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Abstract

Background: Severe asthma affeagsiality oflife; however jts impacton workplace
productivity is poorly understood.
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Objective: To compare workplace productivityabsenteeism and presenteetsand
impairment in daily activitiegh severeand nonsevere asthmaver timeand identify

characteristics associated with presenteémssevere asthma.

Methods: The Severe Athma Wekbased Database (SAWD)as ongoing observational
registryfrom-Australia, New Zealand and Singapore. At April 2017, g&#ents with severe
asthma and02with nonsevereasthmawere enrolled18 to 88years 59% female).
Participants®provided comprehensive clinical and questionnaire data at basdivere
followed-up'every 6 monthfer 24 months. Asenteeism (percentagetimhe not atwork),
presenteeisr(selfreported impairment at worldnd mpairment in daily activities outside
work due to health problenms the last weekverecalculated

Results At baseline, 61.4% of participants with severe asthma and 66.2% witbenere
asthmaunder 65/years were employéd.younger ages (30-5@ars), fewer severe asthma
participants.were employd89% vs 100%)Presenteeism and impairmemdaily activity
were more frequently reportedsevere asthmandin participants witfpoorerasthma
control, pogreridung function anchorepastyearexacerbationgp<0.01).Over time,
deteriorating asthma control was associated with increasing presentsigismagh
absenteeisiwasnot differentbetweersevere and nesevere asthmavorse asthma control
was associated with absentee{g0.001).In participants withsevere asthmaresenteeism
wasreportedmorefrequently inthosewith poorer asthma control, poor@sthmarelated

quality of life and symptoms of depressioraniety (p<0.01).

Conclusionand ¢clinical relevance Severe asthma was associated with impairmemntek

and outside the workplace. Improving asthma control and mental health may be important
targetsfor gptimisingworkplace productivityn severe asthm#&resenteeism and

abseteeism my represent kemetrics for assessing intervention efficacyeoplewith

severe asthmaf working age.

Keywords:'Severe asthmaegistry, workplace productivitypresenteeisfrabsenteeism

work disability.

Introduction
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Severe asthma ia high impactidease that is oftenefractory to inhaled therapit.affectsup
to 10% of patients with asthmeet account$or most of the disease burdgn.Recognised
impacts of severe asthma include asthma exacerbgonoshealth status anmbor health-
related quality of lifg2,3] which are likely to lead to impaired functioning at work and in
other roleslmpairment at work-where illnessmpairsability to work —maybe associated
with negative consequenceser time including extended sick leave, continuezhlth
impairmentand greater healtlareutilisation reduced work team cohesi@rrestedvork
progression, reduced earnings) insecurity and job lo§d—7] To datelere are scant data
onthe extent and determinants of workplace impairment in seviénaag)uantifying
workplaceimpairmentcanprovide an understanding of the impact of severe asthma on the
lives of patient@ind represent crucialstepfor developingstrategies tanaximise workplace

participation

Most previoussstudiesn workplace impirmentin severe asthma repavbrk absence yet
fail to examinethe potentially morevidespreagroblem of presenteeism.[8 Bfesenteeism
is defined as workingt suboptimal capacityecause of ill healttCompared t@bsenteeisim
which ispartial or corplete absence from work due to illnesgresenteeism is a relatively
newindicator of workplacempairment{10,11]Presenteeisns often underestimated yet is
costly to theeseenomyl2—14] andis associated witlnincreased risk of absenteeism in the
future[4]

The aim ofithis study was to quantify the impact of severe asthma on workplace prgductiv
by comparingabsenteeism, presenteeianmd impairmenin daily activitiesover time in

people with severand nonsevere asthmd he study also examinetharacteristics
associated.with.presenteeism among people with severe asthma.

