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Abstract 

Background

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a disabling 

chronic illness. Many people with ME/CFS (pwME/CFS) are unable to continue 

employment and require support to complete activities of daily living. Despite this, 

ME/CFS remains unrecognised as a disability in Australia. The present study aimed 

to highlight the profound burdens experienced by pwME/CFS over time to provide 

evidence of permanency and necessitate reforms to Australian healthcare policies.

Methods

Data were collected for this longitudinal investigation between 1st October 2021 and 

3rd October 2024. All participants were Australian residents aged between 18 and 65 

years fulfilling the Canadian or International Consensus Criteria. Sociodemographic 

information, medical history, illness presentation and patient-reported outcomes were 

collected using three self-administered questionnaires distributed at approximately 

six-month intervals. Illness presentation and patient-reported outcomes were investi-

gated over 12 months with Cochran’s Q, Friedman and one-way repeated measures 

ANOVA tests using Statistical Package for the Social Sciences version 29.0. Quality 

of life data were compared with Australian population norms using one-sample Wil-

coxon signed-rank tests.

Results

Thirty-two pwME/CFS (n = 22/32, 68.8% female) participated at all three time points. 

At baseline, the mean age was 44.03 years and median illness duration was 12.50 

years. Participants reported a median of 30 symptoms at each time point — the 

http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0338433&domain=pdf&date_stamp=2025-12-29
https://doi.org/10.1371/journal.pone.0338433
https://doi.org/10.1371/journal.pone.0338433
http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0001-8452-6656
mailto:breanna.weigel@griffithuni.edu.au


PLOS One | https://doi.org/10.1371/journal.pone.0338433  December 29, 2025 2 / 27

most common of which were also the most severe in presentation. Importantly, there 

were no significant changes in any symptom or patient-reported outcome over the 

12-month study period. Overall health status, physical health and the ability to par-

ticipate in daily and work life activities were the most substantially impacted. Quality 

of life was significantly reduced among pwME/CFS when compared with population 

norms at all time points.

Conclusions

PwME/CFS face substantial and sustained illness burdens. These consistent, pro-

found impairments emphasise the need for improved access to disability and social 

support services for pwME/CFS in Australia through policy reform.

Background

Myalgic Encephalomyelitis/Chronic Fatigue Syndrome (ME/CFS) is a complex, 
chronic illness associated with debilitating, multi-systemic symptoms [1–3]. Approx-
imately 1% of the global population is affected by the illness [4]. ME/CFS is charac-
terised by cognitive, autonomic and immune dysfunction, as well as disrupted sleep, 
myalgia, arthralgia and neurosensory disturbances [1–3,5–8]. Post-exertional malaise 
is the defining feature of ME/CFS and describes the worsening of symptoms follow-
ing physical, mental or emotional exertion [1–3,5–8].

The spectrum of the illness presentation of ME/CFS ranges from a retained ability 
to participate in some premorbid life activities to being bed-bound and unable to com-
plete basic self-care activities [2,3]. People with ME/CFS (pwME/CFS) may also fluc-
tuate in their health status and experience periods of reduced impairment, as well as 
periods of severe and disabling illness [1–3,8]. As evidence-based treatment options 
are limited and less than 10% of pwME/CFS experience permanent remission, the 
prognosis of ME/CFS is almost always life-long illness [1–3,7–10].

Care protocols for ME/CFS typically involve a multidisciplinary team of healthcare 
professionals to manage symptoms and maximise functioning [1–3,8]. Many pwME/
CFS require assistance to complete daily activities from support workers or carers 
(including informal carers, such as family or friends) or through the use of disability 
supports, such as mobility aids or home modifications [7,8,11,12].

There is also an extensive personal economic burden that is foisted upon pwME/
CFS, as approximately 50% to 60% of pwME/CFS are unable to continue employ-
ment due to their illness [12–17]. Those with the capacity to continue employment are 
typically unable to work full-time [2,7,11,12,18,19]. In addition to lost income, Close 
et al. [19] reported that each Australian living with ME/CFS faces a direct, annual 
healthcare cost of approximately $20,000 according to patient-level data collected 
between 2017 and 2019. Hence, financial aid, care subsidies and access to federally 
funded disability support services, such as the National Disability Insurance Scheme, 
are imperative for pwME/CFS to not only optimise their health outcomes and quality 
of life (QoL), but also to prevent further deterioration in health [1–3,7,8,11].
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However, pwME/CFS are frequently deemed ineligible and denied access to such necessary supports [11,20–23]. 
Despite previous Australian research documenting the extensive, disabling impacts of the illness [15,24,25], ME/CFS 
remains unrecognised as a disability in Australia [11,20]. The Australian Public Service Commission [26] defines disability 
as “a limitation, restriction or impairment, which has lasted, or is likely to last, for at least six months and restricts everyday 
activities.” However, fulfilment of this definition alone does not constitute eligibility to access essential disability support 
services, such as the Disability Support Pension and the National Disability Insurance Scheme [11,20]. The eligibility 
criteria for these services, instead, demand extensive supporting documentation, including biological evidence of illness 
to confirm the permanence of physically disabling conditions [11,20]. A biomarker that is both indicative of illness pres-
ence and proportional to illness severity or prognosis remains yet to be identified for ME/CFS and, consequently, is not 
a component of the condition’s current diagnostic criteria [1,2,4,7,9]. The most stringent diagnostic criteria for ME/CFS 
that are currently available, being the Canadian Consensus Criteria (CCC) [5] and International Consensus Criteria (ICC) 
[6], capture the illness duration and impact on daily activities requirements specified within the Australian Public Service 
Commission’s [26] definition of disability. Low remission rates further corroborate the largely permanent nature of ME/CFS 
[1–3,7–10]. Despite this, ME/CFS continues to be excluded from the list of acquired disabilities eligible for the National 
Disability Insurance Scheme — a program funded by the federal government designed to facilitate access to subsidised 
support services for people living with disability in Australia [11,20].

Support services may be accessed privately; however, this incurs extensive personal financial costs [7,18,19]. Multi-
morbidity and the use of several medications are also common among pwME/CFS and compound the financial burden of 
those affected [8,18,19,27]. This is further complicated by a lack of income support. Johnston et al. [16] and Eaton-Fitch 
et al. [15] reported that 42.2% and 49.3% of Australians with ME/CFS who were unemployed due to their illness, respec-
tively, were not receiving the Disability Support Pension [15,16], which is Australia’s federally funded income support 
program.

It is imperative that the healthcare policies that govern access to disability and social support services in Australia be 
reformed to reflect the long-term, disabling symptoms experienced by pwME/CFS and fulfil the support needs of this 
illness cohort. The present study, therefore, aimed to highlight the profound and sustained burdens among pwME/CFS by 
documenting illness presentation and patient-reported outcomes over a 12-month period. Specifically, the present study 
served to answer the following research question: “Do the illness burdens (including symptom presentation and patient- 
reported outcomes) associated with ME/CFS change over time?”.

This is the first detailed, longitudinal analysis of the illness burdens faced by pwME/CFS in Australia. Such nation- 
specific data are integral to develop federal healthcare policies that are guided by the lived experiences of pwME/CFS. 
Patient-reported outcome measures (PROMs) employed in existing Australian research have been similarly used in this 
longitudinal study to foreground that the previously documented impairments in health and wellbeing among pwME/CFS 
are consistent and long-term.

Methods

Study design and participants

Data were collected for this longitudinal, prospective panel study at the National Centre for Neuroimmunology and Emerging 
Diseases (NCNED), Griffith University, Gold Coast campus, Queensland, Australia from 1st October 2021–3rd October 2024. 
The sampling frame consisted of approximately 1,500 people enrolled in the NCNED’s participant database, as previously 
described [15,28]. The database was screened for participants providing valid data within the last two months who were: a) 
aged between 18 and 65 years; b) residents of Australia; c) English speakers; d) non-smokers; and e) not currently pregnant 
or breastfeeding. Participants fulfilling this preliminary eligibility criteria (n = 246) were contacted with recruitment information.

The sociodemographic information, medical history and symptoms of those who responded to the recruitment invi-
tations (n = 111) were collected to confirm their illness status, as well as to identify any exclusionary health conditions 
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reported by the participants. This study required participants to both: a) report having received a formal diagnosis of ME/
CFS from a physician and b) experience an illness presentation consistent with the CCC [5] or ICC [6]. Respondents 
reporting additional diagnoses that may explain or confound their symptoms or functional limitations were excluded. Exclu-
sionary diagnoses included: a) genetic or metabolic diseases; b) active or previous (if in remission) autoimmune diseases; 
c) malignancy within the last five years; and d) premorbid history of mental health illness. Participants who reported 
non-exclusionary conditions (such as hypertension or polycystic ovary syndrome) but met all other eligibility criteria were 
retained in the study providing the additional diagnoses were believed to be controlled and were not substantially contrib-
uting to their symptoms.

Exclusion criteria were met by n = 54 respondents. An additional n = 6 participants opted out of the study and n = 19 par-
ticipants did not complete the two follow-up questionnaires. The total number of eligible participants with valid data was, 
therefore, n = 32. Fig 1 depicts the exclusion and non-participation of participants at each stage of the present study.

Ethical approval was acquired for this study from the Griffith University Human Research Ethics Committee (Reference 
Number: 2021/518). Informed consent was obtained from all respondents during screening and at each time point via the 
completion of a mandatory consent question to grant access to the online questionnaires. Consent to the future use of 
collected data was also requested during screening in the event of a respondent’s non-participation. Unidentifiable group 
statistics of the non-participants (including participants lost to follow-up and ineligible respondents) are only reported 
herein for those who consented to the future use of their data (n = 19 and n = 18, respectively). All n = 32 pwME/CFS who 
participated at all three time points of the present study provided their informed consent to participate in the research and 
to publish unidentifiable group results prior to commencing the questionnaire at each time point.

The study design and methods of data collection and storage have been informed by and comply with the Griffith Uni-
versity Ethics Manual [29], the Australian Government National Health and Medical Research Council National Statement 
on Ethical Conduct in Human Research 2023 [30], the World Medical Association Declaration of Helsinki [31] and the 
Strengthening the Reporting of Observational Studies in Epidemiology Statement guidelines [32] (S1 Table, Additional file 
1).

