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Background – Anxiety and depression are common in multiple sclerosis
(MS). We evaluated the prevalence and factors associated with anxiety,
depression and fatigue at the 5-year review of a longitudinal cohort
study following a first clinical diagnosis of CNS demyelination (FCD).
Methods – Cases with a FCD were recruited soon after diagnosis and
followed annually thereafter. A variety of environmental, behavioural
and clinical covariates were measured at five-year review. Anxiety and
depression were measured using the Hospital Anxiety & Depression
Scale (HADS), and fatigue by the Fatigue Severity Scale (FSS).
Results – Of the 236 cases, 40.2% had clinical anxiety (median HADS-
A: 6.0), 16.0% had clinical depression (median HADS-D: 3.0), and
41.3% had clinical fatigue (median FSS: 4.56). The co-occurrence of all
three symptoms was 3.76 times greater than expectation. Younger age,
higher disability, concussion or other disease diagnosis were
independently associated with a higher anxiety score; male sex, higher
disability, being unemployed, less physical activity, and antidepressant
and/or anxiolytic-sedative medication use were independently
associated with a higher depression score. Higher disability,
immunomodulatory medication use, other disease diagnosis and
anxiolytic-sedative medication use were independently associated with
having fatigue, while female sex, higher BMI, having had a concussion,
being unemployed and higher disability were associated with a higher
fatigue score. Conclusion – These results support previous findings of
the commonality of anxiety, depression and fatigue in established MS
and extend this to post-FCD and early MS cases. The clustering of the
three symptoms indicates that they may share common antecedents.
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Introduction

Multiple sclerosis (MS) is a chronic immune-
mediated inflammatory disease of the central
nervous system, causing a multitude of clinical
manifestations, ranging from well-described func-
tional symptoms such as weakness and ataxia to
psychological symptoms such as fatigue, depres-
sion and cognitive dysfunction (1). MS has a major
impact on the lives of patients and their families
and carers. In people with MS, the disease substan-
tially interferes with daily activities and family,
social and working life, disturbs emotional well-
being and reduces quality of life (QOL) (2–4). The

psychosocial impact of the disease in people with
MS and partners has been found to be significantly
associated with the severity of disability (2–7).
Although rarely diagnosed as the first or most
prominent symptom at presentation (8), mood and
behavioural changes may be observed in the early
stages of the disease (9). Often interpreted as a psy-
chological reaction to the illness, these distur-
bances affect the patient’s perception of disability,
adding considerably to their distress (10). The
impacts of the disease may further produce feelings
of helplessness and low self-efficacy in patients
with MS (11). Moreover, a positive correlation
between mood changes and disease exacerbations
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has been noted in many people with MS, with
depression accompanying relapse (12, 13) and
being greater among those with more progressive
disease types (14).

In the early stages of the disease, most people
with MS experience relatively good physical health
with limited need for care and assistance in daily
activities. This would suggest that quality of life
(QOL) should not be much reduced early in disease
course. But, paradoxically, QOL measured early in
the disease course may be low, suggesting that fac-
tors other than overt disability may be contribut-
ing (15). In this study, we assessed the distribution
and predictors of three such factors – anxiety,
depression and fatigue – and the concurrence of
the three outcomes, at the 5-year review of partici-
pants who entered a longitudinal study following
referral for a first demyelinating event or evidence
of progressive MS.

Methods

Study sample

The Ausimmune Study was a population-based
multicentre case–control study designed to capture
all incident first demyelinating event (FDE) cases in
four regions of eastern Australia: Brisbane city (lat-
itude 27°South), Newcastle city and surrounds
(33°South), Geelong city and the Western Districts
of Victoria (37°South), and the state of Tasmania
(43°South) between 2007 and 2009.(16) Since 1 Jan-
uary 2009, the AusLong Study has followed partici-
pants for over nine years (retention rate 84.6%).
The Ausimmune Study recruited 282 participants
with a first clinical diagnosis of CNS demyelina-
tion. At follow-up, three participants had been
diagnosed with a different neurological condition
(one each of Susac’s Syndrome, neuromyelitis
optica and pineal germinoma); 258 were now con-
sidered to have had bout-onset disease (including
169 who had their initial onset event just prior to
initial presentation, and 89 who had had an earlier
event), and 21 were now considered to have had
progressive-onset. Diagnostic criteria were the
2005McDonald (17) or 2010 revision (18).

The ethics committee of all participating
centres approved the study; all participants signed
written informed consent.

