
For Review Only
More than just fun and games: ACTIVE workspace volume 
video game quantifies meaningful change in function in 

Spinal Muscular Atrophy

Journal: Developmental Medicine & Child Neurology

Manuscript ID DMCN-OA-18-05-0333.R3

Manuscript Type: Original Article

Date Submitted by the 
Author: 29-Jan-2019

Complete List of Authors: Alfano, Lindsay; Nationwide Children's Hospital
Miller, Natalie; Nationwide Children's Hospital
Iammarino, Megan; Nationwide Children's Hospital, 
Moore-Clingenpeel, Melissa; Nationwide Children's Hospital
Dugan, Margaret; Nationwide Children's Hospital
Lowes, Suzanne; University of Dayton
Kissel, John; The Ohio State University College of Medicine, Neurology
Al-Zaidy, Samiah ; Nationwide Children's Hospital
Tsao, Chang-Yong; Nationwide Children's Hospital
Lowes, Linda; Nationwide Children's Hospital

Keywords: spinal muscular atrophy, outcome measure, workspace volume, upper 
extremity, reachable workspace

 

Mac Keith Press

Paper for DMCN



For Review Only

More than just fun and games: ACTIVE workspace volume video game quantifies meaningful change in 

function in Spinal Muscular Atrophy

Lindsay N Alfano1, Natalie F Miller1, Megan A Iammarino1, Melissa Moore Clingenpeel2, Suzanne L 

Lowes3, Margaret E Dugan1, John T Kissel4, Samiah Al Zaidy1,5, Chang-Yong Tsao1, 5, Linda P Lowes1,5 

1) Nationwide Children’s Hospital, Center for Gene Therapy

2) Research Institute at Nationwide Children’s Hospital, Biostatistics Core

3) University of Dayton

4) The Ohio State University College of Medicine, Department of Neurology

5) The Ohio State University College of Medicine, Department of Pediatrics

Corresponding Author: 

Linda P Lowes, PhD, PT

Linda.Lowes@nationwidechildrens.org 

 https://orcid.org/0000-0003-4206-0557

Nationwide Children’s Hospital

700 Children’s Drive 

Columbus, Ohio 43205

Page 1 of 23

Mac Keith Press

Paper for DMCN

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

mailto:Linda.Lowes@nationwidechildrens.org
https://orcid.org/0000-0003-4206-0557


For Review Only

ACTIVE in Spinal Muscular Atrophy

2

Aim: Evaluate the utility of ACTIVE scaled scores to quantify meaningful change in individuals 

with spinal muscular atrophy (SMA) types 2 or 3 due to disease progression or treatment.  

Method: ACTIVE is a custom-designed video game that measures workspace volume.  Subjects 

included 62 individuals with SMA and 362 frequency matched controls.  Subjects completed 

ACTIVE, other traditional assessments, and patient reported outcomes.  Responsiveness to 

change was evaluated by comparing longitudinal data on untreated subjects to those receiving 

SpinrazaR (Biogen, North Carolina, USA).

Results: ACTIVE was significantly correlated to the Hammersmith Functional Motor Scales and 

Revised Upper Limb Module (Rho=0.85; 0.92, p<0.001). Relevance to patients and families was 

established by strong correlations to PROMIS self and parent measures of upper extremity 

ability (Rho=0.63; 0.70, P<0.001).  Responsiveness to change was demonstrated by significant 

change in scaled scores following treatment (median 15.9 points, Wilcoxon signed-rank test 

P<0.01).  A preliminary minimum clinically important difference is presented.

Interpretations: These results suggest ACTIVE workspace volume scores are a meaningful 

assessment to quantify change over time in individuals with SMA types 2 and 3.

What this paper adds:

 ACTIVE, an interactive game, quantifies upper extremity function in Spinal Muscular 

Atrophy.

 ACTIVE’s scaled workspace volume strongly correlates to self- and parent-report of 

function.

