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Background: The frequency of chronic rhinosinusitis (CRS) exacerbations is an independent predictor of quality of life. The objec-
tive of this study was to evaluate if increased CRS exacerbations predict decreased productivity.

Methods: Cross-sectional study of adult CRS patients. Number of patient-reported CRS-related antibiotic and oral corticosteroids
courses and sinus infections in the past three months were used as metrics for acute exacerbations of CRS (AECRS). Productivity
loss was measured by asking participants the number of lost days of work or school due to CRS in the past three months. Associa-
tions were sought between lost productivity and AECRS, controlling for clinical and demographic characteristics.

Results: 371 participants were recruited. 28.8% of study participants had comorbid asthma. The mean number of lost days of

productivity due to CRS in the last three months was 1.5 for asthmatic participants and 2.4 for non-asthmatic participants. In asth-
matics, CRS-related lost productivity was significantly associated with number of CRS-related antibiotics used (and oral corticoste-
roids used, with a trend for sinus infections. No AECRS metric was significantly associated with lost productivity in non-asthmatics.
However, when focusing on non-asthmatics reporting missed days of work or school due to CRS, we found statistically significant

associations between AECRS metrics and lost productivity.

Conclusions: The frequency of AECRS is associated with CRS-related lost productivity in asthmatics and in the subset of non-

asthmatics with moderate CRS-related productivity losses.
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Introduction

Chronic rhinosinusitis (CRS) is a disease characterized by chronic
inflammation of the sinonasal cavity that is associated with a
significant detrimental impact on quality of life (QOL) as well

as decreased productivity, for example due to missed work ).
The prevalence of CRS in North America and Europe is estimated
to be up to 10.9%, suggesting that the impact of CRS is felt by
many 9, A recent study found the mean work days lost per year
secondary to CRS was 24.6 days per CRS patient and the annual
costs associated with a single patient’s productivity losses due
to refractory CRS may be as high as ten thousand US dollars ©.
On a societal level, 11.5 million missed work days are attributa-
ble to CRS in the United States (U.S.) annually ©, ranking sinusitis

in the “top 10" of most costly physical ilinesses to U.S. employers
in terms of productivity ®. The indirect costs of CRS - in part due
to productivity losses - across the world are estimated to be

on the order of billions of U.S. dollars ©. Given this substantial
economic impact for both the individual and society as a whole,
further understanding of how CRS may diminish productivity is
paramount.

CRS symptom severity is known to be dominantly associated
with decreased productivity due to CRS ©'%, However, chronic
symptoms and acute exacerbations of CRS (AECRS) impact
patients independently and distinctly "". An AECRS is defined as
an acute worsening of symptoms with return to baseline, often
requiring a transient escalation in treatment, such as a course of
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oral antibiotics or corticosteroids . AECRS can greatly impact
CRS patients in many ways including increased risk of orbital or
intracranial complications ; decreased QOL '"; and potential
for exacerbation of comorbid disease such as asthma 2'¥ which
may lead to further QOL and productivity losses 4.

Despite the importance of AECRS, it is unknown how AECRS
may contribute to decreased productivity. Given the variety of
ways they can potentially affect CRS patients, we hypothesized
that the frequency of AECRS would be associated with the
number of patient-reported missed days of work or school due
to CRS. Additionally, because previous work has suggested that
AECRS often lead to subsequent asthma exacerbations in asth-
matic CRS patients '3, we hypothesized that the association
between AECRS and lost productivity would be greater in asth-
matic CRS patients compared to non-asthmatic CRS patients. In
this study, we sought to determine whether an association exists
between the frequency of AECRS and patient-reported missed
days of work or school due to CRS, after stratifying patients by
the presence or absence of comorbid asthma.

