University Library

o o A gateway to Melbourne's research publications

Minerva Access is the Institutional Repository of The University of Melbourne

Author/s:

Simpson, S;Tan, H;Otahal, P;Taylor, BV;Ponsonby, AL;Lucas, RM;Blizzard, L;Valery,
PC;Lechner-Scott, J;Shaw, C;Williams, D;van der Mei, I;Dear, K;Dwyer, T;Broadley,
S;Kilpatrick, T;Chapman, C;Coulthard, A

Title:
Anxiety, depression and fatigue at 5-year review following CNS demyelination

Date:
2016-12-01

Citation:

Simpson, S., Tan, H., Otahal, P., Taylor, B. V., Ponsonby, A. L., Lucas, R. M., Blizzard, L.,
Valery, P. C., Lechner-Scott, J., Shaw, C., Williams, D., van der Mei, |., Dear, K., Dwyer, T.,
Broadley, S., Kilpatrick, T., Chapman, C. & Coulthard, A. (2016). Anxiety, depression and
fatigue at 5-year review following CNS demyelination. Acta Neurologica Scandinavica,
134 (6), pp.403-413. https://doi.org/10.1111/ane.12554.

Persistent Link:
https://hdl.handle.net/11343/290814



Received Date : 21-Sep-2015
Revised Date :27-Oct-2015
Accepted Date 311-Dee-2015

Article type  :{Original Article

Anxiety, depression and fatigaefive-yearreview followingCNSdemyelination

Steve Simpsoendrd Huiling Tar?, Petr Otah&| Bruce Taylot, AnneLouise Ponsonldy
RobynM Lucag, Leigh Blizzard, Patricia C Valery, Jeanette Lechne$cot®.7, Cameron
Shaw, David'William .7, Ausimmune/ AusLong Investigators Groypngrid van der Mél

1Menzies Institute for Medical Researdbniversity of Tasmania, Australia

2 School of Medicine, University of Tasmania, Austaal

3 Murdoch_Children’s Research Institute, UniversifyMelbourne, Australia

4 National Centre for Epidemiology and Population HieaThe Australian National
Universty, Canberra, Australia

5QIMR Berghefer Medical Research InstituBrjsbane Australia

6 Dept. Neurelogy, John Hunter Hospital, New LambtAastralia

7University of‘Newcastle, Callaghan, Australia

8 School of-Medicine, Faculty of Health, Deakin Uniggy, Geelong, Australia

9 Afull list of iInvestigators and their affiliationis provided in the Acknowledgements

Corresponding author:
Ingridvan der Mei
Menzies Institute for Medical Research

University of Tasmania

This is the author manuscript accepted for publication and has undergone full peer review but has not
been through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/ane.12554

This article is protected by copyright. All rights reserved


http://dx.doi.org/10.1111/ane.12554�
http://dx.doi.org/10.1111/ane.12554�
http://dx.doi.org/10.1111/ane.12554�

Hobart TAS Australia.
Tel: +613 6226 7710
Fax:+613 6226 7704

Email:ingrid.vandermei@utas.edu.au

Key words:multiple sclerosis, prevalence, anxiety, depressiatigue, firstdemyelinating

event

Abstract @48)

Background—sAnxiety and depression are common in multiple seées (MS) .We
evaluated the prevalence and factors associatddamkiety, depression and fatigatethe
five-year review of a longitudinal cohort stutbllowing a first clinical diagnosis dENS
demyelination (FCD).

Methods— Cases.with & CDwere recruitedsoon after diagnos@snd followed annually
thereafter. Awvariety of environmentélehavioural and clinical covariates were measured
atfive-yearreview. Anxiety and depression were measuusihg theHospital Anxiety &
Depression Scale (HADSand fatigue byheFatigue Severity Scale (FSS).

Results- Ofthe236 cases, 40.2% had clinical anxiety (median HA®$.0), 16.0% had
clinical depressiofimedian HADSD: 3.0), and 41.3% had clinical fatigue (median FSS
4.56). The ceoccurrence of all thresymptoms was 3.78mes greater thaaxpectation
Younger age, higher disability, concussjon other disease diagnosvgere independently
associatedavith a higher anxiety score; male sex, higher disgbbeing unemployed, less
physical activity, and antidepressaartd/ or anxiolytiesedativemedication use were
independently associated with a higher depresstones Hgher disability,
immunomodulatory medication use, other diseaserthais, andanxiolytic-sedative
medication usgwere independently associated with having fatigueile female sex,
higher BMI, having had a concussion, being unemedbgind higher disality were
associated witlashigher fatigue score.

Conclusion—_Fhese results support previous findings of the camality of anxiety,
depression and.fatigue in established MS and exthisdto postFCD and early MS cases.