Outcome measures

The three outcome measures were assessed at the
5-year review. Anxiety and depression symptoms
were assessed using the seven-item subscales of
the Hospital Anxiety and Depression Scale

(HADS-A, HADS-D). Each item of the HADS
has a minimum score of 0 and maximum score of
3 (19). The seven-item scores are summed to the
final HADS-A and HADS-D scores. In keeping
with the literature (20, 21), we used the cut-point
of >7 to define prevalent anxiety or depression,
with 8–10 being mild to moderate and 11–21
severe. The Fatigue Severity Scale (FSS), origi-
nally designed for use with MS and systemic
lupus erythematosus patients, measures
functional outcomes of fatigue (22). The FSS
comprises nine items, each scored from 1 to 7 on
a Likert scale, where 1 signifies no symptoms of
fatigue and 7 indicates severe fatigue. The mean
score of the nine items provides the final FSS
score. Consistent with past work (23, 24), we used
the cut-point of ≥5.0 to signify prevalent fatigue,
with a score of <5.0 signifying little or no fatigue.

Other study measures

At baseline, participants reported sex, age and
highest educational qualification, among a range
of other factors (16). A study neurologist deter-
mined year of disease onset from medical records.
At neurological review, current disease course
was determined, and disability assessed using the
Expanded Disability Status Scale (EDSS). At
annual reviews, participants reported smoking
behaviour, employment status, use of
immunomodulatory and other medications, and
other relevant environmental and lifestyle factors.

Serum was taken at each of the three face-to-
face reviews (baseline, 2/3 years, 5 years), from
which serum 25-hydroxyvitamin D (25(OH)D)
levels were measured. Baseline serum 25(OH)D
was measured at RMIT in Victoria, Australia,
while 2/3- and 5-year serum 25(OH)D levels were
measured at Canterbury Labs in New Zealand.
These separate 25(OH)D levels were compared
with subsets of 50 samples from each measured
at the world-standard tandem mass spectrometry
laboratory at the US Centers for Disease Control
& Prevention, allowing calculation of the
estimated values of serum 25(OH)D from the
standard laboratory (25).

Statistical analysis

Chi-squared analysis was used to test differences in
prevalence, and departures from independence in
the distribution, of the dichotomised outcome fac-
tors (anxiety, depression and fatigue) between
levels of classification factors. Linear regression
and t-tests were used to test differences in mean
anxiety and depression scores between levels of the
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classification factors. The outcome variables were
skewed, and transformations were needed to
reduce heteroskedasticity, but all results were back-
transformed and are presented on the original scale
of each variable. Because FSS was significantly
skewed but also had an appreciable number of per-
sons with 0 FSS (n = 51/230%, 22.2%), covariates’
association with FSS was evaluated in two fash-
ions. Firstly, differences in presence of any non-
zero FSS by level of covariates were evaluated by
log-binomial regression, while covariates’ associa-
tions with continuous non-zero FSS were evaluates
by linear regression with transformation and back-
transformation as described above.

We used three-dimensional chi-squared analy-
sis to examine whether the joint distribution of the
three factors was consistent with a model of statis-
tical independence. Independence requires that the
probability of joint occurrence is equal to the pro-
duct of the marginal probabilities of occurrence.
The marginal probabilities were estimated by the
relative frequency of occurrence of each factor in
our data, allowing the expected number for each
cell in the joint distribution to be calculated. Using
the independent probabilities of anxiety, depres-
sion and fatigue, we generated a distribution of
patterns (combinations) through 100,000 random
simulations to test the significance of clustering of
patterns observed in the data.

All statistical analyses were undertaken using
Stata/SE 12.0 for Windows (College Park, TX,
USA).

Results

Data on anxiety/depression and/or fatigue were
available for 236 participants who completed the
5-year review. At this review, participants were
predominantly female (78.0%), had a low level of
disability (median EDSS: 1.5), and most were
employed (82.1%). By the 5-year review, the
majority of participants (74.2%) had been diag-
nosed as CDMS. Other cohort characteristics are
in Table 1.

Prevalence of anxiety, depression and fatigue

In this cohort, 40.2% of participants had at least
mild anxiety (Table 2). There were no significant
differences in the prevalence of anxiety by sex or
disease status. Sixteen percent of the cohort had
depression according to the HADS depression
score, with six participants (2.7%) having moder-
ate/severe depression. There were no differences
in the prevalence of clinical depression by sex or
disease status (e.g. CDMS vs. not, bout onset vs.

progressive onset). In this cohort, 41.3% of par-
ticipants had definite fatigue (FSS > 5.0).
A greater proportion of females (43.6%) than
males (32.7%) had clinical fatigue, but this differ-
ence was not statistically significant (P = 0.16).
The prevalence of clinical fatigue was significantly
higher in those who had converted to CDMS and
those with a progressive onset (Table 2).

