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A B S T R A C T

Purpose: Hypophosphatasia (HPP) is a rare disease characterized by skeletal and nonskeletal manifestations that 
can increase patient disability. The 6-Minute Walk Test (6MWT) is frequently used to assess mobility in patients 
with HPP, although the test is laborious to conduct in clinical practice. The purpose of the current study was to 
determine correlations between time to complete the 6MWT, time to complete the Chair-Rise Test (CRT), and 
scores on the Lower Extremity Functional Scale (LEFS) in adults with HPP.
Methods: Pearson correlations between time to complete outcomes on the 6MWT and CRT, time to complete the 
6MWT and scores on the LEFS, and time to complete the CRT and scores on the LEFS were calculated using de- 
identified data from adults with HPP who had first onset of symptoms in childhood. All patients were enrolled in 
the previously conducted, observational EmPATHY study.
Results: Pearson correlation analyses showed inverse correlations between 6MWT and CRT outcomes (r =
− 0.584) and between CRT and LEFS outcomes (r = − 0.596) and a direct correlation between 6MWT and LEFS 
outcomes (r = 0.808).
Conclusions: Time to complete the 6MWT was correlated with time to complete the CRT and scores on the LEFS in 
adults with HPP. CRT and LEFS may be suitable, expeditious options to amend or substitute 6MWT when 
assessing functional status in patients with HPP.

1. Introduction

Hypophosphatasia (HPP) is a rare metabolic disease caused by 
deficient tissue non-specific alkaline phosphatase (ALP) activity 
(Seefried et al., 2020). HPP is characterized by a wide variety of clinical 
signs and symptoms, including both skeletal and nonskeletal manifes
tations (Conti et al., 2017). Patients with HPP may experience 
compromised bone mineralization, muscle weakness, and chronic pain, 
which lead to high levels of disability and poor quality of life (Seefried 
et al., 2020; Kishnani et al., 2017). High proportions of patients report 
employing adaptive strategies for disability, including use of assistive 
devices (e.g., canes, crutches, walkers) and home modifications (e.g., 
handrails, bath/shower modifications) (Seefried et al., 2020; Weber 
et al., 2016).

One of the validated functional tests used to assess patients with HPP 
is the 6-Minute Walk Test (6MWT) (Phillips et al., 2019). This test 
measures the distance a patient can walk on a hard, flat surface over a 
period of 6 min, and is thus a measure of walking ability and 

fatiguability (Phillips et al., 2019; American Thoracic Society, 2002). 
Despite its utility, the 6MWT test has some limitations in clinical prac
tice. For example, a treadmill should not be used for the test (American 
Thoracic Society, 2002). Instead, healthcare providers should admin
ister the test in a 100-ft hallway that is marked every 3 m and is not 
frequently traveled. The test also takes a relatively long time to perform 
(American Thoracic Society, 2002).

The Chair-Rise Test (CRT) and Lower Extremity Functional Scale 
(LEFS) are potential alternatives to the 6MWT. The CRT is part of the 
Short Physical Performance Battery and measures how long it takes for a 
patient to stand up from a chair five times, as quickly as possible, 
without hand support (Zhang et al., 2013; Guralnik et al., 1994). The 
LEFS is a survey consisting of 20 questions that indicate functioning of 
the lower extremities (Binkley et al., 1999). The scale can be completed 
by the patient and scored by the practitioner in <3 min (Binkley et al., 
1999). As such, both the CRT and LEFS functional assessments are fast, 
easy, and practical ways to assess the strength of the proximal thigh 
muscles, endurance, and lower extremity functionality.
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The objective of the current analysis was to determine whether there 
is a correlation between distance walked in the 6MWT and time to 
complete the CRT or LEFS score among adults with HPP. While a cor
relation between 6MWT and CRT has been previously demonstrated in 
healthy patients and those with COPD (Höglund et al., 2022; Meriem 
et al., 2015; Gurses et al., 2018), this has not been evaluated in patients 
with HPP. This analysis used data from the previously published Eval
uate and Monitor Physical Performance of Adults Treated With Asfotase 
Alfa for Hypophosphatasia (EmPATHY) study (Genest et al., 2020; 
Seefried et al., 2021; Seefried et al., 2023).

2. Methods

2.1. Patients

Data for this analysis (6MWT, CRT, and LEFS) were collected from 22 
patients (17 female, 5 male) enrolled in the EmPATHY study (Genest 
et al., 2020; Seefried et al., 2021; Seefried et al., 2023). EmPATHY was 
an observational study of patients with HPP who received treatment 
with asfotase alfa, a tissue-nonspecific ALP enzyme replacement ther
apy, during routine clinical care at the University of Würzburg. Patients 
included in the EmPATHY study were adults ≥18 years old who first 
presented with signs and symptoms of HPP in childhood. All patients 
provided informed consent before enrollment in the EmPATHY study. 
All procedures were performed in compliance with relevant laws and 
institutional guidelines and were approved by the ethics committee of 
the University of Würzburg, Germany (No. 9/18).