Data collection

Participants provided their sociodemographic information, medical history, illness presentation and patient-reported out-
comes by completing a self-administered questionnaire at three time points (T

0
, T

1
 and T

2
) separated by approximately 

six-month intervals. The questionnaires were distributed online, as digital offline copies, as paper copies and over the 
phone depending on each participant’s preference. Items capturing the participants’ sociodemographic characteristics and 
medical history were derived from the NCNED’s Research Registry Questionnaire, as previously described [15,24]. Symp-
tom presentation and patient-reported outcomes (including overall health status, QoL, functional capacity and fatigue 
impact) were measured using existing validated and internationally recognised instruments [5,6,33–39]. Although reliability 
statistics are provided for the PROMs employed throughout this research, the validation of these PROMs was not a com-
ponent of the present study’s analyses.

Online questionnaires were administered via the Research Electronic Data Capture (REDCap) survey platform (Van-
derbilt University, Nashville, Tennessee [40,41]). All data collected via offline methods were entered into REDCap for 
storage. Upon commencing the first questionnaire, participants were assigned an alphanumeric code to link subsequent 
questionnaires and deidentify the responses in data analysis. Participants who did not submit their responses or had not 
been in contact with the research team within 30 days of receiving the questionnaire were considered lost to follow-up.

Sociodemographic characteristics.  At T
0
, participants provided their age in years, sex at birth, ethnicity, country 

of birth, height in centimetres, weight in kilograms and the highest level of education obtained (primary school, high 
school, professional training, undergraduate or postgraduate). Continuing education status and employment status were 
confirmed at each time point. Among those employed at the time of completing the questionnaire, the number of hours in 
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paid employment per week and whether employment was casual, part-time or full-time were also queried. The number of 
hours spent completing domestic work and access of social support were requested from all participants. Social support 
included access to the Disability Support Pension, as well as informal care received from family or friends.

Medical history.  Illness onset information was collected at T
0
 to confirm the participants’ illness duration. Participants 

were invited to list all health concerns (including illnesses, injuries or surgeries, as well as any allergies, intolerances or 
sensitivities) to identify the presence of exclusionary diagnoses. “Illnesses” referred to any ongoing or resolved chronic 
illnesses, as well as any major acute illnesses. The T

0
 questionnaire requested all health concerns from birth to date. 

Subsequent questionnaires queried changes to existing health concerns and the presence of new health concerns 
since the previous time point. Capturing this data also permitted analysis of the presence of comorbid entities, which 
are described in the CCC and ICC as health conditions that are frequently concurrently diagnosed with ME/CFS [5,6]. 
Participants also reported the impact of their illness (yes or no) on the four life activities outlined in the ICC, including 
occupation, education, social activities and recreational activities, at each time point.

Symptom presentation.  The questionnaire captured over 50 different symptoms derived from the CCC and ICC across 
six symptom categories: a) neurocognitive impairments, b) pain, c) sleep disturbances, d) neurosensory, perceptual and motor 
disturbances, e) immune, gastrointestinal and urinary impairments, and f) energy production/transportation impairments, as 
well as post-exertional malaise and general malaise. Participants recorded the severity of each symptom within the month prior 
to completing the questionnaire, as well as whether they believed the symptom in question to be attributable to their ME/CFS, 
at each time point. Self-reported symptom severity was scored using the five-point Likert scale values from the Centers for 
Disease Control and Prevention’s Symptom Inventory for ME/CFS [37]: 1) very mild, 2) mild, 3) moderate, 4) severe or 5) very 
severe. Post-exertional malaise severity was scored on a three-point Likert scale: 1) a little, 2) a fair bit or 3) a lot.

Symptoms were considered present if they were reported as being: a) at least very mild within the month prior to com-
pleting the questionnaire and b) attributable to ME/CFS. Fulfilment of the CCC and ICC was ascertained by evaluating 
symptom presence. The Widespread Pain Index was also employed to identify participants with probable comorbid fibro-
myalgia (FM). Pain in at least seven body areas was considered consistent with the American College of Rheumatology’s 
FM case definition [39].

PROMs.  Validated PROMs were employed to assess the participants’ perceptions of their overall health status, 
QoL, functional capacity and fatigue impact. Participants’ perceptions of their overall health status were quantified 
with the Australia-modified Karnofsky Performance Scale (AKPS) [33] and Dr Bell’s Chronic Fatigue and Immune 
Dysfunction Syndrome (CFIDS) Disability Scale [34]. The scores returned by these single-item instruments correspond 
to the percentage of overall functioning and range from 0% to 100%, increasing in 10% increments [33,34]. QoL was 
assessed with the 36-Item Short-Form Health Survey version 2 (SF-36v2) [38]. Domain scores for this PROM range from 
0% to 100% and correspond to the percentage of QoL [38]. Functional capacity was quantified with the World Health 
Organization Disability Assessment Schedule version 2.0 (WHODAS 2.0) [36]. Domain scores for this PROM range from 
0% to 100% and correspond to the percentage of disability or difficulty in functioning. Fatigue impact was measured with 
the Modified Fatigue Impact Scale (MFIS) [35]. All domains have a minimum score of 0 with maximum scores of 36, 40 
and 8 for the Physical, Cognitive and Psychosocial domains, respectively.

Statistical analysis

This longitudinal study had a within-subjects, repeated measures design and captured categorical, Likert scale, nonpara-
metric continuous and parametric continuous data. All data stored in REDCap was exported to Statistical Package for the 
Social Sciences (SPSS) version 29.0 (IBM Corp, Armonk, New York [42]) for analysis. The α-level for all statistical tests, 
including post-hoc analyses, was α = 0.05. All p-values are correct to two significant figures except where p < 0.001. The sta-
tistical methods employed have been guided by the existing literature [43,44] and deemed appropriate by an external bio-
statistician. For all variables where applicable, the number and percentage of participants with missing data are provided.
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Categorical variables included the presence of additional diagnoses, the presence of comorbid entities, sex at birth, 
ethnicity, country of birth, education status, current employment status, access of social support, diagnostic criteria 
fulfilled, symptom prevalence and perceived impact on life activities. Numbers and percentages are provided for these 
categorical variables. Exact Cochran’s Q tests were used to compare the distribution of employment status, access of 
social support, diagnostic criteria fulfilled, symptom prevalence and perceived impact on life activities between the three 
time points. For categorical variables returning significance, post-hoc analyses were performed using exact McNemar’s 
tests for each of the three possible pairings of the study’s time points (T

0
 v T

1
, T

1
 v T

2
 and T

0
 v T

2
). Pairwise McNemar’s 

tests were subsequently adjusted for multiple comparisons with the Bonferroni correction.
Likert scale data included employment status among those employed, symptom severity, AKPS scores and Dr Bell’s 

CFIDS Disability Scale scores. Summary statistics for these data are presented as medians and consensus (C) values. 
Manual calculations of the consensus values were informed by Tastle et al. [45]. The Shapiro-Wilk test was employed to 
determine the normality of the continuous variables, as the size of the study sample was n < 50. Homogeneity of variances 
was also investigated using Levene’s test for the normally distributed variables. Normally distributed, homoscedastic contin-
uous variables were analysed with parametric statistical analyses, whereas non-normally distributed continuous variables 
and normally distributed, heteroscedastic variables were compared over time using nonparametric statistical methods.

The median (M), quartile 1 to quartile 3 (Q1–Q3) and 95% confidence intervals (95%CI) of the median are provided 
for all nonparametric continuous variables, including body mass index (BMI), illness duration, hours of domestic work per 
week, all SF-36v2 domains, the Cognition, Mobility, Life Activities 2 and Participation domains of the WHODAS 2.0, and 
the Cognitive of the MFIS. Total number of symptoms was also treated as a nonparametric continuous variable, as the val-
ues for this variable are discrete. Friedman tests were employed to compare Likert scale data and nonparametric contin-
uous variables across the three time points. Post-hoc analyses were conducted for variables returning significance using 
pairwise Wilcoxon signed-rank tests adjusted with the Bonferroni correction for multiple comparisons.

Parametric continuous variables (including age, hours of paid work per week, the Self-Care, Getting Along and Life 
Activities 1 domains of the WHODAS 2.0, and the Physical and Psychosocial domains of the MFIS) are summarised as 
means, standard deviations and 95%CIs of the mean. One-way repeated measures ANOVA models were generated to 
compare parametric continuous variables between the three time points. Sphericity of the parametric continuous variables 
was assessed with Mauchly’s test. For variables violating sphericity, the p-values adjusted with the Greenhouse-Geisser 
correction are reported. Outliers were also investigated to determine the validity of the ANOVA results. Post-hoc analyses 
were performed for variables returning significance and adjusted for multiple comparisons with the Bonferroni correction.

One-sample Wilcoxon signed-rank tests were performed to compare the SF-36v2 scores at each time point with 
published Australian population norms [46]. Domains returning significance were adjusted with the Benjamini-Hochberg 
correction for multiple comparisons.

Reliability statistics were generated for all PROM subscales where applicable. McDonald’s ω values were calculated for all 
PROM domains composed of at least three items at each time point to determine internal consistency, which was defined as 
ω ≥ 0.7 [47]. The six- and 12-month test-retest reliability of the PROM domains was investigated by performing bivariate cor-
relations of the PROM domain scores at T

0
 when compared with those at T

1
 and T

2
. Pairwise correlations were generated with 

Kendall’s Tau-b for Likert-scale PROMs (including the AKPS and Dr Bell’s CFIDS Disability Scale), Spearman’s correlations for 
nonparametric PROM domains (including all SF-36v2 domains, the Self-Care, Getting Along and Life Activities 1 WHODAS 2.0 
domains, and the Physical domain of the MFIS) and Pearson’s correlations for parametric PROM domains (including the Cogni-
tion, Mobility, Life Activities 2 and Participation WHODAS 2.0 domains and the Cognitive domain of the MFIS).

Results

Thirty-two pwME/CFS participated at all three time points of the present longitudinal study (Fig 1). The response rate 
among the 246 participants who received recruitment invitations was 13.0%. Participants completed the questionnaire in a 
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median of four (Q1–Q3 = 1–10) days at T
0
, two (Q1–Q3 = 1–10) days at T

1
 and two (Q1–Q3 = 1–8) days at T

2
. The median 

time to completion was 252 (Q1–Q3 = 199–302) days between T
0
 and T

1
 and 198 (Q1–Q3 = 191–210) days between T

1
 

and T
2
. All sociodemographic and illness characteristics among the n = 32 participants with ME/CFS are provided in Tables 

1 and 2. Comparisons between the participants with the n = 19 participants lost to follow-up and n = 18 ineligible respon-
dents are displayed in S2 and S3 Tables (Additional files 2 and 3, respectively). An overview of the statistical analysis 
methods employed to compare the non-participants with the participants, as well as the results observed, is provided as 
supplementary material (S1 Text).

