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Objectives: The Medical Outcomes Study 36 item Short Form Health Survey (SF-36) is one of the 

most commonly used patient reported outcome (PRO) measure. This study aimed to examine the 

relationship between SF-36 version 2 (SF-36V2) summary scores and Friedreich ataxia (FRDA) 

clinical characteristics, and to investigate the responsiveness of the scale, in comparison to the 

Friedreich Ataxia Rating Scale (FARS), over one, two and three years.  

 

Materials and Methods: Descriptive statistics were used to examine the characteristics of the cohort 

at baseline and years 1, 2 and 3. Correlations between FRDA clinical characteristics and SF-36V2 

summary scores were reported. Responsiveness was measured using paired t-tests.  

 

Results: We found significant correlations between the Physical Component Summary (PCS) of the 

SF-36V2 and various FRDA clinical parameters but none for the Mental Component Summary 

(MCS). No significant changes in the SF-36V2 were seen over one or two years, however PCS scores 

at Year 3 were significantly lower than at baseline (-3.3, SD (7.6), p=0.01). FARS scores were found 

to be significantly greater at Years 1, 2 and 3 when compared to baseline. 

 

Conclusions: Our findings suggest that despite physical decline, individuals with FRDA have 

relatively stable mental wellbeing. This study demonstrates that the SF-36V2 is unlikely to be a useful 

tool for identifying clinical change in FRDA therapeutic trials.  

 

Keywords: Friedreich ataxia, health status, rating scales, SF-36 

 

 

Introduction 

Friedreich ataxia (FRDA) is a progressive neurodegenerative condition affecting approximately 1 in 

29,000 Caucasian individuals [1, 2]. Features of the disorder include progressive ataxia and 

hypertrophic cardiomyopathy. The majority (~96%) of individuals with FRDA are homozygous for a 

GAA triplet repeat expansion in intron 1 of FXN [3, 4].   

 

There are no treatments proven to delay or halt the progression of FRDA [5]. There are however, a 

number of pharmaceutical agents in clinical trial that are postulated to slow disease progression in 

FRDA through various different mechanisms, including the reduction of iron accumulation, 

diminution of oxidative stress by antioxidants and increasing frataxin expression [6]. An example is 

the recent study by Seyer and colleagues who tested exogenous interferon gamma-1b, shown to 

increase frataxin levels in cell lines originating from individuals with FRDA, in an open-label study of 

12 children [7]. Measuring disease progression in FRDA is challenging due to its slow progression 
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and variable phenotype [8]. It is thus vital that tools used to measure disease progression are able to 

detect clinically significant, albeit small, changes in individuals with FRDA.  

 

Neurological function in FRDA is currently assessed using a variety of neurological rating scales 

including the Friedreich Ataxia Rating Scale (FARS), International Cooperative Ataxia Rating Scale 

(ICARS) and, most recently, the Scale for the Assessment and Rating of Ataxia (SARA) [9-11]. 

These rating scales are administered by trained clinicians, and while they provide a good indicator of 

disease progression and severity, they do not incorporate the perspectives of individuals with FRDA.  

Patient reported outcome (PRO) measures encompass aspects of a condition not evaluated by clinician 

rated tools, taking into account the viewpoints of individuals with the condition. A PRO is described 

as a measurement of any aspect of an individual’s health that comes directly from the individual and 

has not been interpreted by a healthcare professional in any way [12].  

 

The inclusion of PRO measures in pharmaceutical trials is recommended by the Food and Drug 

Administration (FDA), as they provide valuable information in determining the impact an intervention 

or drug has on the perception of an individual’s health status [2, 12]. One of the most commonly used 

PRO measures is the Medical Outcomes Study 36 item Short Form Health Survey (SF-36) [13]. The 

SF-36 is a generic measure of health status and comprises 36 items that are categorised into eight 

dimensions measuring physical function, role-physical, bodily pain, general health, vitality, social 

function, role-emotion and mental health. The SF-36 has been widely studied and an updated version 

has since been published, the SF-36 version 2 (SF-36V2) [14]. The newer version has improved 

psychometric qualities in comparison to the original [14]. Ceiling and floor effects, in particular, have 

been reduced due to improvements in the phrasing of the items as well as the change from 

dichotomous response categories to five point response categories [14].  

