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in early infancy, followed in early childhood by excessive eating and gradual development of severe obesity.
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| 1. Introduction

Prader-Willi syndrome (PWS) is the most frequent cause of genetic obesity [, with a prevalence between one in 20,000
and one in 30,000 births &, PWS is a complex genetic neurodevelopmental disorder caused by an absence of expression
of imprinted alleles of paternal origin on chromosome 15 . PWS is characterized by severe hypotonia and feeding
difficulties in early infancy, followed in early childhood by excessive eating and gradual development of severe obesity [,
Patients with PWS display low to moderate intellectual disability, as well as decreased motor competencies and physical
fitness WB, |n adulthood, patients with PWS are prone to develop severe complications, such as cardiac or respiratory
failure as well as various comorbidities such as scoliosis !,

Promoting physical activity (PA) is an important objective of the management of PWS in both children and adults &,
However, less than 10% of children with PWS reach the recommended level of PA 84 and this proportion does not
exceed 20% in adults B Over the last 10 years, a number of studies have assessed habitual PA and, to a lesser extent,
sedentary behavior in these patients BRI \ost studies used objective methods such as accelerometers that are
considered as the method of reference for measuring PA and sedentary time, especially in patients with cognitive
impairment for whom self-reporting may be particularly challenging 12, If most studies have reported a low level of PA in
patients with PWS, it is not clear whether the decreased PA is related to obesity per se, or to the physical and intellectual
disabilities associated with PWS. It is therefore relevant to synthetize the available literature comparing habitual PA and
sedentary behavior in patients with PWS and in controls without obesity, with non-syndromic obesity or with other
neurodevelopmental disorders.

A recent systematic review reported beneficial effects of PA interventions, mostly in the forms of supervised exercise
training programs, in patients with PWS [l The benefits were mainly related to improved physical fitness, while the effects
on body composition were not consistent . Given the relatively few studies included and their diversity in terms of
population, interventions, and outcomes assessed, this review did not provide a quantitative analysis of findings. Since
then, several studies were published [BIL3124I15116] 5q4ding to the body of evidence on the effect of PA interventions in
patients with PWS. Importantly, some of these studies described in detail the implementation process of the PA
intervention BIL3IL6 \hich is of great importance to facilitate their transferability in real-life settings.

| 2. Physical Activity in Patients with Prader-Willi Syndrome

The total volume of PA was consistently found to be lower in patients with PWS compared to patients with non-syndromic
obesity [BIIL7IILEIL9 Although we have no explanation for this observation, the deficit in lean body mass in patients with
PWS compared to people of similar corpulence may explain, at least in part, the lower level of PA observed in patients
with PWS. In addition, although data came from only two studies, patients with PWS appear to spend less time in light-
intensity PA and more time in a sedentary position compared to patients with non-syndromic obesity €. The proportion
of patients with PWS who met the public health PA guidelines was very low, estimated between 5% and 8% in children &
[ and between 15 and 25% in adults B2 but, in contrast with previous findings, it was not different from that reported in
controls with non-syndromic obesity I8 This discrepancy can be explained by the fact that PA volume (e.g., daily
steps) considers any intensity of PA (light, moderate, or vigorous), whereas PA guidelines are based on the amount of



moderate-to-vigorous PA (MVPA). In the 2020 WHO guidelines on PA and sedentary behavior, children are advised to
engage in 60 min/day of MVPA, and adults in 150 to 300 min/week (i.e., at least 30 min/d) of MVPA 29,

They are also advised to limit the amount of time spent being sedentary by engaging in PA of any intensity 2. Replacing
sedentary time by light-intensity PA is indeed increasingly recognized as beneficial for maintaining health status across
the lifespan 21, Interestingly, recent data suggest that the benefit may be higher for individuals with low levels of PA (22,
which is most often the case for patients with PWS. Overall, the data included in this review suggest that reaching the
recommended level of at least moderate-intensity PA may be particularly challenging for patients with low physical fitness
such as patients with PWS B, The guidelines based on MVPA should therefore be seen as a goal to strive for rather than
a minimum level to be achieved. Promoting light-intensity PA throughout the day may be a complementary and more
feasible approach that may bring substantial health benefits in patients with PWS and could represent a first step in
progressing towards higher levels of PA.

