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New Zealand is a high risk region for multiple sclerosis (MS). The aim of this study was to investigate
demographic, clinical and temporal factors associated with disability status in the New Zealand
National Multiple Sclerosis Prevalence Study (NZNMSPS) cohort. Data were obtained from the 2006
NZNMSPS with MS diagnosis based on the 2005 McDonald criteria. Disability was assessed using the
Expanded Disability Status Scale (EDSS). Disability profiles were generated using multiple linear regres-
sion analysis. A total of 2917 persons with MS was identified, of whom disability data were available for
2422 (75% females). The overall disability was EDSS 4.4 ± standard deviation 2.6. Higher disability was
associated with older age, longer disease duration, older and younger ages of onset, spinal cord syn-
dromes with motor involvement at onset, and a progressive onset type. Lower disability was associated
with sensory symptoms at onset and a relapsing onset type. Overall, the factors studied explained about
one-third of the variation in disability, and of this, about two-thirds was accounted for by age, age of
onset and disease duration and one-third by the nature of first symptoms and type of disease onset (pro-
gressive or relapsing). Current age, age at onset and disease duration all had independent associations
with disability and their effects also interacted in contributing to higher disability levels over the course
of the disease.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Multiple sclerosis (MS) is a chronic inflammatory demyelinat-
ing disorder of the central nervous system that commonly has its
onset in young adults aged between 20 and 35 years of age. A
relapsing-remitting onset of disease is seen in about 85% of cases,
and a progressive onset occurs in about 15%. In 2006 the New Zeal-
and National Multiple Sclerosis Prevalence Study (NZNMSPS) [1]
confirmed New Zealand (NZ) as a high risk population for MS with
an overall age and sex standardised prevalence rate of 73.1 per
100,000 population, although in Māori, the indigenous population
of NZ, the prevalence was substantially lower at 24.2 per 100,000
population [1–3].
After prolonged follow up (typically spanning several decades),
the majority of people with MS will have developed substantial
and irreversible locomotor disability. However, there is a great deal
of inter-individual variability in the disease course and for a signif-
icant proportion of subjects there is little or no disability for many
years. At present, there are no tools that can reliably predict an
individual’s progression over time. Natural history and longitudi-
nal studies [4–11] have succeeded to a certain extent in defining
the course and the prognostic value of certain demographic and
clinical characteristics of patients at disease onset. These studies
have shown a number of demographic (for example, age, sex)
and clinical factors (for example, type of MS, age at onset, symp-
toms at onset) associated with disability evolution [7,10,12,13].
However, most of these studies have derived disability data from
northern hemisphere populations; data from the southern
hemisphere are sparse with little or no countrywide data available.
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Furthermore, disability levels of the MS population and factors
associated with disability status have not been previously studied
throughout NZ. The aim of this study is to describe the disability
profile, including demographic, clinical and temporal factors asso-
ciated with disability status, among persons with MS in the NZ
population.
2. Methods

Data were obtained from the NZNMSPS, a cross-sectional study
that identified all persons diagnosed with MS (2005 McDonald cri-
teria) [14] resident in NZ on national census day, 7 March 2006.
Patients with clinically isolated syndromes, possible MS, neu-
romyelitis optica and neuromyelitis optica spectrum disorders
[15] were excluded. Multiple sources of case ascertainment were
used including neurologists and MS society databases, hospital dis-
charge records, public advertising, Māori health workers and NZ
government health information statistics. A capture-recapture
analysis of multiple sources of ascertainment estimated between
95.2% and 98.8% capture with 95% confidence. Ethical approval
for the study was obtained from the NZ multi-region ethics com-
mittee. For detailed information of study methodology, see Taylor
et al. [1].

The NZNMSPS used a self-administered survey questionnaire to
obtain demographic data including age, sex and ethnicity. In keep-
ing with NZ census ethnicity definitions [16], only those who self-
identified Māori ethnicity on the questionnaire were included as
Māori for this analysis [3]. Those who did not have a positive
response for Māori ethnicity are referred to as ‘‘non-Māori”. Clini-
cal information, including age at symptom onset, disease duration,
onset type (relapsing or progressive onset) and nature of symp-
toms at onset, were obtained from the person’s medical record
by their treating neurologist or by direct review by a study neurol-
ogist. Disability was assessed using the Expanded Disability Status
Scale (EDSS) [17]. A majority of patients (75%) had a telephone
EDSS [18] and in 25% of cases disability was obtained from a clin-
ical EDSS [17] performed either by the patient’s neurologist or
study neurologists.