All n = 32 participants fulfilled the CCC at baseline. In addition to their ME/CFS diagnosis, ten (n = 10/32, 31.3%) partic-
ipants reported additional diagnoses that they believed to be controlled. One (n = 1/32, 3.1%) participant reported diagno-
ses of both eosinophilic oesophagitis and localised hypermobility spectrum disorder and another (n = 1/32, 3.1%) reported 
diagnoses of both hydronephrosis and pulmonary foramen ovale. Other additional diagnoses included attention deficit/
hyperactivity disorder (n = 1/32, 3.1%), Barrett’s oesophagus (n = 1/32, 3.1%), bipolar disorder (n = 1/32, 3.1%), hyperten-
sion (n = 1/32, 3.1%), large vein incompetence (n = 1/32, 3.1%), polycystic ovary syndrome (n = 2/32, 6.3%) and vaginal 
prolapse (n = 1/32, 3.1%).

Sociodemographic and illness characteristics

Most participants were female (n = 22/32, 68.8%). The mean age and median illness duration at T
0
 was 44.03 (s = 10.71) 

years and 12.50 (Q1–Q3 = 6.63–20.54) years, respectively. All participants reported at least one comorbid entity captured 
within the CCC or ICC at least once across the three time points. There was a median of five (Q1–Q3 = 3–7) total comor-
bid entities per participant throughout the study. FM (n = 30/32, 93.8%), food intolerance (n = 20/32, 62.5%) and chemical 
sensitivity (n = 16/32, 50.0%) were the most common comorbid entities. Whilst only three (n = 3/32, 9.4%) participants 
reported having received a diagnosis of FM, 90.6% (n = 29/32) of participants returned a Widespread Pain Index score 
of 7 or more, consistent with the pain requirements for the American College of Rheumatology’s FM case definition [39]. 
Asthma (n = 12/32, 37.5%), irritable bowel syndrome (IBS) (n = 11/32, 34.4%), orthostatic intolerance (n = 12/32, 37.5%) 
and sensitivity to medications (n = 12/32, 37.5%) were experienced by over one-third of the participants. Additional comor-
bid entities reported included abnormal mast cell function (n = 2/32, 6.3%), chronic regional pain syndrome (n = 1/32, 3.1%) 
and vulvodynia (n = 1/32, 3.1%).

Employment and social support

There were no significant changes in employment or social support over the 12-month study period. Most (n = 19/32, 
59.4%) participants were unemployed due to their illness and remained unemployed throughout the study (p = 0.11). Over 
half of those unemployed (n = 12/22, 54.5%) were not receiving the Disability Support Pension at any time point (p = 1.0). 
One participant (n = 1/22, 4.5%) gained access to the Disability Support Pension at T

2
. Most of the employed participants 

(n = 11/13, 84.6%) reported working part-time at least once across the three time points (p = 0.72). None of the participants 
were working full-time. Three (n = 3/13, 23.1%) participants alternated between casual and part-time hours throughout the 
study. The mean time spent in paid work ranged from 12.69 to 14.20 hours per week (p = 0.94). Over three-quarters of the 
participants (n = 25/32, 78.1%) reported receiving informal care from family or friends at least once throughout the study 
(p = 0.39). Among these 25 participants, over half (n = 14, 56.0%) were receiving informal care at all time points. Approxi-
mately half of the participants (T

0
 n = 21/30, 65.6%; T

1
 n = 16/29, 50.0%; T

2
 n = 17/28, 53.1%) consistently spent less than 

10 hours completing domestic work per week (p = 0.61).

Fig 1.  Participant recruitment, assessment for eligibility and study completion. Abbreviations: CCC Canadian Consensus Criteria; ICC Interna-
tional Consensus Criteria; NCNED National Centre for Neuroimmunology and Emerging Diseases.

https://doi.org/10.1371/journal.pone.0338433.g001

https://doi.org/10.1371/journal.pone.0338433.g001
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Table 1.  Sociodemographic and illness characteristics among all study participants at T0.

PwME/CFS

(n = 32)

Age (years, x̄ (s) [95%CI]) 44.03 (10.71) [40.17–47.89]

Missing 0 (0.0)

Sex at birth (n (%))

  Female 22 (68.8)

  Male 9 (28.1)

  Missing 1 (3.1)

Ethnicity (n (%)a

  Aboriginal Australian 2 (6.3)

  Anglo-Celtic 7 (21.9)

  Australian 19 (59.4)

  European 5 (15.6)

  Japanese 1 (3.1)

  Malaysian Chinese 0 (0.0)

  New Zealander 1 (3.1)

  White 9 (28.1)

  Missing 3 (9.4)

Country of birth (n (%))

  Australia 27 (84.4)

  Japan 1 (3.1)

  Malaysia 0 (0.0)

  New Zealand 2 (6.3)

  United Kingdom 1 (3.1)

  Missing 1 (3.1)

BMI (M (Q1–Q3) [95%CI]) 24.62 (21.01–29.76) [22.53–28.65]

  Missing 1 (3.1)

Education (n (%))

  High school 7 (21.9)

  Professional training (other than university) 10 (31.3)

  Undergraduate 11 (34.4)

  Postgraduate 4 (12.5)

  Missing 0 (0.0)

Continuing education (n (%))

  Yes 6 (18.8)

  No 25 (78.1)

  Missing 1 (3.1)

Illness duration (years, M (Q1–Q3) [95%CI]) 12.50 (6.63–20.54) [8.75–18.00]

  Missing 2 (6.3)

Comorbid entities (n (%))b

  Allergic rhinitis 10 (31.3)

  Anxiety 2 (6.3)

  Asthma 12 (37.5)

  Chemical sensitivity 16 (50.0)

  Depression 0 (0.0)

  FM 29 (90.6)

  Food intolerance 20 (62.5)

(Continued)
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Illness burden

The prevalence and severity symptoms, as well as the total number of symptoms and diagnostic criteria fulfilled, through-
out this study are summarised in Table 3. Distributions of symptom severity at each time point are provided in S4 Table, 
Additional file 4. The impacts on life activities among the participants and summary statistics for the AKPS, Dr Bell’s 
CFIDS Disability Scale, WHODAS 2.0 and MFIS are documented in Table 4. Summary statistics, as well as longitudinal 
analyses and comparisons with population norms, for the SF-36v2 domains are outlined in Table 5. Reliability statistics, 
including indicators of internal consistency and test-retest reliability, are provided in Table 6 for all PROMs. Most domains 
for which internal consistency statistics could be generated returned a sufficient ω value of greater than 0.7 at all time 
points. The General Health and Vitality subscales of the SF-36v2 and the Life Activities 2 subscale of the WHODAS 2.0 
were the only domains to return internal consistency scores less than 0.7 at least once throughout the study (T

0
 ω = 0.684 

and T
1
 ω = 0.683; T

0
 ω = 0.597; and T

0
 ω = 0.654, respectively). Scores at T

0
 were significantly correlated with those at T

1
 

and T
2
 for almost all PROM domains. The Role Emotional domain of the SF-36v2 was the only domain for which neither 

the T
0
 and T

1
 nor the T

0
 and T

2
 pairwise correlations were significant (p = 0.18 and p = 0.77, respectively).

Symptom presentation.  The median number of symptoms within the month prior to completing the questionnaire ranged 
from 30 to 34 at each time point. At all three time points, at least one-quarter of the participants reported experiencing over 
40 symptoms. The highest number of symptoms experienced at any time point was 53 (T

1
 n = 1/32, 3.1%). No significant 

changes were observed in the total number of symptoms over the 12-month study period (p = 0.96). Symptom data were 
missing for n = 1 participant at T

1
 who otherwise fulfilled the CCC and ICC at the first and final time points.

Importantly, none of the 54 symptoms queried in this longitudinal study were significantly different in prevalence or severity 
between the three time points. P-values could not be generated for the comparisons of slowed thought or unrefreshed sleep 
prevalence, as all participants providing valid data had consistently experienced these symptoms within the month prior to com-
pleting the questionnaire (T

0
 n = 31/31, 96.9%; T

1
 n = 31/31, 96.9%; T

2
 n = 28/28, 87.5% and T

0
 n = 31/31, 96.9%; T

1
 n = 30/30, 

93.8%; T
2
 = 28/28, 87.5%, respectively). Four symptom variables returned significant omnibus tests: the severity of post- 

exertional malaise, severity of myalgia, prevalence of waking earlier when compared with before illness onset and prevalence of 
feeling unsteady on feet. However, significance was lost for these symptoms upon adjustment for multiple comparisons.

PwME/CFS

(n = 32)

  IBS 11 (34.4)

  Irritable bladder syndrome 1 (3.1)

  Migraines 5 (15.6)

  Neurally mediated hypotension 5 (15.6)

  Orthostatic intolerance 12 (37.5)

  Postural orthostatic tachycardia syndrome 10 (31.3)

  Gastro-oesophageal reflux diseasec 6 (18.8)

  Restless legs syndrome 2 (6.3)

  Sensitivity to medications 12 (37.5)

Abbreviations: 95%CI 95% confidence interval; BMI Body mass index; FM Fibromyalgia; IBS Irritable bowel  
syndrome; M Median; PwME/CFS People with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome;  
Q1–Q3 Quartile 1 to quartile 3. a Sum of percentages is greater than 100.0%, as some participants identified  
with more than one ethnicity. b Presence of frequent concurrent diagnoses with ME/CFS captured within the  
CCC and ICC reported at least once across the three time points. c Includes participants self-reporting a  
diagnosis of acid reflux or gastro-oesophageal reflux disease.

https://doi.org/10.1371/journal.pone.0338433.t001

Table 1.  (Continued)

https://doi.org/10.1371/journal.pone.0338433.t001
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Post-exertional malaise was experienced by all participants providing valid data at T
0
 and T

1
 (n = 32/32, 100.0%; 

n = 30/30, 93.8%, respectively). One participant (n = 1/32, 3.1%) reported not experiencing post-exertional malaise at T
2
. 

Median post-exertional malaise severity scores corresponded to the highest level of post-exertional malaise severity at all 

Table 2.  Employment and social support among all study participants throughout the study.

