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Mortality risk in patients with chronic rhinosinusitis and its association
to asthma
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Background: Chronic rhinosinusitis (CRS) is a highly preva-
lent inflammatory condition, with significant effects on
morbidity and quality of life. Given that other chronic
inflammatory conditions have been associated with in-
creased mortality risk, we sought to evaluate the rela-
tionship between mortality and CRS including the influ-
ence of asthma. Our objective was to determine if CRS,
with or without asthma, is associated with altered risk of
mortality.

Methods: Using a statewide population database, we retro-
spectively identified 27,005 patients diagnosed with CRS
between 1996 and 2012, and 134,440 unaffected controls
matched 5:1 on birth year and sex. Risk of mortality was de-
termined from Cox models and Kaplan-Meier curves were
used to compare survival.

Results: A significant interaction between CRS and asthma
status was observed in which CRS appeared to con-
fer a protective effect in asthma patients. Asthma, when
present, increased mortality in CRS-negative controls (p-
interaction < 0.0001). Independent of asthma status, CRS
patients exhibited a decreased mortality risk (hazard ratio
[HR] = 0.80; 95% confidence interval [CI], 0.74 to 0.85)
compared to controls. However, in patients diagnosed at

or before the median age of CRS onset (42 years) in-
dependent of asthma status, survival was not improved
(HR = 0.98; 95% CI, 0.81 to 1.18). Risk of mortality was
greater in CRS with nasal polyps (n = 1643) compared to
25,362 polyp-negative CRS patients (HR = 1.38; 95% CI, 1.09
to 1.77).

Conclusion: CRS was associated with lower risk of mor-
tality compared to controls, and appeared to mitigate in-
creased mortality from asthma. We posit that be"er sur-
vival conferred by CRS may be secondary to treatment.
However, the etiology of this relationship and the effect
of CRS treatment on mortality are unknown. C⃝ 2017 ARS-
AAOA, LLC.
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C hronic rhinosinusitis (CRS) is a chronic inflamma-
tory condition of the nasal cavity and paranasal

sinuses.1 This inflammation is associated with common
rhinologic symptoms of congestion, nasal drainage, facial

under Award Number KL2TR001065 and from the National Institute of
Allergy and Infectious Diseases under Award Number 1R43AI126987, and a
grant from the National Institute on Deafness and Other Communication
Disorders (NIDCD), one of the National Institutes of Health, Bethesda, MD
(R01 DC005805; PI/PD: Timothy L. Smith). R.R.O. is a consultant for
IntersectENT, Inc. J.A.A. and R.R.O. are consultants for Medtronic, Inc.
J.A.A. is a consultant for GlycoMira Therapeutics Inc. and Spirox. L.R. is on
the Scientific advisory board for BioInspire Inc. and 480 Biomedical Inc.
None of these organizations were affiliated with this investigation.
Presented orally at the Annual ARS Meeting during the 119th Annual
Combined Otolaryngologic Spring Meeting (COSM) on May 18–22, 2016 in
Chicago, IL.

Received: 22 April 2016; Revised: 2 February 2017; Accepted:
7 February 2017
DOI: 10.1002/alr.21931
View this article online at wileyonlinelibrary.com.

591 International Forum of Allergy & Rhinology, Vol. 7, No. 6, June 2017



Alt et al.

pressure/pain, and loss of smell, which results in dramatic
reductions in overall well-being and quality of life (QOL).
Current treatments for CRS are aimed at reducing inflam-
mation and its associated local effects with improvements
in QOL. Recent investigations suggest that the health
impacts of CRS extend beyond the sinuses and can impact
basic functions including sleep,2,3 cognition,4 and mood.5

It has been hypothesized that these extra-rhinologic
symptoms are due to a sophisticated and intertwined com-
munication between the central nervous system and the
immune system.6 Although it is clear that sinonasal inflam-
mation in CRS is associated with far-ranging effects, the
underlying mechanisms of these effects remain unknown.

