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ORIGINAL ARTICLE
Workplace Indirect Cost Impacts of Nasal and Sinus Symptoms
and Related Conditions
Jordan R. Kuiper, MS, Annemarie G. Hirsch, PhD, MPH, Karen Bandeen-Roche, PhD,

Agnes S. Sundaresan, MD, MPH, Bruce K. Tan, MD, Robert C. Kern, MD, Robert P. Schleimer, PhD,

and Brian S. Schwartz, MD, MS
Objective: Evaluate associations of nasal and sinus and related symptoms,

as well as selected health conditions which produce those symptoms, with

total lost productive time (LPT) at work in the past 2 weeks. Methods: We

used a cross-sectional analysis of 2402 currently working subjects. Self-

reported physician diagnoses, condition statuses measured with standardized

instruments, and symptom-based factor scores from an exploratory

factor analysis were used in survey weighted log-binomial regression.

Results: Pain and pressure, nasal blockage and discharge, and asthma

and constitutional symptom factor scores as well as self-reported allergic

rhinitis were associated with higher total LPT. Individuals who met oper-

ationalized criteria for multiple health conditions, especially chronic rhino-

sinusitis, had the greatest total LPT. Conclusions: Better management of

these symptoms, and awareness of how they impact an individual’s ability to

perform job-functions in the workplace, could improve overall productivity.
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C ost is an important component in determining the overall
burden of a disease,1 often broken-down into two primary

sources: direct and indirect. Direct costs include expenditures
related to the medical treatment and care received for a condition
while indirect costs are commonly characterized by daily life and
employment impacts of a condition. In the workplace, indirect costs
often include absenteeism (missing work due to health conditions)
ht © 2019 American College of Occupational and Environmental 
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and presenteeism (reduced productivity and performance at work
due to health conditions), which are jointly referred to as total lost
productive time (LPT).2 Acute conditions, like influenza, often have
more indirect costs than direct costs,1,3 whereas chronic conditions,
like diabetes, have larger direct costs.4

Chronic rhinosinusitis (CRS) is an upper respiratory condi-
tion characterized by inflammation of the nasal and paranasal
sinuses,5–7 that is estimated to affect nearly 12% of the adult US
population,7 and incurs $22 to $32 billion in total costs yearly.8,9

The European Position Paper on Rhinosinusitis and Nasal Polyps
symptom-based criteria (CRSs) is commonly used for CRS classi-
fication in epidemiologic studies.5 Individuals with CRSs have been
shown to have severe, persistent, and bothersome symptoms10 that
would be expected to impact workplace productivity. Previous
studies have shown CRS to result in increased absenteeism11–17

and presenteeism12,15,17,18 with estimates as high as 24.6 and 38.8
days per year, respectively.18 These studies have focused on indi-
viduals in the more severe spectrum of disease with many focused
solely on recalcitrant or refractory CRS after surgery.15,17,18

To date, no study has evaluated the workplace impacts of CRS
across the full spectrum of disease in a general population represen-
tative sample. CRS is often comorbid with several conditions (eg,
allergic rhinitis [hay fever], asthma, migraine headache)19,20 and the
nasal and sinus symptoms (NSS) used in CRSs criteria often occur
from these conditions as well. Further, these conditions have been
shown to increase absenteeism,21–25 presenteeism,21–25 and total
LPT.26,27 Several of these conditions with overlapping symptoms
are diagnosed solely on the basis of symptoms (eg, migraine head-
ache), while others have additional evidence that can assist diagnosis
(eg, pulmonary function tests, skin allergy testing, sinus computed
tomography scan). Treatment for some of these conditions itself can
have side effects that themselves impact work. Few prior studies have
attempted to disentanglewhether aspects of the diagnosis itself, which
could capture the impact of treatment side effects, or the specific
associated symptoms, were most associated with increased LPT.12,17

Given the lack of general population-based epidemiologic
studies of NSS due to CRS and related conditions with workplace
impacts, the overarching objective of this study was to identify risk
factors for LPT in a generalizable, population-based sample. To
accomplish this objective, we used electronic health records (EHR)
of subjects who had a primary care provider from Geisinger, a
healthcare system in over 40 counties in central and northeastern
Pennsylvania; these subjects are representative of the general
population for the region.28