PwME/CFS p

(n = 32)

Currently employed (n (%)) 0.11a

  Employed 10 (31.3)

  Discontinued employmentb 3 (9.4)

  Unemployed 19 (59.4)

  Missing 0 (0.0)

Receiving Disability Support Pension (n (%))c 1.0a

  Yes 10 (45.5)

  No 12 (54.5)

  Missing 0 (0.0)

Employment status (n (%))d 0.72e

  Casual 5 (38.5)

  Part-time 11 (84.6)

  Full-time 0 (0.0)

  Missing 0 (0.0)

Hours of paid work per week (x̄ (s) [95%CI])f 0.94g,h

  T
0

12.69 (9.98) [6.66–18.72]

  T
1

12.78 (8.65) [7.56–18.01]

  T
2

14.20 (7.63) [8.74–19.66]

Receiving social support (n (%))i 0.39a

  Yes 25 (78.1)

  No 7 (21.9)

  Missing 0 (0.0)

Hours of domestic work per week (M (Q1–Q3) [95%CI])j 0.61e

  T
0

6.50 (2.00–11.00) [3.00–7.00]

  T
1

6.00 (3.00–13.00) [4.00–10.00]

  T
2

4.50 (2.00–14.00) [2.00–10.00]

Abbreviations: 95%CI 95% confidence interval; M Median; NA Not applicable; PwME/CFS People with  
Myalgic Encephalomyelitis/Chronic Fatigue Syndrome; Q1–Q3 Quartile 1 to quartile 3. a Analysed with  
Cochran’s Q test. b Participants employed at T

0
 and T

1
 but unemployed at T

2
. c Among those who reported  

being unemployed at least once across the three time points (n = 22/32, 68.8%). d Among those who reported  
being employed at least once across the three time points (n = 13/32, 40.6%). Sum of percentages is greater  
than 100.0%, as some participants’ employment status changed throughout the study. e Analysed with  
Friedman test. f Among those who reported being employed (T

0
 n = 13/32, 40.6%; T

1
 n = 13/32, 40.6%; T

2
  

n = 10/32, 31.1%). Hours of paid work refers to the maximum number of hours worked in paid employment  
per week reported for each time point. g Analysed with one-way repeated measures ANOVA test. As  
sphericity was violated, the p-value reported has been adjusted with the Greenhouse-Geisser correction.  
h Refers to social support being received at the time of completing the questionnaire at least once  
throughout the study. Social support was defined as any informal care (ranging from help with housework,  
cooking or shopping to full-time assistance with activities of daily living) received from family or friends.  
i Hours of domestic work refers to the maximum number of hours per week spent completing domestic work  
(such as household chores and cleaning, yard maintenance and cooking) reported for each time point. j Data  
missing for participants who were unsure or did not provide a response (T

0
 n = 2/32, 6.3%; T

1
 n = 3/32,  

9.4%; T
2
 n = 4/32, 12.5%).

https://doi.org/10.1371/journal.pone.0338433.t002

https://doi.org/10.1371/journal.pone.0338433.t002
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(Continued)

Table 3.  Symptom presentation among all study participants at T0, T1 and T2.

T0 T1 T2 p

(n = 32) (n = 32) (n = 32)

Total number of symptoms  
(M (Q1–Q3) [95%CI])

34 (25–40) [27–38] 30 (23–43) 
[25–40]

33 (25–41) 
[27–38]

0.96a

  Missing 0 (0.0) 1 (3.1) 2 (6.3)

Diagnostic criteria (n (%))b

  CCC 32 (100.0) 27 (84.4) 29 (90.6) 0.12c

  ICC 22 (68.8) 20 (62.5) 21 (65.6) 1.0c

  Missing 0 (0.0) 1 (3.1) 0 (0.0)

T0 T1 T2 p

(n = 32) (n = 32) (n = 32) Prevalencec Severitya

Prevalence Severity Prevalence Severity Prevalence Severity

n (%)d M (C)e,f n (%)d M (C)e,f n (%)d M (C)e,f

Post-exertional malaise 32 (100.0) 3 (0.948) 30 (93.8) 3 (0.574) 31 (96.9) 3 (0.526) 1.0 0.013g

Neurocognitive impairments

  Slowed thought 31 (96.9) 3 (0.716) 31 (96.9) 3 (0.678) 28 (87.5) 3–4 (0.660) NA 0.76

  Impaired concentration 31 (96.9) 4 (0.643) 31 (96.9) 3 (0.645) 28 (87.5) 3–4 (0.642) 1.0 0.64

  Confusion 27 (84.4) 3 (0.644) 25 (78.1) 2 (0.681) 25 (78.1) 3 (0.642) 1.0 0.41

  Disorientation 19 (59.4) 2 (0.685) 18 (56.3) 2 (0.719) 17 (53.1) 2 (0.744) 1.0 0.56

  Cognitive overload 30 (93.8) 4 (0.649) 29 (90.6) 4 (0.684) 30 (93.8) 4 (0.719) 1.0 0.96

  Difficulty making decisions 29 (90.6) 3 (0.659) 28 (87.5) 3 (0.670) 27 (84.4) 3 (0.667) 0.44 0.27

  Slowed speech 25 (78.1) 2 (0.661) 26 (81.3) 2 (0.647) 24 (75.0) 3 (0.709) 0.47 0.076

  Impaired capacity for reading and 
comprehension

30 (93.8) 3 (0.623) 28 (87.5) 3 (0.747) 29 (90.6) 4 (0.631) 1.0 0.77

  Short-term memory loss 28 (87.5) 3 (0.765) 28 (84.4) 3 (0.557) 26 (81.3) 3 (0.699) 1.0 0.22

Pain

  Headache 29 (90.6) 3 (0.678) 19 (59.4) 3 (0.756) 21 (65.6) 3 (0.641) 0.19 0.80

  Migraine 9 (28.1) 3 (0.652) 10 (31.3) 3 (0.643) 9 (28.1) 3 (0.694) 1.0 0.37

  Myalgia 30 (93.8) 3 (0.718) 29 (90.6) 3 (0.715) 26 (81.3) 3 (0.675) 1.0 0.030g

  Arthralgia (without redness or swelling) 21 (65.6) 3 (0.730) 21 (65.6) 3 (0.732) 22 (68.8) 3 (0.740) 0.78 0.89

  Abdominal pain 21 (65.6) 3 (0.672) 15 (46.9) 3 (0.764) 15 (46.9) 3 (0.767) 0.49 0.14

  Chest pain 10 (31.3) 2 (0.739) 9 (28.1) 2 (0.717) 11 (34.4) 2 (0.721) 0.19 0.27

Sleep disturbances

  Insomnia 28 (87.5) 3 (0.591) 26 (81.3) 3 (0.694) 22 (68.8) 3 (0.688) 0.44 0.57

  Prolonged sleep (including naps) 24 (75.0) 3 (0.802) 24 (75.0) 3 (0.665) 21 (65.6) 3 (0.794) 0.51 0.76

  Sleeping most of the day and being 
awake at night

10 (31.3) 2 (0.551) 13 (40.6) 2 (0.601) 9 (28.1) 2 (0.617) 0.24 0.058

  Frequent awakenings 25 (78.1) 3 (0.645) 18 (56.3) 3 (0.694) 20 (62.5) 3 (0.696) 0.31 0.60

  Waking earlier when compared with 
before illness onset

11 (34.4) 3 (0.681) 8 (25.0) 3 (0.823) 8 (25.0) 3 (0.667) 0.025g 0.10

  Vivid dreams or nightmares 12 (37.5) 3–4 (0.571) 11 (34.4) 3 (0.668) 11 (34.4) 3 (0.727) 1.0 0.44

  Unrefreshed sleep 31 (96.9) 4 (0.699) 30 (93.8) 4 (0.720) 28 (87.5) 4 (0.717) NA 0.38

Neurosensory, perceptual and motor disturbances

  Inability to focus vision 23 (71.9) 3 (0.601) 22 (68.8) 2–3 (0.598) 20 (62.5) 3 (0.675) 1.0 0.37

  Sensitivity to sensationsh 29 (90.6) 3 (0.643) 26 (81.3) 3 (0.640) 28 (87.5) 3 (0.756) 1.0 0.43

  Impaired depth perception 15 (46.9) 3 (0.796) 13 (40.6) 3 (0.613) 12 (37.5) 3 (0.676) 1.0 0.85
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T0 T1 T2 p

(n = 32) (n = 32) (n = 32) Prevalencec Severitya

Prevalence Severity Prevalence Severity Prevalence Severity

n (%)d M (C)e,f n (%)d M (C)e,f n (%)d M (C)e,f

  Muscle weakness 28 (87.5) 3 (0.685) 26 (81.3) 3 (0.688) 27 (84.4) 3 (0.690) 1.0 0.42

  Muscle twitching 16 (50.0) 2 (0.662) 17 (53.1) 2 (0.725) 14 (43.8) 2 (0.680) 0.45 0.061

  Poor coordination 19 (59.4) 3 (0.681) 19 (59.4) 3 (0.623) 23 (71.9) 2 (0.665) 0.87 0.49

  Feeling unsteady on feet 24 (75.0) 3 (0.573) 20 (62.5) 3 (0.641) 21 (65.6) 3 (0.687) 0.038g 0.44

Immune, gastrointestinal and urinary impairments

  Lymphadenopathy 15 (46.9) 3 (0.713) 19 (59.4) 2 (0.552) 18 (56.3) 2 (0.614) 0.40 0.40

  Laryngitis 18 (56.3) 2–3 (0.686) 17 (53.1) 3 (0.619) 16 (50.0) 2 (0.758) 0.91 0.31

  Sinusitis 11 (34.4) 3 (0.632) 10 (31.3) 2 (0.776) 9 (28.1) 2 (0.683) 1.0 0.82

  Other flu-like symptoms 19 (59.4) 3 (0.720) 18 (56.3) 2 (0.671) 17 (53.1) 3 (0.628) 1.0 0.12

  Viral infections with prolonged recovery 
periods

8 (25.0) 3–4 (0.627) 11 (34.4) 3 (0.816) 6 (18.8) 3 (0.893) 0.56 0.37

  Nausea 16 (50.0) 3 (0.648) 15 (46.9) 3 (0.710) 16 (50.0) 3 (0.623) 1.0 0.77

  Abdominal cramps 14 (43.8) 3 (0.528) 11 (34.4) 2 (0.612) 9 (28.1) 3 (0.730) 0.81 0.88