 

Both versions of the SF-36 have previously been examined in FRDA [2, 15, 16]. In one cross-

sectional study, individuals with FRDA were found to have worse perception of their health status and 

quality of life when compared to Australian population norms [15]. Epstein and colleagues reported 

similar findings when comparing individuals with FRDA to a US cohort [16]. Psychometric 

properties of the SF-36 was studied by Riazi and colleagues who found high floor and ceiling effects 

indicating reduced specificity in an FRDA population [2]. No study, however, has examined either 

version of the SF-36 in FRDA longitudinally. 

 

The objectives of this current study were to examine the relationship between SF-36V2 summary 

scores and FRDA clinical characteristics, as well as to investigate the responsiveness of the scale, in 

comparison to the FARS, over one, two and three years.  
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Material and methods  

Participants 

Individuals homozygous for a GAA expansion in intron 1 of FXN and aged at least 18 years were 

recruited from a dedicated Friedreich ataxia clinic at Monash Health in Victoria, Australia. The SF-

36V2 forms were sent out to potential participants prior to their annual clinic appointment. 

Participants returned the completed forms via post or in person at their clinic appointment. Individuals 

could seek assistance from a family member or carer if they had difficulty completing the forms. The 

FARS was conducted at the same clinic visit – it is scored out of 167, with a higher score indicating 

more severe disease [10].  

 

Data analysis 

Data from the SF-36V2 was scored according to procedures described by Ware et al and Hawthorne 

et al [17, 18]. Using Australian population data, items were coded, summed and transformed into 

percentage and T-scores as per Wilson et al [15]. The scale was then summarised into two main 

components resulting in the physical component summary score (PCS) and the mental component 

summary score (MCS). A higher score is indicative of better perceived health status. 

 

Descriptive statistics were used to examine the characteristics of the cohort at baseline and years 1, 2 

and 3. A summary of the SF-36V2 dimension percentage scores at baseline was provided. 

Correlations between FRDA clinical characteristics and SF-36V2 summary scores were reported. 

Data was found to be normally distributed hence Pearson’s product-moment correlation coefficients 

were used. The clinical characteristics that were examined in the correlation analyses were age of 

disease onset, disease duration, age at review, the smaller (GAA1) and larger (GAA2) intron 1 FXN 

GAA repeat sizes and total FARS score.  

 

Responsiveness is the ability of an instrument to measure clinically relevant change over time [19]. 

This was measured using paired t-tests to examine the change in SF-36V2 summary scores and FARS 

between baseline and years 1, 2 and 3. Other indicators of responsiveness were also examined. Effect 

size, the mean change in score over time divided by the standard deviation of the baseline score, was 

calculated; a larger effect size indicates a more responsive scale [2, 20]. The standardised response 

mean (SRM) was calculated by dividing the mean score change by the standard deviation of the 

change [21-23]. As with effect size, a higher SRM represents a more responsive scale. 

 

All statistical analyses were performed using Stata Statistical Software: Release 13 (StataCorp. 2013. 

Stata Statistical Software: Release 13. College Station, TX: StataCorp LP).  

 

Ethics Committee approval 
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Approval for this study was obtained from the Monash Health Human Research Ethics Committee 

(HREC 02114A). All participants gave informed, written consent in accordance with the Declaration 

of Helsinki. All procedures performed in studies involving human participants were in accordance 

with the ethical standards of the institutional research committee and with the 1964 Helsinki 

declaration and its later amendments or comparable ethical standards. 

 

Results 

One hundred and twenty-two individuals completed the SF-36V2 at baseline. Sixty-two completed the 

questionnaire at Year 1, approximately 12 months later, 47 at Year 2 (24 months) and 37 at Year 3 (36 

months).  

 

The characteristics of the cohort at all four time points are reported in Table 1. Half of the cohort at 

baseline were male (50 %), and the average age at assessment was 33.7 years (SD 12.5, range 18-82 

years). The mean age of disease onset was 16.1 years (SD 8.5, range 2 – 55 years) with a mean 

disease duration of 17.6 years (SD 10.3, range 2 – 48.3 years). Mean GAA1 repeat size was 627.2 

(SD 226.9, range 56 – 1099) and average size of the GAA2 repeat was 864.1 (SD 212.2, range 182 – 

1345). The mean FARS score at baseline was 89.9 (SD 30.5, range 19-151). Characteristics for the 

cohort at Year 1, 2 and 3 were generally similar when compared to baseline.  