MATERIALS AND METHODS

Study Overview
We performed a cross-sectional analysis using responses to the

final questionnaire in a longitudinal study of subjects focused on NSS
and CRS, described elsewhere.7,29 Briefly, we sequentially mailed
five self-administered questionnaires from April 2014 through
December 2015 to a stratified random sample of primary care patients
of Geisinger. Details of items included in questionnaires are described
Medicine. Unauthorized reproduction of this article is prohibited 
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elsewhere.29 Briefly, the four questionnaires following baseline were
used to understand seasonal exacerbations of NSS and were sent in
approximately 4 months intervals. This study was approved by the
Institutional Review Board (IRB) of Geisinger, which has an IRB
Authorization Agreement with the Johns Hopkins Bloomberg School
of Public Health. Health Insurance and Accountability Act authoriza-
tion and written informed consent waivers were approved by the IRB.

Sampling Method and Study Population
A description of the sampling method has been previously

reported.7 Electronic health records (EHR) were utilized to catego-
rize individuals into three groups based on International Classifica-
tion of Disease-9 and Current Procedural Terminology codes for
allergic rhinitis, asthma, CRS, nasal polyps, and sinus procedures.
We over-sampled individuals with CRS, nasal polyp, allergic rhini-
tis, and asthma diagnostic codes, as well as racial/ethnic minorities.7

Of the 23,700 individuals randomly selected to participate in the
longitudinal study, 7847 responded to the baseline survey and 4600
responded to the final follow-up questionnaire.

Primary Independent Variables
We first operationalized definitions and analytic variables for

the primary independent variables of interest, including condition
statuses and symptoms.

CRS Classification
We used the CRSs criteria for categorizing individuals with

CRS as previously reported.7,10,29 CRSs status (referred to as CRS)
was determined using self-reported frequency (in the past 3 months)
of the cardinal CRS symptoms (nasal blockage, green or yellow
discharge [anterior or posterior], smell loss, and facial pain or
pressure) at each questionnaire. These symptoms were self-reported
using a five-point Likert scale (‘‘never,’’ ‘‘once in a while,’’ ‘‘some
of the time,’’ ‘‘most of the time,’’ and ‘‘all of the time’’). Symptoms
reported at least ‘‘most of the time’’ were considered towards CRSs

criteria. Individuals were assigned into three CRS status groups:
‘‘never’’ (did not meet current CRSs criteria at any questionnaire),
‘‘past’’ (met criteria at a prior questionnaire but not at the last one),
and ‘‘current’’ (met criteria at last one).

Self-Reported Physician Diagnoses and Migraine
Headache Status

Self-reported physician diagnosis of hay fever and asthma
were ascertained at baseline. Migraine status was operationalized as
a binary indicator and determined using standardized and validated
methods.29,30

Symptom Factor Scores
Factor scores were estimated from five factors using factor

weights and methods previously described.31 Briefly, three EFA
models were performed using 3535 subjects with responses to
baseline, 6 months, and 16-month (final) questionnaires. Indicators
included in the EFA were 37 self-reported symptoms in the catego-
ries of nasal and sinus; ear and eye; asthma; constitutional symp-
toms (ie, fever, headache, fatigue); and allergy symptoms. Five
factors were identified by the EFA models as pain and pressure;
blockage and discharge; asthma and constitutional; smell loss; and
ear and eye symptoms. Factor weights from the 16-month question-
naire EFA were used to estimate factor scores as previously
reported.31 Larger scores indicated greater reporting of symptoms
relevant to the specific factor and were standardized by z-transfor-
mation to allow for comparisons of factors.