Chronic inflammation plays a significant role in CRS
and many other chronic inflammatory diseases including
asthma, inflammatory bowel disease (IBD), and rheuma-
toid arthritis (RA). Long-lasting uncontrolled inflamma-
tion in these conditions appears to have systemic con-
sequences; patients with asthma, RA, and IBD have an
increased risk of stroke, myocardial infarction (MI), and
increased mortality.7–9 There is also an increased risk of
cardiovascular death during periods of uncontrolled inflam-
mation, suggesting a systemic effect is driving the increased
mortality risk.10 It is unknown if patients with CRS have in-
creased mortality, although several studies have shown an
increased risk of stroke and MI in patients with CRS.11,12

In as much as CRS is a chronic inflammatory state
with symptoms and comorbidity that extend beyond the
sinuses, we hypothesized that CRS would be associated
with increased mortality. Moreover, we hypothesized that
this increase in mortality would be independent of the in-
creased mortality that would be expected from concomitant
asthma. We also questioned whether the 2 most commonly
recognized phenotypes in CRS, CRS with nasal polyps
(CRSwNP) and CRS without nasal polyps (CRSsNP), had
differing impacts on mortality.

Subjects and methods
The Utah Population Database

The Utah Population Database (UPDB) at The University of
Utah consists of over 27 million data records representing
the life course of 8 million individuals in Utah. It is the only
database of its kind in the United States (http://healthcare.
utah.edu/huntsmancancerinstitute/research/updb/). The re-
source includes several decades of statewide vital records
and medical diagnoses since the mid-1990s, linked to exten-
sive genealogy data. Approvals to conduct this study were
received from The University of Utah Institutional Review
Board and the Resource for Genetic and Epidemiologic
Research.

Study population
Using the UPDB, we identified a case-cohort of 33,023
CRS patients using the International Classification of
Diseases, 9th revision (ICD-9) and Current Procedural

Terminology (CPT) codes from all inpatient and ambu-
latory surgery facilities in Utah. Of these patients, 27,005
were age 18 years and older and had adequate follow up
over the study period. To form an unaffected cohort for
comparison, 134,440 controls with no history of CRS (de-
fined below) were randomly selected from the Utah popu-
lation and matched to CRS cases at a target ratio of 5:1 on
birth year, sex, and born in Utah or outside of the state.
To appropriately match exposure periods, a control had to
have follow-up (known to reside in Utah) at least as long
as the diagnosis date of their respective case as previously
described.13

Exposure status
We identified patients age 18 years or older at index di-
agnosis of CRS as described.13 Briefly, CRS patients were
identified based on ICD-9 code 473.x appearing in the med-
ical record. Patients without a diagnosis of nasal polyps,
defined as an absence of ICD-9 code 471.x, were consid-
ered to have CRSsNP and those with this code were con-
sidered to have CRSwNP. We incorporated CPT codes for
diagnostic endoscopy (CPT codes 31231 and 31233) and
sinus surgery (CPT codes 31237, 31254, 31255, 31256,
31276, and 31287) to increase the probability of accurately
identifying CRS. In addition, CPT 31237 (nasal polypec-
tomy) was used to distinguish CRSwNP from CRSsNP.
Following identification of these patients, a chart review of
79 patients seen in The University of Utah Health Care sys-
tem was performed to compare diagnoses based on diag-
nostic and procedural codes from medical claims data to the
“gold standard” of clinical records. The authors achieved
a positive predictive value (PPV) of 90% for those patients
with CRS with or without nasal polyps. The accuracy us-
ing billing codes available in the UPDB to identify CRSsNP
from CRSwNP was 71% based on chart review.

Patients with a CRS diagnosis were excluded from the
analysis if a predisposing condition was present in the diag-
nostic record. These relatively rare conditions included cys-
tic fibrosis, inverted papilloma, facial trauma, intracranial
or orbital abscess, injury to the blood vessels of the head and
neck, cerebrospinal fluid (CSF) leak, granulomatosis with
polyangiitis, sarcoidosis, Churg-Strauss syndrome, any hu-
man immunodeficiency virus (HIV) illness, deficiency of
humoral or cell-mediated immunity, combined or unspec-
ified immunity deficiency, as well as autoimmune disease
not classified elsewhere; see Supporting Table 1 for condi-
tions and corresponding ICD-9 codes. The same exclusion
criteria were applied to the control cohort.