 ACTIVE quantifies meaningful change following treatment. 
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Spinal Muscular Atrophy (SMA) is an inherited disease involving degeneration of spinal and bulbar 

anterior horn cells resulting in progressive muscle weakness(1).  Diagnosis is genetically confirmed with 

absence of the survival motor neuron protein (SMN) 1 gene.  Disease severity is generally correlated to 

the number of copies of SMN2 with a larger number of copies of SMN2 associated with a less severe 

phenotype.  All patients with SMA present with trunk and upper and lower extremity weakness 

consistent with their SMA subtype(1).  Traditionally, treatment for SMA was supportive; however, with 

the approval of Nusinersen and other promising therapeutics on the horizon, treatment options are 

finally becoming available in SMA.  There is a need for a valid and reliable functional outcome that 

assesses a broad spectrum of abilities that is easily implemented across sites for use in post-marketing 

surveillance, insurance reauthorization, as well as current and future clinical trials(2-6).  

Several insurers in the United States have published criteria for issuing approvals for treatment 

contingent on documented improvement or stabilization(7).  Outcomes have been developed to capture 

the natural history of SMA, such as the Hammersmith Functional Motor Scale Expanded (HFMSE)(4), 

Revised Upper Limb Module (RULM)(8), and patient-reported outcomes that use a subjective, ordinal 

scoring system to grade function.  While the HFMSE and RULM have a body of literature supporting their 

use in SMA with training and reliability, they can be problematic for a few reasons.  First, an evaluator-

rated ordinal scale may be less responsive to change as large improvements in function may be required 

to improve the total score and have potential floor and ceiling effects in various SMA cohorts(8, 9).  

Additionally, these outcomes require significant training and reliability to ensure consistent 

administration and scoring across sites(10).  An outcome utilizing a continuous scale, requiring minimal 

training, and capturing wide-ranging function has the potential to improve the efficiency of evaluation 

across sites. 
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To meet this need, we developed an engaging 65-second video game entitled ACTIVE (Ability Captured 

Through Interactive Video Evaluation) to quantify workspace volume (WSV)(11, 12).  WSV, reported in 

cubic meters, is defined as the area around a person within which he can reach and interact.  ACTIVE 

uses the skeletal tracking algorithm developed for the Microsoft Kinect camera to deploy an avatar that 

mimics the player’s movement as he/ she plays an engaging custom-designed video game that squashes 

spiders or digs for gems.  Strategic and consistent placement of the targets encourages the player to 

reach and lean to achieve a higher score.  Players may not stand or move out of the chair during 

gameplay, thus a consistent total reachable area around him is quantified.  Any compensatory 

movements the player uses to move in space are permitted, as these are expected to improve the 

relationship of ACTIVE to actual function.  Players must lean and stretch high overhead, to each side, 

and forward to maximize the space accessed.  While playing the game, movements are recorded in 

three levels (divided into right and left for six individual areas). The first level quantifies movement from 

the hips and extending up 8-cm, the middle level extends up to the shoulder level, and the upper level 

captures above shoulder level.  The volume of the six boxes is summed and scaled to the subject’s 

height to create the scaled score(11, 12).  Scaling the volume normalizes differences in reaching ability 

between players attributable to longer arms and longitudinally within players due to growth.  Lastly, 

ACTIVE is a plug-and-play assessment with all instructions and in-game encouragement provided by the 

program; thus reducing the required training to administer this assessment.

ACTIVE quantifies functional reaching abilities, which differs from active range of motion (ROM), in that 

WSV includes trunk movement as people lean to extend their arm reach.  This differentiation is 

particularly important in individuals with SMA as trunk weakness is a hallmark of the disease(13).   Trunk 

weakness results in decreased WSV even in individuals with full arm movement and is not only 

important in reaching, but also contributes to walking speed and activities such as sitting up from 

lying(14, 15).  Initial validation in a cohort of subjects with Duchenne muscular dystrophy (DMD) indicated 
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ACTIVE could differentiate reaching ability of stronger subjects with full upper extremity movement 

from typical peers(11).  The effect of early trunk weakness differentiated these two cohorts.  ACTIVE’s 

incorporation of trunk movement would be a meaningful measurement to assess progression or 

improvement in SMA.  

The purpose of this study was to evaluate the utility of ACTIVE to quantify meaningful change in 

individuals with SMA.  To this end, we evaluated the concurrent and convergent validity and 

responsiveness to change of ACTIVE. 

METHOD 

This study was approved by the Institutional Review Board of Nationwide Children’s Hospital (NCH) and 

all subjects gave verbal consent for participation.  Individuals were enrolled in the study if they were age 

3 years or older, were diagnosed with SMA type 2 or 3 or were controls frequency matched on age.  

Individuals were excluded if they could not sit.

