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Abstract

Objectives—Evaluate web-based patient-reported outcome (wbPRO) collection in MS subjects 

in terms of feasibility, reliability, adherence, and subject-perceived benefits; and quantify the 

impact of MS-related symptoms on perceived well-being.

Methods—Thirty-one subjects with MS completed wbPROs targeting MS-related symptoms 

over six months using a customized web portal. Demographics and clinical outcomes were 

collected in person at baseline and six months.

Results—Approximately 87% of subjects completed wbPROs without assistance, and wbPROs 

strongly correlated with standard PROs (r > 0.91). All wbPROs were completed less frequently in 
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the second three months (p < 0.05). Frequent wbPRO completion was significantly correlated with 

higher step on the Expanded Disability Status Scale (EDSS) (p = 0.026). Nearly 52% of subjects 

reported improved understanding of their disease, and approximately 16% wanted individualized 

wbPRO content. Over half (63.9%) of perceived well-being variance was explained by MS 

symptoms, notably depression (rs = −0.459), fatigue (rs = −0.390), and pain (rs = −0.389).

Conclusions—wbPRO collection was feasible and reliable. More disabled subjects had higher 

completion rates, yet most subjects failed requirements in the second three months. Remote 

monitoring has potential to improve patient-centered care and communication between patient and 

provider, but tailored PRO content and other innovations are needed to combat declining 

adherence.
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INTRODUCTION

Patient-centered care has helped patients and providers find common ground[1], and 

electronic symptom monitoring can improve health-related quality of life[2]. When care 

providers use a patient-centered approach, patients utilize health care services less often[3] 

with reduced associated cost[4,5]. For these reasons, both elements are part of a consensus 

vision for the future of MS care[6]. Internet and mobile health technologies (mHealth) can 

facilitate symptom reporting and patient-centered care by regularly gathering health-related 

information at low cost, changing the patient role through unprecedented data access and 

control. As a result, over 500 studies have assessed mHealth interventions, with remote 

monitoring of chronic conditions being one of the most common and consistent targets[7]. 

On average, these interventions have had a small but significant positive effect on targeted 

behaviors[8].

MS is a promising target for mHealth because of the progressive nature of the disease, the 

unpredictability of relapses, and the importance of ongoing assessment. Over 80% of 

persons with MS use the internet on a weekly basis and 90% can navigate an electronic 

health record[9], making internet-based interventions technically feasible in MS. 

Consequently, a growing number of mHealth studies have focused on the MS population. An 

informational website for MS patients and their families received positive feedback[10], and 

MSDialog, a mobile and web-based patient-reported outcome (PRO) platform, was well-

received by patients and care providers[11]. Data collected through novel modalities can be 

presented via interfaces such as the MS Bioscreen, a clinical data visualization tool 

developed specifically for MS[12].

Despite these successes, proving the real-world effectiveness of mHealth remains a top 

priority of the field[13,14]. Most studies have recruited highly motivated subjects, so 

positive results may not generalize to a broader population[15]. Moreover, participant 

interest seems to decline over time, casting doubts on long-term feasibility. For instance, a 

phone-based diabetes management intervention had a 50% dropout rate[16], and call 

Engelhard et al. Page 2

Int J Med Inform. Author manuscript; available in PMC 2018 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



completion for an interactive voice response service decreased over a three to six month 

period[17]. In a mobile-enabled weight loss intervention, adherence to dietary self-

monitoring declined from roughly 70% to less than 20% over the course of the study[18]. 

Further, a mobile intervention for irritable bowel syndrome found a 25% decline in meal 

entries between weeks one and two[19]. In contrast, comparatively little is known regarding 

sustained mHealth compliance in MS.

The current study addresses mHealth engagement and adherence in MS by evaluating web-

based PRO (wbPRO) collection in terms of feasibility, reliability, adherence, and subject-

perceived benefits. While our wbPROs are similar to those used in other studies, we have 

conducted a detailed exploration of the dynamics of remote monitoring in persons with MS. 

As a secondary objective, the question “How are you feeling today?” (HAYFT) was used to 

study the influence of MS-related symptoms on perceived well-being. This relationship is 

complicated by symptom co-occurrence[20], so sustained and repeated PRO collection is 

required for accurate analysis.