The clustering of the three synghs,indicatesthat they mayhare common antecedents

Introduction
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Multiple sclerosis (MS) is a chronic immu+meediated inflammatory disease of the central
nervous system, causing a multitude of clinical nfestations, ranging from well
describedunctionalsymptoms such as weakness and ataxia to psychal®jimptoms
such adatigue, depressn and cognitive dysfunctiafil) MS has a major impact on the
lives ofpatientsand their famikesand carers. In people with MS, the disease substbynt
interferes with daily activities and family, socehd working life, disturbs emotional
wellbeing and reduces quality of lif€QOL).(2-4) The psychosocial impact of the disease in
people with MS angbartnershas beeround to be significantly associated with the séyer
of disability(2=7)Although rarely diagnosed as thesfiror most prominent symptom at
presentation(8)smmood and behavioural changes may be observed iepdhlgstage of the
diseasd9) Often interpreted as a psychological reaction willhess, these disturbances
affect the patient’s perception of disability, addiconsiderably to their disgtss(10) The
impacts of the disease mayfther produce feelings of helplessness and loweféilfacy in
MS patientq11l)Moreover, a positive correlation between mood cresna@nd disease
exacebations ha®eennoted in many people with M8jith depressioraccompanying
relapsé€12, 13)and being greater amongaée with more progressivessiase typegl4)

In the early.stages of the diseas®ost people with MS experience relatively gqdtysical
health with limited need for care and assistancadily activities. This would suggest that
guality of life (QOL) shouldnot bemuchreducedearlyin diseaseourse. But,
paradoxicallyQOL measured early in the disease course may besloggesting that
factors othethan overt disability may be contributif@5) In this study, we assessed the
distribution and predictors of three such factoasixiety, depression and fatiguand the
concurrence of the three outcomasthe five year reviewf participants who entered a
longitudinal'studyollowing referral for a first demyelinating eveot evidence of progressive

MS.

Methods

Study sample

The Ausimmune Studwas a populatiorbased multicentre casmntrol studydesigned to
capture all incident first demyelinating event (FDdases in four regions of eastern
Australia: Brisbane city (latitude 23outh), Newcastle city and surrounds {S88uth),
Geelong city and the Western Districts of Victofg&°South) and thstateof Tasmania
(43°South)between 200-P.(16)Sincel January 009, the AusLong Study has followed
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participants for over nine years (retention rate684) The Ausimmunestudy recruited

282 participants with a first clinical diagnosis@NS demyelination. At followup, three
participants had been diagnosed with a differentrotgical condition (one each of
Susac’s Syndrome, neuromyelitis optica and pinealngnoma); 258 were now considered
to have had boubnset disease (including 169 who had their inibia$et event just prior to
initial presentation”, and 89 who had had an eamdent), and 21 weneow considered to
have had progressivenset.Diagnostic criteria were the 2005 McDon§ld) or 2010
revision(18).

The ethics committee of all participating centrepeoved the study; all participants

signed written informed consent.

Outcome measures

The three outcome measures were assessed at ¢hgefiv reviewAnxiety and depression
symptoms wer@assessed using the seviéem subscales of the Hospital Anxiety and
Depression Scale (HAD&, HADS-D). Each item of the HADS has a minimum score of 0
and maximumgseore of.R9) The seven item scores are summed to the final HARS d
HADS-D scores.In keeping with the literatuf2Q, 23 we used the cupoint of >7 to
define prevéent anxiety or depression, with-80 being mild to moderate and-1A1
severe. The Fatigue Severity Scale (FSS), origydisigned for use with MS and systemic
lupuserythematosus patien{22) measures functional outcomes of fatig2@)The FSS
comprises nine items, each scored froa7 tn a Likert scale, wire 1 signifies no
symptoms of fatigue and 7 inatites severe fatigue. The mean score of the némestproe
vides the final FSS score. Consistent with pastky@3, 24 we used the cdpoint of>5.0

to signify prevalent fatigue, with a score of <%ignifying little or no fatigue.

Other studyimeasures

At baseline, participants reported sex, age, amgtdst educational qualification, among a
range of otherfactorEl6) A study neurologist queried the year of diseasesbfrom
medical records, and assessed current disease MiSeand disability using the
Expanded Disability Status Scale (EDS&)annual reviews, participants reported
smoking behaviour, employment statuse ofimmunomodulatory treatment and other

medications, and other relevant environmematad lifestyle factors
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Serum was taken at each of the three fazéace reviews (bseline, 2/ 3year, 5year), from
which serum 2&hydroxyvitamin D (25(OH)D) levels were measuredsBine serum
25(0OH)D was measured at RMIT in Victoria, Austraheéhile 2/3 and 5/r serum 25(OH)D
were measured at Canterbury Labs in New Zealands@&lsepaate 25(0OH)D were
compared with subsets of 50 samples from each nredsat the worldstandard tandem
mass spectrometry lab at the US Centers for Dis€asérol & Prevention, allowing
calculation of the estimated values of serum 25(Dtpm the standarthb(25).

Statistical analysis

Chi-square @analysis was used to test differences in prevadeand departures from
independence in the distribution, of the dichotoedi®utcomdactors (anxiety, depression
and fatigue) between levels of classification fastd.inear regression anekésts were used
to test differences in mean anxigtgddepression scores between levels of the
classificationsfactors. The outcome variables wekewed and transformations were
needed to reduce heteroskedasticity, but all resudire backransformed and are
presented on the original scale of each variabéeaBse FSS was significantly skewed but
also had an/appreciable number of persons with® (rS51/ 230, 22.2%), covariates’
association with FSS was evaluated in two fashiéirstly, differences in presence of any
non-zero FSShy.level of covariates were evaluated gybimomial regression, while
covariates’a@ssociations with continuous rzaro FSS was evaluates by linear regression

with transformation and baekansformation as described for HADS.

We used thre@limensional Chisquared analysi® examine whether the joint distribution
of the three factars was consistent with a modealtdistical independence. Independence
requires that the probability of joint occurrenseegual to the product of the marginal
probabilities'of'occurrence. The marginal probdlel were estimated by the relative
frequency ofoccurrence of each factor ur @ata, allowing the expected number for each
cell in the joint distribution to be calculated.ibg the independent probabilities of
anxiety, depression and fatigue we generated aidigion of patterns (combinations)
through 100,000 random simulatiottstest the significance of clustering of patterns
observed in the data.