Materials and methods

Study participants

This study was approved by the Massachusetts Eye and Ear In-
firmary Human Studies Committee. Adult patients (age 18 years
or older) who met criteria for CRS based on clinical practice gui-
delines ? were recruited prospectively and provided informed
consent. Exclusion criteria included comorbid diagnosis of: 1)
vasculitis, 2) cystic fibrosis, 3) sarcoidosis, and/or 4) immuno-
deficiency. Patients with active AECRS were excluded so that

all study participants’ symptom severities reflected baseline
symptomatology. To eliminate the possible confounding effect
of recent endoscopic sinus surgery, patients who had under-
gone endoscopic sinus surgery within the last 6 months were
also excluded.

Study design and data collection

In this cross-sectional study, all data was collected at enrollment.
Demographic information was collected including age, gender
and race. Tobacco use was assessed by asking participants if
they were current or former smokers. Participants reported their
CRS-related symptomatology as measured by the validated
22-item Sinonasal Outcomes Test (SNOT-22) survey " and also
reported a history of previous sinus surgery, which was confir-
med by nasal endoscopy. Participants reported the number of
antibiotic courses used in the past three months for CRS, num-
ber of oral corticosteroids courses used in the past three months
for CRS, and the number of sinus infections experienced in the
last three months, all as metrics for AECRS "9, Lost producti-
vity due to CRS was assessed by asking participants to report
the number of days of work or school missed in the past three
months due to CRS "*7, All asthmatic participants completed

an Asthma Control Test (ACT) '® and also reported the number
of oral corticosteroid courses taken for asthma in the last three
months.

For each participant, the evaluating rhinologist assessed for the
presence or absence of 1) asthma based on clinical consensus
guidelines "9, 2) aeroallergen hypersensitivity based on formal
skin or serological allergy testing, 2% 3) aspirin sensitivity and the
4) nasal polyps on nasal endoscopy.

Statistical analysis

All analysis was performed using the statistical software package
R (www.r-project.org). In order to have at least 80% power to
detect an association of medium effect size (Cohen’s f2=0.15)
between number of missed days of work or school due to CRS
and each metric of CRS exacerbations, while controlling for 8
additional covariates (specified below), 103 participants were
required in the asthmatic and non-asthmatic cohorts. Patients
with CRS were continuously enrolled until at least 103 parti-
cipants were enrolled in each cohort. Associations between

the number of missed days of work or school due to CRS as

the dependent variable and the metrics of AECRS (number

of CRS-related antibiotic courses, number of CRS-related oral
corticosteroid courses, and number of sinus infections in the last
three months) as independent variables were determined using
negative binomial regression with both univariate and multivari-
able analyses. The multivariable regression models controlled for
SNOT-22 score, age, gender, history of smoking, intranasal ste-
roid use, aeroallergen hypersensitivity, asthma and presence of
nasal polyps 22, These analyses were performed for the entire
cohort as well as after stratification according to the presence or
absence of comorbid asthma. All correlations were performed
using Pearson’s method.

Results

Characteristics of study participants

A total of 371 participants with CRS were enrolled in this study.
Their mean age was 52.9 (Standard Deviation [SD]:15.8); the
cohort was 49.9% male and 50.1% female. The characteristics
of the study participants are summarized in Table 1. Asthma
was present in 28.8% of participants. 42.9% of participants had
aeroallergen hypersensitivity, 4.3% had aspirin sensitivity, 46.4%
had nasal polyps, 39.6% had previous sinus surgery and 46.9%
reported intranasal steroid use. The mean SNOT-22 score for
study participants was 34.9 (SD: 22.6). In the preceding three
months, the mean number of CRS-related antibiotic courses
was 0.6 (SD: 0.9), the mean number of CRS-related oral cortico-
steroids was 0.3 (SD: 0.8), and the mean number of lost work or
school days due to CRS was 2.1 (SD: 8.6).

Study participants were stratified based on presence of absence
of asthma (107 participants with asthma, 264 participants
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Table 1. Characteristics of study participants.