  Bloating 16 (50.0) 3 (0.777) 11 (34.4) 3 (0.758) 15 (46.9) 3 (0.796) 0.44 0.55

  Urinary frequency or urinary urgency 12 (37.5) 3 (0.617) 13 (40.6) 3 (0.567) 15 (46.9) 3 (0.701) 1.0 0.29

  Nocturia 16 (50.0) 3 (0.771) 10 (31.3) 3 (0.661) 12 (37.5) 3 (0.812) 0.67 0.25

  Sensitivities to foods, medications or 
chemicals

26 (81.3) 3 (0.662) 26 (81.3) 3 (0.650) 24 (75.0) 3 (0.557) 1.0 0.51

Energy production/transportation impairments

  Heart palpitations 16 (50.0) 3 (0.648) 12 (37.5) 3 (0.631) 15 (46.9) 3 (0.813) 1.0 1.0

  Light-headedness or dizziness 26 (81.3) 3 (0.658) 19 (59.4) 3 (0.738) 20 (62.5) 3 (0.662) 0.44 0.41

  Air hunger 16 (50.0) 2–3 (0.595) 15 (46.9) 3 (0.749) 13 (40.6) 3 (0.685) 0.33 0.74

  Dyspnoea at rest 17 (53.1) 2 (0.705) 13 (40.6) 2 (0.668) 15 (46.9) 3 (0.580) 1.0 0.33

  Exertional dyspnoea 17 (53.1) 3 (0.703) 17 (53.1) 3 (0.658) 16 (50.0) 3 (0.758) 1.0 0.88

  Fatigue of chest wall muscles 9 (28.1) 3 (0.679) 13 (40.6) 2 (0.713) 14 (43.8) 2–3 (0.634) 0.24 0.37

  Below normal body temperature 12 (37.5) 2 (0.692) 10 (31.3) 2 (0.705) 10 (31.3) 2 (0.718) 0.24 0.72

  Sweating episodes 20 (62.5) 3 (0.739) 15 (46.9) 2 (0.743) 16 (50.0) 3 (0.823) 0.51 0.26

  Recurrent feelings of feverishness 15 (46.9) 3 (0.670) 10 (31.3) 2 (0.637) 10 (31.3) 3 (0.778) 0.25 0.84

  Chills 11 (34.4) 2 (0.727) 9 (28.1) 3 (0.760) 12 (37.5) 2 (0.703) 1.0 0.27

  Cold extremities 15 (46.9) 3 (0.673) 17 (53.1) 3 (0.646) 16 (50.0) 3 (0.722) 0.44 0.086

  Intolerance of extreme temperatures 23 (71.9) 4 (0.703) 22 (68.8) 3 (0.618) 26 (81.3) 4 (0.594) 1.0 0.10

General malaise 31 (96.9) 4 (0.711) 26 (81.3) 4 (0.707) 27 (84.4) 4 (0.681) 1.0 0.23

Abbreviations: 95%CI 95% confidence interval; C Consensus; CCC Canadian Consensus Criteria; ICC International Consensus Criteria; M Median; 
NA Not applicable; Q1–Q3 Quartile 1 to quartile 3. a Analysed with Friedman’s test. b Participants are categorised by the most stringent ME/CFS criteria 
fulfilled. c Analysed with Cochran’s Q test. d Self-reported and believed by participant to be attributable to their ME/CFS. This does not include partici-
pants with missing data, nor does this include participants who, within the month prior to completing the questionnaire and in relation to the symptom in 
question, did not experience it, were unsure if they had experienced it, had experienced it but were unsure if it was attributable to their ME/CFS or had 
experienced it but believed that it was not attributable to their ME/CFS (additional data, including the participants with missing data, is provided in S4 
Table, Additional file 4). e Among those who reported experiencing the symptom in question within the month prior to completing the questionnaire and 
believed the symptom to be attributable to their ME/CFS. f Likert scale values: 1) very mild, 2) mild, 3) moderate, 4) severe and 5) very severe, except for 
post-exertional malaise: 1) a little, 2) a fair bit and 3) a lot. g Omnibus Cochran’s Q test was significant (p < 0.05); however, post-hoc analyses revealed no 
significant differences after correction for multiple comparisons. h Including sensitivity to light, noise, vibration, odour, taste or touch.

https://doi.org/10.1371/journal.pone.0338433.t003

Table 3.  (Continued)
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time points. Consensus values decreased for post-exertional malaise severity scores from T
0
 (C = 0.948) to follow-up (T

1
 

C = 0.574; T
2
 C = 0.526). Although the distribution of post-exertional malaise severity appeared to broaden throughout the 

study, at least 70% of all participants providing valid data reported the highest level of post-exertional malaise severity at 
each time point.

Thirty-four symptoms consistently returned a median severity score of at least moderate throughout the study. In the 
pain and sleep disturbances categories, all but one symptom returned a median of moderate severity at each time point. 
Eleven symptoms had a prevalence of more than 80% at all time points, six of which were neurocognitive impairments. 
These included slowed thought, impaired concentration, cognitive overload, difficulty making decisions, impaired capacity 

Table 4.  Impact on life activities, overall perceptions of health status, functional capacity and fatigue impact among all study participants at 
T0, T1 and T2.

T0 T1 T2 p

(n = 32) (n = 32) (n = 32)

Impact on life activities (n (%))

  Occupation 32 (100.0) 31 (96.9) 32 (100.0) NA

  Educationa 23 (92.0) 23 (92.0) 25 (100.0) 1.0b

  Educationc 6 (100.0) 6 (100.0) 3 (75.0) NA

  Social activities 32 (100.0) 31 (96.9) 31 (96.9) 1.0b

  Recreational activities 32 (100.0) 31 (96.9) 31 (96.9) 1.0b

AKPS (M (C))d 60 (0.835) 60 (0.838) 60 (0.808) 0.94e

Dr Bell’s CFIDS Disability Scale 
(M (C))d

30 (0.512) 30 (0.514) 30 (0.577) 0.34e

WHODAS 2.0f

  Cognition (x̄ (s) [95%CI]) 42.50 (15.61) [36.87–48.13] 43.71 (20.37) [36.24–51.18] 42.97 (19.59) [35.91–50.03] 0.84g

  Mobility (x̄ (s) [95%CI]) 60.35 (22.26) [52.33–68.38] 62.30 (20.57) [54.75–69.84] 60.55 (23.73) [51.99–69.10] 0.70g

  Self-Care (M (Q1–Q3) [95%CI]) 20.00 (7.50–40.00) [10.00–30.00] 25.00 (10.00–42.50) [20.00–40.00] 25.00 (10.00–50.00) [10.00–50.00] 0.85e

  Getting Along (M (Q1–Q3) 
[95%CI])

60.00 (40.00–80.00) [50.00–70.00] 50.00 (40.00–80.00) [40.00–80.00] 55.00 (20.00–77.50) [30.00–70.00] 0.26e

  Life Activities 1 (M (Q1–Q3) 
[95%CI])

75.00 (60.00–90.00) 
[60.00–90.00]

70.00 (50.00–100.00) 
[60.00–90.00]

85.00 (50.00–100.00) 
[50.00–100.00]

0.69e

  Life Activities 2 (x̄ (s) [95%CI])h 59.52 (17.05) [48.69–70.36] 58.17 (18.77) [47.33–69.00] 52.38 (31.41) [32.43–72.34] 0.52g

  Participation (x̄ (s) [95%CI]) 64.20 (16.68) [57.60–70.79] 57.50 (19.65) [50.16–64.84] 56.45 (21.38) [48.61–64.29] 0.18g

MFIS

  Physical (M (Q1–Q3) [95%CI])i 30.00 (27.50–32.00) 
[28.00–32.00]

30.00 (26.00–34.00) [26.00–32.00] 30.50 (25.00–33.00) [27.00–33.00] 1.0e

  Cognitive (x̄ (s) [95%CI])j 26.93 (5.43) [24.87–29.00] 26.71 (7.18) [24.08–29.34] 26.45 (7.78) [23.60–29.31] 0.87g,k

  Psychosocial (M (Q1–Q3) 
[95%CI])l

6.00 (5.00–8.00) [5.00–7.00] 6.00 (5.00–8.00) [6.00–7.00] 6.00 (5.00–7.75) [6.00–7.00] 0.19e

Abbreviations: 95%CI 95% confidence interval; AKPS Australia-modified Karnofsky Performance Scale; C Consensus CFIDS Chronic Fatigue and Im-
mune Dysfunction Syndrome; M Median; MFIS Modified Fatigue Impact Scale; NA Not applicable; Q1–Q3 Quartile 1 to quartile 3; WHODAS 2.0 World 
Health Organization Disability Assessment Schedule version 2.0. a Among those not continuing further education (T

0
 n = 25/32, 78.1%; T

1
 n = 26/32, 

81.3%; T
2
 n = 27/32, 84.4%). b Analysed with Cochran’s Q test. c Among those continuing further education (T

0
 n = 6/32, 18.8%; T

1
 n = 6/32, 18.8%; T

2
 

n = 4/32, 12.5%). d Scores correspond to the percentage of overall functioning with a minimum and maximum of 0 and 100, respectively. e Analysed with 
Friedman test. f Domain scores correspond to the percentage of disability or difficulty in functioning with a minimum and maximum of 0 and 100, respec-
tively. g Analysed with one-way repeated measures ANOVA test. h Data available for participants that were employed or studying at the time of complet-
ing the questionnaire (T

0
 n = 12/32, 37.5%; T

1
 n = 14/32, 43.8%; T

2
 n = 12/32, 37.5%). i Scores correspond to the extent of fatigue impact with a minimum 

and maximum of 0–36, respectively. j Scores correspond to the extent of fatigue impact with a minimum and maximum of 0 and 40, respectively. k As 
sphericity was violated, the p-value reported has been adjusted with the Greenhouse-Geisser correction. l Scores correspond to the extent of fatigue 
impact with a minimum and maximum of 0 and 8, respectively.

https://doi.org/10.1371/journal.pone.0338433.t004

https://doi.org/10.1371/journal.pone.0338433.t004
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for reading and comprehension, and short-term memory loss, as well as myalgia, unrefreshed sleep, sensitivity to sensa-
tions, muscle weakness and general malaise. Impaired concentration, cognitive overload, impaired capacity for reading 
and comprehension, unrefreshed sleep and general malaise were reported as being severe by 50% or more of the study 
cohort at least once throughout the study. The only other symptom returning a median severity score of severe was intol-
erance of extreme temperatures.

