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Abstract
It is unknown whether the currently known risk factors of multiple sclerosis reflect the etiology of progressive-onset multiple 
sclerosis (POMS) as observational studies rarely included analysis by type of onset. We designed a case–control study to 
examine associations between environmental factors and POMS and compared effect sizes to relapse-onset MS (ROMS), 
which will offer insights into the etiology of POMS and potentially contribute to prevention and intervention practice. This 
study utilizes data from the Primary Progressive Multiple Sclerosis (PPMS) Study and the Australian Multi-center Study of 
Environment and Immune Function (the AusImmune Study). This report outlines the conduct of the PPMS Study, whether 
the POMS sample is representative, and the planned analysis methods. The study includes 155 POMS, 204 ROMS, and 558 
controls. The distributions of the POMS were largely similar to Australian POMS patients in the MSBase Study, with 54.8% 
female, 85.8% POMS born before 1970, mean age of onset of 41.44 ± 8.38 years old, and 67.1% living between 28.9 and 
39.4° S. The POMS were representative of the Australian POMS population. There are some differences between POMS 
and ROMS/controls (mean age at interview: POMS 55 years vs. controls 40 years; sex: POMS 53% female vs. controls 78% 
female; location of residence: 14.3% of POMS at a latitude ≤ 28.9°S vs. 32.8% in controls), which will be taken into account 
in the analysis. We discuss the methodological issues considered in the study design, including prevalence-incidence bias, 
cohort effects, interview bias and recall bias, and present strategies to account for it. Associations between exposures of 
interest and POMS/ROMS will be presented in subsequent publications.
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Introduction

Multiple sclerosis (MS) is a chronic inflammatory neurode-
generative disorder of the central nervous system that carries 
a high personal morbidity and economic burden [1]. Clini-
cally, MS can be divided into relapse-onset MS (ROMS) 
and progressive-onset MS (POMS). ROMS presents with 
periods of acute neurological impairment (relapse) followed 
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by complete or partial remission, while POMS presents with 
a progressive phase without relapses or remission from 
onset[2]. ROMS generally includes people with relaps-
ing–remitting MS (RRMS), of which a majority later con-
vert to the secondary progressive MS (SPMS) phenotype 
where relapses largely cease and disability progression is 
more marked, while POMS is synonymous with primary 
progressive multiple sclerosis (PPMS) as stated in the Lublin 
classification [2, 3].

There is a consensus that these two MS onset types are 
not separate diseases but subtypes of the same process, with 
the observed relatively minor differences in magnetic reso-
nance imaging (MRI) and pathological markers seemingly 
more quantitative than qualitative [3, 4]. Nonetheless, stud-
ies have identified differences between the two groups. For 
example, in POMS, the female to male sex ratio is much 
closer to one [5], the mean age at onset is around 10 years 
later than ROMS [6], and the latitudinal gradient in the 
frequencies of disease seems merely absent [7, 8]. From a 
pathophysiological perspective, a diffuse axonal degenera-
tion is observed in POMS, in contrast to the more inflam-
matory demyelinating lesions seen in ROMS [9]. In recent 
years, dramatic progress has been made in the development 
of treatments for patients with relapsing–remitting MS [10, 
11], while only one treatment, ocrelizumab, has been shown 
as effective in reducing the rate of disability progression and 
MRI changes in people with POMS [12, 13].

Despite the apparent differences in particularly the epi-
demiology of progressive vs. relapse-onset disease, there 
has been relatively little work examining POMS cases in 
isolation. Instead, observational studies examining the envi-
ronmental risk factors of MS have typically just included all 
people with MS with a minority of POMS cases, in keeping 
with their frequencies in the population, roughly 80–85% 
with ROMS and 10–15% with POMS. Accordingly, unless 
sample sizes were large, case–control and cohort studies 
have been unable to conduct analyses by onset type. There-
fore, the current established and canonical risk factors for 
MS may be more likely to reflect the etiology of ROMS 
rather than that of POMS, and their relevance to POMS 
needs to be clarified.

Studies focusing specifically on risk factors in samples of 
POMS are limited, and none examined these characteristics 
in comparison to a parallel sample of ROMS. A group in 
Iran conducted two separate case–control studies between 
2018 and 2020, including cases who were diagnosed with 
PPMS during the study period and sex-matched controls 
who were identified through random-digit dialling. The first 
study focused on dietary intake during adolescence (n = 143 
cases, 400 controls) [14], and the second study on stressful 
life events in the 5 years prior to diagnosis (n = 146 cases, 
294 controls) [15]. POMS cases were more likely to report 
lower intakes of dairy, seafood, red meat, vegetables, fruit, 

and nuts, suggesting that higher intakes of these food groups 
during adolescence may be associated with a reduced risk of 
POMS [14]. None of the specific stressful life events in the 
5 years prior to diagnosis was associated with an increased 
risk of POMS [15]. Depression history in the 5 years before 
POMS diagnosis was also associated with a 3.48-fold higher 
risk of POMS onset, though this could be interpreted as part 
of what is now known as an the MS prodrome [16].

