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Abstract: Accelerometers can estimate the intensity, frequency, and duration of physical activity
in healthy adults. Although thresholds to distinguish varying levels of activity intensity using the
Actigraph wGT3X-B have been established for the general population, their accuracy for Huntington’s
disease (HD) is unknown. We aimed to define and cross-validate accelerometer cut-points for different
walking speeds in adults with mild to moderate HD. A cross-sectional, multicentre, case-control,
observational study was conducted with a convenience sample of 13 symptomatic ambulatory HD
participants. The accelerometer was placed around the right hip, and a heart monitor was fitted
around the chest to monitor heart rate variability. Participants walked on a treadmill at three speeds
with light, moderate and vigorous intensities. Correlation and receiver operation curve analyses were
performed between the accelerometer magnitude vector with relative oxygen and heart rate. Optimal
cut-points for walking speeds of 3.2 km/h were ≤2852; 5.2 km/h: >2852 to ≤4117, and in increments
until their maximum velocity: >4117. Our results support the application of the disease-specific
cut-points for quantifying physical activity in patients with mild to moderate HD and promoting
healthy lifestyle interventions.

Keywords: accelerometry; energy metabolism; rehabilitation; actigraphy; calorimetry; indirect

1. Introduction

According to the World Health Organization (WHO) [1], physical inactivity is the
fourth leading risk factor for mortality, accelerating decreased mobility and functional
skills [2]. Scientific evidence shows that physical activity reduces the risk of coronary heart
disease, stroke, type II diabetes mellitus, arterial hypertension, and osteoporosis [2] and
might be beneficial in preventing and treating several neurodegenerative disorders such as
Parkinson’s disease (PD) and Alzheimer’s disease [3,4]. In this regard, previous studies
reported that in Huntington’s disease (HD), an autosomal dominant hereditary neurode-
generative disorder characterized by chorea and bradykinesia [5], cognitive impairment [6],
and psychiatric disturbances [7], a sedentary lifestyle may lead to earlier disease onset and
decreased quality of life [8].

Exercise and physical activity levels can be measured by specific methods that provide
reliable and objective information. Accelerometers are devices capable of collecting data on
the intensity, frequency, and duration of physical activity [9]. It is possible to derive physical
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activity information from accelerometers by observing the changes of acceleration in the
body, which are collected over a period of time named epoch. This information reflects
intensity, but to provide prognostic measures, it is necessary to translate it into energy
expenditure calibrated against standardized activities [9]. These activity monitors have
also been validated by indirect calorimetry and calibrated in metabolic activity equivalents
(METs). Several investigations have been conducted with different populations to analyze
the relationship between counts per minute and energy expenditure [10–14]. These studies
aimed to estimate energy expenditure for physical activity and time spent at various
absolute intensities of physical activity (light, moderate and vigorous) to establish specific
cut-points. Although cut-points for determining the level of physical activity have been
determined for other neurodegenerative diseases [10], translating these cut-points to HD
may lead to misleading, inaccurate conclusions. In HD, the influence of difficulties on
gait and walking performance due to hyperkinetic and hypokinetic movements might
change the slope and/or strength of the association between activity counts and energy
expenditure. Therefore, we aimed to define accelerometer cut-points for different walking
speeds in adults with mild to moderate HD.

2. Material and Methods
2.1. Design

A cross-sectional, observational study was conducted at the Exercise Physiology,
Health, and Quality of Life laboratory of the University Isabel I (Burgos, Spain). The
research team was composed of Ph.D. Sports Scientists, Occupational Therapists, Move-
ment Disorder Neurologist, and Ph.D. Nutrition Scientists. This study is registered on
clinicalTrials.gov Identifier, with the registration number NCT05250323.

2.2. Participants

A convenience sample of symptomatic ambulatory HD patients was recruited from the
Neurology Department of the Burgos University Hospital, a partner site for the European
Enroll study (Enroll-HD), an international platform with annual clinical follow-up of HD
patients. The inclusion criteria consisted of a confirmed genetic diagnostic of HD (≥36 CAG
repeats in the HTT gene), motor symptoms manifestations with a score greater than 4 on
the motor subscale of the Unified Huntington Disease Rating Scale (UHDRS) [15], ability
to walk with minimal support and no sensory deficits or other systemic diseases in the
investigator’s judgment that could interfere with the execution of the study. The exclusion
criteria consisted of being under pharmacological treatment for diabetes mellitus, thyroid,
suffering from other neurodegenerative, cardiac, pulmonary, or skeletal-muscular diseases,
being pregnant or breastfeeding, having active cancer, or taking medication that could
affect metabolism/endocrine function.