Demographics

Acute exacerbations of CRS and productivity loss

Non-asthmatic
participants (N=264)

Asthmatic
participants (N=107)

All study
participants (N=371)

Age, mean in years, (SD)
Gender
Male
Female
Race
White
Black of African American
Other
Declined to respond

Smoking

52.9(15.8) 50.8 (16.6) 53.8(15.4)

49.9% 42.1% 53.0%
50.1% 57.9% 47.0%
55.3% 56.1% 54.9%

1.1% 1.9% 0.8%

3.7% 2.9% 3.4%
39.9% 39.2% 40.9%
27.8% 29.9% 26.9%

Comorbidities
Aeroallergen hypersensitivity
Asthma

Aspirin sensitivity

42.9% 64.5% 34.1%
28.8% 100.0% 0.0%
4.3% 15.0% 0.0%

CRS characteristics

Nasal polyps

Previous sinus surgery

Intranasal steroid use

SNOT-22 score, mean (SD)

CRS-related antibiotic courses in the last 3 months, mean (SD)
CRS-related oral corticosteroid courses in the last 3 months, mean (SD)

Lost days of work or school in the last 3 months due to CRS, mean (SD)

without asthma). The mean SNOT-22 score for asthmatics was
38.7 (SD: 24.9) and the mean SNOT-22 score for participants
without asthma was 33.3 (SD: 21.4). The mean number of missed
days of work or school due to CRS in the last three months for
asthmatics was 1.5 days (SD: 2.8) and for those non-asthmatic
participants was 2.4 days (SD: 10.0). Neither the difference in
SNOT-22 scores (p=0.114) nor the difference in the number of
missed days of work or school due to CRS between asthmatic
and non-asthmatic study participants reached statistical signifi-
cance (p=0.142).

CRS exacerbations are not consistently associated with lost
productivity in the general CRS patient population

We first examined the relationship between missed days of work
or school due to CRS and our metrics of AECRS in all study par-
ticipants together, regardless of asthma status (Figure 1). In all
study participants, on univariate association, we found that the
number of missed days or work or school due to CRS in the past
three months was not associated the number of CRS-related
antibiotics courses (RR=1.36, 95%Cl: -0.97 - 1.91, p=0.072) in the
past three months. By contrast, this lost productivity was associ-

46.4% 73.8% 35.2%
39.6% 42.1% 38.6%
46.9% 67.3% 38.6%
34.9(22.6) 38.7 (24.9) 33.3(21.4)
0.6 (0.9) 0.6 (0.9) 0.5 (0.9)
0.3 (0.8) 0.5 (0.9) 0.3(0.7)
2.1 (8.6) 1.5(2.8) 2.4(10.0)

ated with the number of CRS-related oral corticosteroid courses
(RR=1.77,95%Cl: 1.19 - 2.62, p=0.005) and number of sinus
infections (RR=1.59, 95%Cl: 1.04 - 2.43, p=0.031) reported in the
past three months (Table 2). However, on multivariable analy-
sis there was no statistically significant associations between
missed days of work and school due to CRS and our metrics

for AECRS—the number of CRS-related antibiotics courses
(adjusted RR=1.43, 95%Cl: 1.07 — 1.93, p=0.022), number of CRS-
related oral corticosteroid courses (RR=1.15, 95%Cl: 0.81 - 1.63,
p=0.421), or number of sinus infections (RR=1.40, 95%Cl: 0.94 —
2.08, p=0.095) reported in the past three months (Table 2).

Lost days of productivity is associated with CRS exacerbati-
ons in asthmatic patients

We next stratified study participants based on presence or
absence of asthma, and determined any association between
the number of missed days of work or school due to CRS and
AECRS (Table 2). We first examined the asthmatic cohort (Figure
2). For asthmatic participants, there were significant associations
between the number of missed days of work or school due to
CRS and the number of CRS-related antibiotics courses (RR=2.20,
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Figure 1. For all study participants, scatter plot of lost days of work or
school in the last 3 months versus (A) the number of antibiotic courses
taken for CRS in the last 3 months, (B) the number of oral corticosteroids
courses taken for CRS in the last 3 months, and (C) the number of sinus

infections in the last 3 months.