It is important to understand whether the current known 
risk factors for MS also specifically apply to people with 
POMS and whether the effect sizes are similar for POMS 
compared to ROMS. It will offer insights in the importance 
of specific risk factors and their associated mechanisms 
of action. We conducted a case–control study examining 
whether the established risk factors for MS also hold in 
people with POMS, whether the effect sizes are similar or 
different compared to people with ROMS, and whether there 
are risk factors for those with POMS that have not previously 
been shown in ROMS. The study was linked to the AusIm-
mune Study, which has previously implicated or substanti-
ated a number of key risk factors for MS risk, including sun 
exposure and vitamin D [17, 18], early-life hygiene-related 
factors [19], occupational exposures [20], offspring number 
and pregnancy [21], anti-Epstein–Barr virus antibody levels 
and infectious mononucleosis history [22], smoking [11], 
and diet [23].

In this publication, we outline the methods and conduct of 
the Primary Progressive Multiple Sclerosis (PPMS) Study, 
assess whether the POMS sample is representative, and dis-
cuss the methodological issues considered in study design 
and planned analysis. Descriptive results regarding the sam-
ples are presented, whilE associations between exposures of 
interest and POMS/ROMS will be presented in subsequent 
publications.

Methods

Description of the AusImmune Study

The AusImmune Study is an incident, matched, multi-center 
case–control study (2003–2006) with participants recruited 
from four regions of Australia (Fig. 2) [24]. The cases are 
people aged 18–59 years, with a first clinical diagnosis 
(FCD) of central nervous system demyelination within the 
study period, including (1) those with a classic first demy-
elinating event (FDE, defined as a single, first, episode of 
demyelination with no recalled prior undiagnosed episodes 
suggestive of an FDE), (2) those presenting with an FCD 
who on specific questioning also had an earlier historical 
episode suggestive of an FCD), and (3) those with a first 
clinical diagnosis of POMS. Cases were referred to the study 
by medical specialists after the first clinical presentation and 
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a study neurologist confirmed the date and symptomatology 
of their FCD and conducted a detailed neurologic examina-
tion. Clinical information for each case was reviewed annu-
ally by the study neurologist group to assess eligibility. A 
total of 282 FCD cases were recruited and 279 were included 
in the analyses.

FCD cases were subsequently followed in the ongoing 
extension study, the AusImmune Longitudinal (AusLong) 
Study, to investigate the risk factors for early MS progres-
sion through annual telephone data collection, and face-to-
face interviews at 2 or 3 years, 5 years, and 10 years post-
baseline. A 15-years follow-up is in process. This included 
the assessment of conversion to MS, based on clinical and/or 
MRI parameters in keeping with MS diagnostic criteria [25].

The controls for the AusImmune Study were randomly 
selected from the Australian Electoral Roll, matched on 
age (within 2 years), sex, and region of residence of the 
cases. Among the 1118 initially selected controls, 937 (84%) 
were successfully contacted, and 558 (60%) were matched 
to an eligible case and included in the study. Based on the 
estimated incidence of FCD in the source populations, the 
following case:control ratios were defined for each study 
region: Brisbane City 1:2, Newcastle Region 1:4, Geelong 
City and the Western Districts of Victoria 1:3, Tasmania 
1:1 [20].

For the current study, we use the data for FCD partici-
pants who subsequently developed MS and the control 
participants. Of the original 282 FCD participants, 3 were 
excluded during follow-up because their presenting event 
was found to be due to another neurological condition (one 
neuromyelitis optica spectrum disorder, one Susac’s syn-
drome, and one pineal germinoma), and thus not a valid 
FCD. Of the remaining 279 participants, 236 participated 
at the 5-years review and 225 at the 10-years review, among 
which 204 (73.1%) are classified as ROMS and 18 (6.5%) 
as POMS, whereas 36 (12.9%) did not develop MS and 21 
(7.5%) were lost to follow-up (14 no longer wished to par-
ticipate, 3 relocated and became uncontactable, 2 were too 
ill to continue participating, and 2 were deceased). These 
numbers align with the literature, with approximately 65% 
converting to MS after 10 years [26].