2.3. Ethics

The Research Ethics Committee approved this study of the University Hospital of
Burgos and Soria. All the procedures were conducted in accordance with Good Clinical
Practice standards and following the ethical principles established in the Declaration of
Helsinki. Participants gave their written consent and were assigned a study code to
anonymize their data. Information and data were stored in a secure folder in a secure
location dedicated to this study.

2.4. Procedure
2.4.1. Test Protocol

The study was carried out in the Exercise Physiology, Health, and Quality of Life
laboratory of the University Isabel I (Burgos, Spain). Prior to the visit, participants were
instructed to attend the visit at least 3–5 h after breakfast, refrain from drinking alcohol
or using nicotine 2 h before the visit and refrain from moderate or vigorous physical
exercise for 24 h before the assessment. Participants signed the informed consent form
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and collected nutritional information, such as anthropometry, skinfolds, bioimpedance,
and dynamometry.

Participants started the test in the supine position on a stretcher for 10 min. For the
next part, participants climbed onto a treadmill and, after being fitted with a harness to
avoid the risk of injury in the event of a fall, began the treadmill familiarization period.
They walked at a constant intensity of 3.2 km/h with a constant gradient of 1% and 3% for
three minutes. After a one-minute rest, they walked at a constant intensity of 5.2 km/h
with a constant gradient of 1% and 3%. After three minutes of rest, the incremental test
began. The participant started walking at 1.5 km/h with 0.5 km/h increments every minute
until they reached their maximum natural velocity. An accelerometer was placed around
the right hip using an elastic strap, and heart rate (HR) variability was determined using
a specialized HR monitor fitted around the chest. Throughout the procedure, energy
expenditure was measured by indirect calorimetry.

2.4.2. Assessments

Caloric intake was then determined by recording dietary habits using the SUN Food
Frequency Questionnaire and a three-day food diary [16]. All HD participants were
evaluated at baseline by a certified movement disorder neurologist using a standardized
HD assessment tool, the UHDRS, including the motor subscale (UHDRS-TMS), with high
scores denoting greater impairment [15]. Disease severity was assessed using the Total
Functional Capacity (TFC) [15], with higher scores indicating more intact functioning. The
severity of psychiatric symptoms was assessed using the Problem Behaviours Assessment
(PBA), with higher scores indicating greater severity [17]. Cognition was screened using the
Mini-Mental State Examination (MMSE) with a cut-off of 24, with lower scores indicating
cognitive impairment [18].

2.4.3. Accelerometers

The accelerometer used was the ActiGraph wGT3X-B model. It is a lightweight (19 g)
and small (4.6 × 3.3 × 1.5 cm) device commonly used for objectively measuring physical
activity. The accelerometer data consists of acceleration in three axes: vertical up and
down (y), horizontal left and right (x), and horizontal forward and backward (z). We
extracted the vector magnitude (VM), calculated as the square root of the sum of the
squared points from each axis [13], and analyzed the accelerometer data as counts per
minute. These data were collected in 60 s epochs through the Actilife software (v.6.13.49)
and were later converted and exported as a spreadsheet for processing. To measure energy
expenditure, we recorded the respiratory exchange using indirect calorimetry. The device
consisted of an adaptive mask that was connected to a pneumotachograph (VO2) and gas
analyzer (Medisoft Ergocard, Medisoft Group, Sorinnes, Belgium) on a breath-by-breath
basis that determined oxygen consumption (VO2) and carbon dioxide production (CO2),
giving respiratory exchange values. Participants breathed through the mask equipped
with inspiratory valves that transmitted the O2 data to a computer for analysis [19]. This
device was calibrated prior to testing according to the manufacturer’s instructions. We
used a specialized device to monitor heart rate during the treadmill test (Polar Electro
V800, Kempele, Finland, 76 g, 5.6 × 3.7 × 12.7 cm). In relation to the anthropometric
measurements, we calculated the body mass index (BMI) following the formula weight
(kg)/ height2 (m2). We classified the body mass index according to the International WHO
standards considering BMI ≥ 18.5 < 25.0 kg/m2 normal, BMI < 18.5 kg/m2 underweight,
BMI ≥ 25.0 < 30.0 kg/m2 overweight, and BMI ≥ 30.0 obesity [20].