2.2. Correlation analysis

Correlation analyses were performed using 6MWT, CRT, and LEFS 
data obtained on the same day from individual patients at different visits 
during the EmPATHY study, including at baseline (prior to starting 
asfotase alfa treatment) and at months 3, 6, and every 6 months of 
treatment thereafter. Pearson correlation analyses were performed for 
all assessments. All patient data were deidentified for analysis. All sta
tistical analyses were performed with SAS.

3. Results

Among all analyzed patient data, 175 assessments (approximately 8 
per patient) were available. Paired data on CRT vs. 6MWT, CRT vs. LEFS 
and 6MWT vs. LEFS were available for 149, 147, and 172 assessments, 
respectively. The overall time to complete the CRT ranged from 5.3 to 
39.4 s and the overall range of 6MWT distances walked was 0 to 760 m. 
There was a statistically significant inverse relationship between dis
tance walked on the 6MWT and time to complete the CRT (r = − 0.584, 

P < 0.0001; Fig. 1).
The overall score on the LEFS ranged from 5 to 80 among all patients. 

There was a statistically significant direct relationship between distance 
walked on the 6MWT and LEFS score in patients with HPP (r = 0.808, P 
< 0.0001; Fig. 2). A Pearson correlation analysis also showed a statis
tically significant inverse relationship between time to complete the CRT 
and LEFS score (r = − 0.596, P < 0.0001; Fig. 3).

4. Discussion

The results of this analysis show that distance walked on the 6MWT 
is correlated with time to complete the CRT and LEFS score among 
adults with HPP. These data indicate that the CRT and LEFS may be 
suitable alternatives to the 6MWT for assessing functionality in adults 
with HPP. CRT and LEFS are faster and easier to administer than the 
6MWT (Zhang et al., 2013; Guralnik et al., 1994; Binkley et al., 1999), 
making them attractive alternatives in clinical practice.

Other analyses have shown correlations between distance walked on 
the 6MWT and clinical outcomes. A significant inverse correlation was 
found between 6MWT distance walked and CHAQ-DI scores in children 
with HPP (Phillips et al., 2019). Significant direct correlations were 
found between 6MWT distance walked and PODCI scores in children 
with HPP, and between 6MWT distance walked and LEFS score in ad
olescents and adults with HPP (Phillips et al., 2019). Among patients 
with HPP who were treated with asfotase alfa, outcomes on the 6MWT, 
CRT, and LEFS assessments improved over up to 2 years of treatment 
(Genest et al., 2020; Seefried et al., 2023).

Among healthy adults, mean time to complete the CRT was 8.2 s 
(range 4.9 to 12.7 s) for those aged <60 years of age and 13.4 s (range 
7.5 to 19.6 s) for those >60 years of age (Whitney et al., 2005). In the 
current study, the time to complete the CRT ranged from 5.3 to 39.4 s, 
suggesting that the time to complete the CRT is longer for many patients 
with HPP than in a healthy adult population. The mean LEFS score in a 
healthy population analysis was 69 (range 4.5 to 80) (Dingemans et al., 
2017), which was similar to the range among patients with HPP in the 
current study (range 5 to 80).

This analysis has some limitations. Mean time to complete the CRT 
and mean LEFS score were not calculated in the current study, limiting 
comparisons that can be drawn to healthy population estimates. The 
EmPATHY trial enrolled a relatively small cohort of patients, although 
correlation data are available at multiple timepoints for each patient 
throughout the 2 years of study, so some caution should be used when 
extrapolating our findings. The EmPATHY study also only enrolled 
adults aged ≥18 years with HPP, so further research is required to 
determine if a correlation exists between distance walked in the 6MWT 
and either the CRT or LEFS score in children with HPP.

Fig. 1. Pearson correlation of 6MWT distance walked and time to com
plete CRT. Fig. 2. Pearson correlation of 6MWT distance walked and LEFS score.
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5. Conclusion

The correlations between 6MWT, CRT, and LEFS are clinically useful 
findings in adults with HPP. Since the CRT can typically be completed in 
under one minute and only requires a chair, this test may be a useful 
alternative to the 6MWT. Similarly, the LEFS survey can be completed 
and scored in under 3 min, with no requirements for equipment. Each of 
these assessments can be suitable alternatives that correlate with dis
tance walked in the 6MWT and may be considered by clinicians who 
evaluate patients with HPP.
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