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Abstract 

Background:  Prader–Willi syndrome (PWS) is a rare neurodevelopmental disorder based on a loss of paternally 
expressed genes in chromosome segment 15q11-13. Behavioral traits such as temper outbursts, stereotypic, and 
ritualistic behavior, as well as an increased risk of psychosis accompany the syndrome, representing a major issue in 
the treatment of adults with PWS. Up to now, no treatment guideline for these conditions in PWS exist. This study 
aimed to retrospectively analyze the effect and adverse effects of treatment with aripiprazole for temper outbursts in 
10 adults with PWS.

Results:  Aripiprazole was prescribed for temper outbursts (n = 10). Treatment outcome was assessed using the Clini‑
cal Global Impression-Severity (CGI-S) and -Improvement Scale (CGI-I).

Treatment success (CGI-I < 3) was observed in 70% of cases, with adverse effects from mild to partly serious extent 
in 60% of cases. The major adverse effect observed was increased daytime sleepiness. In total, 50% of the individuals 
were treated successfully for temper outbursts. The BMI did not change significantly in the successfully treated group 
after 6 months of treatment.

Conclusions:  Aripiprazole can be a treatment option for temper outbursts in people with PWS. Although a high rate 
of side effects was detected, their severity led to discontinuation in only 20% of the cases. Furthermore, the absence 
of weight gain makes aripiprazole interesting especially for the PWS population.
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Background
Prader–Willi syndrome (PWS) is a rare, geneti-
cally determined neurodevelopmental disorder with 
a certain behavioral phenotype and high frequency 
of psychiatric co-morbidities. PWS is caused by a 
lack of normally paternally expressed but maternally 
imprinted genes on chr15 q11-13. This can occur via 
three mechanisms: deletion of the paternal 15q11-13 
region (delPWS, approximately 60% of cases), maternal 

uniparental disomy (mUPD, 35%), or by a rare imprint-
ing center defect (IC) [1, 2]. Independent of genotype, 
newborns typically present with a failure to thrive, 
weak suck, and feeding difficulties. In later infancy, 
the feeding difficulties subside and give way to severe 
hyperphagia leading to life-threatening obesity if food 
intake is not controlled [3, 4]. PWS is also characterized 
by a hypothalamic-pituitary dysfunction with a growth 
hormone deficiency, central hypothyroidism, and hypo-
gonadism [5, 6]. Nearly all individuals with PWS show 
a delay in motor and speech development as well as 
a mostly mild to moderate intellectual disability[7]. 
The behavioral phenotype of PWS is characterized by 
stubbornness, ritualistic and repetitive behavior, skin 
picking, and temper outbursts [8]. Furthermore, the 
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prevalence of certain psychiatric comorbidities is not 
only higher than in the general population, but also 
higher than in other forms of intellectual disability 
[9, 10]. Individuals with PWS are especially at risk of 
developing psychosis, affective disorders and obsessive 
compulsive disorder (OCD) [11–13]. The prevalence of 
comorbid autism spectrum disease (ASD) [14] is also 
increased. It seems that a genotype-dependent pattern 
of distribution of mental disorders occurs with individ-
uals of the mUPD subtype being at higher risk of psy-
chosis and ASD [15].

Psychiatric comorbidities and behavioral problems 
negatively affect the quality of life of the affected indi-
viduals and their caregivers [16]. Concomitant behav-
ioral problems correlate with higher perceived levels 
of stress in parents of children with PWS [17]. How-
ever, no official therapeutic guidelines or recommen-
dations regarding the use of psychotropic medication 
exist. Psychotropic drugs, especially antipsychotic, 
antidepressant, and mood stabilizing drugs, are widely 
prescribed in the treatment of behavioral problems or 
mental disorders occurring in patients with PWS [9]. 
However, scientific literature on the efficacy and the 
adverse effects of psychotropic medication in PWS is 
sparse and mostly derives from case reports [18]. There 
are only a few case reports or case series regarding the 
use of antipsychotic drugs in PWS [19–21]. First-gener-
ation, as well as second-generation antipsychotic drugs, 
are used in PWS, neglecting their unfavorable pharma-
cological profile, such as high rates of extrapyramidal 
symptoms (EPS), weight gain, and hormone dysfunc-
tions. The effect of newer antipsychotic drugs with a 
more favorable receptor profile such as aripiprazole is 
not well investigated. To our knowledge, only two case 
reports on treatment with aripiprazole in PWS cur-
rently exist. The first case presents an 11-year old girl 
with PWS with OCD and aggressive symptoms which 
subsided under treatment with 10  mg of aripiprazole 
per day [22]. The second case presents a 16-year-old 
female patient with PWS of the mUPD subtype who 
was treated with aripiprazole due to psychosis [23]. 
There are several rationales for considering aripiprazole 
as an effective treatment option in PWS. It is approved 
for the treatment of schizophrenia and bipolar disorder 
and used as an augmentation strategy in selective sero-
tonin reuptake inhibitor (SSRI)-resistant OCD [24–27]. 
Furthermore, the range of indications include treatment 
of aggressive behavior in children with ASD and has 
shown promising effects in the treatment of psychosis 
in other rare genetic syndromes like 22q11.2 deletion 
syndrome [28, 29]. In comparison to other antipsy-
chotic drugs, aripiprazole’s receptor affinity profile may 