Study design considerations

The original plan for the PPMS Study was to recruit 350 
people with prevalent POMS, aged 18–59 years, and resi-
dent in Australia. We included prevalent rather than inci-
dent cases, as the incidence of POMS is too low to recruit 
incident POMS in a logistically feasible fashion. Further, 
we expanded from the four Australian regions in the Aus-
Immune Study to include recruitment from throughout 
Australia. With over 25,600 Australians living with MS, of 
which an estimated 10–15% are POMS, there were estimated 

to be 2560–3840 POMS cases that potentially could par-
ticipate in the study. Beyond this initial case–control study, 
we also planned to conduct a longitudinal study, as was 
done in the AusLong Study, following the POMS partici-
pants annually and examining the factors predicting clinical 
progression.

An initial target sample size of 350 was selected to pro-
vide sufficient statistical power for the examination of inter-
actions between main effects, while allowing for drop-out 
in the longitudinal study over 5–10 years follow-up in the 
longitudinal phase. For the longitudinal study, we included 
those aged ≥ 60 years. Thus, those < 60 years were invited 
to participate in both the case–control study and the longi-
tudinal study, while those ≥ 60 years were only invited to 
participate in the longitudinal study.

Unfortunately, recruitment was more challenging than 
anticipated. This required a number of changes to the 
case–control study design:

•	 Reducing the recruitment target to 150 participants: as 
a result, for a binary exposure of 30%, 40%, 50% preva-
lence, the minimum OR (for univariate associations 
between risk factors and the probability of developing 
PPMS) able to be detected with 80% power is 1.71, 1.68, 
1.69 in the smaller sample of 150 cases and 558 controls 
than 1.50, 1.47, 1.47 in the original sample of 350 cases 
and 558 controls.

•	 Expanding the age range to include people over the age 
of 60 years: we recruited additional participants who 
agreed to participate in the longitudinal study to also par-
ticipate in the case–control study. We first invited those 
aged 60–62 years and gradually increased the cutoff from 
60 to 62 to 65 years as required.

•	 Due to logistical limitations and the high costs involved 
(using a commercial pathology service), biological sam-
pling was discontinued and only samples from the first 
48 participants were retained for future analysis.

•	 With a dedicated longitudinal study becoming less fea-
sible, it was decided to instead invite participants to 
become part of the Australian MS Longitudinal Study 
(AMSLS). The AMSLS is managed by author van der 
Mei. This study tracks patient-reported outcomes of Aus-
tralian with MS over time and runs surveys on specific 
topics at annual or other intervals.

Case definition and confirmation of eligibility

To recruit participants for both the case–control and lon-
gitudinal study, we included participants with POMS who 
were ≥ 18 years and resident in Australia. The final inclu-
sion criteria of the case–control study included people with 
POMS, aged 18–65 years at the time of recruitment, and res-
ident in Australia. After informed consent, the participant’s 



	 Journal of Neurology

1 3

treating neurologist was approached to determine the eligi-
bility for definite primary progressive MS according to the 
2010 McDonald criteria [27]. The treating neurologist was 
also asked to provide an estimated date of first symptom and 
diagnosis date of MS. The study neurologist (BT) contacted 
the case and/or physician and reviewed the medical notes as 
needed to clarify information regarding a formal diagnosis.

Participant recruitment strategies

Figure 1 provides the flowchart of POMS participant recruit-
ment (Oct 2015–May 2019). We used the following methods 
to recruit POMS participants:

1.	 From established MS databases, we approached people 
who met the inclusion criteria, and sent them invitation 
packs:

a.	 AMSLS: from the AMSLS, 68 participants were 
sent invitation packs.

b.	 Tasmanian MS Longitudinal (MSL) Study: from 
previous Tasmanian MSL Study, we sent out 23 
invitation packs.

c.	 AusImmune/AusLong Study: from the AusImmune/
AusLong Study, we identified five people under age 
60 and diagnosis with POMS. We cross-checked the 
name, date of birth, and sex to ensure they were not 
duplicates of AMSLS and/or the Tasmanian MSL 
Study databases and sent out invitation packs.

2.	 We approached Australian MS Societies from the states 
and territories of Australia (Western Australia, Queens-
land, South Australia and Northern Territory, New 
South Wales, Victoria, Tasmania, and Australia Capital 
Territory) and asked them to send invitation packs to 
clients in their databases identified as having POMS. A 
total of 462 invitation packs were sent by MS Societies. 
In addition, the MS Societies for New South Wales, Vic-
toria, and the Australia Capital Territory advertised the 
study in their newsletters. A total of 72 invitation packs 
were sent to the societies to be sent to their clients who 
responded to the newsletter advertisement.

3.	 We contacted 95 Australian neurologists and asked them 
to send invitation packs to patients in their databases 
identified as having POMS. A total of 489 invitation 
packs were sent to the neurologists to be sent to their 
patients.

