations of new CRSsNP (n = 2026) compared to controls for
incident development of the majority of the 33 conditions we studied, adjusting for age, sex,
race/ethnicity, smoking, alcohol use, medical assistance, BMI, community-level deprivation,
community-type, and co-morbidities (Table 11). With the exception of sleep apnea, CRSsNP
cases were at significantly greater risk (HR, 95% confidence interval) than controls for
incidence of all of the upper airway diseases we studied, including adenotonsillitis (3.29,
2.41-4.50) and allergic rhinitis (2.72, 2.24-3.30). Similarly, CRSsNP cases were at
significantly higher risk for onset of all of the lower aerodigestive tract diseases examined,
including asthma (2.69, 2.14-3.38), COPD (2.14, 1.51-3.03), and gastroesophageal reflux
disease (GERD) (2.24, 1.85-2.72). Among epithelial conditions, CRSSNP cases had a
greater risk than controls for nearly all of the diseases studied, including atopic dermatitis
(2.75, 1.23-6.16) and conjunctivitis (1.56, 1.27-1.90). There was no association with
development of Crohn’s disease, however the incidence of Crohn’s in both cases and
controls was low. Incidence of systemic lupus and rheumatoid arthritis were also low in both
CRSsNP cases and controls. There were no associations with risk of development of obesity,
heart failure, stroke, or myocardial infarction. CRS was associated with development of
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hypertension (1.38, 1.19-1.61). (Figure 1) This association was not explained by OCS use,
as controlling for cumulative orders for OSC before hypertension diagnosis strengthened
this relationship (2.05, 1.76-2.39.)

Associations of CRSwWNP with Incident Disease

With the exception of obesity (1.74, 1.08-2.80), there were no associations of new diagnosis
of CRSWNP (compared to controls) with subsequent development of any other disease
(Table I11). The association with obesity is not explained by OCS use, as controlling for
cumulative OCS use between CRS diagnosis and onset of obesity strengthened the
relationship (2.13, 1.32-3.46). When the upper airway diseases were collapsed into one
category, there was a greater risk of disease among cases than controls (1.67, 1.23-2.26)
(Table IV). With only 241 CRSWNP cases, there were several diseases for which there were
fewer than 5 cases or controls, including adenotonsillitis, influenza, atopic dermatitis, and
rheumatoid arthritis. There were no incident cases of Crohn’s disease, ulcerative disease, or
lupus in CRSWNP or matched controls.

Exploratory and Sensitivity Analyses

To determine whether the relationships between CRS and other diseases changed based on
demographic factors (age, sex, race) or community factors (urban/rural, community type) we
added interaction terms to the models. These factors did not modify the relations between
CRS and incident morbidities (results not shown). Confining analysis to adult patients also
did not change these relationships. We conducted sensitivity analysis using alternative EHR-
based criteria for CRS. While the overall case counts changed, inferences and magnitude of
associations did not.

DISCUSSION

Our study determined that patients with CRS are at an increased risk for development of
incident disease within five years after a CRS diagnosis. To our knowledge, this is the first
study to evaluate post-morbid risk associated with airway, epithelial, inflammatory, and
autoimmune conditions in CRS and the first to study post-morbid risk at the phenotype
level. Our findings are an important first step towards understanding the temporal
associations between CRS and co-morbid disease. This study provides support for targeted
screening of CRS patients with the goal of determining whether aggressive treatment of
CRS can prevent the onset of these subsequent health conditions.

Patients with CRSsNP were found to be at increased risk for airway diseases, consistent with
the unified airway conceptual framework.® Similarly, we found an association between
CRSwNP and post-morbid upper airway diseases. There is already a large body of literature
that has reported the co-occurrence of CRS with other diseases of the airway, however many
of these studies are cross-sectional and, therefore, do not consider temporality, making
causal inferences impossible.>~7 One of the exceptions is our prior report on relationship
between CRS and pre-morbid conditions of the airway, or conditions diagnosed prior to
CRS, including acute sinusitis, allergic rhinitis, asthma, pneumonia, and GERD.1? Our post-
morbid findings, paired with these pre-morbid associations demonstrate the bidirectional
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relationship expected under the unified airway model, where the same system-wide effects
that put someone with asthma at risk for CRS, for example, could have the reverse effect.®

Diagnosis of CRSsNP was also consistently associated with epithelial conditions, such a
conjunctivitis, UTI, atopic dermatitis, and skin/soft tissue diseases. These epidemiological
findings complement genetic and immunological support for the barrier defect model, where
defects in barrier function serve as one of the primary causative mechanisms in the
pathogenesis of CRS.2425 We have reported an association between pre-morbid
conjunctivitis, UTI and atopic dermatitis and CRS. This bidirectional relationship is
expected under the barrier defect model, as the co-occurrence of disease under this model is
due to a common cause (i.e., systemic defect in the epithelial barrier.)10

While our findings provide support for the unified airway and epithelial defect models, they
call into question other previously posited explanations for associations. Based on prior
reports of a relationship between GERD and CRS, for example, it has been proposed that the
direct mucosal injury from refluxed or aerosolized acid resulting from GERD may trigger
CRS.26-28 Consistent with this theory, our previous work has found that GERD precedes the
onset of CRS.10 Our finding of post-CRS diagnosis risk of GERD does not negate the
potential role of GERD in the development of CRS, however the onset of GERD both before
and after a CRS diagnosis indicates that there may also be common causal pathway to these
diseases.

