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ABSTRACT 

Background: Assessment of disease impact in multiple sclerosis (MS) is usually driven by 

information obtained directly from patients using patient reported outcomes. However, 

when the patient’s response in longitudinal studies is less reliable or missing, data from 

other sources, for instance proxy respondents, may be used. 

Objective: To evaluate whether long term patient scores can be reliably estimated using 

scores obtained from proxies. 

Methods: Baseline, 6 months and 2 year data was collected from 155 patients and 

proxies on the physical scale of the Multiple Sclerosis Impact Scale (MSIS-29). Linear 

regression analyses were used with the patient 2 year scores as outcome and proxy 2 

year scores as predictor. Thereby other variables were added to the analyses to 

investigate whether they contributed to a better prediction of the patient follow up 

score. 

Results: The patient follow up score could be predicted rather accurately (R2 = 0.74) 

using the patient baseline score and the proxy follow up score. The correlation between 

observed and predicted scores was 0.86. The model did not improve by adding more 

variables and performed good in different follow up durations. The model was validated 

in an external cohort in which it performed even better, with a high correlation between 

observed and predicted scores (0.92). 

Conclusion: A simple model of a constant value (intercept), the patient baseline score 

and the proxy follow up score can predict patients’ follow up scores on the physical 

impact of MS. 
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INTRODUCTION 

Research on disease impact in multiple sclerosis (MS) is usually based on information 

obtained directly from patients. Yet, when the patients’ response is less reliable or missing 

due to disease status, age, cognitive functioning or mood disorders, it might be necessary to 

obtain data from other sources, for instance proxy respondents.1-3 A proxy respondent can be 

a partner, close family member or healthcare provider of the MS patient.4 

Proxy measurements have recently been evaluated in MS4-10 and in several other patient 

populations such as eldery,11,12 children,13 stroke,13,14 cancer15 and patients with Alzheimers 

disease.16 These studies reported different results according to agreement between patients 

and proxies. In most of the studies the differences between patients and proxies were small, 

but proxies rated patients as more severely affected than patients themselves and agreement 

was better on well observable or objective scales (activities of daily living, physical 

functioning) compared to evaluation of more subjective scales (quality of life, psychological 

impact and cognitive status).  

Longitudinal studies in MS may benefit from the use of proxies when patients’ responses are 

not available or less reliable due to disease circumstances. In a prospective study we 

described changes in scores of patients and proxies rating the impact of physical disability and 

walking ability of patients over 2 years.17 We found agreement on the change over 2 years in 

the majority of the patient-proxy couples. In the group in which the proxies were more 

negative about the change, we found a significantly higher age of patients and proxies and 

increased depression, anxiety and caregiver burden in 2 years in proxies. In a previous study 

we also found that caregiver strain, proxy depression, patient anxiety and some 

neuropsychological components were causes of differences between patient and proxy.6 

The objective of this study was to evaluate whether patient scores in longitudinal MS studies 

can be reliably estimated using proxy outcomes. Based on the results we found in earlier 

studies we first focused on the physical impact of MS (Multiple Sclerosis Impact Scale – 

physical).18 We were interested in the variables that, in addition to the longitudinal proxy 

scores, contributed to the most accurate prediction of longitudinal patient scores. 

4.2 



Chapter 4.2 

 

88 

METHODS 

Subjects 

As previously described, the subjects in this study were MS patients and their proxies.5,6 All 

subjects were aged 18 years or older. The patients were eligible for inclusion if they had been 

diagnosed as having MS or clinically isolated syndrome, according to the Poser or the revised 

McDonald criteria.19,20 All included patients visited the outpatients’ clinic of the VU University 

Medical Center Amsterdam for their baseline visit between November 2008 and December 

2010. The PROs, as described below, were completed by patient and proxy during the 

patient’s visit to the hospital. If a proxy could not come to the hospital, he or she completed 

the questionnaires at home. For the follow-up after 6 months and 2 years, PROs were 

completed at home and additionally the patient was interviewed by phone.  

For external validation of the analyses, data from an independent longitudinal cohort of 56 

MS patients and their partners was used.8 Data was collected at baseline and after two years 

between December 2003 and April 2006. The medical ethical committee of the VU University 

Medical Center approved both study protocols and informed consent was obtained from all 

participants. 

Physical impact of MS 

The MSIS-29 gives information about disease impact of MS on daily life and can be divided 

into a physical and psychological subscale. For the present study we only used the physical 

subscale which contains 20 items. The range of each item scores is 1 (no impact on daily life) 

to 5 (extremely influencing daily life). The scale was completed by patients and proxies at 

baseline and after 6 months and 2 years. Proxies rated the actual physical impact for the 

patients.  

Patients’ physical status and levels of depression and anxiety 

Neurological impairment and disability was assessed using the Expanded Disability Status 

Scale (EDSS).21 The EDSS score varies between 0 and 10, a higher score indicates more severe 
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disability. At baseline the EDSS was performed by a trained physician, for follow up after 2 

years a trained member of the research team administrated the EDSS by phone.22 

Patients’ levels of depression and anxiety were assessed using the Hospital Anxiety and 

Depression Scale (HADS).23,24 The HADS is a 14-item self-reported screening scale to indicate 

the possible presence of anxiety (7 items) and depressive states (7 items). For both 

continuous scales the range of scores is 0 to 21.  