ACTIVE: Detailed administration instructions for ACTIVE have been published(11).  In short, each subject 

performed two 65-second trials per visit. After the initial trial, the previous number of spiders/gems was 

displayed to provide an explicit challenging goal to reduce boredom and enhance motivation(16).  The 

maximum WSV and scaled score per visit was used for analysis.

Brooke: All players completed the Brooke Scale (Brooke), an outcome used in neuromuscular disorders 

to characterize arm function(17).  It classifies individuals into 1 of 6 categories: (Grade 1: abducts arms 

until they touch overhead; 2: raises arms overhead with compensation; 3: Raises 8oz cup to mouth; 4: 

Raises hands to mouth; 5: Uses hands for tabletop activities only; 6: No use of hands).  

Revised Upper Limb Module (RULM) is a 20-item measure of upper extremity function developed 

specifically for use in patients with SMA(8) with higher scores indicating higher function. The items are 
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graded on a 3-point system of “0” (unable), “1” (able with compensations) or “2” (able with no 

difficulty).   Tasks include moving weights, tearing paper, and tracing. 

Hammersmith Functional Motor Scale Expanded (HFMSE) is a 33-item scale designed to assess motor 

function in individuals with SMA types 2 and 3(18, 19).  Again, higher scores are indicative of higher 

function and are graded on the scale described above.  Tasks include sitting, rolling, and walking items.

Patient Reported Outcomes Measurement Information System (PROMIS) (20-23)pediatric upper 

extremity questionnaire is a person-reported measure evaluating the ability to complete functional 

tasks, including donning clothing, eating, and grooming.  The self-report is validated in children at least 8 

years of age and parent-proxy in children as young as five years.  Respondents gauge their ability using a 

5-point Likert scale ranging from: 0 to 4 points corresponding to completing the task ‘with no trouble,’ 

‘with a little trouble,’ ‘with some trouble,’ ‘with a lot of trouble,’ or ‘not able to do.’  Greater ability or 

independence is determined by higher scores.  

Participants:  

Concurrent validity: 

Healthy, controls frequency matched on age (N=362, mean age 10y 9mo (3y 6mo)) were recruited at 

local schools and area events in central Ohio.  Individuals with a confirmed diagnosis of SMA (N=62, 

mean age 10y 9mo (5y)) were recruited from the NCH SMA clinic and the cureSMA 2016 conference.  

The ultra-rare prevalence of SMA makes obtaining a large, well-controlled data set challenging.  In an 

effort to maximize our sample for initial validation, we completed testing at the cureSMA conference.  

Brooke and ulnar length were collected, but no other protected health information was collected due to 

the public location.

Convergent validity:
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Thirty-seven subjects from the NCH SMA clinic completed ACTIVE and other functional assessments at 

one study visit.  Twenty-seven had a confirmed diagnosis of Type 2 (mean age= 11y 5m) and the 

remaining 10 had Type 3 (mean age= 12y).  In addition to completing ACTIVE and Brooke, subjects were 

assessed using the self and/or parent-proxy PROMIS questionnaire, the RULM, and/or the HFMSE (Table 

I).  All tests were not performed on all subjects, as the HFMSE has a floor effect in weaker subjects and 

the RULM can have a ceiling effect in stronger subjects. 

Change over time:

A subcohort of 15 unique individuals with SMA type 2 (N=11) or type 3 (N=4) completed longitudinal 

testing of ACTIVE across two visits.  Five were untreated and evaluated as part of their standard clinical 

assessment at baseline and 12-month follow-up, and eleven subjects (1 patient rolled over from 

untreated cohort) received their initial dose of Spinraza® between March and August 2017.  All treated 

subjects were tested at baseline and at their first available clinic appointment following the completion 

of four loading doses.  