4.	 We recruited participants via Facebook by sponsoring a 
Facebook post inviting Australian residents over the age 
of 18 years with POMS to register their details and be 
sent an invitation pack. The Facebook settings were such 
that the post would appear in the newsfeed of users that 
liked MS-related pages or were part of support groups 

of MS. This subgroup of users would likely have had an 
interest in MS, have MS themselves, and/or know some-
one with MS. In addition, Facebook pages with large 
followings, such as MS Research Australia (> 16,000 
followers at the time), MS Australia (> 16,000 follow-
ers), Multiple Sclerosis Advisory Council (> 2400 fol-
lowers), and Kiss Goodbye to MS Australia (> 94,000 
followers) shared our recruitment post to increase inter-
action. A total of 25 invitation packs were sent through 
this recruitment strategy.

Participants recruited

From a total of more than 1072 invitation packs sent, 184 
(17.2%) provided a statement of informed consent form to 
participate in this study (Fig. 1). The highest numbers of 
participants were recruited via the MS Societies (n = 51) 
and neurologists (n = 34). Of the 184 people who provided 
consent, 26 (14.1%) did not fulfill the criteria for POMS, 
leaving 158 eligible participants. Of the 158 eligible par-
ticipants, 11 did not return questionnaires after multiple 
contact attempts (Fig. 1), and another 7 eligible partici-
pants withdrew from the study, including 3 who no longer 
wished to participate, 1 who was too ill to participate, 
and 3 who had other reasons. A total of 140 participants 
completed the mailed Environmental Questionnaire and 
the Personal Residence and Work Calendar (Calendar), 
and 138 completed the 1-h Computer-Assisted Telephone 
Interview (CATI). Ten participants completed the CATI 
survey on paper because they were unwell or had speech 
difficulties, and five participants completed the CATI over 
two sessions due to fatigue.

Table 1 shows basic demographic and disease charac-
teristics of the participants. Compared to ROMS cases and 
their matched controls, POMS cases were more likely to be 
male, were more likely to be born in an earlier decade and 
substantially older at interview, were somewhat older at age 
of first symptom, and were more likely to live between 28.9 
and 39.4° S latitude bands. POMS cases also had higher 
disability scores at the time of interview compared with the 
ROMS cases. Although the AusImmune POMS cases were 
incident cases and thus younger in age, with shorter dis-
ease duration and milder disability, there were no significant 
changes in the characteristics when they were combined with 
the PPMS Study recruited cases.

Figure 2 shows the distribution of the POMS participants 
and controls within Australia. The majority of POMS partic-
ipants were located in or near the four AusImmune regions 
that the ROMS and controls lived. However, there were also 
groups who lived away from these four regions, including 
people living in the Australian Capital Territory, South Aus-
tralia, Western Australia, and in the far north of Queensland.
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Measurements

The data collection was completed between November 
2015 and November 2020. Nearly all data collection was 

completed prior to the 2019 coronavirus (COVID-19) out-
break and the study was not impacted by COVID-19. Par-
ticipation involved: (1) the completion of a mailed Environ-
mental Questionnaire and a mailed Personal Residence and 

Informed consent provided (n=184)
Sources of recruitment: AMSLS (16), 

Tasmanian MS databases (5), AusLong 

(2), MS society (44), MS Society 

Newsletter (7), Neurologist (34), 

Facebook (8), unknown sources (68)

Eligibility Confirmed (n=158)
• Aged 18-65

• Diagnosis of PPMS (confirmed by 

neurologists using McDonalds 

criteria1)

• Be resident of Australia

Ineligible (n=26)
• Not POMS

Not participate (n=18)
• 11 wouldn’t answer 

phone calls or emails. 

• 7 withdrew (no longer 

wishes to part take (3), 

too ill to participate (1), 

other (3))

Invitation criteria
1. Aged ≥18 years

2. PPMS or uncertain MS type

3. Be resident of Australia

Questionnaire/Interview completed
• Environmental Questionnaire 

n=140 (88.6%) 

• Personal Residence and Work 

Calendar n=140 (88.6%) 

• Computer Assisted Telephone 

Interview n=138 (87.3%)

Included for analysis 
• Environmental Questionnaire (155)

• Personal Residence and Work 

Calendar (155)

• Computer Assisted Telephone 

Interview (153)

Additional 15 POMS from 

Ausimmune Study

Invitation (packs sent n >1072 from 
year to year)
• POMS participants existing in MS 

established databases (AMSLS (68), 

Tasmanian MS databases (23), 

AusLong (5))

• Advertising through MS Societies

a. MS Societies looked up on their 

database (462) 

b. PPMS Study advertisement in 

their newsletter (72)

• Neurologists (489)

• Facebook advertising (25)

Fig. 1   Flowchart for recruitment and participation of POMS participants of PPMS Study from year to year
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Work Calendar, and (2) participation in a CATI. The first 
48 participants were also asked to visit a local pathology to 
provide a blood sample.