Proxies’ levels of depression, anxiety and caregiver strain  

We assessed the proxies’ own levels of depression and anxiety also using the HADS. Caregiver 

strain was assessed using the Caregiver Strain Index (CSI),25 a list of 13 stressors about the 

daily care for the patient. In addition the Self-Rated Burden scale (SRB)26 was used to measure 

the overall burden of informal care for the patient as perceived by the proxy, with a visual 

analogue scale (VAS) ranging from (0) not straining at all to (10) much too straining. Proxies’ 

anxiety, depression as well as caregiver strain and burden were only evaluated in the present 

cohort (not in the external validation cohort). 

Statistical analyses 

To predict the patients’ follow up score, we used linear regression analyses with the patient 2 

year MSIS physical score as outcome and proxy 2 year MSIS physical score as predictor. 

Additional analyses were performed on the predictive value of: MSIS physical patient baseline 

score; MSIS physical difference between patient and proxy at baseline; physical disability 

(EDSS); depression and anxiety scores of patient and proxy at baseline and follow up (HADS); 

and caregiver strain or burden at baseline and follow up (CSI, SRB). 

First, a regression model was created based on the proxies’ follow up 2 year scores of the 

present cohort to predict the patients’ 2 year MSIS physical scores. Second, the other 

potentially predictive variables were added to this model to evaluate whether they 

contributed significantly. Based on the intercept and the regression coefficient(s) (β) of the 

variables that retained significant in the model, a function could be created to calculate the 

patients’ 2 year MSIS physical scores. As a measure to express how good the observed 

outcomes were predicted by the model we used R squared (R2), a proportion of the total 

4.2 
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variation of outcomes explained by the model. Additionally, the correlation coefficient 

between the observed and predicted 2 year MSIS physical patient scores was calculated.  

Following this we used the final and best predictive regression model, as described above, to 

calculate predicted patient follow up scores in the same cohort, but for different follow-up 

durations: Six months (baseline to six months) and 18 months (6 months to 2 year). The 

predicted scores were evaluated by correlations with the observed patient follow up scores.  

The last step was to validate the regression model, based on the data of the present patient-

proxy cohort, in an independent sample. In the external validation cohort with the same 

follow up duration (baseline to 2 year), the predicted patient 2 year MSIS physical scores were 

calculated and again evaluated by correlations between the observed and predicted scores. 

 

RESULTS 

In the present cohort a total of 155 patients and proxies participated at baseline and follow 

up 6 months and/or 2 years. This resulted in a complete dataset of MSIS physical scores (full 

assessment for patient and related proxy at both time points) for 140 couples at follow up 6 

months and 120 couples at follow up 2 years. In the external validation cohort, 56 patients 

and proxies completed the MSIS physical scale at both time points. Subject characteristics are 

shown in table 4.2.1.  

 
Table 4.2.1  Subject characteristics at baseline 
 

 Present cohort External validation cohort 

 N Mean (SD) N Mean (SD) 
Age patient, years 155 49.8 (12.0) 56 48.1 (9.1) 
Age proxy, years 155 50.7 (12.3) 50 49.5 (9.1) 
Disease duration, years 155 14.6 (8.9) 54 12.7 (7.4) 
Gender patient 

Male 
Female 

 
54 (35%) 
101 (65%)  

16 (29%) 
40 (71%)  

Disease type 
Relapsing Remitting  
Secondary Progressive  
Primary Progressive  
Clinically Isolated Syndrome  
Unknown 

 
78 (50%) 
40 (26%) 
32 (21%) 
5 (3%) 
-  

 
26 (46%) 
18 (32%) 
10 (18%) 
1 (2%) 
1 (2%)  
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Patient reported outcomes 

In table 4.2.2 the mean scores on the different PROs and the EDSS are shown. Data in the 

external validation cohort had already been collected in the past, thus not all PROs could be 

evaluated in this group. On all PROs that could be evaluated in the external validation cohort 

we observed higher mean scores. 

 

Table 4.2.2  Scores on patient reported outcome scales and EDSS 

 Present cohort External validation cohort 

 N Mean (SD) N Mean (SD) 

MSIS physical patient baseline  155 32.1 (24.1) 56 42.2 (24.2) 
MSIS physical proxy baseline 153 33.6 (24.6) 56 42.9 (25.3) 
HADS anxiety patient baseline 152 4.5 (3.0) 56 5.8 (3.9) 
HADS anxiety patient follow up 2Y 108 4.7 (3.8) 56 5.2 (3.7) 
HADS anxiety proxy baseline 152 4.3 (3.2)  na 
HADS anxiety proxy follow up 2Y 109 4.3 (3.5)  na 
HADS depression patient baseline 152 4.5 (3.0) 56 6.0 (4.1) 
HADS depression patient follow up 2Y 108 4.7 (3.8) 56 5.2 (3.9) 
HADS depression proxy baseline 152 2.5 (2.9)  na 
HADS depression proxy follow up 2Y 110 2.7 (3.3)  na 
CSI proxy baseline 146 3.8 (3.0)  na 
CSI proxy follow up 2Y 103 4.1 (3.1)  na 
SRB proxy baseline 155 2.2 (2.3)  na 
SRB proxy follow up 2Y 109 2.9 (2.2)  na 
EDSS baseline (median, IQR) 155 4.0 (2.5-6.0) 56 4.6 (3.5-6.0) 