2.5. Data Analysis

Descriptive statistics for participants and main outcomes are presented as the mean
and standard deviation (SD) for continuous variables, the median, and the 25th–75th
percentiles for non-normally distributed or ordinal data. The normality of the variables
was evaluated using the Shapiro–Wilk test. We calculated the frequency distribution and
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percentages to describe categorical variables. Data were analyzed using SPSS version 25
for Windows (SPSS Inc., Chicago, IL, USA) and Microsoft Excel. The level of significance
was set at p < 0.05.

For further analysis, physical activity was stratified into three categories: light, mod-
erate, and vigorous. Light activity data consisted of the 3.2 km/h walking speed, the
moderate activity of the 5.2 km/h walking speed, and the vigorous activity was considered
the final trial, in which participants walked in increments until their maximum velocity.

Accelerometer cut-points were identified with receiver-operating- characteristic (ROC)-
curve analysis, where an area under the curve (AUC) of 0.5 indicates that the test is no
better than chance, 0.6–0.7 poor, 0.7–0.8 fair, 0.8–0.9 good, 0.9–1 excellent while 1.0 indicates
a perfect test. The optimal cut-point is the closest to the upper left corner of the ROC-curve
figure, representing 100% sensitivity and 100% specificity. To identify the most appropriate
sensitivity and specificity value as the cut-points, we used the distance to the upper left
corner, Youden’s index [21]. Indices computed from these graphs provide an empirical
basis for determining the most appropriate cut-point to minimize misclassification [22]. We
used linear regression analysis to establish the relationship between the VM with VO2 and
the VM with HR.

3. Results

A total of 14 individuals with HD (50% females) were included in the study. One
woman was excluded because she could not perform the protocol due to severe chorea.
The mean age ± SD of the participants was 57.23 ± 9.98 years, weight 65.36 ± 10.78 kg,
and mean height 161.07 ± 5.99 cm. The mean Body Mass Index was 25.29 ± 4.76 kg/m2,
and the mean MMSE was 27.6 ± 2.1.

The median score of the UHDRS (TMS) analysis for the participants was 32.5 (in-
terquartile range [IQR] 23.75–40) points, with a median TFC score of 9.5 (7.75–12.25). The
HR measurements obtained for the different walking speeds were 107.31 ± 14.61 beats per
minute (bpm) for a walking speed of 3.2 km/h, 116.47 ± 14.48 bpm for a walking speed of
5.2 km/h, and 124.82 ± 20.39 bpm for incremental walking speed.

Table 1 shows generated cut-points for the lowest and highest walking speeds based
on the ROC analysis and their respective AUC values. Consequently, for the walking speed
of 3.2 km/h, estimated counts were ≤2852, for the 5.2 km/h between 2852–4117, and the
incremental test > 4117.

Table 1. Generated cut-points per walking speed intervals.

Axis Speed a Sensitivity
(%)

Specificity
(%) AUC (95% CI) b Cut-Point

VM

3.2 75 84.6 0.82051
(0.61639–0.94377) ≤2852

5.2 2852–4117

Incremental
test 92.3 83.3 0.89103

(0.70174–0.97935) >4117

Sensitivity, specificity, AUC, and cut-points in the vector magnitude (VM) for the defined walking speeds. a

Walking speed in km/h; b Area under the curve; CI = confidence interval.

Visual inspection of the distribution of the VM values (Figure 1) revealed that most VM
values lay around the mean, with only a few points in extreme values across the walking
speeds (3.2 km/h, 5.2 km/h, and incremental test), indicating high consistency of the data.
Likewise, there was a moderate-high association between VM and VO2, with an average
r-squared (R2) value of 0.63 (Figure 2), and between VM and HR, with an average of R2 of
0.72 (Figure 3).
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4. Discussion

To our knowledge, this is the first study to provide accelerometer cut-points for
different walking speeds in adults with mild-moderate HD using two gold standards:
indirect calorimetry and HR. We determined optimal VM cut-points for 3.2 km/h as ≤2852,
5.2 km/h from >2852 to ≤4117, and incremental speed as >4117.