METHODS

Recruitment and Study Procedures

All study procedures were approved by the University of Virginia (UVA) Institutional 

Review Board for Health Sciences Research. Interested subjects were recruited from the 

University of Virginia James Q. Miller MS Clinic outpatient population. Written consent 

was obtained prior to initiation of study procedures. Recruited subjects had clinically 

definite MS[21] with Expanded Disability Status Scale (EDSS) ≤ 6.5. Subjects with EDSS 

above 6.5 were excluded to ensure that all subjects were ambulatory, as several of the 

selected assessments (below) are not appropriate in a non-ambulatory population. Internet 

access via desktop or tablet (not phone) was also required.

Subjects participated over a period of six months, with in-person assessment at baseline and 

six months. These baseline and six month assessments included collection of demographic 

information; neurologic exam by Neurostatus-certified staff; and completion of several 

PROs, including the MS Walking Scale (MSWS-12)[22], Modified Fatigue Impact Scale 

(MFIS)[23], Godin Leisure Time Exercise Questionnaire (GLTEQ)[24], Patient-Determined 

Disease Steps (PDDS)[25], and Performance Scales (PS) covering 11 distinct symptom 

domains such as mobility and vision[26].

Web-Based Patient-Reported Outcome (wbPRO) Collection

A UVA-hosted web portal allowed subjects to report symptoms from home and view their 

symptom history. The web portal was created specifically for this study. Its navigation page 

features the “How are you feeling today?” (HAYFT) question, scored from 1 to 10, and links 

to the following four questionnaires: MSWS-12, MFIS, GLTEQ, and PS. The 11 PS were 

adapted for the portal and labeled as the “Symptom Tracker”. The history of responses to 

HAYFT, MSWS-12, MFIS, GLTEQ, and each PS could be viewed as a graph or a table. A 

dedicated “Symptom Tracker” page allowed subjects to compare severity between 
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symptoms and view recent trends. Subjects were oriented to the web portal at baseline visit 

with a 15-minute, face-to-face tour and tutorial.

Subjects were required to complete each of the five questionnaires at least once per month. 

Additional use of the web portal was encouraged but not required. Subjects rated the utility 

of the web portal and provided free-response feedback at the six month visit.

Data Analysis

Data were analyzed in Matlab R2015b. Groups have been compared by t-test or Mann-

Whitney rank sum test as appropriate for interval and ordinal variables, respectively. 

Spearman correlations have been used, as Pearson correlations are not appropriate for 

ordinal data. Subject-adjusted correlations were calculated by subtracting subject-specific 

mean values from all measurements before computing the correlation. Thus the mean-

adjusted correlation measures the association between changes in one measurement and 

changes in the other while allowing for subject-specific offsets. A linear mixed-effects 

model was used to achieve a similar effect, but it is less appropriate for ordinal data, and 

clinical interpretation of model coefficients is limited by correlations between predictors. 

The linear mixed-effects model has been used solely to estimate the total HAYFT variance 

explained jointly by the predictors.

RESULTS

Subject Demographics and Disability Outcome Measures

Thirty-one subjects completed all study requirements. By design, recruited subjects were 

evenly dispersed across the disability spectrum up to an EDSS of 6.5. Nine had mild 

disability (EDSS 0 to 2.5), 11 had moderate disability (EDSS 3 to 4.5), and 10 had severe 

disability (EDSS 5 to 6.5). All subjects were ambulatory, but 13 used assistive devices inside 

the home (7 cane; 4 walker; 2 hand bars), and three additional subjects used a cane outside 

of the home. Demographics and outcome measures at baseline visit are summarized in Table 

1. Subjects were 93.5% female (29/31), with a median age of 48 years (range: 27 years to 61 

years). Instrumental activities of daily living were reported on a three-point scale (0 No help; 

1 Some help; 2 Unable to do)[27]. No subjects experienced a MS relapse during the study, 

and the largest EDSS progression was 1.5 (median = 0, range = −2 to 1.5, IQR = −0.5 to 

0.5).