For the questionnaires, validated measures were used 
where possible. The participants were interviewed in 
a standardized manner by a study officer for the CATI. 
The survey tools and standardized protocol were largely 

identical to those used in the AusImmune Study [24], the 
latter reducing interviewer bias and inter-interviewer dif-
ferences. However, some sections of the questionnaire 
were removed (current dental health; stressful life events 
in the previous 12 months), because for prevalent cases, 
current/recent exposures would not assess the exposure 
prior to the disease onset. Face-to-face interviews were 

Table 1   Demographic and clinical characteristics of participants in PPMS study, AusImmune study

Patient characteristics from MSBase were used to assess the representativeness of the recruited POMS participants. PPMS Study: Primary Pro-
gressive Multiple Sclerosis Study; AusImmune Study: The Australian Multi-center Study of Environment and Immune Function Study; POMS: 
progressive-onset multiple sclerosis
a In MSBase, latitude of the relevant MS clinic was used as the proxy of latitude of residence
b Education data were only partly available for MSBase
c For POMS cases, the EDSS was measured by a telephone assessment of EDSS. For ROMS cases, the EDSS was assessed by a neurologist after 
recruitment into the study. In MSBase, the EDSS was assessed by neurologists during clinic encounters. The demyelinating event that brought 
them into the study may have resulted in a temporary residual disability

PPMS
POMS

PPMS and 
AusImmune 
POMS

MSBase
All POMS

MSBase
Australian POMS

AusImmune ROMS Ausimmune Controls

(n = 140) (n = 155) (n = 4094) (n = 386) (n = 204) (n = 558)

Female, n (%) 75 (53.6%) 85 (54.8%) 2146 (52.4%) 222 (57.5%) 166 (81.4%) 436 (78.1%)
Period of birth year, n (%)
 Before 1960 49 (35.0%) 59 (38.1%) 1565 (39.1%) 153 (40.6%) 44 (21.6%) 169 (30.5%)
 1960–1969 72 (51.4%) 74 (47.7%) 1316 (32.9%) 146 (38.7%) 75 (36.8%) 180 (32.4%)
 After 1970 19 (13.6%) 22 (14.2%) 1121 (28.0%) 78 (20.7%) 85 (41.7%) 206 (37.1%)

Year of birth, mean ± SD 1962 ± 5.64 1962 ± 6.41 1964 ± 10.83 1962 ± 9.38 1967 ± 9.53 1965 ± 9.76
Age at first symptom (years), 

mean ± SD
41.09 ± 8.11 41.44 ± 8.38 38.85 ± 10.11 40.47 ± 9.59 36.97 ± 9.52 –

Age at diagnosis (years), 
mean ± SD

45.20 ± 7.96 45.15 ± 8.21 42.59 ± 10.25 43.71 ± 9.54 38.92 ± 9.64 –

Age at interview (years), 
mean ± SD

55.29 ± 5.98 54.50 ± 6.97 49.85 ± 9.92 52.54 ± 8.68 37.73 ± 9.59 39.98 ± 9.75

Disease duration since first 
symptom (years), mean ± SD

14.25 ± 7.76 13.08 ± 8.20 11.00 ± 7.90 12.08 ± 8.21 0.77 ± 1.03 –

Latitude banda

  ≤ 28.9 °S 20 (14.3%) 27 (17.4%) 212 (5.18%) 43 (11.1%) 69 (33.8%) 183 (32.8%)
 28.9–34.6° S 46 (32.9%) 48 (31.0%) 572 (13.97%) 148 (38.3%) 32 (15.7%) 111 (19.9%)
 34.6–39.4° S 51 (36.4%) 56 (36.1%) 948 (23.16%) 172 (44.6%) 49 (24.0%) 148 (26.5%)
  > 39.4°S 23 (16.4%) 24 (15.5%) 2364 (57.69%) 23 (6.0%) 54 (26.5%) 116 (20.8%)

Education levelb

 Primary school or less 4 (2.9%) 5 (3.3%) 276(26.8%) 0 3 (1.5%) 16 (2.9%)
 Secondary/technical educa-

tion
91 (65.5%) 101 (66.0%) 296(28.7%) 34 (45.9%) 148 (73.3%) 395 (71.3%)