Several studies have determined cut-points for physical activity in healthy popula-
tions [11,23–25]. In two studies [11,26], the mean cut-points for moderate intensity activity
in healthy subjects were between 3208 and 8565 counts per minute and 2690 to 6167, higher
than our results in HD with 2852 to 4117. In contrast, other studies reported similar cut-
points to ours [11,27]. On the contrary, for PD, established VM cut-points ranged from
1881 to 2883 counts per minute for moderate-intensity activity [10,27]. Similarly, in subjects
with coronary heart disease, moderate and vigorous physical activity cut-points ranged
from 1800 to 3800 counts per minute, respectively [28], lower than our results in HD. In-
terestingly, in subjects with rheumatoid arthritis, similar cut-points to HD were found for
moderate-intensity activity [29].

Although we do not have a compelling explanation for these discrepancies, we hy-
pothesize possible explanations. Firstly, the influence of using different methodologies. In
this regard, although we have followed standard methodologies and the cut-points were
established by splitting the files into 1-min intervals [30,31], developing a consensus for
data processing is essential to facilitate comparison between studies and extrapolate these
findings to different conditions and settings.

Secondly, the importance of where the ActiGraph location is placed: chest, hip versus
lower/upper extremities, limiting the applicability and interchange of these algorithms
between different locations. Ideally, the accelerometer should be attached as close to the
body’s center of mass as possible [32]. Thirdly, the performance on the treadmill test
depends on the characteristics of the study population. It seems that diseases characterized
by slowness, such as PD or rheumatoid arthritis, achieve moderate physical activity with
lowers intensities. On the contrary, HD, characterized by hyperkinetic and hypokinetic
movements, seems to obtain moderate activity with a higher level of physical activity but
lower compared with healthy populations.

While the sample size was small, the strength of this investigation is its uniqueness;
this is the first feasibility study using ActiGraph accelerometer cut-points for different
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walking speeds. We are aware that the results of this study cannot be extrapolated to
patients with advanced HD due to their difficulties with independent walking, nor with
different brands or models of accelerometers. For this first feasibility study, we have pre-
established physical activity as light (walking speed of 3.2 km/h), moderate (walking speed
of 5.2 km/h), and vigorous (incremental test) intensity, given the characteristics of our
population. Further studies in larger HD samples should be conducted to compare our
results, establishing unrestricted physical activity intensities using indirect calorimetry data.
Likewise, our study was conducted in a laboratory under controlled conditions. Future
studies should be conducted in free-living environments to understand real-life patient’s
conditions by monitoring different activities across a continuum (i.e., moderate-vigorous,
light physical activity, sedentary behavior, and sleep) during a 24-h day.

Based on the last recommendations of the WHO [1], there is an increased awareness
about the need to implement physical activity interventions and decrease sedentary lifestyle
behaviors. Adequate PA counseling could improve functional health and daily living activi-
ties, reducing sarcopenia and frailty in HD. These results provide valuable information and
allow further research into the relationship between physical activity and HD progression.

5. Conclusions

This study provides accelerometer cut-points based on walking speed for physical-
activity measurement in patients with mild to moderate HD. With the results of this study,
we hope to provide the rationality for quantifying physical activity and increasing the
knowledge about the impact of this intervention on HD progression.

Author Contributions: Conceptualization, J.R.-P.; Data curation, L.S.-V. and C.C.; Formal analysis,
L.S.-V. and S.C.; Funding acquisition, M.S.-C.; Investigation, J.R.-P., M.S.-C., J.R.-G., D.C., C.C. and
N.M.; Methodology, D.C. and A.R.-F.; Project administration, M.S.-C. and E.C.; Software, A.R.-F.;
Supervision, J.R.-G., Á.G.-B. and L.A.; Validation, L.S.-V.; Visualization, V.S.F.; Writing—-original
draft, L.S.-V.; Writing—-review & editing, J.R.-G., D.C., A.R.-F. and E.C. All authors have read and
agreed to the published version of the manuscript.