95%Cl: 1.48 — 3.27, p<0.001), number of CRS-related oral
corticosteroid courses (RR=1.76, 95%Cl: 1.12 - 2.76, p=0.015),
and number of sinus infections (RR=3.29, 95%Cl: 1.75 - 6.19,
p<0.001) reported in the past three months on univariate
analysis. Multivariable analysis confirmed statistically significant
associations between productivity loss and the number of CRS-
related antibiotics courses (adjusted RR=1.99, 95%Cl: 1.37 - 2.90,
p<0.001) and number of CRS-related oral corticosteroid courses
(adjusted RR=1.87,95%Cl: 1.21 - 2.87, p=0.004) reported in the
past three months. The association between productivity loss
and number of sinus infections (adjusted RR=1.88, 95%Cl: 0.98
-3.59, p=0.057) reported in the past three months did not quite
reach statistical significance.

We next sought to determine to what extent CRS-related pro-
ductivity losses may relate to participants’asthma severity. None
of our metrics for AECRS correlated with ACT score (p>0.05). Ho-
wever, each metric for acute CRS exacerbations was associated
with the number of asthma-related oral corticosteroid courses
taken in the last three months. After controlling for either ACT
score or the number of asthma-related oral corticosteroid
courses, the number of CRS-related antibiotics and CRS-related
oral corticosteroids courses in the past three month remained
significantly associated with CRS-related lost productivity (p <
0.05 in all cases). Although the association between lost pro-
ductivity and the number of patient-reported sinus infections
did not quite reach statistical significance in the multivariable
analyses above, the point estimate of the association suggested
a possible association that we were simply under-powered to
detect. As a result, we also checked this association after con-
trolling for ACT and found associations with RRs ranging from
1.90 to 2.05 and p-values ranging from 0.032 to 0.055. Therefore,
although AECRS correlated with asthma exacerbations, the
associations we found between AECRS and CRS-related lost pro-
ductivity appear to be—at least to some extent—independent
of asthma control.
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Figure 2. For asthmatic study participants, scatter plot of lost days of

work or school in the last 3 months versus (A) the number of antibiotic
courses taken for CRS in the last 3 months, (B) the number of oral corti-
costeroids courses taken for CRS in the last 3 months, and (C) the num-

ber of sinus infections in the last 3 months.

Lost days of productivity is associated with the frequency
of acute CRS exacerbations in the subset of non-asthmatics
CRS patients with moderate productivity losses

We next examined the relationship between lost productivity
due to CRS and AECRS for non-asthmatic study participants
(Figure 3). The number of missed days of work or school due to
CRS was not associated with the number of CRS-related antibio-
tics courses, number of CRS-related oral corticosteroid courses,
or number of sinus infections reported in the past three months
on multivariable analysis (Table 2). However, on visually exami-
ning the data in non-asthmatic study participants (Figure 3), we
found that a small subset of non-asthmatic study participants
reported extremely large productivity losses due to CRS. These
outliers reduce the association between the number of missed
days of work or school and frequency of acute CRS exacerba-
tion in the prior three months, because the productivity losses

greatly outstrip the number of exacerbations. In order to remove

the effects of potential outliers, we excluded non-asthmatic par-
ticipants reporting productivity losses greater than 1.96 times
the SD (10 days) above the mean number (2.4 days) of missed

days of work or school due to CRS (i.e. we excluded non-asthma-
tic participants reporting greater than 22 days of missed work or

school due to CRS in the preceding three months). We repeated
our analyses after excluding these outlying study participants
and found that in non-asthmatic CRS patients with less than or
equal to 22 days of CRS-related productivity losses, productivity
loss was significantly associated with the number of CRS-related
antibiotics courses (adjusted RR=2.03, 95%Cl: 1.46 - 2.81,
p<0.001) and number of sinus infections (adjusted RR=1.57,
95%Cl: 1.03 - 2.38, p=0.034)reported in the last three months.
There was a point estimate trending towards statistical signifi-
cance for number of CRS-related oral corticosteroid courses (ad-

justed RR=1.41, 95%Cl: 0.93 — 2.13, p=0.108) reported in the past

three months. These results, showing that the number of AECRS
were associated with CRS-related productivity losses in the
non-asthmatic CRS patients with less than or equal to 22 days
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Table 2. Association of CRS exacerbation metrics and lost days of productivity.