All statistical analyses were undertaken usstgtd SE 12.0 for Windows (College Park,
TX USA).
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Results

Dataon anxiety/ depression and/or fatigue were avail#x®36 participantsvho
completedthe fiveyear review Theywerepredominantlyfemale (78.0%), had a low level
of disability (median EDSS: 1.5) and most were eoypl (82.1%). By the fivgear review,
the majority'of participants/é.2%) had been diagnosedttv CDMS. Other cohort
characteristics are in Table 1.

Table 1 abodlit here

Prevalence of.anxiety, depression and fatigue

In this cohort, 40.2% gdarticipantshad at least mild anxiety (Table 2). There were no
significant differences in the prevalence of anyiey sex or disease status. Sixteen percent
of the cohort had depression according to the HABSression score, with six participants
(2.7%) having.modmate/ severe depression. There were no differencésd prevalence of
clinical depression by sex or disease stgaug. CDMS vs. not, boudnset vs. progressive
onset) In thisseohort, 41.3% of participants had defnifidtigue (FSS>5.0). A greater
propation offemales (43.6%) than males (32.7%) hadichl fatigue, but this difference
was not statistically significant (p=0.16). The paénce of clinical fatigue was significantly
higher in thoseswho had converted to CDMS and thuasle a progressive aget (Table 2).

Table2 about here

Concurrence in the prevalence of anxiety, depresaind fatigue

Table 3 shows the obsexd and expected combinations of prevalent anxegpression
and fatigue.The overall observed pattaras different to that expectation under statistical
independencé<0.001). In particular, 9.8% of people had alldé factors concurrently
and this was:3«76:times greater thexpectation under statistical independefexected
2.6%, p<0.00d)Converselythe number of people without any of the threeditinns
(40.2%) was.also higher than expectation undeisieal independencg0.1% observed
over expectedhl.33, p<0.001). The numbers of pewfte only fatigue (p=0.005), only
depression (p<0.001) or only anxiety (p=80) were lower than expectethese findings
are in line with the strong correlation between #teual scores: anedy and depression
(r=0.60, p<0.001), depression and fatigue(.49, p<0.001), and anxiety and fatigue
(r=0.29, p<0.001)
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Table3 about here

Univariable and multivariable models for anxietgptession and fatigue

Table 4 shows the univariable and multivariable mesdar covariates’associations with
continuous HADSA andHADS-D. Table 5 showed the univariable and multivariable
models for covariates’ associations with presencabfue and ofSS.

Anxiety— The multivariable model of anxiety showed that th@sth higher levels of
anxiety tended te be youngdravea recent diagnosis of a néviS medical condition or
concussiorsingesthe previous review, amdvea higher EDSS score. In univariable
analyses, female sex was positively associated atkiety, and physical activity negatively
associated, but neither persisted on adjustmenrd.fifl@l multivariable model explained
only 9.2 of the variance in the anxiety score. Includiregpdession in the model increased

this t035.6% of the variance, but adding in fatigue had neglggimpact.

Table4 aboutshere

Depression=_The multivariable model of depression showed tlnatse with higher levels

of depression.were more likely to be male, to lss lghysically active, unemployed, to have
a higher EDSS score, and using adépressant and/or anxiolytgedative medicationsnl
univariable analyses, older adegherBMI, hypertension, a recent diagnosis of a AidB
medical condition or concussion since the previcagew, having converted to clinically
definite MS,usingantifatigue medication, and smoking during the stwslyeassociated
with depression score but did not persist on adapestit.The final multivariable model
explained23.®% of the variance in depression score. Includingietly aloneincreased this
to 48.%26 of the varianceadding FSS alone explained 32.0% of the variancd,adding

both anxiety-andeSS explained1.6% of the variance

Any fatigue-Fhemultivariable model of having any fatigue showetigae to be more
common ameng.persons with a recent f\8-related disease diagnosis, to have higher
disability, and using immmunomodulatory and/or aatixiety medications. Some
associations with fatigue were seen for higher BldWer physical activity, being
unemployed, having CDMS, using antidepressant nme¢thn and residing outside

Tasmania, but these did not persist on adjustment.
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FSS- Among those who had fatigude multivariable model of fatigughowed that those
with higher levels of fatigue were more likely te emale pf higher BMI, to have a
recently diagnosed concussido,be unemployedandto have a higher EDSS scolle
univariable analyse®s|der age, hypertensiodecreased physicaktivity, and using anti
anxiety medicatiomwere associated with a higher fatigue s¢drewever thesdid not
persist in the multivariable modehterestingly, CDMS diagnosis, while associatedhwit
the presence of fatigue, was not a significant joted of level of fatigue The final
multivariablé model explained4.5% of the variance inhe fatiguescore. Including

depression increased this46.0%, but adding anxiety had no material impact.