Feasibility and Reliability of wbPRO Collection

Only 12.9% of subjects had technical difficulty with the log-in process. In each case, this 

was solved by phone call with the study coordinator. Most subjects (87.1%) completed all 

questionnaires the first month per study requirements. In total, 77.4% had no difficulty with 

the web portal, 22.6% had some difficulty. These subjects were examined for shared 

characteristics such as age, disease severity, disease subtype, employment status and 

education, but none were identified.

Table 2 quantifies the reliability of wbPROs, measured as the correlation between wbPROs 

and standard PROs. First, standard PROs from baseline and six month visits were compared 
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to wbPROs from the first and last months, respectively. These completions were up to two 

weeks apart, so there is some longitudinal component to the comparison. Standard and web-

based MSWS-12 scores were most highly correlated (r = 0.973 at both the baseline and six 

month visits). MFIS totals were least highly correlated on average, though correlation was 

still strong (r = 0.944 and r = 0.912 at baseline visit and six month visit, respectively). For 

comparison, the baseline PROs and six month PROs are less strongly correlated (Table 2, 

part c); in fact, these values are lower than their counterparts when comparing month 1 

wbPROs with month 6 wbPROs (Table 2, part d). Importantly, no subjects reported difficulty 

with the web-based questionnaires themselves.

Trends in wbPRO Completion

Figure 1 shows average monthly completions for each questionnaire among all subjects in 

the first half of the study (months 1 – 3) compared to the second half (months 4 – 6). A 

majority of subjects met requirements in the first half. In the second half, a majority met the 

HAYFT requirement but failed to meet MSWS-12, MFIS, PS, and GLTEQ requirements. 

The median number of completions for the four other questionnaires was 2, one below the 

minimum requirement. The decline in total completions was significant by paired t-test for 

all questionnaires (HAYFT p = 0.001; MSWS-12 p = 0.031; MFIS p = 0.008; PS p = 0.011; 

GLTEQ p = 0.004).

There were several notable outliers in terms of completion rates: for example, one subject 

completed HAYFT every day (185 completions). Low household income (< $10,000) was 

the only demographic or disease-related factor significantly associated (p < 0.001) with 

“super-completer” status (> 100 total completions).

Subjects who exceeded requirements (> 1 completion per month per survey, on average) had 

higher EDSS (p = 0.026) than others by Mann-Whitney rank sum test. Figure 2 shows 

differences in median FSS and EDSS between these groups. Subjects who exceeded 

requirements also had higher FSS, with significant differences found in vision (p = 0.049), 

cerebellar (p = 0.006), sensory (p = 0.032), and bowel/bladder (p = 0.023) scores by Mann-

Whitney rank sum test. The trend was also present in the remaining FSS, but it did not reach 

statistical significance.

Subject Feedback

Responses to the data utility survey and correlations between responses may be found in 

Table 3. Over 60% of subjects viewed all results monthly, matching the minimum 

requirement for completion. Over 10% of subjects viewed HAYFT or the Symptom Tracker 

weekly or daily (9.7% and 3.2% respectively for both). The GLTEQ was viewed least often. 

The plurality of subjects felt that most questionnaires were “Moderately” useful in helping 

them understand their MS; only GLTEQ was more often seen as “Not at all” useful. The 

Symptom Tracker was perceived as the most useful, with 25.8% reporting it as “Quite a bit” 

useful. The MSWS-12 was seen as “Extremely” useful by one subject, a category not 

reported by any subjects for the other questionnaires. Results were similar for the second 

utility question regarding communication with care providers. Subjects most often felt that 

the Symptom Tracker, MSWS-12, and MFIS were “Moderately” useful, whereas they most 
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often felt HAYFT and GLTEQ were “Not at all” useful. In general, fewer subjects saw the 

questionnaires as useful when communicating compared to understanding their MS. One 

notable exception was the MFIS, which 16.7% of subjects found “Quite a bit” useful when 

communicating with their provider.

Frequency of viewing was positively correlated with perceived utility on both questions: 

when subjects viewed results more often, they were more likely to report them as useful. 

This association reached statistical significance for HAYFT, Symptom Tracker, MFIS, and 

GLTEQ, but not MSWS-12.