The most consistent benefit of PA interventions was related to the improvement of physical fithess in both children and
adults with PWS. Studies have reported improved walking capacity &, muscle strength [231124125] oy gait parameters 28]
after a PA program. Such effects are likely to represent important benefits in patients with PWS who typically present with
impaired muscle strength, cardiorespiratory fithess, and gait patterns El. In contrast, most studies reported no significant
effect of PA interventions on weight and fat loss BI4IZ7A728] The only study reporting a significant weight loss also
included a dietary intervention in addition to several hours of exercise per day, thus preventing the authors from attributing
this effect to PA alone 2. In line with these findings, observational studies reported no significant relation between
habitual PA and body fat in either children or adults with PWS [RYIBAMLI \which strengthens the conclusion that PA may
not have substantial effect on weight loss in patients with PWS.

This is in agreement with the known effect of PA in adults with non-syndromic obesity, in whom only a weight loss of small
magnitude (2 to 3 kg on average) is observed after an exercise training program B In children with PWS, PA
interventions seem to have a beneficial effect on lean body mass 232717 gnd bone mineral density, which is an
important major health benefit in these patients with low baseline values of lean body mass and bone mineral density 12!,
Observational studies have also reported a positive relation between habitual PA and lean body mass 2418l or bone
parameters 1. Importantly, a large majority of children and adults participating in the PA intervention were on GH
replacement therapy at the time of the study or had been on such therapy for extended periods of time before the study
(151[23][27]117] | this context, PA is likely to reinforce the effects of GH therapy, and it has therefore been described as a co-
adjuvant intervention to GH therapy in children with PWS 21,

| 3. Conclusions

Patients with PWS spend less time in light-intensity PA, more time in sedentary occupations, and tend to spend less time
in moderate-to-vigorous PA compared to patients with non-syndromic obesity, which results in a lower total volume of PA.
Supervised PA programs are feasible in both children and adults with PWS and may provide several benefits related to
improved physical function and, in children only, increased lean body mass and bone mineral density. Importantly, these
benefits occur even in the absence of weight and fat loss. To facilitate the implementation of PA programs in real-life
settings, PA sessions should be supervised by trained PA instructors or by parents provided they receive significant
support and guidance on how to conduct and adapt the program. PA programs should be developed jointly by care teams
specializing in the management of PWS, by PA instructors, and by parents and professionals involved in the day-to-day
education and care of these patients. As for all patients with obesity, but even more so for patients with PWS, the PA
program should be individually tailored and should offer a variety of activities that are as enjoyable as possible.

References

1. Driscoll, D.J.; Miller, J.L.; Schwartz, S.; Cassidy, S.B. Prader-Willi Syndrome. In GeneReviews (®); Adam, M.P.,
Ardinger, H.H., Pagon, R.A., Wallace, S.E., Bean, L.J., Stephens, K., Amemiya, A., Eds.; University of Washington:
Seattle, WA, USA, 1993.

2. Bar, C.; Diene, G.; Molinas, C.; Bieth, E.; Casper, C.; Tauber, M. Early Diagnosis and Care Is Achieved but Should Be
Improved in Infants with Prader-Willi Syndrome. Orphanet. J. Rare. Dis. 2017, 12, 118.

3. Morales, J.S.; Valenzuela, P.L.; Pareja-Galeano, H.; Rincon-Castanedo, C.; Rubin, D.A.; Lucia, A. Physical Exercise
and Prader-Willi Syndrome: A Systematic Review. Clin. Endocrinol. Oxf. 2019, 90, 649-661.

4. Cassidy, S.B.; Schwartz, S.; Miller, J.L.; Driscoll, D.J. Prader-Willi Syndrome. Genet. Med. 2012, 14, 10-26.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Goldstone, A.P.; Holland, A.J.; Hauffa, B.P.; Hokken-Koelega, A.C.; Tauber, M. Speakers contributors at the Second

Expert Meeting of the Comprehensive Care of Patients with, P.W.S. Recommendations for the Diagnosis and
Management of Prader-Willi Syndrome. J. Clin. Endocrinol. Metab. 2008, 93, 4183-4197.

. Castner, D.M.; Tucker, J.M.; Wilson, K.S.; Rubin, D.A. Patterns of Habitual Physical Activity in Youth with and without

Prader-Willi Syndrome. Res. Dev. Disabil. 2014, 35, 3081-3088.