 

The summary percentage scores at baseline are shown on Table 2. The mean physical component 

summary (PCS) score was 33.3 (SD 9.0) and the mental component summary (MCS) score was 48.3 

(SD 13.0). 

 

Correlation analyses  

Table 3 shows correlations between various clinical characteristics and the PCS and MCS scores of 

the SF-36V2.  The PCS correlated significantly with disease duration (r=-0.40, p<0.01), age at review 

(r=-0.27, p<0.01) and total FARS score (r=-0.47, p<0.01).  There were no significant correlations 

between the MCS and any of the clinical characteristics of FRDA.  

 

Responsiveness  

The responsiveness of the SF-36V2 summary scales, PCS and MCS and FARS was measured over 

one, two and three years (Table 4).  

 

Responsiveness over one year 

There were no significant changes in SF-36V2 summary scores over one year, while the mean 

increase in FARS score from baseline to Year 1 was  4.3 (SD 6.8, t(61)=5.00, p<0.01). As expected, 
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the largest effect size and standardised response mean (SRM) was seen in the FARS (0.17 and 0.63, 

respectively). 

 

Responsiveness over two years 

As with responsiveness over one year, no significant differences between Year 2 and baseline were 

found for PCS and MCS. The mean FARS score was significantly greater at Year 2 when compared 

to baseline with a difference of 4.4 (SD 8.8, t(46)=-3.42, p<0.01).  

 

Responsiveness over three years 

Scores from PCS were found to be significantly lower at Year 3 than at baseline (mean difference -3.3 

points, SD 7.6, t(36)=-2.63, p=0.01), with a moderate effect size of -0.50. The difference in mean 

FARS score between baseline and Year 3 was also found to be significant, with a mean difference of 

7.5 points (SD 11.2, t(36)=-4.06, p<0.01), and an effect size of 0.31.  

 

Summary scores over three years 

Scores for the both SF-36V2 summary scales and FARS for participants who completed both 

assessments over all time points are presented in Figure 1. PCS scores gradually decreased over time 

whereas MCS scores are fairly steady over time. FARS scores increased the most from baseline to 

Year 1 and then further increased from Year 2 to Year 3.  

 

Discussion  

In this longitudinal study, we examined the relationship between the SF-36V2 and FRDA clinical 

characteristics and studied the responsiveness of the SF-36V2 in people with FRDA over one, two 

and three years.  

 

The physical component summary (PCS) of the SF-36V2 was found to correlate significantly with 

disease duration, age at review and FARS score, whereas the mental component (MCS) showed no 

significant correlations with any FRDA disease parameters. This finding suggests that despite 

physical decline, people have relatively stable mental wellbeing, echoing results reported by Wilson 

and colleagues [15]. Similar findings were also noted in a longitudinal study of the Friedreich Ataxia 

Impact Scale (FAIS), an FRDA specific PRO measure, in which no significant correlations between 

FAIS subscales assessing psychological and social impact and FRDA clinical characteristics were 

found [24].  

 

No significant changes were found in the PCS and MCS over one and two years. Significant change 

in PCS was found over three years however this was not found for the MCS. One of the main 

limitations of the original version of the SF-36 was its lack of responsiveness as reported in various 
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studies [2, 16]. This appears to also be the case for SF-36V2 as demonstrated in this current study, 

where significant change was only seen after three for the PCS. The responsiveness of an instrument 

is critical when determining its suitability in detecting change over time. The SF-36V2 is thus 

unlikely to be useful in measuring change in short term clinical therapeutic trials. The limited 

responsiveness could also be explained by the heterogeneous nature of the condition, with different 

FRDA functions being affected at various stages [2]. 

 

Both versions of the SF-36 have been studied in FRDA previously [2, 15, 16]. These studies 

demonstrated a substantial health impact of FRDA on quality of life. Our study confirms this finding. 

Basic psychometric criteria were fulfilled in the original SF-36 however high floor and ceiling effects 

were found and small effect sizes were reported [2]. Epstein and colleagues (2008) compared SF-36 

scores in individuals with FRDA to US population norms and reported no significant differences in 

MCS scores between those with FRDA and the general population [16].  