There were three clear themes identified in the free response feedback. First, a majority of 

subjects (51.6%) commented that monitoring helped them understand aspects of their 

disease. For example, one subject wrote “I found it very useful because I could see what 

days were good and why and what days were bad and why”. A smaller but substantial 

portion (16.1%) said the symptom history would be useful when communicating with a care 

provider, for instance: “I think it would be more useful to the doctor to have an overview of 

the symptoms between office visits”. Lastly, subjects commented on the lack of disability-

specific content and/or timing in symptom questionnaires (16.1%). One said “Because my 

walking is so bad I felt a lot did not pertain to me”, while another said “I probably would not 

answer the questions within periods where my symptoms remained largely unchanged.”

Determinants of “How are you feeling today?” (HAYFT)

A majority of PRO results were correlated with HAYFT, as shown in Table 4. Correlation 

was strongest for depression (rs = −0.459) followed by fatigue (rs = −0.390), pain (rs = 

−0.389), bladder/bowel (rs = −0.365) and the MFIS (rs = −0.351). Changes in symptoms 

were most strongly correlated with changes in HAYFT for vision (rs = −0.341) followed by 

fatigue (rs = −0.318), bladder/bowel (rs = −0.293), and depression (rs = −0.227), as 

demonstrated by the subject-adjusted correlations.

The linear mixed-effects model explained almost 60% of HAYFT response variance (r2 = 

0.5886, adjusted r2 = 0.5693) when only the 11 PS (Symptom Tracker) were used as 

predictor variables. When the MSWS-12 score and MFIS score were added to the model, 

this figure increased to almost 64% (r2 = 0.6392, adjusted r2 = 0.6094).

DISCUSSION

Although this study involved longitudinal measurement of PROs, our results are primarily 

cross-sectional with respect to disease status, which progressed minimally in only a few 

subjects. Longitudinal results have to do with day to day symptom variability and long-term 

intervention adherence and perception. Since disease status did not change, trends in 

questionnaire completion are likely to be the result of continued exposure to the web portal.

Difficulties with log-in and web portal navigation occurred at rates consistent with the 

literature. For example, Haase et al. found that 83% of patients can quickly adjust to new 

software and 87% report weekly internet use[9], similar to the 87% of our cohort who did 
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not require technical assistance. Contrary to expectations, there were no trends between 

technical difficulty and age, disease severity, or other recorded demographic characteristics.

Importantly, wbPRO completion was reliable based on comparison to standard, paper PROs. 

While not surprising, this result reinforces a foundational assumption of remote symptom 

reporting, namely that remote symptom reports may be trusted. Our wbPROs faithfully 

reproduced the standard PROs, whereas a less strict web-based interpretation might have 

produced different results. No subjects reported difficulty with the questionnaires 

themselves. Some variability between standard PROs and web-based PROs was expected 

given the subjective nature of the questionnaires and the time delay between completions (up 

to 2 weeks). These cross-sectional correlations were stronger than the corresponding 

longitudinal correlations, suggesting that variability was within expected limits. Moreover, 

longitudinal correlations were similar regardless of the modality (paper/web-based).

The HAYFT analysis can be viewed in two different lights. On the one hand, the mixed 

effects model explained the majority of HAYFT variability, highlighting the influence of 

symptoms on daily well-being. The correlations show that depression, fatigue, and bowel 

and bladder function are among the most important symptoms in this regard. Subject-

adjusted correlations relate changes in symptoms to changes in HAYFT while allowing for 

subject-specific baselines. The results suggest that vision, fatigue, and bladder and bowel 

symptoms were the most important drivers of HAYFT in this study. Importantly, this 

analysis relies on intra-subject symptom variability: symptoms can only drive HAYFT 

responses if they are changing.

On the other hand, a large portion of HAYFT variance – roughly 40% – remains unexplained 

by the model despite our inclusion of subject-specific intercept parameters. Some of this 

variance may be attributed to unrecorded symptoms and higher-order effects, but a 

substantial portion remains. Thus in this population, factors not related to disease seem to be 

just as important as MS-related symptoms as drivers of perceived well-being.