Methods
Sudy design

The SeveresAsthma Weinsed Databas8€AWD) is an observational registry of patients
enrolled through centres of the Australasgevere Asthma Network (ASANyhich

includes hospitabased severe asthraadrespiratory clinis andprivate respiratory
practices. SAWD comprises a cresectional observati@hstudy,aprospective cohort study
and databank. Participating centres submit anonymised ddia Wwebbased database where
data is storedecurely usinqREDCapelectronic data capture tof$] hosted at the Hunter
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Medical Research Institute, AustralREDCap forms were modified from those initially
developed by the Alfred Difficult Asthma Service, Melbourne.[16]

SAWD is conducted in accordance with the International Conference on Harnamisati
Good Clinical Practice standards and the Declaration of Helsinki, and under theagaeer
framework efithe Thoracic Society of Australia and New Zeal&tidcalappoval was
obtained frem relevamtational, regional or local human research ethics committees or
institutionalreview boards, according to coundpecific requirementustralia:

HNEHREC 22/21/21/4.04, HREC/13/RAH/379, Alfred Hospital EC 391/13, HREC
[Tasmanid Network H0014915 and SCGH HREC 20133; New Zealand: HDEC
12/CEN/69; and Singapore: SingHealth CIRB 2016/2550). All patients provided informed

written consent prior to participating.

The detailed/SAWD protocolis availableonthe Centre of Excellence in Severe Asthma

website(httpz//wamvw.severeasthma.org.au/toodsources/toolkit®/

Participants

Adult patients.withsevere refractory asthnaamd a comparison group with noaevere

controlled asthma were enrolledthre registry by stafat 26 centres in Australia, New

Zealand and Singapore. Enrolment commenced in August 2013. The current study reports on

patients enrolled until April 2017

To be includedsin the registryl]l patients required a confirmed asthma diagnosis with
evidence of variable airflolWwmitation documented at baseline or during the previous 10
years. Patients'were excluded ifytveere pregnantiadcognitive impairmenthat prevented
completion ofdata cdlection formswerehighly dependenbn medical carehad significant
life limiting co-merbidity; hadprimary diagnosisfdung disease other than asthma; had
current lung cancer or other blood, lymphatic or solid organ malignarmeg; unablé¢o

attend didy visits; anchadcurrent exacerbation at the baseline visit.

Patients were classified as having severe asthma if they niettbpean Respiratory
Society (ERS)/American Thoracic Society (ATS) taskforce definitidrere control is not

achieved despitkigh level recommended treatment (refractory asthma and corticosteroid

This article is protected by copyright. All rights reserved
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resistant asthmajr where control can be maintained only with the highest level of
recommended treatmej@] Inclusion criterigor the severe asthma growere optimised
management dks (inhaler technique, education, adherence, written asthma action plan)
appropriate assessment and managemerigggérs and relevant comorbidity; use of

maximalinhaled corticosteroidCS) therapyaccording to the Glad Initiative for Asthma

(GINA)[17] guidelines (> 1000ug beclomethasone equivalent) with a second controller (long

acting betaagoni$LABA] , long acting antmuscarinicantagonisfLAMA] , oral
corticosteroid (OCS} 50% of the previous year, montelukast or theophylline); andmeetng
at least one.dmition of uncontrolled asthnjd] (Online Supplement Table S1).

Inclusion criteria for th@on-severe asthmgroupwereuse ofmaintenance inhaled controller
therapy;aghmacontroldefined as eitheisthma Control Questionnaireitém (ACQ6)[18]

< 1.5 or AsthimaControl TegtACT)[19] > 20; and stable disease with no respiratory
infection, asthma exacerbation or change in maintenance therapy in the four veeekingr

saeening.