Funding: The project leading to these results has received funding from “La Caixa” Foundation
(ID100010434), under agreement FUI1-PI008.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Ethics Committee of Research Ethics Committee approved this study
of the University Hospital of Burgos and Soria (protocol code: NCT0525032 30 July 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: We would like to thank the patients, the caregivers, all the people who have
collaborated on this project, and the Fundación la Caixa and Fundación Caja de Burgos. We also
thank the Domino-HD Consortium for their support (Multi-Domain Lifestyle Targets for Improving
ProgNOsis in Huntington’s Disease. DOMINO-HD. Horizon 2020), and especially to Bernhard
Landermeyer.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization. Global Recommendations on Physical Activity for Health; World Health Organization: Geneva, Switzer-

land, 2011. Available online: http://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=F7
20BE062F514924A03B872A30E82525?sequence=1 (accessed on 6 June 2022).

2. Nuzum, H.; Stickel, A.; Corona, M.; Zeller, M.; Melrose, R.J.; Wilkins, S.S. Potential Benefits of Physical Activity in MCI and
Dementia. Behav. Neurol. 2020, 2020, 7807856. [CrossRef] [PubMed]

3. Do, K.; Laing, B.T.; Landry, T.; Bunner, W.; Mersaud, N.; Matsubara, T.; Li, P.; Yuan, Y.; Lu, Q.; Huang, H. The effects of exercise on
hypothalamic neurodegeneration of Alzheimer’s disease mouse model. PLoS ONE 2018, 13, e0190205. [CrossRef] [PubMed]

4. Bhalsing, K.S.; Abbas, M.M.; Tan, L.C.S. Role of Physical Activity in Parkinson’s Disease. Ann. Indian Acad. Neurol. 2018, 21,
242–249. [CrossRef] [PubMed]

5. Quinn, N.; Schrag, A. Huntington’s disease and other choreas. J. Neurol. 1998, 245, 709–716. [CrossRef] [PubMed]

http://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=F720BE062F514924A03B872A30E82525?sequence=1
http://apps.who.int/iris/bitstream/handle/10665/44399/9789241599979_eng.pdf;jsessionid=F720BE062F514924A03B872A30E82525?sequence=1
http://doi.org/10.1155/2020/7807856
http://www.ncbi.nlm.nih.gov/pubmed/32104516
http://doi.org/10.1371/journal.pone.0190205
http://www.ncbi.nlm.nih.gov/pubmed/29293568
http://doi.org/10.4103/aian.AIAN_169_18
http://www.ncbi.nlm.nih.gov/pubmed/30532351
http://doi.org/10.1007/s004150050272
http://www.ncbi.nlm.nih.gov/pubmed/9808238


Int. J. Environ. Res. Public Health 2022, 19, 14834 8 of 8

6. Perandones, C.; Radrizzani, M.; Micheli, F. Enfermedad de Huntington. In Movimientos Anormales Clínica y Terapéutica; Médica
Panamericana: Madrid, Spain, 2011; pp. 307–333.

7. Myers, R.H.; Sax, D.S.; Koroshetz, W.J.; Mastromauro, C.; Cupples, L.A.; Kiely, D.K.; Pettengill, F.K.; Bird, E.D. Factors Associated
with Slow Progression in Huntington’s Disease. Arch. Neurol. 1991, 48, 800–804. [CrossRef]

8. Cruickshank, T.; Bartlett, D.; Govus, A.; Hannan, A.; Teo, W.-P.; Mason, S.; Lo, J.; Ziman, M. The relationship between lifestyle
and serum neurofilament light protein in Huntington’s disease. Brain Behav. 2020, 10, e01578. [CrossRef]

9. Strain, T.; Wijndaele, K.; Dempsey, P.C.; Sharp, S.J.; Pearce, M.; Jeon, J.; Lindsay, T.; Wareham, N.; Brage, S. Wearable-device-
measured physical activity and future health risk. Nat. Med. 2020, 26, 1385–1391. [CrossRef]

10. Nero, H.; Wallén, M.B.; Franzén, E.; Ståhle, A.; Hagstromer, M. Accelerometer Cut Points for Physical Activity Assessment of
Older Adults with Parkinson’s Disease. PLoS ONE 2015, 10, e0135899. [CrossRef]

11. Sasaki, J.E.; John, D.; Freedson, P.S. Validation and comparison of ActiGraph activity monitors. J. Sci. Med. Sport 2011, 14, 411–416.
[CrossRef]

12. Duncan, M.J.; Dobell, A.; Noon, M.; Clark, C.C.T.; Roscoe, C.M.P.; Faghy, M.A.; Stodden, D.; Sacko, R.; Eyre, E.L.J.; Dobell, A.
Calibration and Cross-Validation of Accelerometery for Estimating Movement Skills in Children Aged 8–12 Years. Sensors 2020,
20, 2776. [CrossRef]