Declining completion rates are a major obstacle to mHealth adoption that future 

interventions must address. Much like other remote interventions[16–19], our subjects were 

initially engaged with high completion rates, but engagement dropped as subjects became 

more realistic about intervention benefits. Like other interventions, our subjects may have 

been more motivated than the general population; if so, these challenges will be even more 

pronounced outside of a research setting. Free-response feedback points to an important 

contributing factor: the intervention was not adequately tailored to the disability status of 

individual subjects. Some subjects felt that questions were not relevant to them, while others 

grew tired of reporting the same unchanged symptoms. Additional themes related to wbPRO 

design might have been useful in the development of future tools, but unfortunately none 

were identified.

The association between disease severity and completion rates is promising, as subjects with 

more severe symptoms tended to report them more often. Further, correlations between 

viewing frequency and perceived utility suggest that the web portal was useful when 
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subjects were engaged. Nevertheless, completion rates were low in most subjects beyond 

month 3, pointing to a need for more innovative, individualized approaches to monitoring.

Many studies have combated low compliance by opting for short form PROs, reducing 

patient burden. Our results partly support this approach: patients rated the single-question 

performance scales (symptom tracker) as the most useful of the five questionnaires. 

Ultimately, however, there is a trade-off between PRO length and score validity. Instead of 

reducing the number of questions, we favor development of adaptive technologies which 

leverage mobile computation to tailor PRO content and timing to the subject. Further work is 

needed to develop adaptive PROs and evaluate their benefits in MS and other clinical 

populations.

CONCLUSION

Most subjects with MS had no technical difficulties completing PROs through a custom web 

interface. Reliability was high, as measured by the correlation between paper and wbPROs. 

Voluntary completion varied substantially, and higher completion rates were associated with 

more severe disability as measured by EDSS. Adherence was low in the second half of the 

study, with a majority of subjects failing to meet requirements. Feedback showed that 

subjects who used the web portal more often were more positive about its potential benefits. 

Importantly, free-response feedback pointed to lack of person-specific PRO content and 

timing as causes of poor long-term adherence. Disability symptoms and factors not related 

to disease were equally important to perceived well-being, with depression, fatigue, and 

bladder and bowel function being the most important symptoms by correlational analysis.

This study contributes to the growing mHealth evidence base in MS care by evaluating 

wbPRO collection in terms of feasibility, reliability, adherence over a six month period, and 

subject-perceived benefits. Persons with MS are able to utilize mHealth tools, but their 

willingness to do so could be improved by incorporating individualization into mHealth 

platforms. While mHealth does have the potential to facilitate patient-centered care and 

improve engagement, reaching this potential will require innovative solutions to combat 

poor compliance and adherence.
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WHAT WAS ALREADY KNOWN?

• eHealth interventions have had small but significant positive effects on 

targeted behaviors in diabetes, weight-loss, and other conditions.

• Most eHealth studies have recruited highly motivated subjects, so positive 

results may not generalize, and several clues point to poor long-term 

adherence.

• Persons with multiple sclerosis are able to use the internet, but little is known 

regarding their interest in eHealth or adherence to a long-term eHealth 

intervention.

WHAT KNOWLEDGE HAS BEEN ADDED?

• Declining adherence is a critical and underemphasized barrier to eHealth 

impact in multiple sclerosis and potentially other chronic diseases.

• Severely disabled subjects have no difficulty completing web-based patient-

reported outcomes; in fact, they complete them more often than others.

• Subjects see the potential of eHealth to improve their understanding of 

disease and communication with providers, but many would like to see 

tailored content and other innovations.

• Depression, fatigue, and pain are the most prominent drivers of perceived 

well-being in multiple sclerosis.
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HIGHLIGHTS

• Web-based patient-reported outcome collection is evaluated in multiple 

sclerosis.

• Subjects reliably reported symptoms related to fatigue and mobility through a 

custom web portal.

• A statistically significant decline in adherence occurred over the six month 

study period.

• More disabled subjects completed patient-reported outcomes more frequently.

• Tailored content and other innovations are needed to combat declining 

adherence.
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Figure 1. 
Adherence declined between the first and second halves of the study as measured by 

questionnaire completion. All differences are statistically significant by paired t-test (p < 

0.05).
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Figure 2. 
Median EDSS and FSS were higher among frequent questionnaire completers (> 1 

completion per month per survey, on average) compared to infrequent completers. 