Data collection.and assessments

Clinical and"patienteported data werepllected via facéo-face visits, telephone and matl
baselineandat 6-monthintervals for 2 yearsAt the baseline assessment, patients were
assessed for study eligibility and classifiechagingsevere or noisevere asthmdata
collectedin SAWD included demographic characteristiasthmaallergyand general
medicalhistory;.medication use and adherence; asthma coséatye exacerbations;
spirometrydbiomarkers; and patieméported measures related to health status and asthma
related quality-of lifeFurther details are caaihed in the journal Online Supplement and

SAWD pratocol http://www severeasthma.org.au/togtssources/toolkit¥/

Current employment and productivityereassessed via the Work Productivity and Activity
Impairment.Questionnaire: General Health V2.0 (WPAI. &) Absenteeismvas
calculated as a percentage of the nunoibéiours of work missed due to health reasons
divided byusualwork hoursPresenteeisrand impaiment in daily activities werealculated
using Likert scale responses regarding-satkd impairmendue to health reasons at work
andin activitiesoutsidework, multiplied by 10 to scale between 0 and {@8igher scores

indicategreaterimpairment)

This article is protected by copyright. All rights reserved
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Satistical analysis

We computed descriptive characteristics of participants at baseline, comparingveiévere
non-severe asthma using Géguarefisher’'s eact testt-test and Wilcoxon rarkum as
appropriate. Wexamined whether asthma severity indicators were associatedeiith
employed (in participants of working age; <65 yeabjsenteeismndpresenteeisr{in
participants currenthemployed andimpairmentin daily activity (in all participantsacross
repeatechssessmentyVe usedogistic or Gaussiageneralised estimating equatiq@EE),
controlling fer.age, sex and assessnianépoint modellingimpairmentas(1) a binary
outcome (No reported problems versus some problefesred to as “reported impairment”
and (2)a continuousutcomewhen values were greater thafréferred to as “levebdr degree
of impairment”) We also examined whethsgvereexacerbationg the year before baseline
were associated.with baseline productivitgicatorsusing logistic and linear regression. We
tested whether the association betwegpairmentand asthma severitifferedover time by
adding an interactiotermbetween assesgnttimepoint and severity indators Finally, we
examinedhe association betweasthmarelated characteristi@ndpresenteeism at baseline
in the severe asthngaoup via binary logistior linearregressioncontrolling for age and
gender. Aalyses were completed in Statal&(SataCorpLLC, USA) andthe “gee”
package[21]n R statistical languag@R Foundation, Austria).[2Z}tatistical significance was
considered gb < 0.05.

Results
Baseline characteristics

SAWD comprisedb36 participants, 434 (81%lith severe asthma and 2(19%)with non-

severe asthmdollow-up data were availabla SAWD for 334 participants at 6 months, 254

at 12 months;:161 at 18 months, and 109 at 24 months (70.8%, 66.5%, 55.5% and 47.8% of
the sample.due for assessment at April 2017, respectiVélgie werdour knowndeaths

and 12 study withdrawal®articipants whdad follow-updatarecorded compared with

those who did notyere more likely to have severe asthma and sightly olderat

baseline but did not significantly diffem other key daracteristicéncluding workplace

characteristics and asthma con{©hline Supplementable S2.

This article is protected by copyright. All rights reserved
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At baseline,htemean agef participantsvas55.0 yearsD = 153) and 59%were female.
Participants with severe andn-severeasthma were similar in aggender, racegndatopc

and smoking status, although those with severe asthma had poorer health stedirgyaoco
severaindicators(Table 1). As expected, participants with severe asthma had poorer lung
functionpoorerasthma control, more pgst exacerbationandwere prescribed a higher
dose of ICS than participants witlbn-severeasthma, although they reportedimnilar

asthma duratiomfeartSD duration for overall sample 31.0+19:&ars) Participants with
severe asthma were highly symptoimatvith median ACQ6 score of 2(0QR 1.22.8).

There was little.change in asthmentrol over time (Figure 1).

Participants with severe asthmvare using a median of fooraintenanceespiratory

medicatios (IQR 3-5), compared witltwo medications in theonseveregroup (IQR 2-3p

< 0.001).Alrparticipants were using ICS at baseline. Use of ICS/LABA combination
inhalers wasseemmon in the overall sample (91.8%) and more common in participants with
severe asthma (93.3%&rsus 85.3% in nosevereasthmap = 0.014). In thesevere asthma
group, 24.4% were using maintenance oral corticosteroids and 19.1%ewa&ireng

omalizumabwhereaso participants witmon-severe asthmased these medications.