Dependent Variables: Absenteeism, Presenteeism,
and Lost Productive Time

Questions from the Work and Health Interview32 were only
included in the 16-month questionnaire, using a 2-week recall
ht © 2019 American College of Occupational and Environmental 
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period. Subjects were instructed to complete the work-related
questions only if they were currently working. Questions ascer-
tained the average number of days worked per week and hours
worked per day, which were then combined to calculate the average
total hours worked in the prior 2 weeks. NSS-specific absenteeism
was operationalized from two questions: ‘‘How many workdays did
you miss in the past two weeks because you were not feeling well?’’
and ‘‘How many of the workdays in the past two weeks were missed
due to nasal and sinus symptoms?’’ We estimated lost productivity
while at work (presenteeism) due to NSS in two components. We
first estimated presenteeism days with responses to two questions:
‘‘On how many days in the past two weeks did you go to work when
not feeling well?’’ and ‘‘On the days in the past two weeks you were
not feeling well at work how many were due to your nasal and sinus
symptoms?’’ We then estimated an ‘‘impact index’’ as workplace
ability and function while having NSS using responses to five Likert
scale questions (Supplemental Digital Content Table S1, http://
links.lww.com/JOM/A571). Each of the five questions were scored
from 0 to 1 (1¼ all of the time; 0.75¼most of the time;
0.50¼ about half of the time; 0.25¼ some of the time; 0¼ none
of the time) and the final index score was the mean of the five
questions. Finally, the product of presenteeism days and the impact
index provided the total number of NSS-specific presenteeism days.
Both absenteeism and presenteeism were converted from days to
hours using estimated hours worked per 2-week period. Lastly, total
LPT was estimated by adding NSS-specific absenteeism and pre-
senteeism for each subject.

Statistical Analyses
The primary goals of the analysis were to evaluate whether:

(1) symptom-based factor scores from an exploratory factor analysis
(EFA)31 of a range of symptoms from several related conditions (ie,
asthma, CRS, hay fever, migraine headache) were more strongly
associated with total LPT than were operationalized or self-reported
physician diagnoses of these conditions; and (2) estimate and
compare average total LPT within subgroups based on CRS and
other health conditions to characterize subgroups with higher
average total LPT.

Of the 4600 subjects who responded to the final question-
naire, 2402 had classifiable CRS status and reported currently
working and were therefore included in the analysis. Relations
between variables as well as distributions were assessed and missing
data on selected covariates were multiply imputed as done previ-
ously.29 For adjusted estimates of total LPT, three log-binomial
regression models were assessed: model 1 evaluated symptom
factors; model 2 evaluated condition statuses (eg, physician-
reported hay fever); and model 3 (fully-adjusted) evaluated symp-
toms and conditions. The outcome in these models was a proportion
defined by: the number of work-hours attributed to LPT (numerator)
over the average total number of hours worked (denominator), in a
2-week period.

Potential covariates were selected from prior studies and a
priori theory and included age (years, centered, and scaled per 5-
years), sex, race/ethnicity (white vs non-white), receipt of Medical
Assistance (a surrogate for family socioeconomic status),33 body
mass index (BMI, kg/m2), Charlson comorbidity index (centered),34

smoking status (never, former, current), and education (high school
education or less, some college, 4 or more years of college). Non-
linearity in continuous covariates was assessed, resulting in a cubic
function for pain and pressure.

To better understand associations observed in the regression
models, we estimated LPT over a range of factor score values
(Fig. 1) and in subgroups based on CRS and health conditions
using average adjusted predictions (ie, predictive margins35) derived
from the fully-adjusted model (Fig. 2). Hereafter, we refer to these
values as average expected total LPT (AET-LPT). While effect
Medicine. Unauthorized reproduction of this article is prohibited 
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FIGURE 1. Adjusted average total lost productive time (in hours) in 2 weeks, by standardized factor scores and sum of factor
scores, estimated in the source population. LPT estimates are presented across �2 standard deviations for each of five symptom
factors: (A) pain and pressure; (B) blockage and discharge; (C) asthma and constitutional; (D) smell loss; (E) ear and eye; and (F)
the sum of the five factor scores. LPT, lost productive time.

JOEM � Volume 61, Number 8, August 2019 Lost Productive Time due to Nasal and Sinus Symptoms
estimates from regression models are useful in understanding
adjusted relations of covariates with the outcome, this latter
approach provides tangible estimates of the expected outcome
for, as examples, specific subgroups of people or for different
values of specified covariates.

Models were weighted using methods previously described29

and included use of sampling7,10 and inverse-probability of censor-
ing weights (IPCW).29 As done previously,7,10,29 full weights were
used in estimation of descriptive statistics whereas truncated
weights were used in regression modeling. Adequacy of model
fit was assessed by inspecting residuals, influence, and leverage,
with one observation ultimately removed from final models. Models
with and without this observation were substantively comparable,
yet non-linearity of pain and pressure factor score was attenuated
when the observation was included. Statistical analyses were per-
formed using STATA v15.1 (StataCorp, College Station, TX) and R
v3.4.1 (R Foundation for Statistical Computing, Vienna, Austria;
www.r-project.org) software packages.