 

Other neurodegenerative conditions in which the SF-36 has been studied include multiple sclerosis 

(MS) and Parkinson disease (PD). In an MS rehabilitation study, small effect sizes were reported for 

the eight dimensions, with only two demonstrating significant change between admission and 

discharge (a period of approximately 20 days). In contrast, other measures used in this study (the 

Functional Independence Measure (FIM), the London Handicap Scale (LHS) and the General Health 

Questionnaire (GHQ)) demonstrated significant change in the same period and with larger effect 

sizes. The authors explain this finding by suggesting the topics measured in the SF-36 are much less 

specific when compared to the other instruments used in the study [25]. In an assessment of basic 

assumptions of the SF-36 in another MS cohort, Hobart and colleagues (2001) reported good data 

quality and variability, however found significant floor and ceiling effects in four of the eight SF-36 

dimensions [26].  

 

A study of health related quality of life measures in PD reported greater responsiveness of the SF-36 

over PD-specific measures (Parkinson’s Disease Questionnaire (PDQ-39) and Parkinson’s Disease 

Quality of Life (PDQUALIF) scale) over 18 months. While PD-specific instruments cover issues that 

are more relevant to individuals with PD, they were found to have lower validity than the SF-36 [27]. 

Hobart and colleagues suggested that the SF-36 is better suited to a cross sectional setting rather than 

in clinical trials or longitudinal studies as the floor and ceiling effects observed may mask the 

effectiveness of potential therapies or changes in health status over time [26].  

 

While the limitations of using a general health status PRO for a specific condition are known [15], the 

SF-36V2 remains the most widely used generic health status measure and has been extensively 

studied. The SF-36V2 enables comparisons with the general population and is relatively 
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straightforward to administer. It also contains a much lower number of items when compared to the 

Friedreich Ataxia Impact Scale (FAIS), an FRDA specific PRO measure [28]. The FAIS has been 

studied in a longitudinal setting to measure its responsiveness over one and two years [24]. Limited 

responsiveness was found, with only one subscale (speech) demonstrating significant change over one 

and two years. Considering an FRDA-specific measurement tool was found to be relatively 

unresponsive to change over time, it is not surprising that we found a similar outcome for a generic 

health status measurement tool. In addition, FRDA is a slowly progressive disease and studies of 

change over one year of various clinical measures have revealed either modest or insignificant change 

[29-32]. This is another factor that makes the minimal change in PCS in the current study 

unsurprising. 

 

PRO measures encompass individuals’ perspectives on disease impact and can provide useful 

information for therapeutic trials. Nevertheless, this study demonstrates that the SF-36V2 is unlikely 

to be a useful tool for identifying change in FRDA therapeutic trials. 
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  Table 1. Characteristics of the cohort at Baseline, Year 1, Year 2 and Year 3  

Characteristics Baseline 

(n=122) 

Year 1  

(n=62)  

Year 2  

(n=47) 

Year 3 

(n=37) 

Gender, male, n (%) 61 (50) 34 (54.8) 27 (57.4) 20 (54.1) 

Age, years, mean (SD) 

Range 

33.7 (12.5)      

18 – 82  

33 (11.3) 

19 – 59 

34.9 (11.5) 

20 – 58  

35.3 (11.8) 

21 – 59 

Onset age, years, mean (SD) 

Range 

16.1 (8.5) 

2 – 55 

16 (6.6) 

3 – 32  

16.1 (6.7) 

3 – 30  

16.4 (6.7) 

6 – 30  

Disease duration, years, mean (SD) 

Range 

17.6 (10.3) 

2 – 48.3 

16.6 (8.8) 

3 – 40.9 

18.7 (9.5) 

4 – 40.3 

18.8 (9.0) 

5 – 40.8 

GAA1, mean (SD) 

Range 

627.2 (226.9) 

56 – 1099  

613.0 (209.7) 

169 – 1077 

653.6 (212.3) 

182 – 1077  

642.5 (221.7) 

182 – 1050  

GAA2, mean (SD) 

Range 

864.1 (212.2) 

182 – 1345 

859.9 (230.6) 

182 – 1345  

925.7 (175.8) 

182 – 1345  

926.1 (178.5) 

