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Abstract

non-severe COVID-19.

no severe forms of COVID-19.

Eating behavior

Background: Prader-Willi syndrome (PWS) is a neurodevelopmental disorder with hypothalamic dysfunction lead-
ing to obesity and behavioral disabilities, including eating disorders (EDs). We evaluated the effects of the COVID-19
infection and lockdown on mental and physical health in PWS. At the end of April, 85 adults with PWS completed a
self-administered questionnaire, including lockdown conditions, physical activity (PA), ED, and medical and behavioral
outcomes. Body weight was measured at home and self-reported.

Results: Patients (52.9% women, 44.8% disomic) were assessed, with a mean age of 28.05 4+ 8.73 years and body
mass index (BMI) of 36.76 4+ 10.74 kg/m?. Seventy percent lived in the Paris region (France) and were confined

with their parents. The mean weight change was 0.96 £ 3.28 kg. We compared patients showing weight loss
(n=39,—3.30£2.93 kg) to patients showing weight gain (n= 22,4 2.35 4 1.54 kg): the BMI was lower (34.60+9.18
versus 40.45 £ 9.45 kg/m?, p=0.02), PA increased (25.6% versus 4.5%, p=0.04), and EDs improved (51.3% versus
13.6%, p=10.005). Behavioral disorders increased for 12.9% of the cohort. Three individuals (3.5%) were diagnosed with

Conclusion: Lockdown during the COVID-19 pandemic was associated with positive effects for most French adults
with PWS, with weight loss probably associated with a more favourable environment during this period. We observed
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Background

Prader-Willi Syndrome is the most frequent etiology of
syndromic obesity of which the prevalence is approxi-
mately 1/20,000 newborns. This genetic syndrome
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results from the lack of expression of paternally inherited
imprinted genes in chromosomal region 15q11.2-q13,
leading to a neurodevelopmental disorder and hypo-
thalamic dysfunction. Adults with PWS show difficulty
in adapting to changes, emotional lability, hyperphagia,
and food impulsivity. Outbursts may occur, caused by
frustration over food or the misunderstanding of social
situations [1]. Uncontrolled eating behavior can lead to
severe obesity, associated with comorbidities (e.g., type
2 diabetes, hypertension). Early multidisciplinary care is
required, with permanent supervision of eating practices
and adapted physical activity (PA) [2].
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During the COVID-19 pandemic, individuals with obe-
sity [3, 4] and/or diabetes [5] were shown to be at higher
risk of severe forms of COVID. Whether syndromic obe-
sity, such as PWS, also represents a risk for severe forms
of COVID-19 is unknown. Moreover, complete lock-
down was implemented in France in mid-March 2020
to contain the spread of COVID-19. There was concern
that individuals with PWS may experience decreased PA
and poorer food control during the lockdown period, as
observed for children with common obesity [6], poten-
tially worsening their condition. People with psychiatric
disorders or/and intellectual disability were also shown
to be particularly vulnerable, showing increased anger
and impulsivity [7, 8]. The aim of this cross-sectional
study was to assess changes in weight and mental and
physical health in adults with PWS during the COVID-19
lockdown.

Results

Cohort characteristics (Table 1)

Eighty-five patients with PWS were interviewed. Their
mean age was 28.051+8.73 years and their mean BMI
36.76+10.74 kg/m? 87.1% were overweight or obese.
Fifty-five percent had a partial deletion from the pater-
nal origin in the 15q11-13 chromosomal region (del(15)
(q11-q13)). Forty-five percent had a maternal uniparental
disomy of chromosome 15 (UPD(15)mat). Twenty-five
percent of patients had diabetes, 11.8% had hyperten-
sion, 20.2% had dyslipidemia, 8.9% were active smokers.
Concerning their hormonal system, 92.4% had hypog-
onadism, 50.6% had a growth hormone deficiency, 28.2%
had hypothyroidism and 6.6% a corticotrop deficiency.
Four patients were epileptic and 41.8% were under psy-
chotropic drugs.

Seventy percent of patients were confined at their
family home and 29.4% at their social healthcare insti-
tution. Seventy percent of patients were living in the
greater Paris region and 10.6% (n=9) in French regions
where the prevalence of COVID-19 was high. The lock-
down was total in 50.6% of cases, partial in 48.2% (one
hour maximum per day outside of the house), and not
respected in 1.2%. Seventy-seven percent of patients
normally performed a daily activity that was completely
stopped during lockdown.