Sensitivity Analyses
We did not include CRS status in model 3 since questions

used to operationalize CRSs were also included in the factors,
thereby inducing a linear dependency. However, we did test an
ht © 2019 American College of Occupational and Environmental 
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additional model in which we included CRS status as a covariate.
We also assessed sensitivity of observed effect estimates (for model
3) to sampling weights by comparing estimates from unweighted,
truncated, and fully weighted models.

RESULTS

Description of Study Population
Of the 2402 working subjects, a total of 134, 775, and 790

subjects had any hours of absenteeism, presenteeism, and total LPT
in the prior 2 weeks, respectively. The mean (standard error)
absenteeism, presenteeism, and total LPT in the past 2 weeks
was 0.40 (0.10), 1.45 (0.17), and 1.86 (0.21) hours, respectively.
Compared with subjects included in the study, excluded subjects
tended to be older, less healthy (ie, larger Charlson comorbidity
index), and more likely to receive Medical Assistance (Supplemen-
tal Digital Content Table S2, http://links.lww.com/JOM/A571).

Population-estimated (survey weighted) descriptive informa-
tion for the study sample showed persons with LPT were younger,
more likely to be women, had more comorbidities, and were more
likely to have past or current CRS (Table 1). Average factor scores
were estimated in the source population, both overall and in CRS
and health condition subgroups (ie, migraine headache, hay fever,
Medicine. Unauthorized reproduction of this article is prohibited 
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FIGURE 2. Adjusted average total lost productive time (in hours) in 2 weeks, by CRSS and health condition subgroups, estimated
in the source population. Estimates based on fully-adjusted model (model 3) associations. CRSs, symptoms that meet European
Position Paper on Rhinosinusitis definition for CRS symptoms.

Kuiper et al JOEM � Volume 61, Number 8, August 2019
asthma, and combinations [Supplemental Digital Content
Figure S1, http://links.lww.com/JOM/A571]).

Adjusted Estimates of Workplace Impacts
In an adjusted model with symptom factor scores, three

factors were associated with total LPT: pain and pressure, blockage
and discharge, and asthma and constitutional (model 1, Table 2). In
the next model, factor scores were removed and condition status for
various health conditions were added; in this model, migraine,
physician-diagnosed hay fever, and past and current CRS were
associated with increased hours of total LPT (model 2, Table 2). In
the fully-adjusted model, factor scores and health condition status
were included together; pain and pressure, blockage and discharge,
and asthma and constitutional factors, as well as hay fever, remained
associated with total LPT (model 3, Table 2). Generally, estimates
and inferences were substantively unchanged when different sam-
pling weights were used (or omitted) (Supplemental Digital Content
Table S3, http://links.lww.com/JOM/A571) or when CRS status was
added to model 3 (Supplemental Digital Content Table S4, http://
links.lww.com/JOM/A571).

We further evaluated associations of each factor with total
LPT by estimating AET-LPT using score values within�2 standard
deviations, controlling for covariates (model 3, Table 2 and
Fig. 1A–E). AET-LPT for a one standard deviation increase from
the mean pain and pressure factor score would be 4.19 (95% CI:
3.25, 5.13) hours, while a decrease would be 0.29 (95% CI: 0.08,
0.49) hours (Fig. 1A). Similarly, AET-LPT for a blockage and
discharge factor score one standard deviation above or below the
mean would be 2.76 (95% CI: 2.01, 3.52) and 1.90 (95% CI: 1.38,
2.42) hours, respectively (Fig. 1B). AET-LPT for a one standard
ht © 2019 American College of Occupational and Environmental 
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deviation increase from the mean asthma and constitutional factor
score would be 2.98 (95% CI: 2.24, 3.73) hours, while a decrease
would be 1.76 (95% CI: 1.33, 2.19) hours (Fig. 1C). Using the sum
of all factor scores as an aggregate measure of all NSS and related
symptoms, AET-LPT among subgroups with a score of 0, 5, or 10
would be 2.29 (95% CI: 1.81, 2.78), 6.25 (95% CI: 5.00, 7.50), and
9.20 (95% CI: 6.24, 12.2) hours, respectively (Fig. 1F).