We did not find an association between CRS and post-morbid vascular conditions, other
than hypertension.® Chung et al. also recently reported a co-morbid association between
CRSsNP and hypertension using cross-sectional data. However, our findings on Mls and
stroke contrast with prior work by Kan et al., who recently reported an increased risk of
stroke within five years of a CRS diagnosis and Hao et al., who reported an increased risk of
myocardial infarction within three years.13:2% There are a few possible explanations for the
differences in our findings. First, both Kan’s and Hao’s studies were based on claims data,
while our study used data from an EHR system. Previous studies have demonstrated
differences in how diagnoses recorded in claims versus medical records have the potential to
produce different results even when similar methods are applied.30:3! Second, across the
three studies, three different methods of identifying CRS patients were applied. Kan
required one diagnosis in ambulatory care for CRS using an ICD-9 code of 473.0, 473.1,
473.2, 473.3, 473.8, 473.9. We required at least two encounter diagnoses using these codes,
but also included inpatient and emergency department diagnoses. Hao and colleagues
applied these codes but also included a code of 461 for acute sinusitis. Ours was the only
study to look separately at CRSWNP using ICD-9 code 471. Third, our case groups did not
differ from our control groups in terms of co-morbid diabetes, hypertension, asthma, COPD,
hyperlipidemia, or coronary artery disease at the time of CRS diagnosis, while cases and
controls in the other studies differed by several of these conditions. While Hao and Kang
controlled for these factors in their analyses, residual confounding may account, in part, for
their findings of stroke and Ml risk. The study populations also differed by race/ethnicity. In
both Kang’s and Hao’s study, over 98% of the population was Han Chinese, while more
than 97% of our study population was Caucasian. Significant race/ethnic differences have
been reported in the presentation of CRS and may account for the inconsistent findings
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across studies.13:32-34 Finally, our study focused on ischemic stroke as an outcome, while
Kang collapsed all stroke types.

While we suspect our analysis of patients with CRSWNP was underpowered for a number of
disease areas, we did find a modest association between CRSWNP and obesity.
Bhattacharyya also reported an association between obesity and CRS. Bhattacharyya studied
the relationship using cross-sectional data, therefore temporality of the conditions could not
be determined.® Qurs is the first study, to our knowledge, to report a link between
CRSwNP and subsequent onset of obesity. Potential pathways include side effects of OCS
used to treat CRSWNP or a reduction in physical activity that has been associated with a
diagnosis of chronic sinus disease.121-23 However, our analysis determined that OCS use
was not a mediator of the relation between new CRS diagnosis and incident development of
obesity.

While both patients with CRSWNP and CRSsNP were at risk for upper airway diseases, we
found different patterns of association with other diseases by CRS phenotype. In some cases,
the sample size of the CRSWNP may not have been adequate to detect an association. The
results may also reflect a different pattern of disease onset by CRS phenotype. Just as
allergic rhinitis precedes asthma in the atopic march, our studies indicate that asthma
precedes onset of CRSWNP.16:35 CRSsNP appears to have a different “march” pattern,
where asthma both precedes and proceeds a CRSsNP diagnosis. Differences in post-morbid
risk are consistent with other differences in CRS phenotypes, including inflammatory
profiles and treatment outcomes.36:37

Among the strengths of this study was the ability to test longitudinally and determine the
timing of disease onset relative to CRS diagnosis. This study design generates insights into
the pathophysiology of disease and provides some clarification as to the relationship
between CRS and other diseases. This is also one of the few studies to look at the risk
associated with both CRSsNP and CRSwNP separately, allowing us to observe differences
between these phenotypes. The study had several limitations, however. First, the study
population is nearly all Caucasian patients and there are known racial/ethnic differences in
CRS.32 Second, in order to study a population-based sample, we did not limit our study to
patients with objective evidence of CRS. Instead, we used an EHR-based algorithm. As a
result, there may have been a degree of case misclassification, both in terms of CRS status
and CRS phenotype classification. Sensitivity testing revealed that the method used to
identify patients, however, did not substantively change inferences or associations. If
misclassification of case status occurred, it likely would have biased our results to the null.
Future studies should repeat this analysis in a population-based sample of patients with a
CRSwNP or CRSsNP diagnosis confirmed using validated diagnostic criteria, rather than
EHR-based diagnoses. Finally, EHR data allows us to consider the temporal relationship
between the diagnosis of disease, diagnosis date is not synonymous with onset. Diseases that
appear for the first time in the record after CRS may have started prior to the CRS diagnosis.
Therefore, causal conclusions must be tempered.
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CONCLUSION

The risks associated with a new diagnosis of CRS have important implications for the
management of this disease. Differences in risk between phenotypes may be due to sample
size limitations but may also reflect differences in the natural history of the conditions and
support the notion that each of these phenotypes may be part of a different “march.” To
better tailor treatment to the CRS phenotype, further research should explore these
differences to gain insight into the unique sets of predictors and risks associated with
CRSsNP and CRSwWNP, and evaluate whether optimal CRS treatment can prevent the
development of these subsequent health conditions.
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BMI Body Mass Index

COPD Chronic Obstructive Pulmonary Disease
CRS Chronic Rhinosinusitis

CRSwWNP Chronic Rhinosinusitis with Nasal Polyps
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Figure 1.
Adjusted hazard ratios comparing incident disease among patients with CRSwNP and

patients with CRSsNP compared to control patients (dotted red line) GERD: Gastrointestinal
esophageal reflux disease; UTI: Urinary tract infection; COPD: Chronic obstructive
pulmonary disease

*p<0.05
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