Covariates
In addition to CRS and asthma status (presence of ICD-
9 diagnosis code 493.x),14 we obtained data for poten-
tial covariates including age at index diagnosis of CRS
(controls were assigned the same “diagnosis age” as their
respective case), race/ethnicity, and education level as
proxy for socioeconomic status (SES). As age in general is
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TABLE 1. Characteristics of CRS patients and 5:1 controls

Characteristic CRS cases Controls

Total, n 27,005 134,440

Men, n (%) 13,039 (48.3) 64,885 (48.3)

Women, n (%) 13,966 (51.7) 69,555 (51.7)

Race, na 26,032 92,489

White, n (%) 25,447 (97.8) 89,666 (96.9)

Nonwhite, n (%) 585 (2.3) 2823 (3.1)

Education level, n (%)b

High school and above 20,782 (99.5) 90,344 (98.5)

Less than high school 112 (0.5) 1392 (1.5)

Asthma, n (%) 7047 (26.1) 10,067 (7.5)

CRSsNP, n (%) 25,362 (93.9)

With surgery, n (%) 25,314 (99.8)

CRSwNP, n (%) 1643 (6.1)

With surgery, n (%) 1643 (100.0)

Age at diagnosis/selection (years),
mean ± SD

42.91 ± 15.0 42.92 ± 15.0

Follow-up time (years), mean ± SD 8.58 ± 4.4 8.53 ± 4.4

Dead on 12/31/2014, n (%) 884 (3.3) 5679 (4.2)

aNumber is less than total due to missing race/ethnicity data for some patients.
bBased on highest level attained, available for 20,894 cases and 91,736 controls.
CRS = chronic rhinosinusitis; SD = standard deviation.

associated with mortality, we controlled for age by match-
ing controls to cases on birth year. The matching vari-
able of sex was likewise controlled for in our analy-
ses. During model specification, self-reported race was
initially considered as a potential covariate in our primar-
ily non-Hispanic and white population, but demonstrated
no difference in CRS-related mortality between white and
non-white patients and was not included in the model.
Likewise, the majority of the Utah population is well
educated (high-school graduate or above), so education
level did not substantively impact estimates and was not
incorporated.

Outcomes
The primary outcome evaluated was all-cause mortality
based on Utah death certificates and other sources of death
data in the UPDB. If deceased prior to year-end 2014,
survival time was measured as time from an index diag-
nosis of CRS on or after January 1, 1996 until date of
death. Otherwise, survival time was measured from diag-
nosis to last follow-up date known to be alive or study-end
(December 31, 2014), whichever occurred earlier, and ob-
servations were right-censored as the outcome did not oc-
cur. Survival times in controls were measured from the CRS
diagnosis date of their corresponding matched case.

Comparisons
Comparisons were made between all CRS patients and con-
trols, and in the subset of CRS patients and controls that
had no history of an asthma diagnosis. Patients stratified
by CRSwNP and CRSsNP compared to their respective
matched controls, and CRSwNP compared to CRSsNP in
a “case-case” analysis. Stratified comparisons of cases to
controls within quantiles and median diagnosis-age groups
were also conducted. Cox models were used to compare
mortality differences between groups as described below.

Statistical analysis
Cox proportional hazards models were used to examine the
relationship between survival time and CRS status (affected
“case” patients or unaffected controls). We divided the data
into quantiles (Q1, 18 to 31 years; Q2, 32 to 42 years; Q3,
43 to 54 years; Q4, 55 to 96 years) based on age of diag-
nosis. Each quantile was allowed to have a different base-
line hazard function, while the coefficients of the remaining
covariates were assumed to be constant across quantiles.
Hazard ratios (HRs) and 95% confidence intervals (CIs)
were estimated from: a main-effects model, including co-
variate adjustment for sex and asthma status (diagnosis
present or absent) (model I); and a model including sex,
asthma status, and a multiplicative interaction variable of
CRS and asthma status (model II). We tested the pro-
portional hazards assumption for each term in the model
by creating a generalized linear regression of the scaled
Schoenfeld residuals as a function of time. We examined
p values of the Pearson product-moment correlation be-
tween the scaled residuals and time for each covariate,
with a p > 0.05 indicating non-violation of the proportion-
ality assumption. We verified the proportionality assump-
tion for each covariate by plotting the corresponding scaled
Schoenfeld residuals against transformation of time by the
Kaplan-Meier (K-M) estimator, and visually inspected a
plot of the residuals for a zero or near-zero slope. The
K-M method was used to create all the survival curves to
examine the estimated distribution of survival times. All
statistical analysis was performed using R version 3.2.2
for Windows (R Project for Statistical Computing, Vienna,
Austria; https://www.r-project.org/).