. McAlister, K.L.; Fisher, K.L.; Dumont-Driscoll, M.C.; Rubin, D.A. The Relationship between Metabolic Syndrome,

Cytokines and Physical Activity in Obese Youth with and without Prader-Willi Syndrome. J. Pediatr. Endocrinol. Metab.
2018, 31, 837-845.

. Bellicha, A.; Coupaye, M.; Hocquaux, L.; Speter, F.; Oppert, J.-M.; Poitou, C. Increasing Physical Activity in Adult

Women with Prader-Willi Syndrome: A Transferability Study. J. Appl. Res. Intellect. Disabil. 2020, 33, 258-267.

. Nordstrom, M.; Hansen, B.H.; Paus, B.; Kolset, S.O. Accelerometer-Determined Physical Activity and Walking Capacity

in Persons with Down Syndrome, Williams Syndrome and Prader-Willi Syndrome. Res. Dev. Disabil. 2013, 34, 4395—
4403.

Woods, S.G.; Knehans, A.; Arnold, S.; Dionne, C.; Hoffman, L.; Turner, P.; Baldwin, J. The Associations between Diet
and Physical Activity with Body Composition and Walking a Timed Distance in Adults with Prader-Willi Syndrome. Food
Nutr. Res. 2018, 62, 1343-1354.

Duran, A.T.; Wilson, K.S.; Castner, D.M.; Tucker, J.M.; Rubin, D.A. Association between Physical Activity and Bone in
Children with Prader-Willi Syndrome. J. Pediatr. Endocrinol. Metab. JPEM 2016, 29, 819-826.

Strath, S.J.; Kaminsky, L.A.; Ainsworth, B.E.; Ekelund, U.; Freedson, P.S.; Gary, R.A.; Richardson, C.R.; Smith, D.T,;
Swartz, A.M. American Heart Association Physical Activity Committee of the Council on, L.; et al. Guide to the
Assessment of Physical Activity: Clinical and Research Applications: A Scientific Statement from the American Heart
Association. Circulation 2013, 128, 2259-2279.

Shields, N.; Westle, A.; Bennell, K.L.; Taylor, N.F. Physiotherapists Perceived Developing Positive Rapport Facilitates
Participation in Exercise among People with Prader-Willi Syndrome: A Qualitative Study. Disabil. Rehabil. 2020, 42,
3475-3489.

Shields, N.; Bennell, K.L.; Radcliffe, J.; Taylor, N.F. Is Strength Training Feasible for Young People with Prader-Willi
Syndrome? A Phase | Randomised Controlled Trial. Physiotherapy 2020, 106, 136-144.

Rubin, D.A.; Wilson, K.S.; Orsso, C.E.; Gertz, E.R.; Haqq, A.M.; Castner, D.M.; Dumont-Driscoll, M. A 24-Week
Physical Activity Intervention Increases Bone Mineral Content without Changes in Bone Markers in Youth with PWS.
Genes 2020, 11, 984.

Rubin, D.A.; Wilson, K.S.; Honea, K.E.; Castner, D.M.; McGarrah, J.G.; Rose, D.J.; Dumont-Driscoll, M. An Evaluation
of the Implementation of a Parent-Led, Games-Based Physical Activity Intervention: The Active Play at Home Quasi-
Randomized Trial. Health Educ. Res. 2019, 34, 98-112.

Rubin, D.A.; Duran, A.T.; Haqq, A.M.; Gertz, E.R.; Dumont-Driscoll, M. Changes in Cardiometabolic Markers in Children
with Prader-Willi Syndrome and Nonsyndromic Obesity Following Participation in a Home-Based Physical Activity
Intervention. Pediatr. Obes. 2018, 13, 734-743.

Butler, M.G.; Theodoro, M.F.; Bittel, D.C.; Donnelly, J.E. Energy Expenditure and Physical Activity in Prader-Willi
Syndrome: Comparison with Obese Subjects. Am. J. Med. Genet. A 2007, 143A, 449-459.

van Mil, E.; Westerterp, K.R.; Kester, A.D.M.; Curfs, L.M.G.; Gerver, W.J.M.; Schrander-Stumpel, C.; Saris, W.H.M.
Activity Related Energy Expenditure in Children and Adolescents with Prader-Willi Syndrome. Int. J. Obes. 2000, 24,
429-434.