Statistical Analysis:  There were no missing items in any of the administered assessments. The number 

of HFMSE and RULM are different from ACTIVE as the tests were only administered on individuals whose 

abilities fell within the intended use of the assessment.  Control patients were frequency matched on 

age to SMA patients, to help ensure that age distribution was similar between the two groups. Since 

one-to-one matching was not used, analyses accounting for pairing are not warranted.  A two-sample t-

test confirmed there is no age difference between the SMA and control cohorts (p=0.68).  Descriptive 

statistics for the cohorts were calculated. A Jonckheere-Terpstra test for trend was used to determine 

whether ACTIVE scores increase with the Brooke.  This analysis is a non-parametric test that shows 

ACTIVE scores are highest for controls, next highest for Brooke level 1, and so on (Control ≥ Brooke 1 ≥ 

Brooke 2 ≥ Brooke 3 ≥ Brooke 4 ≥ Brooke 5≥ Brooke 6, with at least one strict inequality). Spearman 
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correlation coefficients were used to evaluate the relationship between ACTIVE, PROMIS, HFMSE, and 

RULM.  Clinically meaningful cutoffs for ACTIVE scaled scores were calculated as the 5th percentile of 

those who answered ‘Not able to do’ on the PROMIS and were presented graphically.   Wilcoxon 

matched-pairs signed rank test was used to evaluate responsiveness to change following SpinrazaR 

treatment.  In the absence of a suitable anchor measure for deriving an anchor-based minimal clinically 

important difference (MCID), MCID was instead calculated using two different distribution-based 

methods.  Initially the MCID of sWSV was calculated as 1/3 the standard deviation (SD) of baseline 

values, as this measure could be computed using all patients from the current study.  In addition, an 

MCID using the standard error of measurement (SEM) approach was calculated using test-retest data 

from a DMD cohort with similar functional abilities. For this calculation, SEM=[baseline SD *√(1-r)], and r 

represents test-retest reliability(24).  Both the SD and SEM methods have been used in other studies to 

determine MCIDs for quality of life among patients with neuromuscular disorders, and have been shown 

to identify clinically meaningful intra-individual change in health-care related quality of life(25).  A helpful 

overview of different types of MCIDs is presented in Crosby, et al(24).   Based on the observed data 

effect size was calculated for each assessment by subtracting the pre-test mean from the post-test 

mean and dividing by the standard deviation.  Effect size was calculated by subtracting the initial visit 

score from the final visit score and dividing by the standard deviation. 

RESULTS:

Concurrent Validity:

Demographics of the cohort are presented (Table I).  ACTIVE scaled scores for controls and SMA grouped 

by the Brooke were compared to establish concurrent validity.  The Jonckheere-Terpstra test for trend 

indicates that ACTIVE scaled score decreased significantly across Brooke levels and differentiated 
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performance of patients with SMA from controls (P<0.001). See supplemental material for median and 

interquartile ranges for ACTIVE scores across groups (Supplemental Table I).

Convergent Validity:

ACTIVE scaled scores and scores for other commonly used outcomes were compared to establish 

convergent validity.  Both the PROMIS self-report and parent-proxy measures were highly and 

significantly correlated to ACTIVE scaled scores (Rho=0.76 and 0.57, respectively (P<0.01)).   To better 

understand the relationship between ACTIVE scaled score and real-world volume required for tasks, we 

analyzed parent reports for individual PROMIS items to explore the “minimum WSV” required for 

function.  ACTIVE scaled scores of subjects who were graded as “Able with no trouble” and “Not able to 

do” were compared.  We included 4 examples of these items, representing tasks across the spectrum of 

abilities (Figure 2). “Minimum WSV” was defined as the 5th percentile of ACTIVE scaled scores of those 

indicating they completed the task “with no trouble”.  

ACTIVE was highly correlated to both the RULM (Rho=0.92; P<0.001) and HFMSE (Rho=0.85; P<0.001) 

(Figure 1). Five subjects received a ‘0’ on the HFMSE due to weakness but performed were able to 

complete ACTIVE and generate  scores indicating differing levels of reaching ability. These cases were 

excluded from the correlation analysis but are displayed at the bottom of the graph (Figure 1). Similarly, 

2 subjects received the maximum score on the RULM but scored well below the median of the control 

group on ACTIVE. 

Clinically meaningful change

To determine if the changes quantified with ACTIVE are clinically meaningful we calculated the MCID 

using 2 distribution-based methods.  First we used the 1/3 SD approach which suggested that a 10.9-

point change was required to detect meaningful change.  Secondly, we used the SEM method to 
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calculate an MCID.   To do this, we used the inter-day test-retest value from a DMD cohort with similar 

baseline function to incorporate the expected variability of the measure into the calculation (P=0.07).   

MCID using this method was 4.5-points.  