Wor kplaceproductivity at baseline

Among participants ofvorking age €65 yearsN = 355), 221 (62.3%) were employatl
baseline withdittle differencein theoverallemployment ratbetween severe and nsavere
asthma(61.4% vs 66.2%p = 0.571, Figure 2A). Bcrepancies in employment rates between
severe ad nonsevere asthma were apparent at younger ages (Figure 3). All participants with
non-severeasthma between 30 angédyswere employedN = 19), whereas only 69% with
severe asthmawere employed (empldyed70; not employedll = 31).

In thetotal sample, 243 participants48.5%)wereemployedat baseline24.9% of workers
reported someé absenteeianmd a majority of workeneported presenteeismthe past week
(66.7%).At'baseline, prticipants with severe asthma reported much higher presenigeism
0.001)and activity impairmenfp = 0.002 than those with nosevere asthmdut no
significantdifference in absenteeisfRigure2A and2B). In the severe asthma group, the rate
of presenteeism was high, regardlese/hether the participant had comorbid nasal polyps,
rhinitis or allergic sensitisation (gil> 0.05, Figure 2C).

This article is protected by copyright. All rights reserved
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At baseline, presenteeism and activity impairment were strongly corrgbatedd70, p <
0.001),whereas absenteeism was less strongly correlated with presenieeifidq, p <
0.001) and activity impairmenp € 0.32, p < 0.001). Absenteeism and presenteeism did not
differ across sites (for sites with > 20 participants and after controlling for proportion of
severe participants). However, employmetessignificantly differed across sites, ranging
from 34.6% to 78.8%X?(9) = 28.4,p = 0.001).

Asthma severity;wor kplace productivity and activity limitations

Across all assessmeantarticipants with severe asthmeere 3.2 timesnorelikely to report
presenteeisip.< 0.001) and 2.3 timaworelikely to reprt impairmenin daily activity (p <
0.001) compared tparticipantswith nonsevereasthmaadjusting for age, gender and
assessmertimepoint (Figure 4A; Online Supplement Table S3). Compared witrsavere
asthma, prticipantswith severe asthmaho reportegroductivity impairmentlid nothavea
greater degree.of presenteeigtithough theyhada greater degree of activity impairment.
Participants,with. seve@sthmavere not more likely to repodbsenteeism

Poorerasthma controhccording tathe ACQ6was associated with greater likelihood of
reporting.absenteeism, presenteeismianmhirment indaily activity, as well as a greater
degree of impairment when tiapairment was reported (Figud€; TableS3). Excluding
participants:wittnon-severe asthma from this analysis did not changelibervedeffects
Higher pre-bronchodilatdfEV1% wasalso associated witlbower likelihood of presenteeism

and activity'impairmenand higher likelihood of being employéeigure4B; Table S3J.

More exacerbations (either O@®urseshospitalisations, or emergency department visits) in
theyearbefore"baselinerereassociated wittower likelihood of being employednd greater
likelihood-ofspresenteeism amuipairment indaily actvity, as well as a greater degree of
activity impairmentat baselingFigure4D; TableS3). Use ofmaintenanceral

corticosteroids was not associated with any of the workplace productivity indioators

activity impairment p > 0.05).

Change in'werkpl ace productivity over time

The proportion of participants employed remained stable over time (not shown) as did the
level of presenteeism reportgghrticularly amongparticipantswith severe asthm@igure
2D). Overall, there was little evidence that the association between asthma severity and

This article is protected by copyright. All rights reserved
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workplace productivityr activity impairmentiffered over the assessme(itgeractionp >
0.05. However, there was a significant interaction between assessment tinzspbAC (b
in predictingpresenteeism (intecdion p = 0.011). Figure 5 shows thaarticipants with the
highest scores on ACQ®@ported increasing levels of presenteeism at later assessments
suggesting-that'patientdgth theworstasthma control and highest symptom burdene
increasinglyaffectedat work over time.