Results
After applying our inclusion and exclusion criteria, we
identified a total of 27,005 patients with CRS, as well
as 134,440 unaffected controls matched 5:1 on birth year
and sex. Of those identified to have CRS, 1643 had diag-
nosed polyps (CRSwNP) and 25,362 had no diagnosis of
polyps (CRSsNP). The median age at diagnosis of CRS was
42 years. A slightly higher proportion of patients with CRS
were high school graduates or above (77.0%) compared to
controls (67.2%), for those in which data were available.
Characteristics of CRS patients and controls are shown in
Table 1.
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FIGURE 1. Estimated risk of mortality in CRS cases compared to controls, from Cox models, hazard ratios for: (I) main effects only, and (II) model including
multiplicative interaction of CRS and asthma status. Case-case comparison (CRS with and without polyps) is also shown. All bolded values were significant at
p < 0.0001. Independent risk factors of asthma and sex covariates are shown for models I.a and II.a. Red highlight indicates model variables that were significant
independent of CRS status (or in the interaction model, independent of CRS status AND interaction of CRS and asthma). CRS = chronic rhinosinusitis; NP =
nasal polyps.

In patients with CRS compared to population controls,
we observed a reduction in all-cause mortality in both a
main effects (HR = 0.70; 95% CI, 0.66 to 0.74) and in-
teraction model (HR = 0.80; 95% CI, 0.74 to 0.85) (see
Fig. 1). As a multiplicative interaction term was signifi-
cant (p < 0.0001), we focused on the results of model II
in Figure 1 as follows. CRS patients diagnosed up to the
median age of 42 years compared to age-matched controls
(see Table 2 for characteristics of study subjects strati-
fied by diagnosis age) did not exhibit a reduced mortality
(Fig. 1, model II.a.1; HR = 0.98; 95% CI, 0.81 to 1.18).
After accounting for an association of diagnosis age to mor-
tality in our model, asthma was independently associated
with increased risk of mortality (HR = 1.75; 95% CI, 1.65
to 1.87) as expected, as was male gender (HR = 1.39; 95%
CI, 1.34 to 1.45). This relationship was further explored
by removing subjects with a history of asthma from both
CRS cases and controls, and in asthma-negative patients

a similar reduction in mortality was observed (model I.a:
HR = 0.76; 95% CI, 0.71 to 0.81). In a “case-only” anal-
ysis, there was a significant difference in mortality risk be-
tween CRSwNP and CRSsNP (model II.b: HR = 1.39; 95%
CI, 1.09 to 1.77).

K-M curves comparing survival between CRS cases and
unaffected controls over a nearly 20-year period are shown
in Figures 2 and 3. In Figure 2, subjects without a history
of asthma (affected CRS cases and CRS-negative controls)
stratified by median diagnosis age are shown. Including all
subjects with a diagnosis of asthma, the same comparison
stratified by age at diagnosis is shown in Figure 3.