Concurrence in the prevalence of anxiety, depression and fatigue

Table 3 shows the observed and expected combi-
nations of prevalent anxiety, depression and fati-

Table 1 Characteristics of participants in the AusLong Study at 5-year review

N = 236
n (%)

Female sex 184 (78.0)
Currently smoke tobacco? 48 (20.3)
Currently employed? 193 (82.1)1

Concussion since last review? 6 (2.6)
Other medical condition diagnosed since last review? 66 (28.0)
Average daily physical activity (METs) since last review

0–8 136 (57.9)
>8–24 50 (21.3)
>24–336 49 (20.9)

Clinical presentation
Classic FDE 133 (56.4)
FCD with unverified historical event 88 (37.3)
Progressive from onset 15 (6.4)

Converted to clinically definite MS by five-year review 175 (74.2)
Relapse within preceding 30 days of review 6 (3.4)2

Immunomodulatory treatment (yes/no) 127 (53.8)
Antidepressant treatment (yes/no) 60 (25.4)
Anti-anxiety treatment/sedative (yes/no) 34 (14.4)

Age at five-year review (years)
Mean (SD; range)
43.82 (9.58; 23–64)

Median (IQR)

Duration of illness, from 1st symptom to five-year
review (years)

6.05 (5.59–6.95)

Duration of illness, from diagnosis to five-year
review (years)2

5.33 (4.61–5.86)

Duration between 1st symptom and MS diagnosis (years)2 1.08 (0.47–2.91)
EDSS3 1.5 (1–2.5)
HADS anxiety at five-year review4 6 (4–9)
HADS depression at five-year review4 3 (1–7)
FSS at five-year review5 4.6 (2.1–5.7)
25(OH)D (nmol/L) at five-year review6 68.3 (53.3–84.9)
BMI (kg/m2) at five-year review 26.6 (23.0–30.4)

FDE, 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(OH)D, 25-hydroxyvitamin D; BMI, body mass index.
1Yes (inclusive of home duties, full time & part time work). No (inclusive of
unemployed, disability pension and others).
2Restricted to the 161 participants who were diagnosed with bout-onset clinically
definite MS by 5-year review.
3Restricted to the 229 people with disability measurements at 5-year review.
4Restricted to the 219 people with HADS data at 5-year review.
5Restricted to the 231 people with FSS data at 5-year review.
6Restricted to the 232 people with 25(OH)D measurement at 5-year review.
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gue. The overall observed pattern was different to
that expectation under statistical independence
(P < 0.001). In particular, 9.8% of people had all
three factors concurrently and this was 3.76 times
greater than expected under statistical indepen-
dence. Conversely, the number of people without
any of the three conditions (40.2%) was also
higher than expectation under statistical indepen-
dence (30.1%; observed over expected 1.33,
P < 0.001). The numbers of people with only fati-
gue (P = 0.005), only depression (P < 0.001) or
only anxiety (P = 0.050) were also lower than
expected. These findings are in line with the
strong correlation between scores: anxiety and
depression (r = 0.60, P < 0.001), depression and
fatigue (r = 0.49, P < 0.001), and anxiety and fati-
gue (r = 0.29, P < 0.001).

Univariable and multivariable models for anxiety, depression and
fatigue

Table 4 shows the univariable and multivariable
models for covariates’ associations with continuous
HADS-A and HADS-D. Table 5 showed the uni-
variable and multivariable models for covariates’

associations with presence of fatigue and of continu-
ous, non-zero FSS.

Anxiety – The multivariable model of anxiety
showed that those with higher levels of anxiety
tended to be younger, have a recent diagnosis of
a non-MS medical condition or concussion since
the previous review and have a higher EDSS
score. In univariable analyses, female sex and
antidepressant medication use were positively
associated with anxiety, and physical activity neg-
atively associated, but neither persisted on adjust-
ment. The final multivariable model explained
only 9.2% of the variance in the anxiety score.
Including depression in the model increased this
to 35.6% of the variance, but adding in fatigue
had negligible impact.

Depression – The multivariable model of depres-
sion showed that those with higher levels of
depression were more likely to be male, to be less
physically active, unemployed, to have a higher
EDSS score and using antidepressant and/or
anxiolytic-sedative medications. In univariable
analyses, older age, higher BMI, hypertension, a

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

All persons
n (%)

Males
n (%)

Females
n (%)

P-value for
difference

CDMS
n (%)

No CDMS
n (%)

P-value for
difference Bout onset

Progressive
onset

P-value for
difference

HADS Anxiety
0–7 (none) 131 (59.8) 31 (67.4) 100 (57.8) P = 0.43 94 (57.7) 37 (66.1) P = 0.33 124 (60.8) 7 (46.7) P = 0.13
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 (moderate/severe) 24 (11.0) 5 (10.9) 19 (11.0) 17 (10.4) 7 (12.5) 20 (9.8) 4 (26.7)

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 (moderate/severe) 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

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)
≥5.0 (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).
CDMS, 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 number (%) Expected number (%) Observed/Expected Simulation 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 No 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

v2 P-value for total pattern <0.001.
Formatting note: figures in bold denote statistical significance (P < 0.05).