Table5 abouf hére

Other factors evaluated but found tolrassociated with anxiety, depression or fatigue
included having.a serious injury, having had a pekin the preceding 30 days before
review, disease duration from diagnosis or symptomset, serum 25(0OH)D, employment

type, maximumseducation reached h@ving pets or domestic animals.
Discussion

We describe here the anxiety, depression and fatojua cohort of people with a first
clinical diagnosis of CNS demyelination up to areeage of 5.2 years after study entry. We
found clinical anxietydepressiorand fatigue to balready frequent early in the disease
processin addition, the ceoccurrence of all three outcomes (9.8%) was diittes higher
thanexpectation under statistical independerszeggesting the three symptoms tend to
cluster togther in the disease process. This finding largeilyors our previous finding in
peoplewith established disease, where the observed cornge of all three
characteristies«(11.7%) was 2 fines thatexpectation under statistical independe(2@)
Of the varioussfactors assessed, only younger laigher disability, concussion or other
disease diagnosis were independently associatddanitighe anxiety score; male sex,
higher disability, being unemployed, less physaetivity, and antidepressaatnd/or
anxiolytic-sedativemedication use were independently associated wtilgher depression
score; and female sex, higher disabiliimemploymentimmunomodulatoryand/or anti
anxietymedication use, other disease diagnosis, anbapic-sedativemedication use

were independently associated witliigue These multivariable models explained to
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nearly a quarter of the variance of the anxidigpression, and fatigue scores, indicating
the multifactorial nature of these symptoms. Whediag in the other two clustering
symptoms, we were able to explain a substalytlafger proportion of the varian¢aearly

a third to over hajt

The prevagénces of clinical anxiety and depressfonnd in this study were surprisingly
close to those found in our previous study of Aaam participants with established
disease (median duration from symptom onset: 129yg@6) where anxiety and
depression were found in 44.5% and 18.5%, respelgtiVhey are also in line with a Dutch
study of 101 patients assessed gaar after diagnosis (anxiety 34%, depression 36%q
the HADS,(2%.and a European study of 197 potential MS casespifhom were
eventually diagnosed as CDMS (anxiety 43%, depoes$i% using the HADS
Instrument),28) and a Swiss study of 106 patients asse@s@dears after diagnosis
(anxiety 47.3%; depression 18.7929) Theseresults seem to suggest that anxiety and
depression are relatively constant across the ebatdisease, something that has been
substantiated_in a number of other studi&3 30) Indeed, the preserats well aur
previous studysalso found that disease durationmwesassociated with anxiety or
depression altheugh increases have been foundimitieasing disability, though not
consistently26) While it has been found #t levels of anxiety and depression can be
elevated in thesperndiagnostic perio@31) or during periods of more active diseg42, 13)
this settles somewhat thereafter, particularly vitie diagnosis providing a name for the
condition and with the doctors’assurance of thailability of an increasing array of
immunomodulatory medications. However, the prevaéeaof anxiety and depression are
still around fourfold higher for anxiety and twéold higher for depression, compared to
non-MS pagpulations (e.g. anxiety 11%; depression 8.3% usidpS).(32)

Clinical fatigue was somewhat less common in thespnt cohort (41.3%) than in our
cohort with established disease (53.®n)Yin a Swiss studwhere53.3%of participants
had a high fatigue score on the Fatigue Assessimementory severity subscale 2.6 years
after disease.ons€29) While disease duration was not associated witlgiedilevels,
disability wassstrongly associated with fatiguetlwihose having an EDSS>2.5 having a
fatigue score that was on averdg&units higher than those without disabilit9ther
factors that wee associated with fatigue severity in our multieddle model were being
female,obese BMIbeing diagnosed with a concussisince last reviewand being

employed In addition to continuous fatigue, the prevalentbaving any symptoms of
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fatigue (FSS>Qwas significantly higher among persons with agtiasis of another

medical condition since last review, having EDS$andusing immunomodulatorgr
anxiolytic-sedative medicationtwo other observatioal studies found no associations with
immunotherap.(33, 34) Fatigue has proven a difficult symptom to controtiinical MS

and has not consistently been altered by the usamfunomodulatory therapy. However,
examining the effect of treatments in obs#ional studies is prone to bias, as the reasons
for a clinicianprovidingtreatment might be partly related to the outcommtdrest(35)

In relation ta.factors that were associated witliaty and depression, doskependent
associationswith,disability were observed for bothicanes, with an EDSS>2.5 being
associated with,on average 84unit higher anxiety score and72unit higher depression
score. Other factors associated with a higher agseore in our multivariable model were
younger ageconcussiorsince previous revie or the diagnosis of another medical
condition since previous review. Other factors a&ssied with a higher depression score
were male sex, being unemployed, less physicavidggtantidepressant medication use
and anxiolytiesedativemedication use. Soe of these factors are likely tausean
increase of anxiety or depression (e.g. male sex¢assion, other medical condition),
some are clearlghe result olanxiety or depression (e.g. use of adépressant or
anxiolytic-sedativemedications), some could be both a cause and thdtree.g. less
physical activityybeing unemployed), and lastlyaator could be a correlate of anxiety or
depression or it might be part of the same disgaseess (e.g. disability). Indeed, we
confirmed in this study tht anxiety, depression and fatigue were more likelgccur
together than wexpectation under statistical independereoed the percentage of
variancein each final model increased substantially when addhnthe other symptom

outcomes.

Factors thatiwereinot associated with anxiety, depion or fatigue are also important. We
found no differences blyavingrecent relapseserum 25(OH)Devels, smoking status,
blood pressukesor latitude. Also, while clinicalitue was significantly higher among
CDMSvs. norCDMS participants, evaluating continuous scoregyested that higher
disability andimmunotherapy use accounted for sgociation. In unadjusted analyses,
overweight/obese body mass index was associatddhigther levels of depression and
fatigue, but did not persist on adjustment; the asgom with fatigue was rendered non
significant on adjustment for disability, likelyftecting the reverse causal impact of

increased disability on physical activity and theroa body mass index.