Disability was modelled by linear regression of EDSS on demo-
graphic (sex, ethnicity), clinical (type of onset, nature of first symp-
toms at onset) and temporal (age, age at onset, disease duration)
variables. To disentangle the effects of age on age at onset and dis-
ease duration, the analysis was conducted in two pairs, that is age
and age at onset or age and disease duration as in Johnson andMel-
zer [19]. Analysis of variance showed significant two-way interac-
tion between age and disease type at onset (p < 0.001), age and age
Fig. 1. Profiles of disability by (left) age, (centre) age at onset and (right) disease
EDSS = Expanded Disability Status Scale.
at symptom onset (p < 0.001), age and disease duration (p < 0.001),
thus these interactions were added in models. The disability pro-
files (Fig. 1) were generated by calculating the predicted disability
from the regression model at medians for age, age at onset and dis-
ease duration and the curves were further smoothed using the
locally weighted scatterplot smoothing LOESS procedure [20].
Model assumptions were assessed graphically with no evidence
of lack of fit. Correlation coefficients are Pearson product moment
correlations. All statistical tests were two-sided with type 1 error
rate of 5%, analysis carried out in R version 3.2.0 (Vienna, Austria).
3. Results

A total of 2917 persons with definite MS were identified on cen-
sus day in 2006. Of these, disability data were available for 2422
(1,824 females, 598 males) including 58 Māori. The demographic
and clinical characteristics of the cohort are presented in Table 1.
The majority (2023 patients, 83.5%) had relapsing onset MS and
399 (16.5%) progressive onset MS (primary progressive MS). The
relapsing onset cases consisted of 1200 (49.5%) patients with
relapsing remitting MS and 823 (34%) with secondary progressive
MS on census day.

As expected, persons with progressive onset symptoms had
higher disability levels compared with relapsing onset cases. Dis-
ability levels (EDSS) stratified by type of onset are presented for
sex, ethnicity and nature of onset symptoms in Table 2.

Linear modelling showed that temporal variables (age, age at
onset of symptoms, and their interactions) (Table 3) or age, disease
duration and their interactions (Table 4) explained 22–23% of the
variation in EDSS, while onset type (relapsing or progressive) and
onset symptoms, explained 10–11%, with no significant contribu-
tion from sex or ethnicity. The models also demonstrated that
age has a significant effect on disability independent of age at onset
of symptoms and disease duration (p < 0.001). Overall, the results
indicated that disability increased with increasing age (p < 0.001)
and disease duration (p < 0.001), and decreased with intermediate
ages of onset (p < 0.001). Those with sensory only symptoms at the
onset had milder disability compared with those with spinal motor
symptoms at onset (p < 0.05).

The profiles of disability by age, age at onset and disease dura-
tion are presented for relapsing and progressive onset MS in Fig-
ure 1. The profiles show average disability generally increasing
with increasing age and disease duration for typical combinations
of age, disease duration and age of onset. The profile of average dis-
ability by age of onset appears more complex, being higher at
younger and older ages of onset.
duration are presented for relapsing and progressive onset multiple sclerosis.



Table 1
Demographic and clinical characteristics of the 2006 New Zealand multiple sclerosis
cohort

Characteristic Relapsing
onset

Progressive
onset

Total

Patients 2023 (83.5) 399 (16.5) 2422
Sex
Male 443 (21.9) 155 (38.8) 598
Female 1580 (78.1) 244 (61.2) 1824