Differences between groups in EDSS and four FSS (Vision, Cerebellar, Sensory, and Bowel/

Bladder) were statistically significant between groups (p < 0.05).
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Table 1

Demographics and Selected Outcome Measures at Initial Visit

N (Female/Male) 31 (29/2)

Age, median (range) [IQR] 48 (27 – 61)
[44 – 56]

Years since onset, median (range) [IQR] 15.5 (4 – 37)
[10.25 – 19.75]

Years since diagnosis, median (range) [IQR] 12 (3 – 31)
[9.25 – 15]

MS Subtype:

  Relapsing-remitting disease 21

  Progressive disease 10

EDSS, median (range) [IQR] 3.5 (2 – 6.5)
[2.5 – 6]

PDDS, median (range) [IQR] 3 (0 – 7)
[1 – 4.5]

IADL Score, median (range) [IQR] 2 (0 – 9)
[0 – 4]

MSWS-12 Score, median (range) [IQR] 31.3 (0 – 100)
[8.9 – 79.7]

MFIS Total, median (range) [IQR] 36 (0 – 67)
[23 – 49]

T25FW, median (range) [IQR] 4.95 (3.3 – 67.4)
[3.9 – 12.7]

IQR: Inter-Quartile Range; MS: Multiple Sclerosis; EDSS: Expanded Disability Status Scale; PDDS: Patient Determined Disease Steps; IADL: 
Instrumental Activities of Daily Living; MSWS-12: MS Walking Scale; MFIS: Modified Fatigue Impact Scale; T25FW: Timed 25-Foot Walk
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Table 2

Reliability of wbPRO collection based on correlation between wbPROs and standard PROs

Correlation between PROs (r)

Encounter MSWS-12 MFIS Symptom Tracker

(a) Baseline (web-based/standard) 0.973 0.944 0.922

(b) Six Months (web-based/standard) 0.973 0.912 0.959

(c) Baseline vs Six Months (both standard) 0.933 0.780 0.886

(d) Baseline vs Six Months (both web-based) 0.957 0.794 0.941

(e) Baseline (standard) vs Six Months (web-based) 0.936 0.816 0.801

(f) Baseline (web-based) vs Six Months (standard) 0.944 0.789 0.934

PRO: Patient-Reported Outcome; MSWS-12: MS Walking Scale; MFIS: Modified Fatigue Impact Scale
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Table 4

Spearman correlations and subject-adjusted Spearman correlations between “How are you feeling today?” and 

other questionnaire results. Statistically significant correlations (p < 0.001) are emphasized in bold.

Non-adjusted Subject-Adjusted

rs p rs p

Mobility −0.007 0.9016 −0.100 0.0806

Hand Function −0.062 0.2890 −0.139 0.0162

Vision −0.245 < 0.0001 −0.341 < 0.0001

Fatigue −0.390 < 0.0001 −0.318 < 0.0001

Sensory −0.268 < 0.0001 −0.176 0.0050

Spasticity −0.214 0.0006 −0.088 0.1617

Cognitive −0.091 0.1073 −0.190 0.0008

Pain −0.389 < 0.0001 −0.194 0.0018

Depression −0.459 < 0.0001 −0.227 0.0001

Bladder/Bowel −0.365 < 0.0001 −0.293 < 0.0001

Tremor −0.257 < 0.0001 0.106 0.0690

MSWS-12 −0.287 < 0.0001 −0.052 0.3472

MFIS −0.351 < 0.0001 0.023 0.7107

GLTEQ 0.282 < 0.0001 0.081 0.1284

MSWS-12: MS Walking Scale; MFIS: Modified Fatigue Impact Scale; GLTEQ: Godin Leisure-Time Exercise Questionnaire

Int J Med Inform. Author manuscript; available in PMC 2018 April 01.


	Abstract
	INTRODUCTION
	METHODS
	Recruitment and Study Procedures
	Web-Based Patient-Reported Outcome (wbPRO) Collection
	Data Analysis

	RESULTS
	Subject Demographics and Disability Outcome Measures
	Feasibility and Reliability of wbPRO Collection
	Trends in wbPRO Completion
	Subject Feedback
	Determinants of “How are you feeling today?” (HAYFT)

	DISCUSSION
	CONCLUSION
	References
	Figure 1
	Figure 2
	Table 1
	Table 2
	Table 3
	Table 4