182 – 1293 

FARS, mean (SD) 

Range 

89.9 (30.5) 

19 – 151  

86.5 (25.3) 

24 – 132 

87.9 (25.4) 

28.2 – 133 

88.6 (23.7) 

30 – 125 

 

Legend: GAA1- smaller FXN intron 1 GAA repeat size, GAA2- larger FXN intron 1 GAA repeat size, FARS- Friedreich 

Ataxia Rating Scale total score (maximum score is 167).  
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Table 2. Summary of SF-36V2 percentage scores at baseline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Maximum percentage score is 100, with a higher score reflecting better perceived heath status. These scores allow 

comparison to the Australian population which are standardised to a mean score of 50 (SD 10).  

SF-36V2 dimension N Mean SD 

Physical functioning 122 23.1 25.2 

Role physical 122 59.6 31.5 

Bodily pain 122 65.6 20.6 

General health 122 50.3 22.2 

Vitality 122 49.3 16.2 

Social function 122 67.8 26.4 

Role emotion 122 78.1 24.6 

Mental health 122 69.4 18.5 

Physical component 

summary score (PCS) 

122 33.3 9.0  

Mental component 

summary score (MCS) 

122 48.3 13.0 
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Table 3. Correlations between various clinical parameters and the Physical and Mental 

Component Summary scores at baseline (n=122) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Legend: GAA1- smaller FXN 

intron 1 GAA repeat size, GAA2- larger FXN intron 1 GAA repeat size, FARS- Friedreich Ataxia Rating Scale total score, 

**p-value<0.01 

 Physical 

component 

summary score 

(PCS) 

Mental component 

summary score 

(MCS) 

Onset age 0.09 -0.13 

Disease duration -0.40** 0.16  

Age at review -0.27** 0.05 

GAA1 -0.13 0.11 

GAA2 -0.03 0.06 

FARS -0.47** 0.17 
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Table 4.  Responsiveness of SF-36V2 summary scores and FARS 

Responsiveness of SF-36V2 summary scores and FARS over one year 

 

Physical 

Component 

Summary (PCS) 

Mental 

Component 

Summary (MCS) 

FARS 

N 62 62 62 

Mean score at Baseline (SD) 34.3 (7.8) 47.3 (13.0) 83.0 (26.8) 

Mean score at Year 1 (SD) 34.1 (8.5) 48.2 (13.0) 87.4 (25.5) 

Difference between scores (SD) 

(Year 1 - Baseline)  

-0.2 (7.1) 0.8 (10.1) 4.3 (6.8) 

T test  -0.23 0.63 5.00 

P value 0.82 0.53 <0.01 

Effect size -0.02 0.06 0.17 

Standardised response mean -0.03 0.08 0.63 

Responsiveness of SF-36V2 summary scores and FARS over two years 

N 47 47 47 

Mean score at Baseline (SD) 34.4 (7.4) 48.5 (13.4) 83.5 (26.7) 

Mean score at Year 2 (SD) 33.3 (8.4) 48.2 (12.1) 87.9 (25.4) 

Difference between scores (SD) 

(Year 2 - Baseline)  

-1.0 (6.4) -0.2 (12.9) 4.4 (8.8) 

T test  -1.10 -0.12 3.42 

P value 0.28 0.91 <0.01 

Effect size -0.12 -0.02 0.17 

Standardised response mean -0.16 -0.02 0.50 

Responsiveness of SF-36V2 summary scores and FARS over three years 

N 37 37 37 

Mean score at Baseline (SD) 35.8 (7.2) 48.5 (13.5) 81.1 (24.8) 

Mean score at Year 3 (SD) 32.5 (6.6) 49.6 (14.2) 88.6 (23.7) 

Difference between scores (SD) 

(Year 3 - Baseline)  

-3.3 (7.6) 1.1 (10.9) 7.5 (11.2) 

T test  -2.63 0.61 4.06 

P value 0.01 0.55 <0.01 

Effect size -0.50 0.08 0.31 

Standardised response mean -0.43 0.10 0.67 
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Figure 1. FARS and SF-36V2 Summary scores over 3 years 

Legend: PCS Physical Component Summary score of the SF-36V2, MCS Mental Component Summary score of the SF-

36V2, FARS Friedreich Ataxia Rating Scale. 
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