Hence, the most burdensome symptoms — being those consistently experienced by greater than 80% of the study 
cohort and returning a median severity score of severe — were post-exertional malaise, cognitive overload, impaired 
capacity for reading and comprehension, unrefreshed sleep and general malaise. Among the participants providing valid 
data, over one-third and one-quarter experienced very severe unrefreshed sleep and general malaise, respectively, at 
each time point.

Impact on life activities.  Almost all participants reported impacts on life activities throughout the study with no 
significant changes over the 12-month study period. Participation in one’s occupation, social activities and recreational 
activities were restricted due to illness among all participants providing valid data at T

0
 (n = 32/32, 100.0%; n = 32/32, 

100.0%; n = 32/32, 100.0%, respectively) and T
1
 (n = 31/31, 96.9%; n = 31/31, 96.9%; n = 31/31, 96.9%, respectively). 

Similar findings were observed at T
2
 except that one participant (n = 1/32, 3.1%) reported no impact on social or 

recreational activities. The ability to pursue education was consistently limited for all participants continuing further 
education and over 90% of the total study cohort.

Overall perceptions of health status.  Considerably poor scores were returned for both the AKPS and Dr Bell’s 
CFIDS Disability Scale with medians of 60% and 30%, respectively, consistent throughout the study. Consensus values 
for the Dr Bell’s CFIDS Disability Scale scores (T

0
 C = 0.512; T

1
 C = 0.514; T

2
 C = 0.577) appeared lower than those for the 

Table 5.  QoL among all study participants at T0, T1 and T2 when compared with Australian population norms.

T0 T1 T2 pa Population 
[46]

Uncorrected pb

(n = 32) (n = 32) (n = 32) (n = 6,903) T0 v Pop-
ulation

T1 v Pop-
ulation

T2 v Pop-
ulation

SF-36v2 (M (Q1–Q3) [95%CI])c

  Physical 
Functioning

30.00 (20.00–38.75) 
[20.00–35.00]

32.50 (23.75–41.25) 
[25.00–35.00]

30.00 (20.00–43.75) 
[20.00–40.00]

0.28 95.0 (75.0–
100.0) [NA]

<0.001 <0.001 <0.001

  Role 
Physical

6.25 (0.00–25.00) 
[0.00–25.00]

12.50 (0.00–25.00) 
[0.00–18.75]

12.50 (0.00–18.75) 
[0.00–18.75]

0.97 100.0 (75.0–
100.0) [NA]

<0.001 <0.001 <0.001

  Bodily 
Pain

32.50 (22.50–54.38) 
[22.50–45.00]

45.00 (22.50–67.50) 
[32.50–57.50]

40.00 (22.50–57.50) 
[22.50–45.00]

0.35 84.0 (62.0–
100.0) [NA]

<0.001 <0.001 <0.001

  General 
Health

25.00 (16.67–33.33) 
[20.83–33.33]

25.00 (16.67–29.17) 
[16.67–29.17]

25.00 (13.54–32.29) 
[16.67–29.17]

0.22 75.0 (57.0–
87.0) [NA]

<0.001 <0.001 <0.001

  Vitality 6.25 (0.00–17.19) 
[0.00–12.50]

6.25 (0.00–18.75) 
[0.00–12.50]

6.25 (0.00–17.19) 
[0.00–12.50]

0.78 65.0 (50.0–
80.0) [NA]

<0.001 <0.001 <0.001

  Social 
Functioning

12.50 (0.00–25.00) 
[0.00–25.00]

12.50 (0.00–37.50) 
[12.50–37.50]

12.50 (0.00–25.00) 
[0.00–25.00]

0.49 100.0 (75.0–
100.0) [NA]

<0.001 <0.001 <0.001

  Role 
Emotional

79.17 (52.08–100.00) 
[58.33–100.00]

75.00 (66.67–100.00) 
[75.00–100.00]

91.67 (75.00–100.00) 
[75.00–100.00]

0.96 100.0 (66.7–
100.0) [NA]

<0.001 <0.001 <0.001

  Mental 
Health

58.33 (45.83–66.67) 
[50.00–66.67]

62.50 (45.83–70.83) 
[50.00–70.83]

62.50 (51.04–70.83) 
[54.17–70.83]

0.089 80.0 (68.0–
88.0) [NA]

<0.001 <0.001 <0.001

Abbreviations: 95%CI 95% confidence interval; M Median; NA Not applicable; Q1–Q3 Quartile 1 to quartile 3; QoL Quality of life; SF-36v2 36-Item Short-
Form Health Survey version 2. Bolded p-values indicate significance (p < 0.05) after correction for multiple comparisons. a Analysed with Friedman’s test. 
b Analysed with one-sample Wilcoxon signed-rank test. c Domain scores correspond to the percentage of QoL with a minimum and maximum of 0 and 
100, respectively.

https://doi.org/10.1371/journal.pone.0338433.t005

https://doi.org/10.1371/journal.pone.0338433.t005
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AKPS (T
0
 C = 0.835; T

1
 C = 0.838; T

2
 C = 0.808). This may be attributed to the AKPS capturing a broader range of health 

states. There were no significant changes over the 12-month study period for either scale.
QoL.  None of the SF-36v2 domain scores differed significantly throughout the study (Fig 2). The study participants 

returned significantly impaired scores for all SF-36v2 domains when compared with population norms at all three time 
points (all p < 0.001, adjusted). Vitality, Role Physical and Social Functioning were the most impacted SF-36v2 domains 
with medians consistently ranging from 6.25% to 12.50%. Additionally, over 90% of the study cohort returned Vitality, Role 
Physical and General Health scores of less than 50% at each time point. Although significantly impaired when compared 
with population norms, median Role Emotional and Mental Health scores were the highest of the SF-36v2 domains and 
ranged from 75.00% to 91.67% and 58.33% to 62.50%, respectively.

Functional capacity.  Life Activities 1, Mobility and Participation were the most impacted WHODAS 2.0 domains (Fig 
3). This aligns with the significantly lower scores observed in the Vitality and Role Physical domains of the SF-36v2. 
Median scores were higher for Life Activities 1 when compared with the other WHODAS 2.0 domains and ranged from 
70% to 85% throughout the study. Additionally, around one-quarter of participants reported 100% disability for this domain 

Table 6.  Complete reliability statistics of the PROM domains among all study participants throughout the study.

Internal consistency (ω) Test-rest reliability

T0 T1 T2 T0 v T1 T0 v T2

(n = 32) (n = 32) (n = 32) r p r p

AKPS NAa NAa NAa 0.623b <0.001 0.416b 0.0051

Dr Bell’s CFIDS Disability Scale NAa NAa NAa 0.597b <0.001 0.550b <0.001

SF-36v2

  Physical Functioning NAc 0.878 0.915 0.860d <0.001 0.685d <0.001

  Role Physical 0.812 0.838 0.925 0.380d 0.038 0.555d <0.001

  Bodily Pain NAa NAa NAa 0.608d <0.001 0.498d 0.0037

  General Health 0.684 0.683 0.813 0.516d 0.0042 0.698d <0.001

  Vitality 0.597 0.748 0.861 0.645d <0.001 0.750d <0.001

  Social Functioning NAa NAa NAa 0.529d 0.0027 0.465d 0.0084

  Role Emotional 0.956 0.889 0.947 0.251d 0.18 0.053d 0.77

  Mental Health 0.851 0.871 0.830 0.738d <0.001 0.603d <0.001

WHODAS 2.0

  Cognition 0.808 0.870 0.894 0.765e <0.001 0.521e 0.0022

  Mobility 0.853 0.810 0.858 0.734e <0.001 0.731e <0.001

  Self-Care 0.874 0.862 0.864 0.842d <0.001 0.696d <0.001

  Getting Along 0.808 0.834 0.878 0.784d <0.001 0.573d <0.001

  Life Activities 1 0.902 0.895 0.940 0.676d <0.001 0.542d 0.0014

  Life Activities 2 0.654 0.740 0.977 0.650e 0.022 0.332e 0.35

  Participation 0.808 0.872 0.858 0.768e <0.001 0.601e <0.001

MFIS

  Physical NAc 0.796 0.870 0.837d <0.001 0.778d <0.001

  Cognitive 0.819 0.930 0.935 0.744e <0.001 0.261e 0.18

  Psychosocial NAa NAa NAa 0.735d <0.001 0.414d 0.020

Abbreviations: AKPS Australia-modified Karnofsky Performance Scale; CFIDS Chronic Fatigue and Immune Dysfunction Syndrome; MFIS Modified 
Fatigue Impact Scale; NA Not applicable; PROM Patient-reported outcome measure; SF-36v2 36-Item Short-Form Health Survey version 2; WHODAS 
2.0 World Health Organization Disability Assessment Schedule version 2.0. Bolded values indicate significance (p < 0.05). a Internal consistency statistics 
could not be generated, as a minimum of three items is required to calculate an ω value. b Kendall’s Tau-b correlation coefficient. c An ω value could not 
be calculated, as covariance was negative or equal to 0. d Spearman’s correlation coefficient. e Pearson’s correlation coefficient.

https://doi.org/10.1371/journal.pone.0338433.t006

https://doi.org/10.1371/journal.pone.0338433.t006
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at each time point. All WHODAS 2.0 domains returned a mean or median score greater than 50% except Cognition 
and Self-Care. Nevertheless, a score of at least 50% was reported by approximately one-third and one-quarter of the 
participants for Cognition and Self-Care, respectively, at each time point and the highest scores for these domains ranged 
from 90% to 100% throughout the study. Importantly, there were no significant differences between the time points for any 
of the WHODAS 2.0 domains.