Weight change during lockdown (Table 2, Fig. 1)

During lockdown, 67.1% of patients reported a
decrease in daily PA. The mean number of daily PAs
was 1.54+0.97/day [0.00-4.00]. Feeding behavior was
reported to have improved for 35.4% of patients and
did not change for 43.9%. Forty-nine percent of patients
lost weight (mean=£SD:—3.30£2.93 kg), it was stable
for 23.7%, and 27.5% gained weight (42.35+1.54 kg).
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Mean weight loss was 0.96+3.28 kg (%:—1.07£3.26
[—10.00; 4+ 6.25], p=0.01) (Fig. 1a).

Patients who lost weight had a lower BMI before the
lockdown than those who gained weight (34.60+9.18
versus 40.45+9.45 kg/m? p=0.02). There were no dif-
ferences between those two groups in terms of age or
gender (Fig. 1b). Genetic subtype (deletion versus dis-
omy) did not influence the weight evolution during the
lockdown (p=0.06). In terms of weight loss, there was no
significant difference between rural (n=23) and urban
(n=55) living conditions. Weight loss was more fre-
quently observed for patients with increased PA (25.6%
versus 4.5% p=0.04) (Fig. 1c) and those with improved
eating behavior (51.3% versus 13.6% p = 0.005) (Fig. 1d).

Medical and mental health during the COVID-19 pandemic
and lockdown

Three patients had symptoms of non-severe COVID-19
(3.5%), although 12.9% (n=11) were living with relatives
diagnosed with COVID-19. No confirmation with PCR
was performed but a serological assay performed at the
end of June confirmed seroconversion and SARS-Cov2
infection for the three patients. No hospitalization was
required. Their age was 18-25 years, their BMI 21.20-
48.80 kg/m?, and two had diabetes, with glycated hemo-
globin between 6.6 and 8.2%.

Concerning behavioral issues, 11 patients (12.9%) dis-
played a recrudescence of behavioral disorders without a
major effect on mean weight (4 0.40 kg) and 10/11 pre-
sented more frequent outbursts, which required medi-
cal contact in two cases. Principal difficulties reported
by caregivers were linked to exacerbations of anxiety and
the ban on going outside.

Other medical issues among the PWS patients were
the following: dermatological disorders (n=7), traumatic
accidents (n=2), respiratory tract infections (n=2),
intestinal transit disorders (n=2), epilepsy (n=2), exac-
erbation of pain (n=2), hypoglycemic events (n=2), and
dental disorders (n=1).

Discussion

The lockdown had a positive impact for most French
adults with PWS. Nearly 50% lost weight, in parallel
with improved lifestyle behaviors (eating habits, PA).
No severe form of COVID-19 was noted, despite a high
prevalence of obesity and diabetes. However, a small sub-
group experienced major difficulties, with the recrudes-
cence of behavioral disorders and anxiety.

In an Italian study, 20% of adult patients gained weight
and reported an increase in the consumption of “comfort
food” (chocolate, ice cream, desserts, salty snacks, etc.)
[9]. Rundle et al. hypothesized that people, especially chil-
dren or adolescents, would fare worse concerning weight



Mosbah et al. Orphanet J Rare Dis (2021) 16:202

Table 1 General characteristics of Prader-Willi patients
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Patient characteristics
N

Age (years)

Sex N (%)

BMI (kg/m?)
Diabetes N (%)
Hypertension N (%)
Dyslipidemia N (%)
Active smoking N (%)
Genetics

del(15)(q11-g13)
UPD(15)mat

Conditions of lockdown

Usual place of residence N (%)

Geographic region N (%)

Number of rooms/Number of habitants (except institutions)
Daily occupations

Usual daily activity N (%)

Physical activity

Change in physical activity N (%)
Daily number of physical activities
Type of physical activity (%)

Change in time being sedentary N (%)
Sleep

Change in time spent sleeping N (%)
Weight/eating habits

Change in weight (kg and %)

Change in weight N (%)

Change in eating behavior N (%)
Aggressivity towards food N (%)
Psychological impact

Difficulties during lockdown N (%)

85

28.05£8.73[18.00-51.00]
Female 45 (52.9) Male 40 (47.1)
36.76 £ 10.74 [19.60-68.00]
21(24.7)

10(11.8)

16 (20.2)

7(89)

Female 26 (30.5), male 21 (24.7)
Female 19 (22.4), male 19 (22.4)

Family home: 60 (70.6), health-care institution: 25 (29.4)
Greater Paris region: 59 (69.4)
1424059 [0.50-3.67]

Work 27 (31.4)

School 18 (20.9)

Leisure activities 22 (25.6)
No activity 19 (22.1)