4

Simpson et al.



Table 4 Factors associated with the HADS-anxiety score and HADS depression score.

# w/HADS data

HADS anxiety score HADS depression score

Univariable analysis Multivariable model Univariable analysis Multivariable model

Sex
Male 46 (21.0) 5.29 (4.20, 6.38) Not retained in model 3.90 (2.76, 5.04) 4.03 (2.95, 5.11)
Female 173 (79.0) +1.12 (�0.12, 2.37) �1.00 (�2.25, 0.24) �1.27 (�2.44, �0.09)

P = 0.076 P = 0.11 P = 0.035
Age

18–31 53 (24.2) 6.45 (5.37, 7.54) 6.47 (5.39, 7.54) 2.14 (1.39, 2.90) Not retained in model
>31–38.5 53 (24.2) +0.31 (�1.24, 1.86) +0.34 (�1.20, 1.87) +1.32 (0.08, 2.57)
>38.5–46 59 (26.9) �0.67 (�2.15, 0.80) �0.83 (�2.29, 0.63) +1.41 (0.20, 2.63)
>46–58 54 (24.7) �0.71 (�2.22, 0.79) �1.32 (�2.80, 0.17) +1.13 (�0.08, 2.35)
Trend: P = 0.19 P = 0.031 P = 0.085

BMI
Normal 84 (38.4) 5.74 (4.90, 6.57) Not retained in model 2.53 (1.88, 3.18) Not retained in model
Overweight 74 (33.8) +0.86 (�0.38, 2.11) +0.37 (�0.63, 1.36)
Obese 61 (27.9) +0.51 (�0.79, 1.81) +1.78 (0.56, 3.00)
Trend: P = 0.39 P = 0.007

High blood pressure?
No 144 (66.4) 6.04 (5.40, 6.69) Not retained in model 2.83 (2.29, 3.36) Not retained in model
Yes 73 (33.6) +0.35 (�0.78, 1.48) +0.90 (�0.13, 1.93)

P = 0.55 P = 0.087
Concussion since last review?

No 214 (98.2) 6.06 (5.54, 6.59) 5.90 (5.38, 6.42) 3.03 (2.58, 3.48) Not retained in model
Yes 4 (1.8) +5.39 (0.69, 10.10) +6.53 (1.43, 11.64) +6.32 (0.12, 12.52)

P = 0.025 P = 0.012 P = 0.046
Other non-infectious/non-psychological medical condition diagnosed since last review?

No 156 (71.2) 5.76 (5.16, 6.37) 5.55 (4.96, 6.15) 2.76 (2.25, 3.26) Not retained in model
Yes 63 (28.8) +1.46 (0.27, 2.64) +1.62 (0.42, 2.82) +1.27 (0.16, 2.38)

P = 0.016 P = 0.008 P = 0.025
Average daily physical activity (METs) since last review

0–8 127 (58.3) 6.56 (5.85, 7.26) Not retained in model 3.89 (3.22, 4.56) 3.55 (2.96, 4.14)
>8–24 48 (22.0) �0.97 (�2.26, 0.33) �1.65 (�2.69, �0.61) �1.25 (�2.21, �0.30)
>24–336 43 (19.7) �1.00 (�2.35, 0.34) �1.81 (�2.86, �0.76) �1.12 (�2.14, �0.09)
Trend: P = 0.088 P < 0.001 P = 0.010

Currently employed?
No 39 (17.9) 7.09 (5.80, 8.39) Not retained in model 5.63 (4.19, 7.07) 4.27 (3.08, 5.47)
Yes 179 (82.1) �1.14 (�2.56, 0.27) �2.94 (�4.45, �1.43) �1.46 (�2.75, �0.18)

P = 0.11 P < 0.001 P = 0.026
CDMS

No 53 (24.2) 5.90 (4.87, 6.93) Not retained in model 2.10 (1.38, 3.82) Not retained in model
Yes 166 (75.8) +0.37 (�0.83, 1.56) +1.40 (0.48, 2.31)

P = 0.55 P = 0.003
EDSS1

0 80 (37.0) 5.58 (4.75, 6.41) 5.39 (4.56, 6.21) 2.14 (1.57, 2.70) 2.33 (1.76, 2.91)
1 36 (16.7) �0.69 (�2.13, 0.76) �0.61 (�2.06, 0.85) +0.03 (�1.00, 1.05) �0.08 (�1.08, 0.93)
1.5–2.5 60 (27.8) +1.41 (0.09, 2.74) +1.38 (0.06, 2.69) +1.29 (0.27, 2.30) +1.11 (0.12, 2.10)
>2.5–8.0 40 (18.5) +1.67 (0.15, 3.20) +1.89 (0.35, 3.43) +4.05 (2.52, 5.57) +2.71 (1.27, 4.15)
Trend: P = 0.007 P = 0.004 P < 0.001 P < 0.001