We then used the more conservative of the two estimates (10.9-points) to evaluate whether our 

patients experienced a change in ACTIVE scaled score that would represent a meaningful change rather 

than random score fluctuation.   Applying the MCID as a criterion for change, 82% (N=9) of patients 

undergoing treatment with SpinrazaR, achieved a score improvement greater than the MCID (median = 

15.9-points, range 13-66-points) post loading doses (mean exposure = 5m 5d (range 2 – 8 months). 

Longitudinal ACTIVE change in all patients receiving SpinrazaR and untreated subjects are displayed 

visually (Figure 3).  

The magnitude of the effect size was calculated for each assessment.  It is important to remember that 

these numbers are calculated from our small sample.  Both the HFMSE and RULM showed a small effect 

size (d=0.19; N=8 and d=0.29; N=5, respectively).   ACTIVE demonstrated a medium effect size (d=0.58; 

N=11). For a target power of 80% and alpha level of 0.05, future studies using ACTIVE as an outcome 

measure should recruit at least 28 patients to detect a similar meaningful post-treatment change. 

Change in ACTIVE scores followed similar trends to HFMSE and RULM though the magnitude of change 

differed due to comparison of ACTIVE’s continuous scale and the other outcomes ordinal scale 

measurement (Figure3).  While trends in change across measures appear similar, we are not able to 

determine statistical significance of this relationship due to limited sample size, but continued data 

collection is ongoing.

DISCUSSION: 
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In the new era of SMA we have seen the first approved treatment and other promising therapies in the 

pipeline.  This has created an unmet need for an easily administered assessment tool, such as ACTIVE, 

that can be reliably used in centers with limited experience and training using traditional outcomes.  

Additionally, insurance providers often require documented efficacy of improvement or stabilization in 

motor skills for ongoing approval.  ACTIVE is a plug-and-play program that measures changes in function 

on a continuous scale, correlates to other measures, and can measure responsiveness to treatment in 

SMA.  Simplified set-up complete with a manual and tutorial instructions, an in-game video tutorial with 

standardized instructions, and a 15-minute assessment time all reduced the burden of testing, making 

implementation of this outcome logistically possible in clinics and research trials worldwide.

The three most commonly utilized outcome measures to assess function currently in individuals with 

SMA are the HFMSE,  RULM and Motor Function Measure(26).  All of these require a trained evaluator to 

assign an ordinal score that most closely matches the person’s performance of activities such as 

reaching, sitting, or object manipulation. To ensure consistent scoring, ongoing training and reliability is 

required.  A plug-and-play assessment requiring minimal training is likely to reduce the necessary 

training and ease implementation at inexperienced or smaller clinics for post-marketing surveillance.    

An additional benefit of ACTIVE’s continuous scale variables is a likely reduction of floor and ceiling 

effects commonly seen with traditional ordinal-scale assessments.  Even with careful test construction, 

an ordinal scale rarely succeeds in capturing equal intervals of changes.  For example, a 1-point change 

from 0-1 on an item may not equal the same change from 1-2.  This leads to jumps or plateaus in 

performance rather than documenting continuous changes with measurements such as time, distance, 

or volume.  A continuous scale, as used by ACTIVE, may be more sensitive to small or early changes in 

function.  For example, some subjects in our cohort demonstrated a floor effect with a score of ‘0’ on 

the HFMSE while strong individuals reach a ceiling with a perfect score on the RULM.  The improved 
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sensitivity of a continuous scale was demonstrated by the larger effect size seen in the ACTIVE scores.  

This difference suggests that a smaller sample size would be needed to quantify change in a clinical trial.  

In rare diseases, this could be a significant benefit.  Conversely, ACTIVE differentiated strong subjects 

with full active ROM from age-matched controls and measured movement in subjects with very limited 

function.  This would make it an ideal choice to expand recruitment for clinical trials or as a clinical tool 

to quantify change across the spectrum of the disease in the era of post-marketing surveillance.  

To establish the relevance of ACTIVE to real-life function, we demonstrated its correlation to self- and 

parent-reported measures of function.  We identified preliminary estimates of the scaled score needed 

for specific daily activities such as putting on a shirt or lifting a cup.  These discrete estimates have 

relevance for clinical discussions, clinical trial planning, and in justifying the need for ongoing treatment.

Additionally, ACTIVE was responsive to change following treatment. Untreated individuals followed the 

expected pattern of relative stability or a downward progression while most treated individuals’ ACTIVE 

score surpassed the MCID supporting that ACTIVE can detect change. 