 

Regression 

The results obtained from the regression analyses based on the baseline and 2 year data from 

the present cohort are shown in table 4.2.3. Proxies’ follow up score (β=0.47, p<0.001) and 

patients’ baseline score (β=0.47, p<0.001) were significantly related to patients’ follow up 

score on the MSIS physical scale. Further analyses showed that none of the other suggested 

variables (disability, patient-proxy difference, mood, caregiver burden) contributed to a 

better prediction of the patients’ follow up score (p>0.05 for all variables). 

Further analyses to evaluate the model for different follow up durations and in an 

independent cohort were performed by calculating the predicted patient follow up scores 

4.2 
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using the function displayed in table 4.2.3. Correlations between the observed and predicted 

patient follow up scores were again calculated, the results are presented in table 4.2.4. High 

correlations ranging from 0.86 to 0.92 were found between the observed and predicted 

scores, independent of cohort and follow up length. Interestingly, the highest correlation 

(0.92) was found between the observed and predicted MSIS physical patient follow up 2Y 

scores in the external validation cohort. 

 
Table 4.2.3  Results of the regression analyses 

 

Table 4.2.4  Correlation between observed and predicted MSIS physical patient follow up scores 
 

Predicted follow up score N Observed score 
Mean (SD) 

Predicted score 
Mean (SD) Correlation 

Present cohort 
MSIS physical patient 6M (0-6M) 140 33.4 (24.8) 36.5 (22.1) 0.88 
MSIS physical patient 18M (6M-2Y) 109 36.6 (26.5) 37.6 (22.3) 0.90 
MSIS physical patient 2Y (0-2Y) 120 39.6 (25.0) 38.9 (21.2) 0.86 

External validation cohort 
MSIS physical patient 2Y (0-2Y) 

 
56 

 
45.1 (25.3) 

 
47.7 (22.1) 

 
0.92 

 

DISCUSSION 

The aim of this study was taking a first step towards the use of proxy reports in longitudinal 

MS studies. For calculation of the most accurate patient follow up scores on the physical 

impact of MS, the use of proxy follow up scores and other potentially contributing patient or 

proxy related variables were evaluated. The results demonstrated that the most accurate 

prediction of the patient follow up score on the MSIS physical scale was based on a constant 

value (4.43) and a combination of the proxy follow up score (β=0.47) and the patient baseline 

Dependent Independent/constant β SE(β) p-value Model 
R2 

MSIS physical Patient  
follow up 2Y 

Constant (intercept) 4.43 2.14 0.041  
0.74 

 
MSIS physical proxy follow up 2Y 0.47 0.07 <0.001 
MSIS physical patient baseline 0.47 0.08 <0.001 

MSIS Physical patient follow up score =  
4.43 + (0.47 * MSIS physical proxy follow up) + (0.47 * MSIS physical patient baseline) 
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score (β=0.47). Correlations between the observed and predicted patient follow up scores 

were high, even when follow up lengths varied. Remarkably, the highest correlation between 

the observed and predicted patient follow up score of physical MS impact was found by the 

external validation of  the model in an independent cohort of MS patients and proxies. This 

indicates that the accuracy of model we provided was not the result of overfitting and might 

be considered promising for its use in other cohorts.    

Although these findings are important regarding the use of proxy data, caution must be 

applied as these findings might not be perfectly convertible to other MS populations. The first 

evaluation in an independent cohort of MS patients and proxies was positive, but apart from 

the fact that this cohort was independent and included different patients and proxies, it 

should be mentioned that these patients came from the same MS center and setup of the 

studies was almost identical. 

In earlier publications we found that proxies with increased levels of anxiety, depression and 

caregiver burden were more negative than patients on the physical impact or change of 

physical impact of MS in 2 years.6,17 It could be expected that in a regression model to predict 

patients’ follow up score out of proxies’ follow up score, a correction should be made for 

proxy mood or caregiver strain. However, the results of the current study showed a clear and 

simple model to predict a patient follow up score in which these variables showed no 

significant added value.  

Concluding, the purpose of the current study was to take a first step towards the use of proxy 

respondents in longitudinal MS research. We found that a model of proxy follow up score and 

patient baseline score can predict a patient follow up score on physical impact of MS, which 

correlates high with the observed patient score. This calculated score gives a reliable 

estimation of the real patient score and can therefore be of importance when patient scores 

are either not available or unreliable due to different frequently occurring disease related 

circumstances in longitudinal MS studies. 

 

4.2 
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