Smoking during study?
No 176 (80.4) 6.15 (5.56, 6.74) Not retained in model 2.84 (2.36, 3.32) Not retained in model
Yes 43 (19.6) +0.08 (�1.25, 1.41) +1.48 (0.15, 2.81)

P = 0.91 P = 0.029
Use of immunomodulatory drugs

No 102 (46.6) 6.01 (5.25, 6.78) Not retained in model 2.74 (2.11, 3.37) Not retained in model
Yes 117 (53.4) +0.29 (�0.77, 1.35) +0.70 (�0.22, 1.62)

P = 0.59 P = 0.13
Use of anti-anxiety medication

No 186 (84.9) 6.01 (5.44, 6.57) Not retained in model 2.82 (2.36, 3.29) 2.83 (2.42, 3.25)
Yes 33 (15.1) +1.12 (�0.41, 2.65) +2.22 (0.63, 3.81) +1.37 (0.04, 2.71)

P = 0.15 P = 0.006 P = 0.044
Use of antidepressant medication

No 163 (74.4) 5.75 (5.16, 6.34) Not retained in model 2.59 (2.13, 3.06) 2.67 (2.23, 3.10)
Yes 56 (25.6) +1.68 (0.44, 2.92) +2.39 (1.17, 3.62) +1.60 (0.51, 2.70)

(continued)
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recent diagnosis of a non-MS medical condition or
concussion since the previous review, having con-
verted to clinically definite MS, using antifatigue
medication and smoking during the study were
associated with depression score but did not persist
on adjustment. The final multivariable model
explained 23.7% of the variance in depression
score. Including anxiety alone increased this to
48.1% of the variance, adding FSS alone explained
32.0% of the variance, and adding both anxiety
and FSS explained 51.6% of the variance.

Any fatigue – The multivariable model of having
any fatigue showed fatigue to be more common
among persons with a recent non-MS-related
disease diagnosis, among those with higher dis-
ability, and those using immunomodulatory and/
or anti-anxiety medications. Some associations
with fatigue were seen for higher BMI, lower
physical activity, being unemployed, having
CDMS, using antidepressant medication and
residing outside Tasmania, but these did not per-
sist on adjustment.

FSS – Among those who had fatigue, the multi-
variable model of fatigue showed that those with
higher levels of fatigue were more likely to be
female, of higher BMI, to have a recently diag-
nosed concussion, to be unemployed and to have
a higher EDSS score. In univariable analyses,
older age, hypertension, decreased physical
activity and using anti-anxiety medication were
associated with a higher fatigue score; however,
these did not persist in the multivariable model.
Interestingly, CDMS diagnosis, while associated

with the presence of fatigue, was not a significant
predictor of level of fatigue. The final multivari-
able model explained 24.5% of the variance in
the fatigue score. Including depression increased
this to 40.0%, but adding anxiety had no
material impact.

Other factors evaluated but found to be unasso-
ciated with anxiety, depression or fatigue, 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(OH)
D, employment type, maximum education
reached, or having pets or domestic animals.

Discussion

We describe here the anxiety, depression and fati-
gue of a cohort of people with a first clinical
diagnosis of CNS demyelination up to an average
of 5.2 years after study entry and 6.1 years after
symptom onset. We found clinical anxiety,
depression and fatigue to be already frequent
early in the disease process. In addition, the co-
occurrence of all three outcomes (9.8%) was 3.76
times higher than expectation under statistical
independence, suggesting the three symptoms
tend to cluster together in the disease process.
This finding largely mirrors our previous finding
in people with established disease, where the
observed concurrence of all three characteristics
(11.7%) was 2.65 times that expected under sta-
tistical independence (26). Of the various factors
assessed, only younger age, higher disability, con-
cussion or other disease diagnosis were indepen-
dently associated with a higher anxiety score;

Table 4 (continued)

# w/HADS data

HADS anxiety score HADS depression score

Univariable analysis Multivariable model Univariable analysis Multivariable model

P = 0.008 P < 0.001 P = 0.004
Use of antifatigue medication

No 213 (97.3) 6.20 (5.67, 6.74) Not retained in model 3.00 (2.56, 3.46) Not retained in model
Yes 6 (2.7) �1.24 (�4.26, 1.78) +5.26 (0.54, 9.98)