To demonstrate the characteristics of the interaction be-
tween CRS status and asthma status, the Cox model coeffi-
cients corresponding to the HR for the main effects of CRS
or asthma and their interaction compared to the reference
group (CRS-negative controls who were asthma-negative)
are shown in Figure 4. In unaffected controls, plotting
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TABLE 2. Comparison of characteristics between CRS and control patients diagnosed at age !42 years (median), and those
diagnosed at age >42 years

Diagnosis age: ! or > median (42 years old)

!42 years old >42 years old

Characteristic CRS Control CRS Control

Total, n 13,579 67,670 13,426 66,770

Men, n (%) 6360 (46.8) 31,685 (46.8) 6679 (49.7) 33,200 (49.7)

Women, n (%) 7219 (53.2) 35,985 (53.2) 6747 (50.3) 33,570 (50.3)

Race, na 13,117 46,774 13,426 66,770

White, n (%) 12,769 (97.3) 45,129 (96.5) 12,678 (98.2) 44,537 (97.4)

Nonwhite, n (%) 348 (2.7) 1645 (3.5) 237 (1.8) 1178 (2.6)

Age at diagnosis/selection (years), mean ± SD 31.0 ± 6.80 31.1 ± 6.76 56.1 ± 9.71 56.1 ± 9.67

Cohort time (years), mean ± SD 9.03 ± 4.43 9.05 ± 4.43 8.49 ± 4.37 8.37 ± 4.41

Dead on 12/31/2014, n (%) 202 (1.5) 911 (1.3) 1107 (8.2) 6744 (10.1)

aNumber is less than total due to missing race/ethnicity data for some patients.
CRS = chronic rhinosinusitis; SD = standard deviation.

FIGURE 2. Kaplan-Meier survival plot by diagnosis age above or below the median age without asthma. The percent survival of patients is indicated by the
y-axis and years of time followed is indicated on the x-axis. Left panel demonstrates diagnosis at age !42 years vs right panel diagnosis at age >42 years. Red
line indicates the CRS cases and the blue line indicates the unaffected controls. Light-colored shading area around the lines indicates the range of the 95% CI
for the respective group. CI = confidence interval; CRS = chronic rhinosinusitis.
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FIGURE 3. Kaplan-Meier survival plot by diagnosis age above or below the median age with asthma. The percent survival of patients is indicated by the y-axis
and years of time followed is indicated on the x-axis. Left panel demonstrates diagnosis at age !42 years vs right panel diagnosis at age >42 years. Red line
indicates the CRS cases and the blue line indicates the unaffected controls. Light colored shading area around the lines indicates the range of the 95% CI for
the respective group. CI = confidence interval; CRS = chronic rhinosinusitis.

the line between point-coefficients for asthma-negative and
asthma-positive status shows a sharply increased slope
(greater mortality risk) whereas in CRS cases, the line be-
tween coefficients for asthma-negative and asthma-positive
exhibits a much less pronounced decrease in slope, indicat-
ing slightly lower mortality risk. A test of the difference in
the slopes between CRS cases and controls was significant
(p < 0.05).

Diagnosis age was also further stratified into quantiles
to further refine the effect of diagnosis age on mortal-
ity. The two quantiles below the median both showed no
change in mortality of CRS patients compared to controls,
while both quantiles above the median demonstrated a de-
crease in mortality for CRS patients compared to controls.
Diagnosis age quantiles: (Q1) 18 to 31 years old, HR =
0.98 (95% CI, 0.70 to 1.36); (Q2) 32 to 42 years old,
HR = 0.98 (95% CI, 0.78 to 1.23); (Q3) 43 to 54 years
old, HR = 0.80 (95% CI, 0.68 to 0.94); and (Q4) 55 years
or older, HR = 0.76 (95% CI, 0.70 to 0.83). Again, these
results held true even when CRS patients and controls with
asthma were removed from the analysis.

Treatment effect was examined to further define the ef-
fect surgery (CPT codes 31254, 31255, 31256, 31276, and
31287) had on mortality compared to controls. Patients
with CRS who had surgery had significant improved mor-
tality compared to controls: HR = 0.78 (95% CI, 0.73 to
0.82). For those patients who elected medical management
(31231 and 31233) there was no significant improvement
in mortality compared to controls: HR = 1.11 (95% CI,
0.84 to 1.46).