Predictors of presenteeism in people with severe asthma at baseline

In people withssevere asthratibaselinpamong a range giossible predictors, poorer asthma
control scoredower FEV1%, more pastearexacerbationgoorerasthna quality of life,

and symptoms of depressionamxiety weresignificantlyassociated with increased odds of
reporting presenteeismaftercontrolling for age and gender (FigureT@bleS4). Symptoms
of depression or anxiety and asthma control were endgntly associated witkeporting
presenteeisrwhen simultaneouslgntered into regression analy$@®R [95%CIl]:depressive
symptomsl.16 [1.01-1.33]p = 0.031and ACQ62.14 [1.39-3.31]p = 0.00% anxiety
symptomsl:11.{2.01-1.22]p = 0.025 and ACQ6 2.28 [1.48-3.49]< 0.001, controlling for
age and gender). Poorer asthma control and asthma quality of liféo anésser extent
lower BMIzweresassociated with a greatigreeof presenteeisrfilfable S4) Medicationuse
and immunologicaindicators(atopy, IgE, blood eosinophilgs)erenot significantly

associated-with=presenteeigfigure 6; Table S4).
Discussion

Patientswith severe asthma reported presenteeism and impainmeéaiy activity, but not
absenteeisnmore often thapatientswith nonsevereasthmaPoorer asthma control was
associatedwwith-a greatgegree of absenteeism, presenteeism and impairmedaily
activity, as.well.as worsening presenteeism over teeeachadditional exacerbation per
year, there.was a 25% increase iroréipg presenteeisnn people with severe asthma,
presenteeism was associated witlorer asthma control, poor@sthmarelatedquality of
life, andsymptoms oflepression or anxietfhesefindingsemphasis¢he importance of
optimisingasthma comol, health statusndmental healtho promote participation of

individualswith severe asthma in the workforce.

This article is protected by copyright. All rights reserved



© 00 N o 0o B~ WN P

e e ol e
oa A W N R O

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

A key findingin this studywas the high prevalence of presenteeism in astivmah was
significantly higherin severe asthmdhedifferencein presenteeism between severe and
non-severe asthmaas moregprominenthan impairment in nowork roles.Presenteeism, or
“pushing through” at work to keep up with others, has been idenéifedproblenby severe
asthma interviewed8] Thesevere asthmeegistry from China reported similar rates of
employment and higher levels of presentmeis patients with uncontrollecompared with
controlledasthma (85.2% vs. 47.5% presenteeism, respectively).[23] Comparable findings
have beenjobserved in severe asthma clj@djsoutpatient clinicR25] and from population-
based representative random samples, although these sypetally includefew

participantson highdose medicatiafil4,26—29] Studieassessing asthaspecific
impairmengrather than general &kh impairment also show that those with severe or
uncontrolled asthma show greater impairment than controlled a§8@;34] However, using
an asthmaspecific version of the workplace productivity questionnaire may underestimate
the true effect of severasthma on workplace productivity, given physical and mental health

comorbidity is high in asthma and often contributes to symptoms.

Previous studies from severe asthma registries have gerwrigliseported on

unemployment indicators of workplace protuity, wherel5-26% of patients with severe
asthma ar@otworking due to asthma.[8,9,32,33] Our study suggests that younger age
groupsmay.be most adversely affectétdalso highlights exacerbations and lung function as
predictors of current employmestiatus.Unlike other registriesgalthough absenteeism in the
previousweek was relatively frequently reportedSAWD (25% of overall samplejhere

was little differencéetween severe and neavere asthmdn part, this may bebecause
participantsnhewereexacerbatingit baseline werexcludedirom SAWD until they were
stableandtherecruitment ohon-severegpatientsfrom hospitalbased respiratorglinics who