Finally, to understand how associations with symptoms and
LPT are represented in subgroups of individuals with these symp-
toms, we estimated AET-LPT within subgroups based on CRS and
health conditions, using the fully-adjusted model (Fig. 2). Overall,
the current CRS subgroup would be expected to have the most AET-
LPT, 7.47 hours (95% CI: 6.11, 8.82) in 2 weeks. Current CRS
subgroups with comorbid asthma, hay fever, or migraine would have
an AET-LPTof 9.25 (95% CI: 3.34, 15.2), 6.40 (95% CI: 3.95, 8.85),
and 7.42 (95% CI: 4.67, 10.2) hours, respectively. Lastly, the current
CRS subgroup with all three comorbidities would have an AET-LPT
of 15.4 (95% CI: 10.3, 20.5) hours (Fig. 2).

DISCUSSION
In this first general population-based study of the workplace

impacts of nasal, sinus, and related symptoms due to CRS and
comorbid conditions, several findings were notable. We identified
three symptom domains using factor scores that were associated
with total LPT, specifically pain and pressure, blockage and dis-
charge, and asthma and constitutional, with the strongest association
for pain and pressure. Before inclusion of these factor scores, past or
current CRS, hay fever, and migraine were each associated with
total LPT but only hay fever was associated with total LPT when
factor scores were included.
Medicine. Unauthorized reproduction of this article is prohibited 
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TABLE 1. Population-Estimated Characteristics Based on Study Sample (n¼2402)

Means (95% Confidence Intervals)/Medians (IQR)�

Selected Variables No LPT (n¼ 1612)y LPT >0 (n¼ 790) P-Value

Hours worked per day; mean 8.33 (8.12–8.54) 8.52 (8.24–8.80) 0.31
Days worked per 2-week period; mean 9.68 (9.49–9.87) 10.2 (9.91–10.5) 0.003
Age (in yrs); mean 48.4 (47.0–49.8) 43.9 (41.7–46.0) 0.001
Body mass index (BMI; kg/m2); mean 29.4 (28.7–30.0) 29.0 (27.9–30.2) 0.62
Charlson comorbidity index; mean 0.79 (0.72–0.86) 1.16 (0.97–1.33) 0.001
Blockage and discharge; median (IQR) �0.77 (0.91) 0.18 (1.17) <0.001
Pain and pressure; median (IQR) �0.82 (0.55) 0.15 (1.58) <0.001
Asthma and constitutional; median (IQR) �0.75 (�0.71) 0.16 (1.31) <0.001
Smell loss; median (IQR) �0.77 (0) 0.24 (2.19) <0.001
Ear and eye; median (IQR) �0.71 (1.07) 0.22 (1.36) <0.001
Column percentages (95% confidence intervals)
Sex (female), n¼ 1496 59.7 (55.0–64.4) 75.8 (69.1–82.4) <0.001
Race/ethnicity (non-white), n¼ 157 3.73 (3.29–4.17) 5.59 (3.79–7.40) 0.09
Medical assistance (ever received)z, n¼ 137 5.70 (3.09–8.32) 10.3 (5.43–15.1) 0.10
CRSs status (16-month)§

Never, n¼ 1034 74.7 (70.9–78.4) 45.4 (37.2–53.6) <0.001
Past, n¼ 915 19.5 (16.1–22.8) 32.9 (25.7–40.0) 0.001
Current, n¼ 453 5.88 (3.89–7.87) 21.7 (15.9–27.5) <0.001
Physician diagnosed asthma, n¼ 573 8.82 (6.82–10.8) 23.6 (17.4–29.7) <0.001
Physician diagnosed hay fever, n¼ 1169 26.2 (22.4–30.0) 54.4 (46.2–62.6) <0.001
Migraine headache status, n¼ 523 11.2 (8.06–14.3) 36.0 (28.2–43.8) <0.001