 University 42 (30.2%) 45 (29.4%) 459(44.52%) 40 (54.1%) 51 (25.3%) 143 (25.8%)
EDSS at interviewc, mean ± SD 5.77 ± 1.67 5.63 ± 1.76 5.49 ± 1.83 5.72 ± 1.89 1.39 ± 1.24 –
Disability category at interview
 No disability (EDSS < 2) 0 1 (0.7%) 85 (2.5%) 10 (3.6%) 116 (59.8%) –
 Mild disability (EDSS 2–3.5) 22 (16.1%) 29 (19.1%) 554 (16.5%) 38 (13.7%) 70 (36.1%) –
 Moderate disability (EDSS 

4–6)
35 (25.6%) 39 (25.7%) 1405 (41.7%) 99 (35.7%) 7 (3.6%) –

 Severe disability (EDSS 
6.5–9.5)

80 (58.4%) 83 (54.6%) 1324 (39.3%) 130 (46.9%) 1 (0.5%) –
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replaced by CATIs, and instead of the interviewer assess-
ing the most appropriate skin, eye, and hair color from ref-
erence charts, this was done by the participants. The CATI 
additionally assessed disability and the symptoms at onset, 
which were queried by neurologists in AusImmune Study.

The data collected included demographic details, early-
life exposures (breastfeeding, childcare attendance, sup-
plement use, exposure to younger and older siblings), 
gynecologic/reproductive history (females only), sun 
exposure history, skin type (color, sensitivity to sun), 
tobacco and marijuana smoking, medical history including 
infectious illnesses, family history of medical conditions, 
occupational and recreational exposure to chemicals and 
other exposures, disability level and symptoms at onset, 
and their beliefs about the causes of MS. A full list of vari-
ables is provided in Supplementary Table 1.

In the Calendar, participants completed for each year of 
their lives their location of residence, number and type(s) 
of pets, schooling or occupation, and days worked per 
week. This information was used in the CATI to com-
plete leisure time sun exposure, in summer and winter, 
and occupational sun exposure, with the interviewer guid-
ing participants through the Calendar to identify blocks 
of time where sun behavior was similar and where it 
increased or decreased.

Addressing design choices that may introduce bias

For cost-efficiency, we decided to re-use the data from 558 
controls that were collected as part of the AusImmune Study, 
rather than spending substantial manpower and resource on 
collecting data from a new control group. It also allowed 
us to use the AusImmune data to examine the effect sizes 
of risk factor for those with ROMS and compare them with 
those with POMS. There are, however, a number of differ-
ences that could potentially introduce bias.

Prevalent vs. incident POMS cases

The POMS cases that were recruited as part of the PPMS 
Study were prevalent cases (mean disease duration of 
10.13 ± 7.08 years) while the ROMS cases were incident 
cases from AusImmune, recruited at the time of their first 
clinical diagnosis of a demyelinating event. It is preferable to 
use incident cases in a case–control study because the recall 
or assessment of exposures is less likely to be influenced by 
their disease or post-onset disease-related changes. Moreo-
ver, the POMS cases had a longer time to recall pre-onset 
events, potentially leading to some greater inaccuracies. In 
addition, the diagnosis of MS, their current exposures along 
with their beliefs about the causes of their MS, may have 

Fig. 2   The map of POMS cases from the PPMS Study and ROMS 
cases, controls from the AusImmune Study1. 1. AusImmune Study 
participants were recruited from four study regions: Brisbane City 

(latitude 27° South), Newcastle City and surrounds (33° South), Gee-
long City and the Western Districts of Victoria (37° South), and the 
island state of Tasmania (43° South)
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altered their recall of some queried parameters. Therefore, 
disease-related changes could potentially influence their 
exposures prior to the onset of MS. In our questionnaires, 
we focused on exposures that occurred prior to MS symptom 
onset. We asked both the cases and controls about the extent 
that they believed that several factors might have caused 
their MS. Such participant beliefs about the importance of 
some factors as causes of MS may have led them to bet-
ter recall or give greater attention to recollection of such 
parameters than someone who did not think those factors 
as important. Querying their opinions about factors’ impor-
tance to MS enables us to limit analyses for those factors 
to those who did not think that exposure was an important 
risk factor (those who are less likely to be biased in their 
reporting). We have used this method successfully in the 
past, where we conducted a sensitivity analysis by limiting 
to those who did not think sun exposure was an important 
risk factor and finding a similar effect compared to the total 
sample, which suggested that the main findings were less 
likely to be biased [28]. We also utilized memorable past 
events in the Calendar as guideposts to assist with accuracy 
of sun exposure recall [29]. Using a Calendar method as well 
as a questionnaire method will also allow us to assess the 
consistency of findings between measures.