WHO. WHO Guidelines on Physical Activity and Sedentary Behavior; WHO: Geneva, Switzerland, 2020.

Diaz, K.M.; Duran, A.T.; Colabianchi, N.; Judd, S.E.; Howard, V.J.; Hooker, S.P. Potential Effects on Mortality of
Replacing Sedentary Time With Short Sedentary Bouts or Physical Activity: A National Cohort Study. Am. J. Epidemiol.
2019, 188, 537-544.

Ekelund, U.; Tarp, J.; Fagerland, M.W.; Johannessen, J.S.; Hansen, B.H.; Jefferis, B.J.; Whincup, P.H.; Diaz, K.M.;
Hooker, S.; Howard, V.J.; et al. Joint Associations of Accelero-Meter Measured Physical Activity and Sedentary Time
with All-Cause Mortality: A Harmonised Meta-Analysis in More than 44 000 Middle-Aged and Older Individuals. Br. J.
Sports Med. 2020, 54, 1499-1506.

Eiholzer, U.; Nordmann, Y.; I'Allemand, D.; Schlumpf, M.; Schmid, S.; Kromeyer-Hauschild, K. Improving Body
Composition and Physical Activity in Prader-Willi Syndrome. J. Pediatr. 2003, 142, 73-78.

Rubin, D.A.; Wilson, K.S.; Dumont-Driscoll, M.; Rose, D.J. Effectiveness of a Parent-Led Physical Activity Intervention
in Youth with Obesity. Med. Sci. Sports Exerc. 2019, 51, 805-813.



25.

26.

27.

28.

29.

30.

31.

Hsu, W.-L.; Chiu, V.J.-Y.; Chang, W.-H.; Lin, M.-C.; Wei, J.-T.; Tzeng, |.-S. Hand Strength and Dexterity in Patients with
Prader-Willi Syndrome: A Pilot Intervention Study. J. Int. Med. Res. 2018, 46, 4669-4677.

Vismara, L.; Cimolin, V.; Grugni, G.; Galli, M.; Parisio, C.; Sibilia, O.; Capodaglio, P. Effectiveness of a 6-Month Home-
Based Training Program in Prader-Willi Patients. Res. Dev. Disabil. 2010, 31, 1373-1379.

Schlumpf, M.; Eiholzer, U.; Gygax, M.; Schmid, S.; van der Sluis, I.; I'Allemand, D. A Daily Comprehensive Muscle
Training Programme Increases Lean Mass and Spontaneous Activity in Children with Prader-Willi Syndrome after 6
Months. J. Pediatr. Endocrinol. Metab. 2006, 19, 65-74.

Capodaglio, P.; Cimolin, V.; Vismara, L.; Grugni, G.; Parisio, C.; Sibilia, O.; Galli, M. Postural Adaptations to Long-Term
Training in Prader-Willi Patients. J. Neuroeng. Rehabil. 2011, 8, 26.

Grolla, E.; Andrighetto, G.; Parmigiani, P.; Hladnik, U.; Ferrari, G.; Bernardelle, R.; Lago, M.D.; Albarello, A.;
Baschirotto, G.; Filippi, G.; et al. Specific Treatment of Prader-Willi Syndrome through Cyclical Rehabilitation
Programmes. Disabil. Rehabil. 2011, 33, 1837-1847.

van den Berg-Emons, R.; Festen, D.; Hokken-Koelega, A.; Bussmann, J.; Stam, H. Everyday Physical Activity and
Adiposity in Prader-Willi Syndrome. J. Pediatr. Endocrinol. Metab. 2008, 21, 1041-1048.

Bellicha, A.; Van Baak, M.A.; Battista, F.; Beaulieu, K.; Blundell, J.E.; Busetto, L.; Carraca, E.V.; Dicker, D.; Encantado,
J.; Ermolao, A.; et al. Effect of Exercise Training on Weight Loss, Body Composition Changes and Weight Maintenance
in Adults with Overweight or Obesity: An Overview of 12 Systematic Reviews Ans 149 Studies. Obes. Rev. 2021,
e13256.

Retrieved from https://encyclopedia.pub/entry/history/show/25956