Increased 16 (18.8), decreased 57 (67.1), stable 12 (14.1)
1.5440.97 [0.00-4.00]

Walking 39.1%

Fitness 22.0%

Exercise bike/treadmill 15.3%
Gardening 11.2%
Housekeeping 7.8%
Outdoor games 4.6%

Increased 60 (75.0), decreased 5 (6.2) stable 15 (18.8)

Increased 20 (24.1), decreased 5 (6.0), stable 58 (69.9)

kg: —0.96+3.28 [— 13.00; 4+ 5.00] %: — 1.07 £ 3.26 [— 10.00;+ 6.25]
Gain 22 (27.5), loss 39 (48.8), stable 19 (23.7)

Worse 17 (20.7), improved 29 (35.4), stable 36 (43.9)

Yes 16 (20.0)

Major 11 (12.9), minor 38 (44.7), none 36 (42.4)

Results are expressed as the means + SD [range] for continuous variables and as frequencies and percentages for categorical variables. BMI: body mass index. del(15)
(q11-g13): Deletion from the paternal origin in the 15q11-q13 chromosomic region. UPD(15)mat: Maternal UniParental Disomy of chromosome 15

control at home than when engaged in their usual school
curriculum [10]. School or working environments pro-
vide structure and routine for mealtimes, PA, and sleep
schedules, the predominant lifestyle factors involved in
obesity risk. Unlike the general population, PWS patients
require permanent supervision to avoid food seeking and
prevent uncontrolled eating behavior. Living conditions
during the lockdown likely led to robust caregiver super-
vision, as parents or family were generally at home. Car-
egivers are particularly aware of the risk of weight gain

during increased sedentarism. Indeed, medical-expert
teams insist on the need of regular PA from childhood. In
many homes, PA programs were set up during the lock-
down, although PA levels were lower than usual.
However, one recent study showed the negative psy-
chological impact of strict lockdown measures on psy-
chiatric patients during the COVID-19 epidemic [7].
Exacerbations of anger and impulsivity were significantly
higher for psychiatric patients than healthy controls.
Only 12.9% of PWS patients showed behavioral disorders
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Table 2 Characteristics of Prader-Willi patients according to weight change category

Characteristics Weight loss Weight gain p-value

N 39 22

Age (years) 28.95+£8.31[18.00-51.00] 27.32+£9.98 [18.00-50.00] 0.20

BMI (kg/m?) 34.6049.18 [19.60-52.00] 40.45+£9.45 [22.51-58.60] 0.02

Change in weight (kg and %) kg—330£293 kg+235+1.54 0.0001
% 3.684+2.50 %+241+£157

Sex N (%) Female 22 (56.0), male 17 (44.0) Female 11 (50.0), male 11 (50.0) 0.8

Type of residence N (%) Institution 6 (15.4) Institution 2 (9.1) 0.69
Family home 33 (84.6) Family home 20 (91.1)

Usual daily activities N (%) Yes 34 (87.2), no 5 (12.8) Yes 15 (68.2), no 7 (31.8) 0.10

Change in physical activity N (%) Increased 10 (25.6) Increased 1 (4.5) 0.04
No increase 29 (74.4) No increase 21 (95.5)

Change in time being sedentary (%) Decreased 3 (7.7) Decreased 1 (4.5) >0.99
No decrease 35 (92.3) No decrease 21 (95.5)

Change in eating behavior (%) Improvement 20 (51.3) Improvement 3 (13.6) 0.005

No improvement 19 (48.7)

No improvement 19 (86.4)

Results are expressed as the means =+ SD [range] for continuous variables and as frequencies and percentages for categorical variables. BMI body mass index

during the lockdown. Impulsive behavior often arises for
individuals with PWS from a misunderstanding of social
situations or the occurrence of unpredictable situations.
It is possible that the lockdown, carried out in a ritualized
environment with adapted social interactions and a less
stressful context, provided more favourable conditions
for PWS subjects.

Only three cases of non-severe COVID-19 were
reported (3.5%), although 80.2% of the subjects were liv-
ing in regions where the estimated prevalence of COVID-
19 was high (>9.0%) [11]. The high level of compliance
with the total lockdown by the PWS patients was likely a
contributing factor.

Our study had several limitations, including the fact
that our data were acquired in a sample from caregivers’
reports and that no quantitative measures of activity lev-
els or food consumption were available. It is possible that
parents’ sense of their children’s behavior was heightened
during the lockdown, potentially inadvertently biasing
their responses. Moreover, we conducted a single-center
study, which might not be representative of the general
PWS population.