Bold indicates statistical significance at P< 0.05.
CRS, chronic rhinosinusitis; CRSs, symptoms that meet European Position Paper on Rhinosinusitis efinition for CRS symptoms; HER, electronic health record; LPT, lost

productive time; NSS, nasal and sinus symptoms.
�Estimates derived using survey weighted methods; P-values based on F-ratios, except factor scores, which are based on Mann–Whitney–Wilcoxon U test.
yLPT estimated using the sum of self-reported days missed and present while ill (in which work productivity was affected) due to NSS.
zMedical assistance is determined from the EHR and is a proxy for family socioeconomic status.
§CRS status determined using self-reported symptoms relevant to CRSs at all observed time-points; never CRS¼ never met CRSs criteria over follow-up; past CRS¼met CRSs

criteria at some point in lifetime or over follow-up, but did not meet criteria at time of 16-month follow-up; current CRS ¼ met CRSs criteria at time of 16-month follow-up.

TABLE 2. Adjusted Log-Binomial Regression Models of Total Lost Productive Time (in hours) in 2 weeks, by Symptom Factor
Scores (Model 1), Selected Conditions (Model 2), and Both (Model 3), Estimated in the Source Populationa

Covariates Exponentiated b-Coefficientsb (95% Confidence Interval)

Model 1 Model 2 Model 3b

Pain and pressure factor score (FS)c

Linear term 3.38 (2.42–4.71)� 3.31 (2.37–4.61)�

Squared termd 0.47 (0.31–0.71)� 0.48 (0.32–0.73)�

Cubic termd 1.16 (1.02–1.32)�� 1.15 (1.02–1.31)��

Blockage and discharge FS 1.21 (1.01–1.45)�� 1.21 (1.02–1.43)��

Asthma and constitutional FS 1.31 (1.16–1.50)� 1.30 (1.14–1.48)�

Smell loss FS 0.92 (0.80–1.06) 0.90 (0.78–1.04)
Ear and eye FS 1.08 (0.91–1.28) 1.05 (0.89–1.24)
Migraine status (Ref: no) 1.83 (1.31–2.55)� 1.24 (0.94–1.64)
Physician diagnosed hay fever (Ref: no) 1.61 (1.19–2.19)�� 1.30 (1.00–1.70)��

Physician diagnosed asthma (Ref: no) 1.22 (0.87–1.72) 1.20 (0.88–1.63)
CRSs status (Ref: never)e

Past 1.62 (1.10–2.38)��

Current 4.24 (2.85–6.29)�

CRS, chronic rhinosinusitis; CRSs, symptoms that meet European Position Paper on Rhinosinusitis definition for CRS symptoms; EHR, electronic health record; LPT, lost
productive time; NSS, nasal and sinus symptoms.

aEstimates derived using survey weighted methods; outcome is a proportion represented by total LPT as the numerator and average total hours worked in a 2-week period as the
denominator; all models additionally adjusted for: age (centered; scaled by 5 years), sex, race/ethnicity, medical assistance, body mass index (centered), Charlson comorbidity index
(centered), smoking status, and education.

bTo avoid linear dependency between current CRS status and the symptom factor scores, CRSs status was not retained in the final version of model 3 in which all other estimates
are based on; estimates for CRS status are only derived from model 2.

cFactor scores were standardized (z-transformed) with units of SDs; entered model as continuous variables.
dAllowed for non-linearity in association.
eCRS status determined using self-reported symptoms relevant to CRSs at all observed time-points; never CRS¼ never met CRSs criteria over follow-up; past CRS¼met CRSs

criteria at some point in lifetime or over follow-up, but did not meet criteria at time of 16-month follow-up; current CRS ¼ met CRSs criteria at time of 16-month follow-up.
�P-value: <0.001
��P-value: <0.05.
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We attempted to determine which aspect of a condition was
the key determinant of workplace impact by including both symp-
tom factors and condition indicators in the same model. While
condition status also encompasses symptoms (as they are generally
the basis for diagnosis) it further includes willingness to seek
medical care, disease control, medical or surgical treatments (which
may affect reported symptoms), and side effects of treatments. By
including both measures into a single model, we attempted to
disentangle the workplace impacts of symptoms from the other
aspects of the studied health conditions. Our results suggest that
symptoms are more important than other features of these health
conditions, with the symptoms of pain and pressure having a strong
association with total LPT.