There are limitations of this study that need to be addressed.    We acknowledge that some of our 

results should be considered preliminary.  The ultra-rare prevalence of SMA (1.5 per 100,000 for Type 2 

and 3 combined)(27) makes obtaining a large well-controlled data set challenging.  Due to this limitation 

we acknowledge that our un-blinded sample of convenience could bias our results.  To increase our 

sample size, we collected data off-site at the CureSMA conference.  This provided us with a robust 

sample of individuals playing ACTIVE and completing the Brooke.  However, it did not allow us to collect 

additional medical or functional data.  This required us to report a more comprehensive data set on a 

smaller sample of individuals seen in the NCH clinic.   

Additionally, longitudinal data were collected as part of clinical care; therefore, the timing of follow up 

visits were dictated by clinic visit schedules.  We acknowledge that our estimates of ACTIVE’s 
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responsiveness to change are based on a small sample over a limited duration in the treated cohort.  

Data on a larger sample over a longer timeframe is needed to evaluate the continued utility of ACTIVE to 

monitor change in SMA.  Lastly test-retest reliability data were collected on a sample of individuals with 

DMD rather than SMA.  Although both diseases are neuromuscular disorders affecting similar muscle 

groups, we recognize using test-retest data from a different disease is a limitation and additional data 

collection is ongoing. 

CONCLUSION: 

ACTIVE meets the essential requirements for use as for a distributable outcome measure for broader 

clinical and research use.  These criteria include:  1) Relevant to the subject, 2) Responsive to discreet 

changes, 3) Applicable across a wide patient range, 4) Consistent performance at each testing visit, 5) 

Easily distributable for use across centers of varying familiarity with SMA assessment tools.  ACTIVE 

measures function and responsiveness to treatment over time and should be considered for use as part 

of the outcome measure toolbox in SMA.
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Table I: Subject demographics for the control and SMA cohorts.  

Total Cohort
N

Age mean (SD)

Analysis of Convergent Validity

N

MCID Analysis
N

Median Age

Measure
Completed

ACTIVE and
Brooke Scale RULM HFMSE

PROMIS 
self-

report

PROMIS 
parent-
proxy

Spinraza® Natural History

Total SMA 
Group

62
10y 9mo
(5y 0mo)

22 19 20 27 11
12 y 1 mo

5
11y 1mo

Type 2 27
11y 5mo

(5y 10mo)
16 13 7 11 7

9y 4mo
4

11y 9mo

Type 3 10
12y 0mo
(3y 7mo)

6 6 5 6 4
12y 5mo

1
11y 0mo

Control
Group

362
10y 9mo
(3y 6mo)

N/A N/A N/A N/A N/A N/A
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Figure 1:  Relationship between ACTIVE scaled score and a) Hammersmith Functional Motor Scale 
Expanded (HFMSE) and b) Revised Upper Limb Module (RULM) in subjects with SMA type 2 (•) and type 
3 (Δ). Of note, are the 5 people who received a score of 0 on the HFMSE but could be measured by 
ACTIVE
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Figure 2: Box plots for a sample of functional activities depict the median and range of ACTIVE scaled 
scores for parent-proxy responses of ‘no trouble’ or ‘unable’ on the PROMIS upper extremity scale.  
Minimum WSV calculated as the 5th percentile of ACTIVE scaled scores for those indicating ‘no trouble.’
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Figure 3: Longitudinal change in ACTIVE scaled score a) at baseline and follow up for subjects receiving 
treatment with Spinraza® (black line) compared to untreated individuals with SMA (gray line) and b) 
comparison of change in score over time on ACTIVE, HFMSE, and RULM.  
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Supplemental Table 1: ACTIVE scaled score was distinctly different between controls and individuals 
with spinal muscular atrophy stratified by the Brooke Scale. Median scaled scores can be used as 
preliminary reference values in the clinical setting. 

ACTIVE scaled score

Brooke Level n Median IQR

Control 386 138.700 (121.4,158.8)

1 12 91.100 (86.47,109.95)

2 13 68.600 (36.3,88.95)

3 15 24.000 (18.7,31.7)

4 9 17.300 (14.2,25.8)

5 5 7.500 (5.67,9.21)

P-value <0.001 (Z=-7.31, n= 62 excluding control patients) using 
Jonckheere-Terpstra test for linear trend.
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