Fatigue impact.  Similar to the results returned by the SF-36v2 and WHODAS 2.0, the Physical domain of the MFIS 
was the most impacted (Fig 4). Median Physical scores ranged from 30.00 to 30.50 throughout the study, representing 
approximately 80% of total fatigue impact in this domain. Psychosocial followed Physical as the second-most impacted 
MFIS domain, with a median score of 6 at each time point corresponding to 75% of total fatigue impact. Over 90% of the 
participants reported a score greater than 50% for both the Physical and Psychosocial MFIS domains at each time point. 
Mean Cognitive scores ranged from 26.45 to 26.93 throughout the study, indicating approximately 65% of total fatigue 

Fig 2.   Median SF-36v2 scores among all study participants over the 12-month study period when compared with Australian population 
norms. Abbreviations: PwME/CFS People with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome; SF36v2 36-Item Short-Form Health Survey 
version 2. Australian population norms extracted from Stevenson et al. [46]. The centre score represents the minimum possible score for this scale 
(0%) and corresponds to the poorest QoL, whereas the score on the outer gridline is the maximum possible score for this scale (100%) and indicates 
the highest QoL. Omnibus p-values for the comparisons of SF-36v2 scores among the study participants across the three time points are provided in 
Table 5. *** Adjusted p < 0.001 at all time points when compared with population norms.

https://doi.org/10.1371/journal.pone.0338433.g002

https://doi.org/10.1371/journal.pone.0338433.g002
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impact. Around three-quarters of the participants reported a score greater than 50% for the Cognitive domain. Fatigue 
impact was not significantly different in any of the three domains over the 12-month study period.

Discussion

The present longitudinal investigation provides evidence that the impacts of living with ME/CFS on the health and well-
being of those affected are profound and prolonged, thereby affirming the largely permanent nature of the condition. 
There is a paucity of research reporting the impacts of living with ME/CFS on QoL among those affected over time [48]. 
Furthermore, in the Australian context, no longitudinal patient-reported outcome data has been published among pwME/
CFS meeting the CCC or ICC prior to the present study. The detailed illness presentation and patient-reported outcome 
data reported herein, therefore, provide a novel, comprehensive evaluation of the impacts of ME/CFS on those affected in 
Australia. By expanding upon existing Australian research [12,15,16,24,25], this longitudinal investigation may guide the 
reform of national healthcare policy to reflect the lived experiences and support needs of pwME/CFS.

Healthcare policies that are guided by consumers’ lived experiences facilitate the implementation of person-centred 
healthcare services [49–52]. Such person-centred care that has been informed through consumer engagement and direct 
involvement of consumers in their care optimises health outcomes by prioritising consumers’ health goals and support-
ing positive interactions with healthcare providers and the healthcare system [49–52]. By providing novel, detailed data 

Fig 3.   Median WHODAS 2.0 scores among all study participants over the 12-month study period. Abbreviations: PwME/CFS People with Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome; WHODAS 2.0 World Health Organization Disability Assessment Schedule version 2.0. The centre score 
is the maximum possible score for this scale (100%) and corresponds to the highest disability, whereas the score on the outer gridline is the minimum 
possible score for this scale (0%), which indicates the lowest disability. Omnibus p-values for the comparisons of WHODAS 2.0 scores across the three 
time points are provided in Table 4.

https://doi.org/10.1371/journal.pone.0338433.g003

https://doi.org/10.1371/journal.pone.0338433.g003
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characterising the profound and protracted illness burdens faced by Australians with ME/CFS, the findings of the present 
study and the lived experiences documented herein serve to inform the development of evidence-based, person-centred 
healthcare policies for ME/CFS in Australia. This is vital to ensure that the care needs of pwME/CFS are met, which is not 
only paramount to improve health outcomes for those affected but also to avoid further deterioration in health caused by 
limited access to necessary care.

Participants repeatedly experienced substantial illness burdens throughout this study. Comorbid entities requir-
ing targeted treatment (such as FM, IBS, asthma and orthostatic issues) were common. Post-exertional malaise, 
neurocognitive impairments, unrefreshed sleep and general malaise were consistently the most burdensome 
symptoms. This corroborates the findings reported in an Australian longitudinal study among pwME/CFS meeting 
the CCC published in 2021 by Balinas et al. [12]. The present study expanded upon the observations of Balinas 
et al. [12] by providing symptom presentation variables in novel detail, including symptom presence, symptom 
severity and the most extensive list of individual symptoms to date in Australian ME/CFS research. It should also 
be noted that data were collected by Balinas et al. [12] in the first year of the pandemic. During this time, poorer 
health outcomes were reported across the Australian population [53,54]. Nevertheless, the findings of Balinas et 
al. [12] are replicated in the present study. Similarly, the QoL scores reported herein are comparable with those 
of a pre-pandemic Australian ME/CFS cohort fulfilling the ICC published by Johnston et al. [25] in 2014. This 
emphasises that, irrespective of external pressures, the debilitating burden and disability faced by pwME/CFS 
remains ongoing and valid.

Fig 4.   Median MFIS scores among all study participants over the 12-month study period. Abbreviations: PwME/CFS People with Myalgic Enceph-
alomyelitis/Chronic Fatigue Syndrome; MFIS Modified Fatigue Impact Scale. The median MFIS scores for each time point have been converted to per-
centages of the maximum possible score for the corresponding domain to allow the three subscales to be presented on the same scale. Minimum and 
maximum values for the Physical, Cognitive and Psychosocial domains are 0 to 36, 0 to 40 and 0 to 8, respectively. The maximum score is presented 
at the centre, whereas the minimum score is situated on the outer gridline. Omnibus p-values for the comparisons of WHODAS 2.0 and MFIS scores 
across the three time points are provided in Table 4.

https://doi.org/10.1371/journal.pone.0338433.g004

https://doi.org/10.1371/journal.pone.0338433.g004
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Most PROM domains consistently returned a median score below 50% of QoL or functioning, indicating a substantial 
and widespread impact on participants’ health and wellbeing. All SF-36v2 domains were significantly impaired when com-
pared with population data, with most domains scoring lower than the 25th percentiles documented among the Australian 
population [46]. Noteworthy impairments were observed in the Role Physical and Vitality domains of the SF-36v2, the Life 
Activities 1 of the WHODAS 2.0 and the Physical domain of the MFIS. These findings indicate extensive disability and dif-
ficulty in completing daily and work life activities. Profound impairments in these domains have been repeatedly observed 
in other studies [15,55] and the trends documented in the present study corroborate the findings of a systematic review 
of nine publications examining HRQoL among pwME/CFS fulfilling the CCC or ICC when compared with healthy controls 
[48]. The median AKPS scores among pwME/CFS in the present study are also consistent with the existing literature [48] 
and are reminiscent of the functional status of people in palliative care [33,56].

Importantly, no significant differences were observed in any measure of symptom presentation, overall perceptions of 
health status, QoL, functional capacity or fatigue impact over the 12-month study period. Hence, the present study high-
lights that the profound impacts on the health and wellbeing of pwME/CFS are persistent and long-term. Moreover, this 
study captured the lived experiences of pwME/CFS with established illness, as most participants had lived with a diagno-
sis of ME/CFS for at least one decade.

Whilst there were no significant changes over the 12-month study period, fluctuations in employment status, access 
to informal care, the diagnostic criteria fulfilled, symptoms and patient-reported outcomes were observed. Assistance 
from family members or friends was required by 78% of the study cohort at least once but changed throughout the study 
for approximately one-third of participants. It is common for the presentation of ME/CFS to be fluid, with fluctuations in 
symptoms over time [2,8,18,57]. Such fluctuations in functioning, however, further complicate the fulfilment of permanency 
requirements (in addition to the lack of a biological indicator of ME/CFS), as current disability assessments consider one’s 
typical illness presentation and impairments at a single time point (being when the assessment is completed) [20].

Nevertheless, recovery from ME/CFS is rare — occurring in less than 10% of cases [1,8–10]. It must also be acknowl-
edged that, whilst the functional limitations and care needs of pwME/CFS can be fluid [1,7,11,18,20,57], these fluctuations 
are within the boundaries of the condition, which exerts a constant and substantial burden, as evidenced in the present 
study. Whilst improvement may be initially observed after onset, pwME/CFS typically experience a plateauing of their 
symptoms as the illness progresses, which may remain stable or further deteriorate over time [1,2,8,18,57]. The prognosis 
of ME/CFS remains incompletely studied and is complicated by the absence of a clinical biomarker proportionate to illness 
severity [6,57]. However, epidemiological studies report that between 15% and 20% of pwME/CFS gradually deteriorate 
and approximately 60% to 70% of pwME/CFS experience either persistent or fluctuating symptoms that neither substan-
tially improve nor worsen over time [1,2,8,18,57].

Despite this, Australian disability assessments do not accommodate the nuanced illness presentation experienced by 
pwME/CFS and continue to gate keep necessary support services by enforcing inappropriate eligibility requirements on 
this illness cohort [11,20]. Specifically, the requirement for biological evidence to confirm disability permanency must be 
removed from disability assessments among pwME/CFS. None of the existing published and validated case definitions 
that are recommended by international guidelines for the diagnosis of ME/CFS support the use of any biological indicator 
to confirm a diagnosis of the condition [1,2,5–8]. The present study employed a suite of validated PROMs (which are used 
routinely in epidemiological research internationally to evaluate health status and functional capacity) to comprehensively 
assess disability among pwME/CFS, identifying profound, widespread impairments not only consistent with but exceeding 
the minimum duration requirement of six months in the Australian Public Service Commission’s [26] definition of disabil-
ity. This is further supported by the participants’ median illness duration of over one decade. In the case of ME/CFS, the 
requirement for biological evidence of illness presence and permanency may be substituted with the fulfilment of the 
most stringent diagnostic criteria for ME/CFS that is currently available, being the CCC and ICC. These case definitions 
are the preferred means of ME/CFS diagnosis in the continuing absence of an illness-specific biomarker [1,2,5–8]. The 
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present study suggests that the use of these case definitions has a low likelihood of false positives, as a small number of 
the participants (who were experiencing formally diagnosed illness persisting for at least one decade) fluctuated out of the 
diagnostic criteria briefly despite their extensive symptom burden. For this reason, policies governing access to disability 
and social support services in Australia must also be reformed to enable the extent of disability among pwME/CFS to be 
assessed over multiple time points.

Additionally, longitudinal evaluations must be incorporated into disability assessments among pwME/CFS to capture 
the impacts of post-exertional malaise. Current disability assessments do not consider the implications of post- 
exertional malaise, which is an essential component of the illness presentation of ME/CFS [20]. For pwME/CFS, the ability 
to complete activities encompasses current functioning, as well as the repercussions of exertion [7,8,11,20,58]. Functional 
limitations due to post-exertional malaise must be captured within disability assessments using validated measures and 
across sufficient time periods to fairly examine disability in pwME/CFS [20].