P = 0.42 P = 0.029
Latitude

Brisbane (27°S) 64 (29.2) 6.97 (5.96, 7.98) Not retained in model 2.82 (2.01, 3.62) Not retained in model
Newcastle (33°S) 28 (12.8) �0.78 (�2.57, 1.01) +0.74 (�0.87, 2.34)
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)

Formatting note: figures in bold denote statistical significance (P < 0.05). Italicization denotes P-values.
SD, standard deviation; IQR, interquartile range; EDSS, Expanded Disability Status Scale; FSS, Fatigue Severity Scale; BMI, 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(OH)D, employment type, maximum education reached, or having pets or domestic ani-
mals.
Results presented as the mean (95% CI) of reference level of the predictor, then coefficient (95% CI) of other levels relative to reference.
1Results exclude four participants for whom EDSS data were not obtained.
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Table 5 Factors associated with the presence of fatigue and of FSS score

# w/FSS data

Any fatigue? Continuous FSS

Univariable analysis Multivariable model Univariable analysis Multivariable model

Sex
Male 52 (22.5) 1.00 [Reference] Not retained in model 4.77 (4.35, 5.19) 4.62 (4.23, 5.00)
Female 179 (77.5) 1.13 (0.93, 1.37) +0.32 (�0.15, 0.79) +0.49 (0.07, 0.91)

P = 0.21 P = 0.19 P = 0.024
Age

18–31 58 (25.1) 1.00 [Reference] Not retained in model 4.71 (4.34, 5.09) Not retained in model
>31–38.5 58 (25.1) 1.00 (0.83, 1.21) +0.36 (�0.17, 0.88)
>38.5–46 61 (26.4) 0.93 (0.76, 1.13) +0.45 (�0.07, 0.98)
>46–58 54 (23.4) 1.00 (0.83, 1.21) +0.48 (�0.04, 1.01)
Trend: P = 0.81 P = 0.063

BMI
Normal 86 (37.2) 1.00 [Reference] Not retained in model 4.78 (4.47, 5.09) 4.77 (4.49, 5.05)
Overweight 81 (35.2) 0.90 (0.75, 1.09) +0.21 (�0.24, 0.66) +0.26 (�0.14, 0.67)
Obese 63 (27.4) 1.18 (1.02, 1.36) +0.57 (0.13, 1.01) +0.51 (0.11, 0.91)
Trend: P = 0.048 P = 0.010 P = 0.011

High blood pressure?
No 154 (67.3) 1.00 [Reference] Not retained in model 4.92 (4.69, 5.15) Not retained in model
Yes 75 (32.8) 1.12 (0.98, 1.29) +0.38 (�0.00, 0.75)

P = 0.098 P = 0.052
Concussion since last review?

No 224 (97.4) 1.00 [Reference] Not retained in model 5.00 (4.81, 5.18) 4.98 (4.82, 5.15)
Yes 6 (2.6) 1.07 (0.74, 1.55) +1.23 (0.24, 2.22) +1.12 (0.24, 2.01)

P = 0.71 P = 0.015 P = 0.013
Other non-infectious/non-psychological medical condition diagnosed since last review?

No 166 (71.9) 1.00 [Reference] 1.00 [Reference] 4.93 (4.71, 5.16) Not retained in model
Yes 65 (28.1) 1.19 (1.04, 1.35) 1.15 (1.03, 1.30) +0.29 (�0.10, 0.68)

P = 0.009 P = 0.031 P = 0.14
Average daily physical activity (METs) since last review

0–8 133 (57.8) 1.00 [Reference] Not retained in model 5.22 (4.99, 5.45) Not retained in model
>8–24 48 (20.9) 1.03 (0.88, 1.19) �0.47 (�0.93, �0.01)
>24–336 49 (21.3) 0.78 (0.62, 0.98) �0.48 (�0.99, 0.03)
Trend: P = 0.046 P = 0.025

Currently employed?
No 42 (18.3) 1.00 [Reference] Not retained in model 5.68 (5.32, 6.04) 5.53 (5.19, 5.87)
Yes 188 (81.7) 0.83 (0.73, 0.94) �0.83 (�1.24, �0.42) �0.65 (�1.05, �0.26)

P = 0.004 P < 0.001 P = 0.001
CDMS

No 53 (22.9) 1.00 [Reference] Not retained in model 4.83 (4.40, 5.25) Not retained in model
Yes 178 (77.1) 1.32 (1.07, 1.64) +0.25 (�0.22, 0.72)