Age, years 49.6 ± 12.7 58.0 ± 11.5 51.0 ± 12.9
Age at symptom onset, years 33.7 ± 10.0 42.3 ±11.3 35.1 ± 10.7
Disease duration, years 17.2 ± 12.0 17.1± 11.2 17.2 ± 11.9
EDSS 4.0 ± 2.6 6.3 ± 2.0 4.4 ± 2.6
Nature of first symptoms
Optic nerve 402 (19.9) 4 (1.0) 406
Spinal cord 618 (30.5) 289 (72.4) 907
Brain stem/cerebellar 394 (19.5) 43 (10.8) 437
Sensory only 330 (16.3) 15 (3.8) 345
Polysymptomatic and
other

233 (11.5) 35 (8.8) 268

Missing 46 (2.3) 13 (3.3) 59

Data are presented as mean ± standard deviation or count (%) where appropriate.
EDSS = Expanded Disability Status Scale.

Table 2
Disability levels in the New Zealand multiple sclerosis population

Characteristic Relapsing onset
(n = 2023)

Progressive onset
(n = 399)

Sex
Male 3.8 ± 2.4 6.2 ± 1.9
Female 4.1 ± 2.6 6.3 ± 2.0

Ethnicity
Māori 4.0 ± 2.8 6.6 ± 1.6
Non-Māori 4.0 ± 2.6 6.3 ± 2.0

Nature of first symptoms
Optic nerve 4.2 ± 2.7 7.0 ± 1.4
Spinal cord syndrome 4.3 ± 2.5 6.3 ± 1.9
Brainstem/Cerebellar 3.9 ± 2.5 6.2 ± 2.3
Sensory only 3.5 ± 2.4 6.1 ± 2.1
Polysymptomatic and other 3.9 ± 2.7 6.2 ± 2.0

Values represent mean ± standard deviation of Expanded Disability Status Scale
scores.
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4. Discussion

This nationwide study of MS in NZ, a country with a high preva-
lence of the disease, provides a disability profile of a prevalence
cohort that was studied at a time when few patients were receiving
disease modifying treatments. Overall, approximately 60% of the
MS population experienced moderate or severe disability (EDSS
3.5 or greater). The study identified demographic, clinical and tem-
Table 3
Regression coefficients from the Expanded Disability Status Scale model on age and age a

Per decade

b b

Demographic
Male �0.01
Māori 0.02

Clinical
Progressive onset 1.98
Symptoms at onset
Spinal (including motor) 0.22
Sensory only �0.27

Temporal
Age 1.24 1.65
Age at onset �0.74 �0.79
Age � Age at onset 0.002 0.22
Age � Progressive onset �0.54 �0.72

Total R2

Temporal variables scaled by mean and standard deviation, mean age 51 years and mea
CI = confidence interval.
poral factors associated with disability. Overall, these factors
explained about one-third of variation in disability (Table 3, 4).
Age, age of onset and disease duration together accounted for
22–23% of the disability variation; this included both their individ-
ual and interacting effects. The nature of first symptoms and type
of clinical onset (progressive or relapsing) explained another 10–
11%. While it is recognised that two-thirds of disability variation
was unexplained by our models, the associations that were
observed are of interest and are now discussed.

For those aged over 50 years, increasing age was clearly associ-
ated with increasing disability, the association being most strongly
evident in those with relapsing onset MS (Fig. 1). This association
could reflect a number of factors. One factor might be age-
related changes in pathogenic mechanisms, for example a shift
from adaptive to innate immune-mediated tissue damage with
older age as patients evolve from a relapsing remitting to sec-
ondary progressive disease course [21]. There may also be an
adverse effect on disease course of age-related comorbid disorders
such as hypertension and hyperlipidaemia [22]. Increasing survival
of older people with MS [23] may also enhance the association of
age with disability.

Interestingly, our model of age of onset versus disability shows a
non-linear pattern with higher disability at younger and older ages
of onset and lower disability when onset was at intermediate ages
(Fig. 1). The higher disability with younger age of onset may reflect
longer disease duration amongst subjects seen during a single
time-point prevalence study. Higher disability at older age of onset
has been previously reported [24,25] and may reflect the greater
likelihood of a progressive course in older age groups. However,
caution is needed when interpreting the relationship of age of
onset with disability when data is collected in the context of a sin-
gle time point prevalence study as reported here. Age of onset may
be spuriously increased by incomplete recall of past clinical events,
especially when they are more remote in time. For the same rea-
son, disease duration may also be underestimated. Although time
of symptom onset was confirmed using available clinical records,
it is still possible that past events have not been recalled by
patients, which could limit the interpretation of study results.
Notwithstanding, we observed a clear relationship of increasing
disability with increasing disease duration (Fig. 1).