Whilst the present study reiterates the long-term, disabling nature of ME/CFS and emphasises the need for improved 
access to disability and social support services, data identifying the specific care and support needs of pwME/CFS in Aus-
tralia is sparse [12,14]. Further research must document the care needs of pwME/CFS to guide tailored service planning. 
Additionally, future longitudinal investigations should be expanded to capture other chronic multi-systemic illness, such as 
Long COVID and Gulf War Illness [59,60], to inform healthcare policies and care protocols with illness-specific data.

The present longitudinal research project forms part of a larger research plan that continues to monitor clinical out-
comes and QoL among pwME/CFS. This ongoing research serves to expand the Australian ME/CFS literature to aid in 
monitoring the burden of ME/CFS on Australians with the condition, as well as the Australian healthcare system. Data 
reported in this current investigation have been disseminated through our community communication models. These 
namely include local, state and national ME/CFS Patient Associations (totalling approximately 10,000 community stake-
holders). The findings of this research will also be distributed via our international community communication models, 
such as social media, where our metrics report in excess of 20,000 stakeholders (nationally and internationally) and the 
International ME Chronicle that has a readership base in excess of 30,000 stakeholders.

Strengths and limitations

This longitudinal investigation benefitted from a suite of validated and internationally recognised PROMs to capture the 
multifactorial impacts of ME/CFS. The use of multiple modalities to distribute the questionnaires enabled flexibility in par-
ticipation, serving to reduce volunteer bias and allowing people with severe illness to participate in the study. Additionally, 
collecting symptom presentation and patient-reported outcome data within the month prior to completing the question-
naire rather than at the time of questionnaire completion mitigated bias due to fluctuations in functional status. As all the 
sociodemographic and illness characteristics, as well as most of the employment and social support characteristics, were 
comparable between the participants and non-participants when controlling for confounders and adjusting for multiple 
comparisons, the results observed among the present study cohort of pwME/CFS were not substantially skewed by volun-
teer biases. However, the small sample size of the present longitudinal study — which is an inherent limitation of epidemi-
ological research among pwME/CFS [48] — potentially compromises the generalisability of these findings, particularly for 
pwME/CFS belonging to marginalised populations. Large-scale longitudinal studies are paramount to further support the 
findings of the present investigation.

All pwME/CFS met the most stringent diagnostic criteria available (being the CCC and ICC), which are the recom-
mended means of diagnosis in the absence of a laboratory-based test by international guidelines and peak public health 
bodies [1,2,5–8], thereby ensuring that the results observed were attributable to ME/CFS. Additionally, participants with 
comorbidities that may compound the impacts on health and wellbeing were excluded from the study. Nevertheless, as 
additional diagnoses are common among pwME/CFS [1,8,61], participants reporting controlled, non-exclusionary con-
ditions that were not largely responsible for their illness presentation were included in this study to capture the breadth 
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of lived experiences among pwME/CFS. Symptoms were required to be both experienced within the month prior to the 
questionnaire and attributed by the participant to their ME/CFS to ensure the prevalence of symptoms was not inflated by 
additional diagnoses, medication side effects, or acute illnesses or injuries that occurred within the study period.

The findings documented herein provide insight into the long-term illness burdens among Australians with ME/CFS 
in novel detail. This publication, therefore, begins to address the lacunae in the existing Australian ME/CFS literature. 
However, this study followed a small convenience sample and the response rate among the sampling frame was relatively 
low (13.0%). Low response rates have similarly been observed in other epidemiological studies [62,63] and are likely 
attributable to the restrictions that ME/CFS imposes on the ability of people with the condition to participate in research. 
Nevertheless, 62.7% of the participants who completed the T

0
 questionnaire were retained for the entirety of the study. 

Most of these participants were female and middle-aged, consistent with the existing literature [4,15,48]. Combined with 
the absence of significant differences in symptom presentation and patient-reported outcomes throughout the study, this 
indicates that the findings of the present study are largely generalisable to the population of pwME/CFS fulfilling the CCC 
and ICC. The data documented within this manuscript, therefore, address the significant gaps in the literature that pose 
a critical barrier to the development of evidence-based policies for pwME/CFS in Australia. Expanded primary care data 
sharing and the development of a national ME/CFS registry should be pursued to facilitate improved surveillance of health 
outcomes among the Australian ME/CFS population.

All statistical methods chosen were selected based on the distribution and nature of the data, as guided by the existing 
literature [43,44] and confirmed by an external biostatistician. This aided in reducing biases in the analyses and reporting 
of results. However, whilst the statistical methods chosen were suitable for the data’s characteristics, these tests limited 
analysis of potential confounding variables (such as age, sex at birth and illness duration) in longitudinal comparisons of 
symptom presentation. Future research among larger sample sizes should employ mixed-effects regression models to 
enable the inclusion of covariates.

Furthermore, the presence of comorbid entities in the present study was determined from the participants’ anamne-
ses and was not specifically queried. Consequently, the prevalence of these conditions may be underreported in this 
study cohort. Additionally, whilst this study compared the participants’ QoL scores with the most recent publicly avail-
able population norms, these data were published in 1996 [46]. These scores likely do not capture the current QoL of 
the Australian population, including the impacts attributable to the pandemic [53,54]. The present study also described 
the ethnicity and country of birth of the study participants, which are often omitted in publications documenting impacts 
among pwME/CFS [48]. However, there were few participants belonging to culturally, linguistically or gender diverse 
populations. Hence, the present study cohort may not be representative of the broader ME/CFS population in Australia. 
Future research is required to understand the specific illness burdens and care needs for subpopulations of Australians 
with ME/CFS.

Conclusions

This novel longitudinal study exemplifies the profound and prolonged illness burdens experienced by pwME/CFS 
and provides the necessary evidence to leverage change to Australian healthcare policies. Importantly, no significant 
differences were observed in any symptom or patient-reported outcome over the 12-month study period. The consis-
tent, substantial impairments in health and wellbeing (particularly physical health and the ability to complete daily and 
work life activities) among pwME/CFS, as observed in this study, provide evidence for illness permanency. Reforms to 
Australian healthcare policies that govern access to disability and social support services must be prioritised to ensure 
necessary care is delivered to people with this serious, life-long illness. Revising disability assessments to appropri-
ately capture the debilitating impairments experienced by pwME/CFS will be vital in improving service accessibility. 
Addressing these care inequities for pwME/CFS is essential to maximise their QoL and ability to participate in life and 
their communities.
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Supporting information

S1 Table. Strengthening the reporting of observational studies in epidemiology statement checklist for cohort 
studies [32]. Abbreviations: NA Not applicable. a Give information separately for exposed and unexposed groups.
(XLSX)

S2 Table. Sociodemographic and illness characteristics of the non-participants when compared with the study 
participants. Abbreviations: 95%CI 95% confidence interval; BMI Body mass index; FM Fibromyalgia; IBS Irritable 
bowel syndrome; M Median; PwME/CFS People with Myalgic Encephalomyelitis/Chronic Fatigue Syndrome; Q1–Q3 
Quartile 1 to quartile 3. Bolded values indicate that at least one post-hoc test returned significance (p < 0.05) after 
correction for multiple comparisons. Data was collected from the ineligible respondents during screening. a Analysed 
with independent samples one-way ANOVA test. b Analysed with the Fisher-Freeman-Halton test. c Sum of percentages 
is greater than 100.0% for each cohort, as some participants identified more than one ethnicity. d Analysed with the 
Chi-square test. e Analysed with the Kruskal-Wallis H test. f Presence of frequent concurrent diagnoses with ME/CFS 
captured within the CCC and ICC reported at least once across the three time points for the n = 32 pwME/CFS, at T

0
 

for the n = 19 participants lost to follow-up or at screening for the n = 18 ineligible respondents. g Includes participants 
self-reporting a diagnosis of acid reflux or gastro-oesophageal reflux disease. * Ineligible respondents < pwME/CFS ** 
Ineligible respondents < participants lost to follow-up *** Participants lost to follow-up <pwME/CFS † PwME/CFS < ineli-
gible respondents.
(XLSX)

S3 Table. Employment and social support among the non-participants when compared with the study partici-
pants. Abbreviations: 95%CI 95% confidence interval; M Median; NA Not applicable; PwME/CFS People with Myalgic 
Encephalomyelitis/Chronic Fatigue Syndrome; Q1–Q3 Quartile 1 to quartile 3. Bolded values indicate that at least one 
post-hoc test returned significance (p < 0.05) after correction for multiple comparisons. Data was collected from the 
ineligible respondents during screening. a Analysed with the Chi-square test. b Participants employed at T

0
 and T

1
 but 

unemployed at T
2
. c Among those unemployed at T

0
 (among the participants lost to follow-up) or at screening (among 

the ineligible respondents). d Analysed with the Fisher-Freeman-Halton test. e Among those employed at T
0
 (among the 

participants lost to follow-up) or at screening (among the ineligible respondents). f Omnibus Fisher-Freeman-Halton 
test was significant (p < 0.05); however, post-hoc analyses revealed no significant differences after correction for multi-
ple comparisons. g Analysed with independent samples one-way ANOVA test. Data missing for employed participants 
who were unsure or did not provide a response (participants lost to follow-up n = 1/8, 12.5%; ineligible respondents 
n = 1/10, 10.0%). h Refers to social support being received at the time of completing the questionnaire. Social support 
was defined as any informal care (ranging from help with housework, cooking or shopping to full-time assistance with 
activities of daily living [such as eating or showering]) received from family or friends. i Hours of domestic work refers to 
the maximum number of hours per week spent completing domestic work (such as household chores and cleaning, yard 
maintenance and cooking) reported at T

0
 (among the participants lost to follow-up) or at screening (among the ineligible 

respondents). j Analysed with the Kruskal-Wallis H test. Data missing for participants who were unsure or did not provide 
a response (participants lost to follow-up n = 6/19, 31.6%; ineligible respondents n = 4/18, 22.2%). * PwME/CFS < partici-
pants lost to follow-up.
(XLSX)

S4 Table. Complete distribution statistics of symptom severity among all study participants at T0, T1 and T2. The 
prevalence and severity of all symptoms are self-reported and, for responses other than “none” or “no response”, are 
believed by the participants to be attributable to their ME/CFS. a In relation to the symptom in question, this category 
includes participants who, within the month prior to completing the questionnaire, did not experience it, were unsure if they 
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had experienced it, had experienced it but were unsure if it was attributable to their ME/CFS or had experienced it but 
believed that it was not attributable to their ME/CFS. b Including sensitivity to light, noise, vibration, odour, taste or touch.
(XLSX)
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