Conclusions

In conclusion, the COVID-19 pandemic and lockdown
did not have a negative impact on most French adult
patients with PWS, despite their well-known psychologi-
cal vulnerability and susceptibility to gain weight. Favora-
ble changes in lifestyle behaviors during the lockdown,
strictly supervised by caregivers in a quiet and reassur-
ing environment, were observed, in parallel with modest
weight loss for half of the patients.

Methods

Study rationale and design

Eighty-five adults with genetically confirmed PWS fol-
lowed at the Reference Center for Rare Diseases in Pitié-
Salpétriere Hospital, Paris, France, were included in this
monocentric study. The PWS diagnosis was genetically
confirmed using routine genetic laboratory methods.
First, we performed DNA-based methylation testing to
detect the absence of the paternally contributed PWS/AS
(Prader Willi Syndrome/Angelman Syndrome) region on
chromosome 15q11-q13 at locus SNRPN (Small Nuclear
Ribonucleoprotein Polypeptide N) with two methods
described previously [12-14]. Secondly, molecular mech-
anism was clarified using a standard fluorescence in situ
hybridization (FISH) (deletion). If no deletion was found,
analysis of parental and proband DNA with microsatel-
lites was performed to confirm maternal uniparental dis-
omy (UPD).

Telephone interviews were conducted between 15
April and 15 May 2020 by a physician specialized in the
care of PWS patients. In France, the complete lockdown
lasted from 17 March until 11 May 2020. Patients com-
pleted a detailed clinical questionnaire with the help of
their caregivers (parents or social workers). The question-
naire included 32 questions related to living conditions
during the lockdown, physical and daily activity, seden-
tary time (time spent seated or lying down when awake
and time spent in front of a screen), time sleeping, eat-
ing habits (access to food, frequency of eating), medical
and behavioral issues (need of medical contact, COVID-
19 symptoms in patients and their relatives, frequency
of outbursts, anxiety). Weight data before the lockdown
were collected from the medical report and weight at the
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a Weight variation during lockdown
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Fig. 1 aIndividual weights of members of the total PWS cohort (weight before lockdown, weight after lockdown, n=285). b Change in weight
(%) during the lockdown according to gender (n =43 females and 37 males). ¢ Change in weight (%) during the lockdown according to physical
activity (increase n=15, no increase n=65). d Change in weight (%) according to eating behavior (improvement n= 26, no improvement n=>52).
Results are expressed as the mean =+ standard deviation, with individual values. ns =non-significant. *p < 0.05; ***p <0.001. £B eating behavior, PA

b Gender
ns

10+
£ s i )
g & &
S ol :
%1 ;
2 o
() .
= -10- .

-15 T T

Men  Women

d Eating behaviour

10- * % %
S 57 :
L= %
& .
2 04------ dagdrieeinion .
.© - o
g B v .
r & .
R . ¢
() of .
= 10— .

EB improvement No EB improvement

end of lockdown was measured by the patient with the
help of the caregiver. Patients and their caregivers pro-
vided informed consent.

Statistical methods

Descriptive statistics of participant characteristics are
expressed as the means and standard deviation (SD) for
continuous variables and frequencies and percentages for
categorical variables. The mean values of patients who

lost weight were compared to those who gained weight
using two-sample Fisher test for categorical variables,
and two-sample Mann—Whitney test for continuous
variables. All statistical analyses were performed using
GraphPad Prism version 8.0 and statistical significance
was considered for two-sided p-values < 0.05.

Acknowledgements
The authors would like to thank the patients and healthcare professionals at
the La Pitié-Salpétriere Hospital, Nutrition Department.



Mosbah et al. Orphanet J Rare Dis (2021) 16:202

Authors’ contributions

HM and CP designed the study. HM, CP, and MC contributed to patient recruit-
ment and performed the clinical survey. FJ contributed to data management.
HM and CP analyzed the data and wrote the manuscript. HM, CP, MC MT, JMO,
and KC contributed to the data presentation and editing of the manuscript.
All authors reviewed the manuscript. CP is the guarantor of this work and, as
such, had full access to all the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis. All authors read and
approved the final manuscript.

Funding
None.

Availability of data and materials
H. Mosbah and C. Poitou have stored all the data, which are available upon
reasonable request.

Declarations

Ethics approval and consent to participate
Patients and their caregivers provided informed consent.

Consent for publication
All authors reviewed and approved the final article.

Competing interests
None of the authors declare a conflict of interest.