Discussion
Chronic inflammatory states have been associated with in-
creased mortality. We hypothesized that CRS would be
similarly associated with increased mortality. Contrary to
our hypothesis, patients with CRS who were treated by
an otolaryngologist (ie, received nasal endoscopy and si-
nus surgery) had a reduced risk of mortality. Furthermore,
this effect was more pronounced at later age of diagnosis
and even appeared to counteract the increased mortality of
asthma.
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FIGURE 4. Point coefficients corresponding to an interaction of CRS and
asthma status (negative or positive). Reference point is (0.00), CRS-negative
(controls) and asthma-negative. A comparison between cases and controls
is shown of a line representing the slope from asthma-negative to asthma-
positive status. CRS = chronic rhinosinusitis.

A reduction in mortality was seen for patients diagnosed
with CRS at older age. There is no biologically plausi-
ble explanation for a protective effect of CRS at an older
age, though there are multiple possible explanations for
this relationship based on correlations with SES, health-
care access, and utilization. Patients diagnosed with CRS
in our study required both an ICD-9 diagnosis code of CRS
as well as a CRS-related procedure. This selects for pa-
tients who have access to, and utilize care services in order
to have nasal endoscopy or other CRS-related procedures
performed. Educational level is an established proxy mea-
sure of SES and a higher education level attained may be
the best predictor of good health.15 Controls in our co-
hort were found to be less likely to graduate from high
school, and therefore may have worse overall health than
cases. However, the Utah population is highly educated
and, of those whom education data was available, over
99% of cases and over 98% of controls had at least a
high-school education. Although beyond the scope of this
investigation, future studies to comprehensively assess SES
and adequately control for differences between compar-
ison groups may attenuate the mortality differences we
observed between CRS and unaffected subjects. Primary
care attributes of comprehensiveness, patient-centeredness,
and enhanced access have been associated with decreased
mortality.16 Longer wait times for healthcare have also
been associated with increased mortality.17 Diagnosis later
in life may be due to late onset of the disease, or mild
disease, which was not severe enough to be diagnosed
or prompt attention from an otolaryngologist earlier. Di-
agnosis later in life may also be associated with diag-
nosis and treatment for other medical conditions associ-
ated with an increased mortality risk, and therefore CRS

diagnosis later in life may simply imply increased healthcare
utilization.

Epidemiological and clinical studies have shown that
CRS and asthma frequently coexist with a reported preva-
lence up to 38%.18,19 We found a prevalence of asthma
in patients with CRS to be 26% compared to controls at
7.5%. Asthma is commonly associated with CRS and often
symptom severity of the upper airways will parallel that of
the lower airways. It is believed the etiology and pathogenic
mechanisms underlying the development and progression
of these 2 conditions largely overlap. Asthma is indepen-
dently associated with increased risk of mortality due to
inflammatory attacks, sustained long-term effects that re-
sult in chronic obstructive pulmonary disease, and cardio-
vascular disease.20 As expected, our data corroborate that
asthma significantly increases mortality risk as seen both in
the main effects and interaction models (p < 0.0001). Sur-
prisingly, however, we found that patients with both CRS
and asthma had lower mortality than controls with asthma.
Even more unexpectedly, we found a significant decrease
in mortality for patients with CRS and asthma compared
to those with CRS alone. It appears from these data that
the presence of CRS exerted a “protective” effect, blunting
and even reversing the increase in mortality attributable to
asthma.

Because of the strict inclusion criteria, many of the
CRS patients had sinus surgery defined by CPT codes
(98% CRSsNP and 100% CRSwNP). With regard to the
possible mechanisms whereby CRS appears to have over-
come the mortality risk of asthma in controls, we cannot ex-
clude the possibility of treatment effect. Effect of treatment,
either surgical or medical, may be the most plausible expla-
nation for our findings. Although preliminary, our data
suggest that those patients who elect surgical management
have a significant improvement in mortality compared to
controls. This protective effect was not seen in those who
were grouped as medical management. The fact that pa-
tients underwent sinus surgery demonstrates access to med-
ical care and attention to their upper (and most likely lower)
airways. Inasmuch as the current study involves a database
of medical records with diagnoses codes for asthma, all
of these patients would have had some asthma treatment.
Unfortunately, this population-level database investigation
cannot differentiate among the intensity of asthma treat-
ments among patients. It is possible that the asthmatics
with CRS had more intensive management of their asthma
than non-CRS asthmatics. CRS treatment may have had
a sufficiently salutatory effect on the asthma that the in-
creased risk associated with asthma was reversed. It has
been demonstrated that sinus care improves asthma sta-
tus in unified airway patients.21 This explanation seems
more plausible than an unknown systemic effect of CRS
that enhances longevity. Further work is needed to better
understand these interactions.