Representativeness and matching of controls

In this study, the POMS cases were intended to represent 
Australian POMS cases between age 18 and 65 years. To 
assess the external representativeness of the case group, we 
compared the POMS cases with the POMS participants in 
MSBase, an international dataset of MS patients collected 
by participating neurologists with the informed consent 
of the participants [30]. We selected MSBase participants 
with POMS aged 18–65 years old. We then captured their 
data at their first neurologist visit after 2016 or the nearest 
visit to 2016, the median year of collection in the PPMS 
Study. Table 1 shows some minor differences between all 
the included MSBase POMS patients (n = 4094) from 131 
MS clinics in 40 countries and those MSBase POMS cases 
from 21 MS clinics in Australia (n = 386). Latitude of the 
relevant MS clinic was used as the proxy of latitude of resi-
dence. Education data were only partially available, and the 
categorization could have varied depending on the global cut 
points. The distributions of characteristics of the Australian 
MSBase POMS and our POMS sample were largely similar, 
although some small not clinically significant differences 
were observed.

In terms of differences in the PPMS Study POMS cases 
and controls, the POMS cases could live anywhere in Aus-
tralia (ranging in latitude from 17 to 43° S), while the 
AusImmune controls came from four specific regions as 
per the AusImmune Study (ranging in latitude from 27 to 

43° S). In addition, due to the aforementioned recruitment 
challenges, we extended the included age for the POMS 
participants to 65  years while the controls were aged 
18–59 years old. Importantly, the controls were matched 
to the original AusImmune cases by age, sex, and loca-
tion, whereas the new cases would not necessarily have 
this matching. Indeed, Table 1 shows the different latitude 
band distributions between POMS and ROMS cases and 
controls. We will undertake different methods of analysis 
to address these differences, including adjusting for age 
of first symptom, sex, and latitude band, and conducting 
separate analyses using: (1) matched pairs and (2) weights 
for the controls to reflect the age, sex, and locational dis-
tribution of the Australian source population (see below). 
Furthermore, for exposures that are particularly influ-
enced by latitude (such as sun exposure), we will consider 
restricting POMS patients to those residing in the same 
area as ROMS/controls.

Potential period‑of‑birth cohort effects

In general, people born in the same period are more likely 
to have subsequent life experiences that are similar, by 
virtue of living in comparable years. Comparing groups 
that are not born in the same period, and thus belong to 
different “birth cohorts”, may introduce bias. The data col-
lection of the controls took place between 2003 and 2006 
while the data collection of the POMS cases took place 
between 2015 and 2021. As described, POMS cases were 
on average 17.6 years older than those with ROMS and 
15.3 years older than the controls at time of interview, 
while the age of first symptoms only differed by 4.5 years 
between those with POMS and ROMS (Table 1). As we 
conducted data collection for the PPMS Study on average 
12 years later than the data collection of the AusImmune 
Study, the mean year of birth was on average 5 years dif-
ferent (Table 1).

To assess whether any differences seen between cases 
and controls, or between POMS and ROMS, could be 
partly attributable to these period-of-birth cohort effects, 
we will examine whether exposures are associated with 
period of birth. If there is an association, we will first 
adjust for period of birth and see to what extent the effect 
size will alter. Second, we will conduct a sensitivity analy-
sis by matching POMS cases and controls on age to see 
whether the result for the matched analysis provides con-
sistent results with our primary analysis. If, for a particular 
exposure, we still have concerns about residual bias, we 
will attempt to restrict participants to the same time period 
(e.g., individuals born between 1960 and 1969) and con-
duct subgroup analyses to further mitigate this potential 
bias.
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Statistical analyses

Based on the aforementioned concerns, we will use the fol-
lowing statistical methods in the future case–control analy-
ses and also as a guide for other relevant research.

The primary method of analysis will be binary logistic 
regression, conducted separately for the POMS vs. controls, 
and the ROMS vs. controls, and adjusting for age, sex, and 
latitudinal band of each subject’s residential location. To 
adjust for age, we will use the age at first MS symptoms for 
the POMS cases rather than the age of interview, as for the 
ROMS, the age at interview is equivalent to the age of first 
symptoms. In this study, we theoretically have a multino-
mial outcome (control = 1, ROMS case = 2, POMS case = 3), 
and the preferred method of analysis would be multinomial 
regression. However, we will not use multinomial logistic 
regression to report results due to its limitations that mul-
tinomial logistic regression estimates relative risk ratios, 
not odds ratios. It will only be used to test for differences 
between coefficients of the same covariate at different lev-
els of the multinomial outcome, as a method of assessing 
whether the relative risk ratios differ between POMS and 
ROMS.