Univariate analysis Multivariable analysis'

RR?(95% CI) P value RR2 (95% Cl) P value

All study participants (N=371)

CRS-related antibiotic courses in the last 3 months, mean (SD) 1.36 (0.97 - 1.91) 0.072 1.43(1.07 - 1.93) 0.022
CRS-related oral corticosteroid courses in the last 3 months, 177 (1.19-2.62) 0,004 115 (0.81-1.63) 0421

mean (SD)

Number of sinus infections in last 3 months, mean (SD) 1.59 (1.04 - 2.43) 0.031 1.40 (0.94 - 2.08) 0.095
CRS-related antibiotic courses in the last 3 months, mean (SD) 2.20 (1.48-3.27) < 0.001 1.99 (1.37 - 2.90) < 0.001
CRS-related oral corticosteroid courses in the last 3 months, 176(1.12 - 2.76) 0015 187 (121 - 2.87) 0.004
mean (SD)

Number of sinus infections in last 3 months, mean (SD) 3.29(1.75-6.19) <0.001 1.88 (0.98 - 3.59) 0.057

CRS-related antibiotic courses in the last 3 months, mean (SD) 1.23 (0.78 - 1.94) 0.366 1.26 (0.85 - 1.88) 0.254
CRS-related oral corticosteroid courses in the last 3 months, 205 (117 -3.61) 0012 1.06 (0.66 - 1.71) 0.808

mean (SD)

Number of sinus infections in last 3 months, mean (SD) 1.40 (0.83 - 2.37) 0.209 1.33(0.83-2.13) 0.231

'Controlling for SNOT-22 score, age, gender, smoking history, intranasal steroid use, aeroallergen hypersensitivity, asthma, polyps, and previous sinus
surgery; controlling for SNOT-22 score, age, gender, smoking history, intranasal steroid use, aeroallergen hypersensitivity, polyps, and previous sinus

surgery in patients stratified by asthma status. ?Relative risk.

of productivity losses, were robust to different cut-offs used for the past three months), and a trend towards an association with
determining outliers in CRS-related lost productivity. our third AECRS metric (number of sinus infections in the past
three months). Additionally, we found associations between
Discussion two metrics for AECRS (number of antibiotic courses for CRS and
Productivity is a measure of indirect costs attributed to missed number of sinus infections in the past three months) and lost
days of work caused by a health condition and is one way to productivity in the non-asthmatic CRS patients when excluding

characterize the economic burden of a particular disease 7?3, In  outliers reporting extremely high productivity losses, with a
today’s political climate, how various chronic conditions impact trend towards significance in the association between our last

productivity is especially relevant as health care resources are metric AECRS (number of oral corticosteroid courses for CRS in
limited and thoughtful allocation of these resources are prio- the last three months), and productivity loss. Interestingly, when
ritized towards diseases causing the greatest cost burdens on controlling for quantifiable measures of asthma control, the
society. CRS is known to be associated with a profound decrease  association between metrics of CRS exacerbations and producti-
in productivity output on both the individual and community vity loss remained significant in asthmatic CRS patients sugges-
levels @. Given the prevalence of CRS® and its significant econo-  ting this relationship may be independent of asthma control.
mic impact, understanding this association is critical to targeting  There are multiple mechanisms through AECRS may potenti-
how to better optimize management to prevent productivity ally reduce productivity. First, patients with an AECRS have an
compromise. Although acute exacerbations have recently been increased symptom burden and may simply feel too ill to work
shown to be an important component of CRS ", our understan-  or go to school. In addition, patients with an AECRS may have to
ding of their impact on productivity has been limited. In this schedule an urgent clinic visit, go to the pharmacy or even get
study, we found AECRS to be associated with lost productivity admitted to the hospital, all which may decrease daily produc-
due to CRS independent of CRS symptom severity and that this tive output. An AECRS may potentially cause exacerbation of co-
effect was most pronounced in asthmatic patients. morbidities, for example asthma, further adding to decreased
Specifically, we found significant associations between lost productivity "2, although our results suggest this relationship