This article is protected by copyright. All rights reserved



Strenghs of this study include the prospective desidue, high proportion of followup
(84.6%) and the availability of a large numberaxdtiors of interest. Alimitation was that
the HADS and FSS were not introduced prior to thyae&r review, excluding a ful
prospective analysis of these outcomes friseasenset Also, the prevalence of anxiety,
depression and fatigue among those lost to follgneould potentially be even higher than
for those with complete follow up, dsgher levels of stress datigue could have driven to
their discontinuation of participation in the studfythat is true, our study, if anything, is
underestimating the prevalence of these factéiirther limitation is the mode of
assessing fatigue, as the FSS and other soales are necessarily limited by their capacity
to systematicallyevaluate what is a fairly subigeiconcept. In comparing these scales, all
are relatively equivalent in their effica@6). With a goal to efficiency, we have utilised the
FSS given the commonality of its use in MS studias its being shider in length

compared to others.

For clinicians,and health professionals, the impattmessages of this paper are that
depression, anxiety and fatigue are highly prevalentur more often in MS than in non
MS populationsy.cluster together, and incse with disability but not disease duration,
indicating that they may have common antecededisntifying these MS symptoms is
important in order to assist people with intervems that may reduce these symptoms.
The recognition that the diagnosis of another ctindihas adverse effects on anxiety and

fatigue is also important.
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Table 1. Characteristics of participants in the AusLong Study at five year

review
N=236
n (%)
Female sex 184 (78.0)
Currently smoke tobacco? 48 (20.3)
Currently employed? 193 (82.1)"
Concussion since last review? 6 (2.6)
Other medical'condition diagnosed since last 66 (28.0)
review?
Average daily physical activity (METs) since last
review 136 (57.9)
0-38 50 (21.3)
>8 - 24 49 (20.9)
>24 - 336
Clinical presentation
Classic FDE 133 (56.4)
FCD with unverified historical event 88 (37.3)
Progressivedrom onset 15 (6.4)
Converted toclinically definite MS by five-year 175 (74.2)
review
Relapse within preceding 30 days of review 6 (3.4)*
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Immunomodulatory treatment (yes/no)
Anti-depressant treatment (yes/no)

Anti-anxiety treatment/sedative (yes/no)

127 (53.8)
60 (25.4)
34 (14.4)

Age at five-year review (years)

Mean (SD; range)

43.82 (9.58; 23 - 64)

Duration of illness, from 1* symptom (years)
Duration of illngss, from diagnosis (years)’
Duration between 1% symptom and MS diagnosis
(years)?

EDSS’

HADS anxiety*

HADS depression’

FSS fatigue’

25(0OH)D (nmel/L)°

BMI (kg/m?)

Median (IQR)

6.05 (5.59 - 6.95)
5.33 (4.61 - 5.86)
1.08 (0.47 - 2.91)

1.5(1-2.5)
6(4-9)
3(1-7)
4.6 (2.1-5.7)
68.3 (53.3 - 84.9)
26.6 (23.0 - 30.4)

Yes (inclusive'of home duties, full time & part time work). No (inclusive of

unemployed, disability pension and others)

? Restricted to the 161 participants who were diagnosed with bout-onset

clinically definite MS by 5-yr review.

® Restricted to the 229 people with disability measurements at 5-year

review.
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“Restricted to the 219 people with HADS data at 5-year review.

® Restricted to the 231 people with FSS data at 5-year review.

® Restricted to the 232 people with 25(0H)D measurement at 5-year review.
Abbreviatiops:EDE = First demyelinating event; FCD = First clinical
diagnosis of CNS demyelination; SD = standard deviation; IQR =
interquartile'range; EDSS = Expanded Disability Status Scale; HADS =
Hospital Anxiety & Depression Scale; FSS = Fatigue Severity Scale; 25(0H)D
= 25-hydroxyvitamin D; BMI = body mass index.

Table 2. Thesprevalence of anxiety, depression and fatigue for all people, by sex, CDMS status and onset type.

All Males Females  p-value CDMS NoCDMS  p-value Bout Progressive  p-value
persons n (%) n (%) for n (%) n (%) for onset onset for
n (%) difference difference difference
HADS-Anxiety
0 - 7 (none) 131 (59.8) 31(67.4) 100 (57.8) 94 (57.7) 37 (66.1) 124 (60.8) 7 (46.7)
8 - 10 (mild) 64 (29.2) 10(21.7) 54 (31.2) 52(31.9) 12(21.4) 60 (29.4) 4 (26.7)
11-21 24 (11.0) 5(10.9) 19(11.0) p=0.43 17 (10.4)  7(12.5) p=0.33 20 (9.8) 4 (26.7) p=0.13
(moderate/severe)
HADS-Depression
0 - 7 (none) 184 (84.0) 36 (78.3) 148 (85.6) 134 (82.2) 50(89.3) 174 (85.3)  10(66.7)
8 - 10 (mild) 29 (13.2) 9(19.6) 20(11.6) 25(15.3)  4(7.1) 25 (12.3) 4 (26.7)
11-21 6 (2.7) 1(2.2) 5(2.9) p=0.36 4(2.5) 2 (3.6) p=0.28 5(2.5) 1(6.7) p=0.16

(moderate/severe)
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FSS
<5.0 (little or none) 136 (58.9) 35(67.3) 101 (56.4) 94 (54.0) 41 (73.2) 131 (60.7) 5(33.3)
25.0 (definite fatigue) 95 (41.1) 17 (32.7) 78 (43.6) p=0.16 80 (46.0) 15 (26.8) p=0.011 85(39.4)  10(66.7) p=0.038

Difference assessed by chi-square test.
Formatting note: figures in bold denote statistical significance (p<0.05).