As a secondary analysis, the controls will be matched 
where possible to cases based on age (within 5 years), sex 
and latitude band. This will replicate the matching of con-
trols to ROMS cases in the AusImmune Study, except that 
the matching by age in the AusImmune Study had been 
within 2  years. This matching reduced the 155 POMS 
cases, 204 ROMS cases, and 558 controls to 61 matched 
POMS–control pairs and 203 matched ROMS–control pairs. 
The method of analysis will be conditional logistic regres-
sion, conducted separately for the POMS–control pairs and 
the ROMS–control pairs. This will produce two sets of odds 
ratio estimates of the effect of study factors. Matching on age 
to within 2 years was not attempted because of the dispro-
portionate reduction in sample size that would have resulted. 
We can also match POMS and controls based on year of 
birth (5-year groups) rather than age of first symptom. This 
will result in 64 matched pairs. This type of matching can 
be used for exposures where period of birth is of particular 
concern.

As an additional secondary analysis, the controls will be 
weighted to reflect the age, sex, and locational distribution 
of the Australian source population. Age, sex, and residen-
tial data on the Australian population (2016 Statistical Area 
Level 2, SA2) were extracted from the Australian Bureau of 
Statistics (ABS) website [31] and used in the weighting. We 
had two controls under the age of 20 and two controls who 
were 60 years of age by the time interviews were completed. 
To avoid high statistical weights, we included these in the 
20–24 and 55–59 year age groups, respectively. Controls in 
each of 64 strata (eight 5-year age groups, two sexes, four 

latitude bands) were assigned equal weights calculated as the 
population count for that stratum divided by the number of 
controls in the stratum. The method of analysis will be two 
separate binary (weighted) logistic regression controlling for 
age (age at first symptoms for POMS cases, age at interview 
for ROMS cases or controls), sex, and latitude band.

Discussion

The total POMS–ROMS–control dataset comprises 155 con-
firmed POMS participants, 204 ROMS participants, and 558 
controls. This is an internationally unique dataset, allowing 
the examination of a broad spectrum of environmental fac-
tors specifically for POMS as well as a comparison of effect 
sizes between POMS and ROMS. This project will improve 
the understanding of the etiology of MS for POMS, which 
may contribute to unravelling the mechanisms of POMS and 
ultimately lead to the development of novel treatments and 
interventions.

With the recruitment, we were surprised how difficult 
it was to recruit sufficient POMS participants. The highest 
numbers of participants were recruited via the MS Societies 
(n = 51) and neurologists (n = 34), where we mailed invita-
tion packages to clients directly, while the recruitment via 
Facebook resulted in a low return (n = 8). There may be a 
number of reasons for the poor uptake. First, a high level of 
disability and symptom burden may have prevented them 
from participating. It is known that people with POMS have, 
on average, a higher disability level, a higher symptom load, 
and lower health-related quality of life compared with those 
with ROMS [32]. In the current dataset, those with POMS 
had an average EDSS score of 5.7, with more than half par-
ticipants (54.6%) in the category of severe disability (EDSS 
6.5–9.5). Second, we found that 14.1% (26/184) did not ful-
fill the criteria for POMS and were ineligible to participate. 
The diagnosis of the onset type is not always straightfor-
ward. It is possible that some people with a progressive-
onset type may have been missed.

In terms of the external representativeness of the POMS 
sample, comparisons with MSBase patients showed that our 
sample is largely representative in demographic and clinical 
characteristics, and that despite the difficulties with recruit-
ment, we were still able to recruit participants with a higher 
disability level.

This study highlighted some differences between POMS 
cases, ROMS cases, and controls related to age, sex, loca-
tion of residence, and birth cohort. It will be important to 
take these factors into account. We will, therefore, adjust for 
age of first symptom, sex, and latitude, birth cohort, and use 
confirmatory analysis, including a matching approach and 
an approach by which we use sampling weights to make the 
controls better represent the Australian population. However, 
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we will still pay attention when reporting any association as 
there remains a possibility of residual confounding despite 
the robust adjustments applied.

While we cannot fully eliminate bias associated with 
using prevalent rather than incident POMS cases, we will 
only assess exposures that occurred prior to the disease onset 
and, for some exposures, we will use sensitivity analyses by 
limiting to those who do not believe the study exposure is a 
potential risk for MS. This method was successfully used in 
previous studies [28].

Conclusion

This report described the conduct of a case–control study 
of people with POMS and ROMS to examine whether the 
established risk factors for MS also hold in people with 
POMS, whether the effect sizes are similar or different 
compared to people with ROMS, and whether there are risk 
factors for those with POMS that have not been shown in 
ROMS. The identification of potential types of bias as well 
as having methods to minimize them is essential in the gen-
eration of valid results that are representative for other MS 
populations.
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