13. Lee, P.; Tse, C.Y. Calibration of wrist-worn ActiWatch 2 and ActiGraph wGT3X for assessment of physical activity in young adults.
Gait Posture 2019, 68, 141–149. [CrossRef]

14. Nichols, J.F.; Morgan, C.G.; Chabot, L.E.; Sallis, J.F.; Calfas, K.J. Assessment of Physical Activity with the Computer Science and
Applications, Inc., Accelerometer: Laboratory versus Field Validation. Res. Q. Exerc. Sport 2000, 71, 36–43. [CrossRef]

15. Kieburtz, K. Unified Huntington’s disease rating scale: Reliability and consistency. Huntington Study Group. Mov. Disord. 1996,
11, 136–142. [CrossRef]

16. Martínez-González, M.Á. The SUN cohort study (Seguimiento University of Navarra). Public Health Nutr. 2006, 9, 127–131.
[CrossRef]

17. Kingma, E.M.; van Duijn, E.; Timman, R.; van der Mast, R.C.; Roos, R.A. Behavioural problems in Huntington’s disease using the
Problem Behaviours Assessment. Gen. Hosp. Psychiatry 2008, 30, 155–161. [CrossRef]

18. Ringkøbing, S.P.; Larsen, I.U.; Jørgensen, K.; Vinther-Jensen, T.; Vogel, A. Cognitive Screening Tests in Huntington Gene Mutation
Carriers: Examining the Validity of the Mini-Mental State Examination and the Montreal Cognitive Assessment. J. Huntington’s
Dis. 2020, 9, 59–68. [CrossRef]

19. Treuth, M.S.; Schmitz, K.; Catellier, D.J.; McMurray, R.G.; Murray, D.M.; Almeida, M.J.; Going, S.; Norman, J.E.; Pate, R. Defining
accelerometer thresholds for activity intensities in adolescent girls. Med. Sci. Sport. Exerc. 2004, 36, 1259–1266.

20. World Health Organization. Global Database on Body Mass Index [Internet]. Available online: http://www.assessmentpsychology.
com/icbmi.htm#:~{}:text=Global%20Database%20on%20Body%20Mass%20Index%20-%20World%20Health%20Organization&
text=Body%20Mass%20Index%20(BMI)%20is%20(kg%2Fm2) (accessed on 1 May 2022).

21. Hanley, J.A.; McNeil, B.J. The meaning and use of the area under a receiver operating characteristic (ROC) curve. Radiology 1982,
143, 29–36. [CrossRef]

22. Welk, G.J. Principles of Design and Analyses for the Calibration of Accelerometry-Based Activity Monitors. Med. Sci. Sport. Exerc.
2005, 37 (Suppl. 11), S501–S511. [CrossRef]

23. Crouter, S.E.; Horton, M.; Bassett, D.R. Validity of ActiGraph Child-Specific Equations during Various Physical Activities. Med.
Sci. Sport. Exerc. 2013, 45, 1403–1409. [CrossRef]

24. Diaz, K.M.; Krupka, D.J.; Chang, M.J.; Kronish, I.M.; Moise, N.; Goldsmith, J.; Schwartz, J.E. Wrist-based cut-points for moderate-
and vigorous-intensity physical activity for the Actical accelerometer in adults. J. Sport Sci. 2018, 36, 206–212. [CrossRef] [PubMed]

25. Keadle, S.K.; Shiroma, E.J.; Freedson, P.S.; Lee, I.-M. Impact of accelerometer data processing decisions on the sample size, wear
time and physical activity level of a large cohort study. BMC Public Health 2014, 14, 1210. [CrossRef] [PubMed]

26. Santos-Lozano, A.; Santín-Medeiros, F.; Cardon, G.; Torres-Luque, G.; Bailón, R.; Bergmeir, C.; Ruiz, J.R.; Lucia, A.; Garatachea, N.
Actigraph GT3X: Validation and Determination of Physical Activity Intensity Cut Points. Int. J. Sport Med. 2013, 34, 975–982.
[CrossRef] [PubMed]

27. Jeng, B.; Cederberg, K.L.; Lai, B.; Sasaki, J.E.; Bamman, M.M.; Motl, R.W. Wrist-based accelerometer cut-points for quantifying
moderate-to-vigorous intensity physical activity in Parkinson’s disease. Gait Posture 2022, 91, 235–239. [CrossRef]