P = 0.010 P = 0.30
EDSS1

0 82 (36.3) 1.00 [Reference] 1.00 [Reference] 4.54 (4.21, 4.86) 4.60 (4.29, 4.90)
1 40 (17.7) 1.08 (0.85, 1.38) 1.03 (0.81, 1.31) +0.09 (�0.46, 0.63) +0.03 (�0.48, 0.55)
1.5–2.5 61 (27.0) 1.27 (1.06, 1.53) 1.19 (0.99, 1.43) +0.52 (0.07, 0.97) +0.48 (0.06, 0.91)
>2.5–8.0 43 (19.0) 1.39 (1.17, 1.65) 1.24 (1.04, 1.49) +1.31 (0.85, 1.78) +1.13 (0.68, 1.58)
Trend: P < 0.001 P = 0.008 P < 0.001 P < 0.001

Smoking during study?
No 183 (79.2) 1.00 [Reference] Not retained in model 5.03 (4.82, 5.24) Not retained in model
Yes 48 (20.8) 0.99 (0.83, 1.17) �0.01 (�0.47, 0.45)

P = 0.89 P = 0.96
Use of immunomodulatory drugs

No 105 (45.5) 1.00 [Reference] 1.00 [Reference] 4.99 (4.69, 5.30) Not retained in model
Yes 126 (54.6) 1.38 (1.18, 1.61) 1.31 (1.12, 1.54) +0.06 (�0.33, 0.44)

P < 0.001 P = 0.001 P = 0.77
Use of anti�anxiety medication

No 198 (85.7) 1.00 [Reference] 1.00 [Reference] 4.95 (4.75, 5.15) Not retained in model
Yes 33 (14.3) 1.30 (1.17, 1.44) 1.23 (1.10, 1.38) +0.44 (�0.02, 0.91)

P < 0.001 P < 0.001 P = 0.061
Use of antidepressant medication

No 172 (74.5) 1.00 [Reference] Not retained in model 4.79 (4.57, 5.00) Not retained in model
Yes 59 (25.5) 1.19 (1.04, 1.35) +0.80 (0.42, 1.18)

(continued)
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male sex, higher disability, being unemployed,
less physical activity, and antidepressant and/or
anxiolytic-sedative medication use were indepen-
dently associated with a higher depression score;
and female sex, higher disability, unemployment,
immunomodulatory and/or anti-anxiety medica-
tion use, other disease diagnosis and anxiolytic-
sedative medication use were independently asso-
ciated with fatigue. These multivariable models
explained up to nearly a quarter of the variance
of the anxiety, depression and fatigue scores,
indicating the multifactorial nature of these
symptoms. When adding in the other two cluster-
ing symptoms, we were able to explain a substan-
tially larger proportion of the variance (nearly a
third to over half).

The prevalences of clinical anxiety and depres-
sion found in this study were surprisingly close to
those found in our previous study of Australian
participants with established disease (median
duration from symptom onset: 12 years) (26),
where anxiety and depression were found in
44.5% and 18.5%, respectively. They are also in
line with a Dutch study of 101 patients assessed
one year after diagnosis (anxiety 34%, depression
36% using the HADS) (27) and a European
study of 197 potential MS cases, 120 of whom
were eventually diagnosed as CDMS (anxi-
ety 43%, depression 11% using the HADS
Instrument) (28) and a Swiss study of 106
patients assessed 2.6 years after diagnosis (anxiety
47.3%; depression 18.7%) (29). These results
seem to suggest that anxiety and depression are
relatively constant across the course of disease,
something that has been substantiated in a num-
ber of other studies (13, 30). Indeed, the present

as well as our previous study also found that
disease duration was not associated with anxiety
or depression although inconsistent increases
have been found with increasing disability (26).
While it has been found that levels of anxiety and
depression can be elevated in the peri-diagnostic
period (31) or during periods of more active dis-
ease (12, 13), this settles somewhat thereafter,
particularly with the diagnosis providing a name
for the condition and with the doctors’ assurance
of the availability of an increasing array of
immunomodulatory medications. However, the
prevalence of anxiety and depression is still
around fourfold higher for anxiety and twofold
higher for depression, compared to non-MS pop-
ulations (e.g. anxiety 11%; depression 8.3% using
HADS) (32).

Clinical fatigue was somewhat less common in
the present cohort (41.3%) than in our cohort
with established disease (53.7%) and in a Swiss
study where 53.3% of participants had a high
fatigue score on the Fatigue Assessment Inven-
tory severity subscale 2.6 years after disease onset
(29). While disease duration was not associated
with fatigue levels, disability was strongly associ-
ated with fatigue, with those having an
EDSS > 2.5 having a fatigue score that was on
average 1.31 units higher than those without dis-
ability. Other factors that were associated with
fatigue severity in our multivariable model were
being female, obese BMI, being diagnosed with a
concussion since last review, and being employed.
In addition to continuous fatigue, the prevalence
of having any symptoms of fatigue (FSS > 0) was
significantly higher among persons with a diagno-
sis of another medical condition since last review,

Table 5 (continued)