Abbreviations€DMS=Clinically Definite MS; HADS = Hospital Anxiety & Depression Scale; FSS = Fatigue Severity Scale

Table 3. Three-dimensional chi-square analysis of observed versus expected concurrent

prevalence of anxiety, depression and fatigue.

Anxiety Depression Fatigue Observed Expected Observed/ Simulation
number (%) number (%) Expected p-values

Yes Yes Yes 21(9.8) 5.6 (2.6) 3.76 p<0.001

No Yes Yes 7(3.3) 8.3 (3.9) 0.84 p=0.59

Yes NG Yes 25 (11.7) 28.6 (13.4)  0.87 p=0.31

No No Yes 32 (15.0) 42.5(19.9) 0.75 p=0.005
Yes Yes No 4(1.9) 8.5 (4.0) 0.47 p=0.060

No Yes No 3(1.4) 12.6 (5.9) 0.24 p<0.001

Yes No No 36 (16.8) 43.4(20.3)  0.83 p=0.050

No No No 86 (40.2) 64.5(30.1)  1.33 p<0.001
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x2 p-value for total pattern <0.001

Formatting note: figures in bold denote statistical significance (p<0.05).
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Table 4. Factors associated with the HADS-Anxiety score and HADS-Depression score.

Sex
Male

Female

Age

18 -31
>31-38.5
>38.5 - 46
>46 - 58
Trend:

BMI
Normal
Overweight
Obese
Trend:

High blood

#w/
HADS
data

HADS-Anxiety score

HADS-Depression score

Univariable

analysis

Multivariable

model

Univariable

analysis

Multivariable

model

46 (21.0)
173
(79.0)

53 (24.2)
53 (24.2)
59 (26.9)
54 (24.7)

84 (38.4)
74 (33.8)
61 (27.9)

5.29 (4.20, 6.38)
+1.12 (-0.12, 2.37)
p=0.076

6.45 (5.37, 7.54)
+0.31 (-1.24, 1.86)
-0.67 (-2.15, 0.80)
-0.71 (-2.22, 0.79)

p=0.19

5.74 (4.90, 6.57)
+0.86 (-0.38, 2.11)
+0.51 (-0.79, 1.81)

p=0.39

Not retained in

model

6.47 (5.39, 7.54)
+0.34 (-1.20, 1.87)
-0.83 (-2.29, 0.63)
-1.32 (-2.80, 0.17)

p=0.031

Not retained in

model
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3.90 (2.76, 5.04)
-1.00 (-2.25, 0.24)
p=0.11

2.14 (1.39, 2.90)
+1.32 (0.08, 2.57)
+1.41 (0.20, 2.63)
+1.13 (-0.08, 2.35)

p=0.085

2.53 (1.88, 3.18)
+0.37 (-0.63, 1.36)
+1.78 (0.56, 3.00)

p=0.007

4.03 (2.95, 5.11)
-1.27 (-2.44, -
0.09)
p=0.035

Not retained in

model

Not retained in

model



pressure?

No 144
Yes (66.4)
73 (33.6)

Concussion since

last review?

No 214

Yes (98.2)
4(1.8)

Other non-

infectious/non-

psychological

medical condition

diagnosed since-last

review?

No 156

Yes (71.2)
63 (28.8)

Average daily

physical activity

(METs) since last

review

0-8 127

>8 - 24 (58.3)

6.04 (5.40, 6.69)
+0.35 (-0.78, 1.48)
p=0.55

6.06 (5.54, 6.59)
+5.39 (0.69,
10.10)
p=0.025

5.76 (5.16, 6.37)
+1.46 (0.27, 2.64)
p=0.016

6.56 (5.85, 7.26)
-0.97 (-2.26, 0.33)

Not retained in

model

5.90 (5.38, 6.42)
+6.53 (1.43, 11.64)
p=0.012

5.55 (4.96, 6.15)
+1.62 (0.42, 2.82)
p=0.008

Not retained in

model
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2.83 (2.29, 3.36)
+0.90 (-0.13, 1.93)
p=0.087

3.03 (2.58, 3.48)
+6.32 (0.12,
12.52)
p=0.046

2.76 (2.25, 3.26)
+1.27 (0.16, 2.38)
p=0.025

3.89 (3.22, 4.56)
-1.65 (-2.69, -

Not retained in

model

Not retained in

model

Not retained in

model

3.55 (2.96, 4.14)
-1.25 (-2.21, -



>24 - 336
Trend:

Currently
employed?
No

Yes

CDMS
No
Yes

EDSS?
0
1
1.5-2.5
>2.5-8.0
Trend:

Smoking during

study?

48 (22.0)
43 (19.7)

39 (17.9)
179
(82.1)

53 (24.2)
166
(75.8)

80 (37.0)
36 (16.7)
60 (27.8)
40 (18.5)

-1.00 (-2.35, 0.34)
p=0.088

7.09 (5.80, 8.39)
-1.14 (-2.56, 0.27)
p=0.11

5.90 (4.87, 6.93)
+0.37 (-0.83, 1.56)
p=0.55

5.58 (4.75, 6.41)
-0.69 (-2.13, 0.76)
+1.41 (0.09, 2.74)
+1.67 (0.15, 3.20)
p=0.007

Not retained in

model

Not retained in

model

5.39 (4.56, 6.21)
-0.61 (-2.06, 0.85)
+1.38 (0.06, 2.69)
+1.89 (0.35, 3.43)

p=0.004
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0.61)
-1.81 (-2.86, -
0.76)
p<0.001