28. Mark, A.E.; Prince, S.A.; Reed, J.L.; Reid, R.D. Actigraph GT3X+ cut points in coronary artery disease patients: A pilot study.
Health Fit. J. Can. 2015, 8, 13–21. [CrossRef]

29. O’Brien, C.M.; Duda, J.L.; Kitas, G.D.; Van Zanten, J.J.C.S.V.; Metsios, G.S.; Fenton, S.A.M. Objective measurement of sedentary
time and physical activity in people with rheumatoid arthritis: Protocol for an accelerometer and activPALTM validation study.
Mediterr. J. Rheumatol. 2019, 30, 125–134. [CrossRef]

30. Motl, R.W.; Snook, E.M.; Agiovlasitis, S.; Suh, Y. Calibration of Accelerometer Output for Ambulatory Adults With Multiple
Sclerosis. Arch. Phys. Med. Rehabil. 2009, 90, 1778–1784. [CrossRef]

31. Serra, M.C.; Balraj, E.; DiSanzo, B.L.; Ivey, F.M.; Hafer-Macko, C.E.; Treuth, M.S.; Ryan, A.S. Validating accelerometry as a measure
of physical activity and energy expenditure in chronic stroke. Top. Stroke Rehabil. 2017, 24, 18–23. [CrossRef]

32. Trost, S.G.; Mciver, K.L.; Pate, R.R. Conducting Accelerometer-Based Activity Assessments in Field-Based Research. Med. Sci.
Sport Exerc. 2005, 37, S531–S543. [CrossRef]

http://doi.org/10.1001/archneur.1991.00530200036015
http://doi.org/10.1002/brb3.1578
http://doi.org/10.1038/s41591-020-1012-3
http://doi.org/10.1371/journal.pone.0135899
http://doi.org/10.1016/j.jsams.2011.04.003
http://doi.org/10.3390/s20102776
http://doi.org/10.1016/j.gaitpost.2018.11.023
http://doi.org/10.1080/02701367.2000.10608878
http://doi.org/10.1002/mds.870110204
http://doi.org/10.1079/PHN2005935
http://doi.org/10.1016/j.genhosppsych.2007.11.005
http://doi.org/10.3233/JHD-190350
http://www.assessmentpsychology.com/icbmi.htm#:~{}:text=Global%20Database%20on%20Body%20Mass%20Index%20-%20World%20Health%20Organization&text=Body%20Mass%20Index%20(BMI)%20is%20(kg%2Fm2)
http://www.assessmentpsychology.com/icbmi.htm#:~{}:text=Global%20Database%20on%20Body%20Mass%20Index%20-%20World%20Health%20Organization&text=Body%20Mass%20Index%20(BMI)%20is%20(kg%2Fm2)
http://www.assessmentpsychology.com/icbmi.htm#:~{}:text=Global%20Database%20on%20Body%20Mass%20Index%20-%20World%20Health%20Organization&text=Body%20Mass%20Index%20(BMI)%20is%20(kg%2Fm2)
http://doi.org/10.1148/radiology.143.1.7063747
http://doi.org/10.1249/01.mss.0000185660.38335.de
http://doi.org/10.1249/MSS.0b013e318285f03b
http://doi.org/10.1080/02640414.2017.1293279
http://www.ncbi.nlm.nih.gov/pubmed/28282744
http://doi.org/10.1186/1471-2458-14-1210
http://www.ncbi.nlm.nih.gov/pubmed/25421941
http://doi.org/10.1055/s-0033-1337945
http://www.ncbi.nlm.nih.gov/pubmed/23700330
http://doi.org/10.1016/j.gaitpost.2021.10.027
http://doi.org/10.14288/hfjc.v8i2.187
http://doi.org/10.31138/mjr.30.2.125
http://doi.org/10.1016/j.apmr.2009.03.020
http://doi.org/10.1080/10749357.2016.1183866
http://doi.org/10.1249/01.mss.0000185657.86065.98

	Introduction 
	Material and Methods 
	Design 
	Participants 
	Ethics 
	Procedure 
	Test Protocol 
	Assessments 
	Accelerometers 

	Data Analysis 

	Results 
	Discussion 
	Conclusions 
	References