Author details

! Assistance Publique-Hopitaux de Paris, Centre de Référence Maladies Rares
(PRADORT, Syndrome de Prader-Willi Et Autres Formes Rares D'Obésité Avec
Troubles du Comportement Alimentaire), Service de Nutrition, Groupe Hos-
pitalier Pitié-Salpétriere, Hopital Pitié-Salpétriere, Sorbonne Université, 91 bd
de I'Hépital, Batiment E3M, 75013 Paris, France. 2INSERM, Nutrition et Obésité:
Approches Systémiques «NutriOmics», Sorbonne Université, Paris, France.
3Centre de Référence du Syndrome de Prader-Willi, Service d’Endocrinologie,
Obésités, Maladies Osseuses Génétique et Gynécologie Médicale, Hopital des
Enfants, Toulouse, France.

Received: 21 September 2020 Accepted: 20 April 2021
Published online: 05 May 2021

References

1. Thuilleaux D, Laurier V, Copet P, Tricot J, Demeer G, Mourre F, et al. A
model to characterize psychopathological features in adults with Prader-
Willi syndrome. Am J Med Genet A. 2018;176(1):41-7.

Page 6 of 6

2. Goldstone AP, Holland AJ, Hauffa BP, Hokken-Koelega AC, Tauber M,
Speakers Contributors at the Second Expert Meeting of the Compre-
hensive Care of Patients With PWS. Recommendations for the diagnosis
and management of Prader-Willi syndrome. J Clin Endocrinol Metab.
2008;93(11):4183-97.

3. Simonnet A, Chetboun M, Poissy J, Raverdy V, Noulette J, Duhamel A,
et al. High prevalence of obesity in severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2) requiring invasive mechanical ventilation.
Obes Silver Spring. 2020;28(7):1195-9.

4. Onder G, Rezza G, Brusaferro S. Case-fatality rate and character-
istics of patients dying in relation to COVID-19 in Italy. JAMA.
2020;,323(18):1775-6.

5. Stefan N, Birkenfeld AL, Schulze MB, Ludwig DS. Obesity and impaired
metabolic health in patients with COVID-19. Nat Rev Endocrinol.
2020;16(7):341-2.

6. Pietrobelli A, Pecoraro L, Ferruzzi A, Heo M, Faith M, Zoller T, et al. Effects
of COVID-19 lockdown on lifestyle behaviors in children with obesity liv-
ing in Verona, ltaly: a longitudinal study. Obes Silver Spring. 2020. https://
doi.org/10.1002/0by.22861.

7. HaoF,TanW, Jiang L, Zhang L, Zhao X, Zou Y, et al. Do psychiatric patients
experience more psychiatric symptoms during COVID-19 pandemic and
lockdown? A case-control study with service and research implications
for immunopsychiatry. Brain Behav Immun. 2020;87:100-6.

8. YaoH, Chen J-H, Xu Y-F. Patients with mental health disorders in the
COVID-19 epidemic. Lancet Psychiatry. 2020;7(4).e21.

9. Scarmozzino F, Visioli F. Covid-19 and the subsequent lockdown modified
dietary habits of almost half the population in an Italian sample. Foods
Basel Switz. 2020;9(5):675.

10. Rundle AG, Park Y, Herbstman JB, Kinsey EW, Wang YC. COVID-19-related
school closings and risk of weight gain among children. Obes Silver
Spring. 2020;28(6):1008-9.

11. Salje H, Tran Kiem C, Lefrancg N, Courtejoie N, Bosetti P, Paireau
J, et al. Estimating the burden of SARS-CoV-2 in France. Science.
2020,369(6500):208-11.

12. KubotaT, Das S, Christian SL, Baylin SB, Herman JG. et Ledbetter DH,
Methylation-specific PCR simplifies imprinting analysis. Nat Genet.
1997,16(1):16-7.

13. Martinez F, Ledn AM, Monfort S, Oltra S, Rosellé M, Orellana C. Robust,
easy, and dose-sensitive methylation test for the diagnosis of Prader-Willi
and Angelman syndromes. Genet Test. 2006;10(3):174-7.

14. Chotai KA, Payne SJ. A rapid, PCR based test for differential molecular
diagnosis of Prader-Willi and Angelman syndromes. J Med Genet.
1998;35(6):472-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1002/oby.22861
https://doi.org/10.1002/oby.22861

	Effects of the COVID-19 pandemic and lockdown on the mental and physical health of adults with Prader-Willi syndrome
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Results
	Cohort characteristics (Table 1)
	Weight change during lockdown (Table 2, Fig. 1)
	Medical and mental health during the COVID-19 pandemic and lockdown

	Discussion
	Conclusions
	Methods
	Study rationale and design
	Statistical methods

	Acknowledgements
	References