5.63 (4.19, 7.07)-
2.94 (-4.45, -1.43)
p<0.001

2.10 (1.38, 3.82)
+1.40 (0.48, 2.31)
p=0.003

2.14 (1.57, 2.70)
+0.03 (-1.00, 1.05)
+1.29 (0.27, 2.30)
+4,05 (2.52, 5.57)

p<0.001

0.30)

-1.12 (-2.14, -
0.09)

p=0.010

4,27 (3.08, 5.47)
-1.46 (-2.75, -
0.18)
p=0.026

Not retained in

model

2.33 (1.76, 2.91)
-0.08 (-1.08, 0.93)
+1.11 (0.12, 2.10)
+2.71 (1.27, 4.15)
p<0.001



No 176
Yes (80.4)
43 (19.6)

Use of

immunomodulatory.

drugs

No 102

Yes (46.6)

117

(53.4)

Use of anti-anxiety

medication

No 186

Yes (84.9)
33 (15.1)

Use of anti-

depressant

medication

No 163

Yes (74.4)
56 (25.6)

Use of anti-fatigtie

medication

No 213

Yes (97.3)

6.15 (5.56, 6.74)
+0.08 (-1.25, 1.41)

6.01 (5.25, 6.78)
+0.29 (-0.77, 1.35)

6.01 (5.44, 6.57)
+1.12 (-0.41, 2.65)

5.75 (5.16, 6.34)
+1.68 (0.44, 2.92)

6.20 (5.67, 6.74)
-1.24 (-4.26, 1.78)

Not retained in
model

p=0.91

Not retained in
model

p=0.59

Not retained in
model

p=0.15

Not retained in
model

p=0.008

Not retained in

model
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2.84 (2.36, 3.32)
+1.48 (0.15, 2.81)
p=0.029

2.74 (2.11, 3.37)
+0.70 (-0.22, 1.62)
p=0.13

2.82(2.36, 3.29)
+2.22 (0.63, 3.81)
p=0.006

2.59 (2.13, 3.06)
+2.39 (1.17, 3.62)
p<0.001

3.00 (2.56, 3.46)
+5.26 (0.54,

Not retained in

model

Not retained in

model

2.83 (2.42, 3.25)
+1.37 (0.04, 2.71)
p=0.044

2.67 (2.23, 3.10)
+1.60 (0.51, 2.70)
p=0.004

Not retained in

model



6 (2.7) p=0.42 9.98)

p=0.029

Latitude

Brisbane (27°S) 64(29.2) 6.97 (5.96, 7.98) Not retained in 2.82 (2.01, 3.62) Not retained in
Newcastle (332S) 28(12.8) -0.78 (-2.57,1.01) model +0.74 (-0.87, 2.34) model
Geelong (37°S) 58 (26.5) -1.30(-2.72,0.12) +1.03 (-0.26, 2.32)

Tasmania (43°S) 69 (31.5) -1.12(-2.49,0.25) -0.21 (-1.30, 0.89)

Results presented.as the mean (95% CI) of reference level of the predictor, then coefficient (95% CI) of other levels relative
to reference.

? Results exclude 4 participants for whom EDSS data was not obtained.

® Results exclude5.participants for whom serum 25(0H)D data was not obtained.

Formatting notesfigures in bold denote statistical significance (p<0.05). Italicisation denotes p-values.

Abbreviations: SD =jstandard deviation; IQR = interquartile range; EDSS = Expanded Disability Status Scale; FSS = Fatigue
Severity Scale;BML= body mass index.

Other factors evaluated but which were found not to be associated with anxiety or depression included having a serious
injury, having had a relapse in the preceding 30 days before review, disease duration from diagnosis or symptom onset,

serum 25(0H)D, employment type, maximum education reached, or having pets or domestic animals.
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Table 5. Factors associated with presence of fatigue and of FSS score

Sex
Male

Female

Age

18 -31
>31-38.5
>38.5 - 46
>46 - 58
Trend:

BMI
Normal
Overweight
Obese
Trend:

High blood
pressure?

No

Any fatigue? Continuous FSS
#w/ FSS Univariable Multivariable Univariable Multivariable
data analysis model analysis model
52 (22.5) 1.00 Not retained in ~ 4.77 (4.35, 5.19) 4.62 (4.23, 5.00)
179 [Reference] model +0.32 (-0.15, 0.79) +0.49 (0.07,
(77.5)  1.13(0.93,1.37) p=0.19 0.91)
p=0.21 p=0.024
58 (25.1) 1.00 Not retained in ~ 4.71 (4.34, 5.09) Not retained in
58 (25.1) [Reference] model +0.36 (-0.17, 0.88) model
61(26.4) 1.00(0.83,1.21) +0.45 (-0.07, 0.98)

54 (23.4)

86 (37.2)
81 (35.2)
63 (27.4)

154

0.93 (0.76, 1.13)
1.00 (0.83, 1.21)
p=0.81

1.00
[Reference]
0.90 (0.75, 1.09)
1.18 (1.02, 1.36)
p=0.048

1.00

Not retained in

model

Not retained in
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+0.48 (-0.04, 1.01)
p=0.063

4.78 (4.47, 5.09)
+0.21 (-0.24, 0.66)
+0.57 (0.13,
1.01)
p=0.010

4.92 (4.69, 5.15)

4.77 (4.49, 5.05)
+0.26 (-0.14, 0.67)
+0.51 (0.11,
0.91)
p=0.011

Not retained in



Yes (67.3)
75 (32.8)

Concussion since

last review?