productivity in asthmatic CRS patients and two metrics of AECRS  is more complex.
(number of antibiotic and oral corticosteroids courses for CRS in Given the high prevalence of comorbid asthma in CRS pa-
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Figure 3. For non-asthmatic study participants, scatter plot of lost days
of work or school in the last 3 months versus (A) the number of antibi-
otic courses taken for CRS in the last 3 months, (B) the number of oral
corticosteroids courses taken for CRS in the last 3 months, and (C) the

number of sinus infections in the last 3 months.

tients®¥, it is worthwhile to evaluate this subset of CRS patients.
Comorbid asthma is known to be associated with other negative
outcomes in patients with CRS. Previous studies have found
that patients with comorbid asthma are more likely have more
severe CRS® or more difficult to treat CRS ©9. Another study
found that AECRS may precede asthma exacerbations " which
on their own are associated with significant, negative clinical
outcomes including increased mortality, poor pulmonary func-
tion, increased healthcare expenses and decreased productivity
(1419 One can imagine how the synergistic effect of these two
diseases may lead to decreased productivity in this patient
population.

Looking further into the interplay between asthma and CRS,

it was interesting to find that AECRS is associated with lost
productivity independent of asthma control. It is possible that
AECRS may be particularly severe in asthmatic CRS patients,
thereby driving lost productivity more frequently compared to
non-asthmatic CRS patients. It is also possible that this finding is
an artifact of how we assessed lost productivity. Since we asked
participants to report the number of days of work or school
missed due specifically to CRS, it is quite possible that they did
not take into account the number of days missed due to asthma
exacerbations that were secondary to AECRS.

Our results nevertheless highlight the importance of AECRS

- independent of CRS symptom severity - as a driver of lost
productivity due to CRS. The one exception to this finding

was non-asthmatic CRS patients who reported extremely high
productivity loss, e.g. greater than three weeks in the preceding
three months. Previous work has shown mood - rather than
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traditional CRS disease manifestations - is a major driver of lost
productivity 9. It is possible that this dominant effect of mood,
or some other unidentified factor, is even more important in the
subset of patients reporting such high productivity losses due
to CRS.

This study should be interpreted in the context of its limitations.
There are no objective criteria for AECRS in the literature that
allows direct study. Although our metrics of AECRS have been
used as proxy measures for AECRS in previous studies, it is not
known how well these metrics of AECRS identify every true AE-
CRS experienced by patients. Additionally, our dependent and
independent variables (lost productivity due to CRS and AECRS
metrics, respectively) were based on patient recall over the pre-
ceding three months, which may introduce recall bias despite
the previously described accuracy of this methodology 7.
Further study following these patients in a prospective manner
is needed to confirm our findings. Additionally, we measured
productivity as the number days of missed work or school.
However, productivity loss may be experienced without missing
work or school: for example, when a sick patient still is able to go
to work but does not perform well, or that sick patient experien-
ces reduced productivity in the home.

Conclusion

In conclusion, the frequency of AECRS appears to be associated
with CRS-related lost productivity in asthmatics and in the sub-
set of non-asthmatics with moderate CRS-related productivity
losses. Understanding how AECRS impact productivity is the
first step to better optimizing management of this CRS manifes-
tation to prevent lost productivity due to CRS.
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