may have had more diseastated impairmentHowever, we did observe that a one-point
increase I ACQ6 almost doubled the chance of reporting absenteeism. Previous studies
comparing absenteeism in se® or uncontrolled asthma witlntrolled asthma over periods
longer than a. week report even higher prevalence of absenteeigl3%@6n severe gients
than ourstudy34—38] Cost analyses show that differences in indirect costs to the economy
due to lost workdays between uncontrolled and contral#tiaimaare striking (€466.86

versus €44.60/month, based on the ACT).[25] Taken together, sulddtdis of

absenteeism and work deficits show that there is an urgent need to achieve asthma control

and reduce exacerbations in severe asthma to improve workplace participation.
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Anotherimportant findingfrom this studyis thatproductivityimpairmentschanged little over
time and differences between severe molsevereasthma were maintained. There was also
evidence thapatientswith theworstasthmacontrol havegreatempresenteeism over time
Other longitudinal studies in severe asthma have sigitdaserved stable or worsening
workplace impaiment over time in severe asthf3@-41] These findings demonstrate the
increasedurden of severe asthma, and that effects of severe asthma on workplace

productivity are enduring.

Determinantsrofpresentesisand other indicators of workplace impairment, beyond asthma
control, have seldom been examinigdiicating thisas an area for furthenvestigationWe
identified poorer asthma control, pooesthmarelatedquality of life, and more depression
and anxety. symptomss characteristicassociated with presenteeigmsevere asthmdhe
findings fordepression and anxiety are npyetarenot unexpectedyivenstudies in non-
asthma populations.[42,43] Effects of depression and anxiety on productivity may be even
more profound than asthma control,[44] highlighting the importance of impravemgal

health in severe asthm&/e identified few other predictors of presenteeism among a range of
demographic, asthma and health status character{Stosordant vih the current study,
previous studies indicate that atopy and eosinophil larelsot associated with
absenteeis{6;45] While patientson multiple asthma medicatiohavegreaer work and

activity impairmen{27,46] effectivenewtreatmens, including biological agenteavebeen

shown to reduce workplace impairment.[38,41,47]

We identifiedseverallimitations of this study. ASAWD isan observationakgistry, data
aresubject toselection bias, othemknown bias and confounding, agiflects over time are
not controlledwHowevethe strength of registry data is the generalisability of the findings
due to the heterogeneity of the population. Registry data is an important compkement t
randomised-controlled trial data, providing practice-based evidéhestudy also used a
convenienceather than randosample, so the representativeness of this sample of severe
and nonsevereasthman generals not clearNevertheless, the sample characteristics are
consisentwith other registry samplesthough prevalence of atopy is higher in
SAWD.[8,9,48]There were limitations in the measuremenivofkplace productivity. This
study examinedelfreportedmpairmentover seven daysvhich, althoughpositive in terms
of thereliability of the estimatenay undeestimate longeterm effectsExtended follow-up,

including realtime sampling of workplace productivity, and verification with objective

This article is protected by copyright. All rights reserved



© 00 N o 0o B~ WN P

N =
= O

12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32

indicators of workplace performance would be a novel improvetoeadsessing workplace
productivity in severe asthma. It would be particularly useful for verifying the ingbac

mental health problems on presenteeism in severe asthma, independent of possible biased
selfreporting due to negative self-evaluatibataregarding the effects of asthma on
probability ofealy retirementor employment choicesould also be informativesSsAWD did

not collectinformation on type of employment, socioeconomic status, educatiomeetire

age or whether participants access disability pensiamsh further data collection could
addressFinally, some data were incomplgpatients werdost to follow-up and follow-up
assessments were yet to be completed at the time data were extracted fromrEAVEzer,
baseline differences betweparticipants who did and did not contribute follow-up de¢ae

minimal.