No 224

Yes (97.4)
6 (2.6)

Other non-

infectious/non-

psychological

medical condition

diagnosed since.last

review?

No 166

Yes (71.9)
65 (28.1)

Average daily

physical activity

(METs) since last

review

0-8 133

[Reference] model +0.38 (-0.00, 0.75)

1.12 (0.98, 1.29) p=0.052
p=0.098
1.00 Not retained in  5.00 (4.81, 5.18)
[Reference] model +1.23 (0.24,
1.07 (0.74, 1.55) 2.22)
p=0.71 p=0.015
1.00 1.00 4,93 (4.71, 5.16)
[Reference] [Reference] +0.29 (-0.10, 0.68)
1.19 (1.04, 1.35) 1.15 (1.03, p=0.14
p=0.009 1.30)
p=0.031
1.00 Not retained in ~ 5.22 (4.99, 5.45)
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4.98 (4.82, 5.15)
+1.12 (0.24,
2.01)
p=0.013

Not retained in

model

Not retained in



>8 - 24
>24 - 336
Trend:

Currently
employed?
No

Yes

CDMS
No
Yes

EDSS?

1.5-2.5
>2.5-8.0
Trend:

(57.8)
48 (20.9)
49 (21.3)

42 (18.3)
188
(81.7)

53 (22.9)
178
(77.1)

82 (36.3)
40 (17.7)
61 (27.0)
43 (19.0)

[Reference]
1.03 (0.88, 1.19)
0.78 (0.62,
0.98)
p=0.046

1.00
[Reference]
0.83 (0.73,
0.94)
p=0.004

1.00
[Reference]
1.32 (1.07,

1.64)

p=0.010

1.00
[Reference]
1.08 (0.85, 1.38)
1.27 (1.06,
1.53)

1.39 (1.17,

model

Not retained in

model

Not retained in

model

1.00
[Reference]
1.03 (0.81, 1.31)
1.19 (0.99, 1.43)
1.24 (1.04,
1.49)
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-0.47 (-0.93, -
0.01)
-0.48 (-0.99, 0.03)
p=0.025

5.68 (5.32, 6.04)
-0.83 (-1.24, -
0.42)
p<0.001

4.83 (4.40, 5.25)
+0.25 (-0.22, 0.72)
p=0.30

4.54 (4.21, 4.86)
+0.09 (-0.46, 0.63)
+0.52 (0.07,
0.97)
+1.31 (0.85,
1.78)

model

5.53(5.19, 5.87)
-0.65 (-1.05, -
0.26)
p=0.001

Not retained in

model

4.60 (4.29, 4.90)
+0.03 (-0.48, 0.55)
+0.48 (0.06,
0.91)
+1.13 (0.68,
1.58)



Smoking during
study?
No 183
Yes (79.2)
48 (20.8)
Use of
immunomodulatory
drugs
No 105
Yes (45.5)
126
(54.6)
Use of anti-anxiety
medication
No 198
Yes (85.7)
33 (14.3)
Use of anti-
depressant

1.65)
p<0.001

1.00
[Reference]
0.99 (0.83,1.17)
p=0.89

1.00
[Reference]
1.38 (1.18,

1.61)

p<0.001

1.00
[Reference]
1.30 (1.17,

1.44)

p<0.001

p=0.008

Not retained in

model

1.00
[Reference]
1.31 (1.12,

1.54)

p=0.001

1.00
[Reference]
1.23 (1.10,
1.38)
p<0.001
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p<0.001

5.03 (4.82, 5.24)
-0.01 (-0.47, 0.45)
p=0.96

4,99 (4.69, 5.30)
+0.06 (-0.33, 0.44)
p=0.77

4,95 (4.75, 5.15)
+0.44 (-0.02, 0.91)
p=0.061

p<0.001

Not retained in

model

Not retained in

model

Not retained in

model



medication

No 172 1.00 Not retained in ~ 4.79 (4.57, 5.00) Not retained in
Yes (74.5) [Reference] model +0.80 (0.42, model
59 (25.5) 1.19 (1.04, 1.18)
1.35) p<0.001
p=0.009
Latitude
Brisbane (27°S) 64 (27.7) 1.00 Not retained in ~ 5.07 (4.74, 5.41) Not retained in
Newcastle (334S) 36 (15.6) [Reference] model -0.05 (-0.61, 0.51) model
Geelong (37°5) 61 (26.4) 1.00(0.85,1.18) -0.01 (-0.50, 0.48)
Tasmania (43°S) 70 (30.3)  0.90 (0.76, 1.06) -0.14 (-0.64, 0.36)
0.78 (0.64, p=0.64
0.94)
p=0.005

Results for presence of fatigue assessed by log-binomial regression and presented as prevalence ratios (95% CI).

Results for continuous FSS presented as the mean (95% CI) of reference level of the predictor, then coefficient (95% CI) of
other levels relative to reference.

® Results exclude 4 participants for whom EDSS data was not obtained.

® Results exclude ™5 participants for whom serum 25(0H)D data was not obtained.

Formatting note: figures in bold denote statistical significance (p<0.05). Italicisation denotes p-values.
Abbreviations:Sb.=-standard deviation; IQR = interquartile range; EDSS = Expanded Disability Status Scale; FSS = Fatigue
Severity ScaleyBMI'= body mass index.

Other factorsevaluated but which were found not to be associated with fatigue included using antifatigue medication,
having a serious injury, having had a relapse in the preceding 30 days before review, disease duration from diagnosis or

symptom onset, serum 25(0H)D, employment type, maximum education reached, or having pets or domestic animals.
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