Consistent with previous studies patients with the relapsing
onset type of MS had less disability than those with a progressive
onset [6,7,10,12,13,26], the latter also having an older age of onset
as previously well documented [26,27]. Our observations are in
accordance with a number of studies reporting sensory only and
spinal motor symptoms at onset of disease being associated with
t onset

Standardized R2

95% CI p value Total

<0.01%
(�0.21, 0.20) 0.94
(�0.55, 0.59) 0.95

10.5%
(1.69, 2.26) <0.0001

(0.02, 0.42) 0.033
(�0.53, 0.00) 0.048

22.7%
(1.53, 1.77) <0.0001
(�0.90, �0.68) <0.0001
(0.13, 0.30) <0.0001
(�1.00, �0.44) <0.0001

33.2%

n age at onset 35 years.



Table 4
Regression coefficients from an Expanded Disability Status Scale model on age and disease duration

Per decade Standardized R2

b b 95% CI p value Total

Demographic <0.01%
Male �0.01 (�0.22, 0.19) 0.91
Māori 0.01 (�0.56, 0.58) 0.97

Clinical 10.5%
Progressive onset 1.90 (1.62, 2.19) <0.0001
Symptoms at onset
Spinal (including motor) 0.21 (0.01, 0.41) 0.036
Sensory only �0.30 (�0.56, �0.03) 0.028

Temporal 22.3%
Age 0.47 0.62 (0.49, 0.75) <0.0001
Disease duration 0.73 0.88 (0.74, 1.01) <0.0001
Age � Disease duration �0.001 �0.14 (�0.23, �0.05) 0.002
Age � Progressive onset �0.32 �0.43 (�0.69, �0.17) 0.001

Total R2 32.8%

Temporal variables scaled by mean and standard deviation, mean age 51 years and mean disease duration 18 years.
CI = confidence interval.
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better and poorer disability status, respectively [7,28,29]. Male sex
has sometimes been reported to be associated with higher disabil-
ity [30,31], however on careful scrutiny this may in part reflect a
higher proportion of males with a primary progressive course
[7,32]. In our large population based study, sex did not differenti-
ate disability after correction for all other predictors including
the type of onset (progressive or relapsing onset). Our results are
in accordance with some studies [32–34] that have also reported
no sex effect on disability outcome. Ethnicity has been associated
with rapid disability progression in Canadian First Nation peoples
[35] and African Americans [36]. However, we did not find such
differences in disability profiles between NZ indigenous Māori
and non-Māori.

This study used multiple sources of case ascertainment with an
estimated capture rate of 96.7% of the entire cohort of people with
MS in NZ on census day 2006. Disability scores are not available for
the entire prevalence cohort; however the available scores (83%)
were uniformly distributed throughout the country, across sexes
and ethnicity. Furthermore, the proportions of telephone to clinical
EDSS assessments were uniform throughout the country and mean
EDSS scores were similar between the telephone and clinically
assessed groups, thus limiting any geographical or methodological
bias in the type of disability assessments. The possible effect of dis-
ease modifying therapies on disability was not ascertained. The
NZNMSPS did not collect information on the number of patients
on disease modifying therapies, however considering the first
available, modestly effective disease modifying therapies with a
stringent eligibility criteria had only been recently introduced
(2000) [37], it is estimated that a small number (<20%) [37] of
patients were treated with these drugs with limited benefit by
2006, and thus are likely to have had no material effect on the clin-
ical features of our cohort in 2006.

In summary, our modelled analysis of data obtained in a
national prevalence cohort has identified several clinical and tem-
poral features that were associated with disability in MS. While
there are limitations interpreting such associations in a point
prevalence study, it may be informative to undertake further
investigation to understand the basis of such associations. The
mechanisms that underlie the strong association of older age with
increasing disability in relapsing onset MS may be of particular
interest.
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