Workplace"productivityjoss iscommon in people with severe asthma, which may have
significantreonsequences fitreir physical financial, social and emotional wellbeing. Work
impairmentin severe asthma is associavath greatethealthcare utilisatioandmore
exacerbationsver time.[6,30] Beyongresenteeism and absenteeipegple with severe
asthmawork less, switch johsare preventetiom entering some professiontiake disability
leave and retire earlwll of which maypaose significant riskto their financial stability3,7—
9,30,33,49]They, reportower earninggompared with controlled asthma.[28,29,35,37]
People with severasthmaworry abouttheir work and non-worlactivity limitationsand their
finances reporting far that health costs will be unmanageable due to restrictions on their
ability to work[3] They report workplace discrimination and stigma due to ag#jraad
experience'negative emotioakgiving up work.[50] An adverseycle may ensuehereby
workplace impairment due to asthsyamptomsandexacerbatiomgeneratestresghat leads

to further impairmenteven when asthma symptoms resolve

People withsevere compared with re@vere asthma have a high symptom and disease
burden, which significantly conbrutes to impairment at work and during other activitiés.
showthat people with severe asthma, particularly those with poorer asthma cartnolore
likely to.experience impairment at work. Patients in thgstry, and othergre
comprehensivelynontored and optimally treated, however symptom comeoiained
suboptimal. Thereés an urgenteed for improvemenih asthma contrdio safeguard against
losses to financial and psychological wellbeing from work impairment. Although expensive

novel asthmaherapieghat improve asthma control and qualitylitd may have benefits to
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anindividual’s productivity andthe broader economgoncentrating only on abnteeism as
a measure of workplace impairment may miss the important issue of presenvasmikimg
while unwell at suboptimal capacity. Absenteeism and presenteeism may be key metrics for

assessing intervention efficacy among people with severe asthma of working age.
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Figure captions

Figure 1rAsthma Control Questionnaire (ACQ6; higher scores indicate less Rarit
Asthma ControliTest (ACT; lower scores indicate less control) across assessments for

participants with severe and neavere asthma.

Figure 2. Workplace productivity in participants with severe and sewere asthma. (A)

Proportion of participants who reported being employed, absenteeism, presenteeism and

impairment in daily activity at baseline; (B) Median levels of absenteeism, presenteeism and

impairment in daily activity at baseline; (C) Proportion of participants with severe asthma
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reporting presenteeism according to comorbidity of nasal polyps, rhinitis or @llergi
sensitisation at baseline; (D) Median levels of presenteeism across study assessipents. **
0.01; *** p< 0.001.

Figure 3rPercentage of participants employed across age groups.

Figure 4. Associations between asthma severity indicators and being employed or reporting
impairments in productivity (versus no reported impairment). Analyses wereatiseer
estimating equations with exchangeable correlation structure, controllingf@gseand
assessment timepoint and clustered by assessment timepoint. Data from all five assessments
were usediexcept for the exacerbations analyses where only baseline data were used.
Confidence intérvals were calculated from robust standard errors. AblesiadiCQ6:

Asthma Control'Questionnairei@m; Cl: confidence interval; FENb: forced expiratory
volume in 1 second % predicted (10 unit change); OCS: oral corticosteroid; OR: oolds rati
Figure 5. Interactionbetween Asthma Control Questioimea(ACQ6) and assessment visit
predicting workplace presenteeism, predicted from generalised linear model analysis.
Participants, with the highest values of ACQ6 (poorest asthma control) reported increasing
levels of presenteeism across the five assessments (ACQ6*assessment infera0tiiil).

Figure 6. Associations between asthma severity characteristics, health status characteristics
and immunological indicators at baseline. Abbreviations: CI: confidence ihtEBN;%:

forced expiratory volume in 1 second percent predicted (10 unit change); HADS:aHospit
Anxiety and Depression Scale: N: number; OR: odds Tatie 1.Baseline demographic,

clinical and quality of life characteristics according to severity group.