The finding with the pain and pressure factor is consistent
with that of a prior study of CRS and LPT in a tertiary care sample,
in which facial pain was found to be highly correlated with
workplace presenteeism and total LPT, even with adjustment for
total sino-nasal outcomes test (SNOT)-22 scores (which includes
nasal and sinus, fatigue, and allergy symptoms) and confounding
variables.12 The results of both studies suggest that facial pain is
associated with LPT even after accounting for differences in co-
occurring symptoms. Our observed association between nasal
blockage and discharge and total LPT is also supported by a study
of SNOT-22 domains and indirect costs among individuals with
refractory CRS, where increases in monetary costs were associated
with a one standard deviation increase in extra-nasal rhinologic
symptoms (eg, nasal discharge).17 Asthma, particularly poorly
controled, has reportedly been associated with workplace
impacts,23,24 and our association of the asthma and constitutional
factor with total LPT is consistent with prior literature. Our lack of
an association for the smell loss factor score is also consistent with a
recent study of olfactory dysfunction and total LPT among individ-
uals with recalcitrant CRS using an objective measure of smell
loss.36

Current CRS was associated with more total LPT than never
or past CRS. Symptoms of blockage and discharge as well as facial
pain and pressure are used in CRSs criteria for current CRS
classification. Given this dependence on these symptoms for clas-
sification, it is perhaps unsurprising that current CRS was associated
with total LPT in a model which only included conditions, since
several studies of mainly tertiary care populations have shown CRS
to influence workplace productivity among persons with it.12,15,18 It
is important to note the association of current CRS was attenuated
when symptom factor scores were included in the same model.
While this could be due to modest collinearity, it may also imply that
it was the symptom-based components of current CRS classification
which drove its association with total LPT, as opposed to aspects of
medical and/or surgical treatments.

Hay fever was the only condition to remain associated with
LPT in the fully-adjusted model. We speculate that only individuals
with the most severe hay fever symptoms would seek medical care
and thus have a physician diagnosis; however, the observation could
also be due to side effects of some allergy medications, which have
been associated with LPT.37

Estimates of total LPT share similarities with previous find-
ings. A prior study of total LPT among migraineurs found a range of
0.98 to 4.07 and 0.83 to 4.95 hours of total LPT per week among
white women and men, respectively, ages 45 to 54 years.27 Our
study estimates are comparable. A pain and pressure symptom
factor score one standard deviation above average predicted
4.19 hours of total LPT per 2 weeks (�2.10 hours per week), while
migraineurs with no history of CRS and other comorbidities were
predicted to have 1.95 hours of total LPT per 2 weeks (�0.98 hours
per week). Our study also found results differing from prior studies.
For example, a study of CRS estimated an average workplace
impact of 63.4 days of total LPT per year (507.2 hours assuming
ht © 2019 American College of Occupational and Environmental 
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8-hour work periods) among persons with CRS.18 The discrepancy
is likely because the latter study was only of persons with refractory
CRS selected from tertiary-referral centers, so represents the most
extreme end of the disease spectrum.

Our study had several strengths. This is the first study, to our
knowledge, to estimate and compare the workplace impacts of
several conditions in a general population-based sample including
CRS subjects with the full spectrum of disease, not only those cared
for in tertiary care referral facilities. We examined symptom-based
factors and evaluated their associations with total LPT with and
without inclusion of specific health conditions in the models,
disentangling the role of symptoms and other features of the health
conditions on total LPT.

This study also had limitations. We did not have occupa-
tional information (eg, job title) for the subjects included in this
study. We were thus unable to incorporate job type in analyses. We
were also unable to account for differences in workplace culture
and workplace policies (eg, sick time, personal time off without
having to provide medical documentation, light duty) that could
differentially influence how symptomatic conditions could be
translated into absence time and presenteeism. Finally, we studied
self-reported physician diagnoses, self-reported symptoms, and
conditions based on standardized screening instruments, but were
not able to include objective evidence of inflammation in our
CRS definition.

In this first population-based study of NSS and other symp-
toms from CRS and related health conditions, we found that
rigorously estimated factor scores in the domains of pain and
pressure, nasal blockage and discharge, and asthma and constitu-
tional symptoms were associated with increased total LPT. Aware-
ness for how these symptoms may impact a person’s ability to
perform necessary job functions, as well as better management
of symptoms, may ultimately lead to improved workplace
productivity.
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