# w/FSS data

Any fatigue? Continuous FSS

Univariable analysis Multivariable model Univariable analysis Multivariable model

P = 0.009 P < 0.001
Latitude

Brisbane (27°S) 64 (27.7) 1.00 [Reference] Not retained in model 5.07 (4.74, 5.41) Not retained in model
Newcastle (33°S) 36 (15.6) 1.00 (0.85, 1.18) �0.05 (�0.61, 0.51)
Geelong (37°S) 61 (26.4) 0.90 (0.76, 1.06) �0.01 (�0.50, 0.48)
Tasmania (43°S) 70 (30.3) 0.78 (0.64, 0.94) �0.14 (�0.64, 0.36)

P = 0.005 P = 0.64

Formatting note: figures in bold denote statistical significance (P < 0.05). Italicization denotes P�values.
SD, standard deviation; IQR, interquartile range; EDSS, Expanded Disability Status Scale; FSS, Fatigue Severity Scale; BMI, body mass index.
Other factors evaluated 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(OH)D, employment type, maximum education reached, or having pets or
domestic animals.
Results for the 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.
1Results exclude four participants for whom EDSS data were not obtained.
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having EDSS > 2.5, and using immunomodula-
tory or anxiolytic-sedative medication. Two other
observational studies found no associations with
immunotherapy (33, 34). Fatigue has proven a
difficult symptom to control in clinical MS and
has not consistently been altered by the use of
immunomodulatory therapy. However, examining
the effect of treatments in observational studies is
prone to bias, as the reasons for a clinician pro-
viding treatment might be partly related to the
outcome of interest (35).

In relation to factors that were associated with
anxiety and depression, dose-dependent associa-
tions with disability were observed for both out-
comes, with an EDSS > 2.5 being associated with
on average a 1.67 unit higher anxiety score and
4.05 units higher depression score. Other factors
associated with a higher anxiety score in our mul-
tivariable model were younger age, concussion
since previous review or the diagnosis of another
medical condition since previous review. Other
factors associated with a higher depression score
were male sex, being unemployed, less physical
activity, antidepressant medication use and
anxiolytic-sedative medication use. Some of these
factors are likely to cause an increase of anxiety or
depression (e.g. male sex, concussion, other medi-
cal condition), some are clearly the result of anxi-
ety or depression (e.g. use of antidepressant or
anxiolytic-sedative medications), some could be
both a cause and the result (e.g. less physical activ-
ity, being unemployed), and lastly, a factor could
be a correlate of anxiety or depression or it might
be part of the same disease process (e.g. disabil-
ity). Indeed, we confirmed in this study that anxi-
ety, depression and fatigue were more likely to
occur together than we expectation under statisti-
cal independence, and the percentage of variance
in each final model increased substantially when
adding in the other symptom outcomes.

Factors that were not associated with anxiety,
depression or fatigue are also important. We
found no differences by having recent relapse,
serum 25(OH)D levels, smoking status, blood
pressure or latitude. Also, while clinical fatigue
was significantly higher among CDMS vs non-
CDMS participants, evaluating continuous scores
suggested that higher disability and immunother-
apy use accounted for that association. In unad-
justed analyses, overweight/obese body mass index
was associated with higher levels of depression
and fatigue, but did not persist on adjustment; the
association with fatigue was rendered non-signifi-
cant on adjustment for disability, likely reflecting
the reverse causal impact of increased disability on
physical activity and thence on body mass index.

Strengths of this study include the prospective
design, the high proportion of follow-up (84.6%)
and the availability of a large number of factors
of interest. A limitation was that the HADS and
FSS were not introduced prior to the 5-year
review, excluding a full prospective analysis of
these outcomes from disease onset. Also, the
prevalence of anxiety, depression and fatigue
among those lost to follow-up could potentially
be even higher than for those with complete fol-
low-up, as higher levels of stress or fatigue could
have driven to their discontinuation of participa-
tion in the study. If that is true, our study, if any-
thing, is underestimating the prevalence of these
factors. A further limitation is the mode of
assessing fatigue, as the FSS and other such
scales are necessarily limited by their capacity to
systematically evaluate what is a fairly subjective
concept. In comparing these scales, all are rela-
tively equivalent in their efficacy (36). With a
goal to efficiency, we have utilized the FSS given
the commonality of its use in MS studies and its
being shorter in length compared to others.

For clinicians and health professionals, the
important messages of this study are that depres-
sion, anxiety and fatigue are highly prevalent,
cluster together and increase with disability but
not disease duration, indicating that they may
have common antecedents. Identifying these MS
symptoms is important to assist people with
interventions that may reduce these symptoms.
The recognition that the diagnosis of another
condition has adverse effects on anxiety and fati-
gue is also important.
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