More than 90% of the CRS patients in this study were
CRSsNP patients. In the current investigation, CRSwNP
patients were found to have an increase in mortality risk
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relative to that seen in CRSsNP patients. There is biologic
plausibility for a relationship between the chronic inflam-
matory state of CRS and increased mortality risk seen in
patients with CRSwNP. It is believed prolonged exposure
to increased levels of pro-inflammatory cytokines results
in systemic inflammation, and the increased mortality we
observed. This is not a new concept as it is accepted that
chronic inflammation in IBD, RA, and asthma is associated
with increased cardiovascular risk, stroke, and death.7–9

A key player in inflammation seen in other inflammatory
conditions is the cytokine interleukin-6 (IL-6).22,23 While
IL-6 plays a protective role in the acute phase response,
prolonged exposure and elevated levels tips the balance
and causes a pro-inflammatory environment, which can
cause apoptosis and cell death, with an increased risk of
mortaity.24,25 Differential levels of IL-6 have been observed
between CRSwNP, CRSsNP, and controls, with a signifi-
cant increase in IL-6 in those patients with CRSwNP.26,27

Nonetheless, it should be noted that others have shown
lower levels of IL-6 protein in CRSwNP compared to
CRSsNP.28 It is still unknown how the underlying patho-
physiology of CRS including pro-inflammatory cytokines
affects either morbidity and/or mortality.

As in any observational study, there is a potential for
selection bias. We attempted to minimize any bias by
matching controls to cases on sex and birth year, and by
applying identical exclusion criteria to both groups. Al-
though stringent criteria were used to define CRS cases
in order to maximize accuracy, we do acknowledge that
this method is associated with potential misclassification
bias. Because CRS cases were required to have under-
gone a nasal endoscopy or a sinus surgery, the patients
included in our study may have a more severe CRS pheno-
type and/or better access to surgical and/or specialty care.
However, prior investigations have suggested that there are
no differences in demographic characteristics (age, gender,
or race/ethnicity), economic cofactors (income and medi-
cal payment coverage), clinical cofactors (smoking, depres-
sion, prior sinus surgery, allergic rhinitis, aspirin sensitiv-
ity, nasal polyps), measure of social support, personality,
or the physician-patient relationship between those patients
who elect surgical management vs those who elect medical
management.29

It should be noted that the diagnoses of CRS using the
methodology from Oakley et al.13 was determined using a
subset (<1%) of the study population (25,838) and may not
reflect the true accuracy of diagnosis in the entire patient
cohort. Furthermore, the accuracy [(true positive + true
negative)/(# positive + # negative)] of using billing codes
available in the UPDB to define CRSwNP from CRSsNP
was found to be 71% [(48 + 8)/(62 + 79)] and should be
considered when interpreting these results.13 We acknowl-
edge that the true concordance between the CPT/ICD-9
code-based diagnosis and CRS as defined by clinical prac-
tice guidelines in our cohort is inherently limited by this
methodology.

Conclusion
In patients with CRS defined by commonly used otolaryn-
gology CPT/ICD billing codes (ie, nasal endoscopy and si-
nus surgery), CRS is associated with lower risk of mortality
compared to controls, with a greater effect seen at later age
of diagnosis. The lower risk of mortality seen with CRS
appeared to mitigate and even overcome the increased mor-
tality from asthma, a common CRS comorbidity. Surgical
treatment was associated with a significant improvement in
mortality compared to controls. We hypothesize that bet-
ter survival conferred by CRS may be secondary to treat-
ment. Further study is needed to elicit underlying clinical,
socioeconomic, and/or biological mechanisms underlying
this association between CRS and reduced mortality.
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