Severe asthma Non-severeasthma
N =434 N =102 p

Demographic characteristics

Age (years), meani(SD) 54.8 (14.9) 56.0 (16.9) .506
Gender, N (%)

Female 260 (59.9) 56 (54.9)
Male 174 (40.1) 46 (45.1) 372

Race, N (%)

White 290 (85.3) 76 (79.2)
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Asian 32 (9.4) 18 (18.8)

Pacific islander 6 (1.8) 1 (1.0

Other 12 (3.5) 1 (1.0 .060
Smoking status, N (%)

Never smoked 267 (62.2) 66 (66.0)

Ex-smoker 149 (34.7) 34 (34.0)

Current smoker 13 (3.0) 0 (0 .208
Pack years, median (IQR) 10.5 (2.4, 26.8) 5.9 (1.0, 13.8) .018
BMI, median (IQR) 30.0 (25.9, 34.8) 27.4 (24.8,30.3) <.001
Number of comerbid conditions, medie
(IQR) 3.0 (2.0,4.0) 2.0 (1.0,3.0) <.001
Asthma characteristics
Asthma duration (years), mean (SD) 30.7 (19.0) 32.4 (19.4) 419
ACQ6, malian (IQR) 2.0 (1.2,2.8) 0.7 (0.3,1.0) <.001
ACQ6>2 (N, %) 229 (54.0) 0 (0 <.001
ACT total scoregzmedian (IQR) 15.0 (11.0, 19.0) 21.0 (19.0,23.0) <.001
Prebronchodilator

FEV:1 % predicted, mean (SD) 66.9 (21.2) 79.7 (19.4) <.001

FVC % predicted, mean (SD) 81.5 (20.3) 88.7 (15.0) <.001

FEV1/FVC % predicted, mean (SD) 0.82 (0.17) 0.91 (0.14) <.001
Postbronchodilator

FEV1 % predicted, mean (SD) 73.1 (21.9) 83.5 (19.3) <.001

FVC % predicted, mean (SD) 85.7 (18.3) 90.4 (15.6) .016

FEV1/FVC % predicted, mean (SD) 0.66 (0.14) 0.72 (0.12) <.001
ICS daily dose, g beclomethasone (1600.0, (400.0,
equivalent unitS;;median (IQR) 2000.2000.0) 720.0 800.0) <.001
Number of respiratory medications,
median (IQR) 4.0 (3.0,5.0) 2.0 (2.0,3.0) <.001
Severe exacerbations in the past year

Number of OCSiinitiations, median

(IQR) 2.0 (0.0,4.0) 0.0 (0.0,1.0) <.001

Ever hospitalised, N (%) 96 (22.1) 2 (2.0 <.001

Ever visited emergency department 104 (24.0) 4 (3.9 <.001
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N (%)

Atopy, N (%) 214 (79.6) 67 (81.7) 753
IgE > 30 kU/L, N (%) 278 (89.4) 19 (76.0) .055
Blood eosinophils (1%L), median (IQR) 0.2 (0.1, 0.4) 0.3 (0.2,0.4) 576
Quiality of liferand*mental health
characteristics
AQLQ, median (IQR)
Activity 5.1 (3.9,5.9) 6.5 (5.9,6.7) <.001
Symptoms 4.8 (3.6,5.8) 6.1 (5.7, 6.6) <.001
Emotions 5.0 (3.4,6.2) 6.4 (5.8, 6.8) <.001
Environment 5.2 (3.8,6.2) 6.2 (5.5, 6.5) <.001
Total 5.0 (3.8,5.8) 6.2 (5.7, 6.6) <.001
HADS anxiety score, median (IQR) 6.0 (3.0, 10.0) 5.0 (2.0, 8.0) .033
HADS depression score, median (IQR) 4.0 (2.0,7.0) 2.0 (1.0,4.0 <.001

1

2
3
4

ACQ6: Asthma Control Questionnairatém; ACT: Asthma Control TesBQLQ: Asthma
Quiality of LifesQuestionnaire; BMI: body mass index; FVC: forced vital capdeiy,::

forced expiratery volume in 1 secor@NA: Global Initiative for AsthmaHADS: Hospital

Anxiety‘and Depression Scal€S. inhaled corticosteroids; OCS: oral corticosteroids.
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