be favorable as it is less likely to cause weight gain, EPS, 
or hyperprolactinemia.

Aims of the study
In this study we retrospectively analyzed the treatment 
efficacy and adverse effects occurring under treatment 
with aripiprazole in 10 individuals with PWS. Treatment 
with aripiprazole was initiated for temper outbursts.

Results
In this study, 10 individuals with PWS were treated 
with aripiprazole for temper outbursts. The age of par-
ticipants ranged from 25 to 52 years with a mean age of 
35.8 years (4 female, 6 male). In 6 cases PWS was caused 
by a delPWS. Although PWS was genetically confirmed 
in all cases, the genetic subtype (delPWS, mUPD, IC) was 
unknown in the remaining 4 cases. Out of the 10 partici-
pants, 7 were psychopharmalogical treatment naïve and 
3 were currently treated with at least one other psycho-
tropic drug (n = 1 antidepressant drug, and n = 2 antipsy-
chotic drugs + antidepressant drugs).

Baseline assessment
10 patients (6 males, 4 females) in this study sought eval-
uation and management for severe temper outbursts. 
Temper outbursts were characterized by irritability in 
general and tantrums during conflicts or disagreements. 
All the temper outbursts were accompanied by physical 
aggression with the destruction of property or attacking 
others.

At baseline, 2 participants showed a CGI of 5 (‘mark-
edly ill’ = temper outbursts more than twice a month 
and/or severe damage delivered to things but not to liv-
ing beings), 7 had a score of 6 (‘severely ill’ = multiple 
temper outburst per month and/or severe damage deliv-
ered to things or not serious injury of living beings) and 1 
scored a 7 (‘among the most extremely ill patients’ = mul-
tiple temper outburst per week and/or severe damage 
delivered to things or living beings).

Treatment outcome
After treatment with aripiprazole, 3 patients showed a 
CGI-I of 1 (“very much improved), 4 showed a score of 
2 (“much improved”), 2 showed an CGI-I of 3 (“mini-
mal improved”), 1 scored 4 (“no change”). However, in 2 
of the 7 patients who responded (CGI of 1 or 2), treat-
ment with aripiprazole had to be discontinued because 
of adverse effects (see section adverse effects under treat-
ment). Thus, 5 out of 10 (50%) patients were successfully 
treated with aripiprazole for temper outbursts. How-
ever, out of these 5 patients, n = 2 showed also adverse 
effects in form of increased daytime sleepiness. Out of 
the remaining 3 patients, 2 only improved minimally. 
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ID 9 did not improve at all; unfortunately she refused to 
take a higher dose of aripiprazole, so the medication was 
discontinued.

Overall, 7 patients (70%) responded to aripiprazole 
showing a CGI-I of 1 or 2. Out of the 3 patients who 
already received treatment with at least one psychotropic 
drug at baseline, treatment with aripiprazole led to an 
improvement in all cases. It should be mentioned that 
ID 4 discontinued risperidone before receiving aripipra-
zole but sertraline was continued. ID 8 started sertraline 
8  weeks after the beginning of treatment with aripipra-
zole due to depressed mood and anxiety. Among patients 
who responded to aripiprazole, 5 showed response with 
a dose of 5 mg per day and 2 with a daily dose of 10 mg. 
In 3 cases the treatment was discontinued, either because 
of adverse effects (n = 2) or because a sufficient improve-
ment of symptoms could not be observed (n = 1).

Observed adverse effects
All study participants underwent routine blood testing 
at the general practitioner and results were presented at 
the clinical visits. No abnormal electrolytes, blood cell 
counts, or other routine values were reported. Out of the 
10 individuals treated with aripiprazole, 6 (60%) showed 
adverse effects among which increased daytime sleepi-
ness was the most common (n = 6). In 2 out of these 6 
patients, daytime sleepiness was only mild, so no change 
of medication was necessary. In 2 cases, switching 
administration to the evening reduced daytime sleepi-
ness. In the remaining 2 cases, daytime sleepiness was so 
severe, that the medication with aripiprazole had to be 
discontinued although the patients had shown a positive 
response regarding temper outbursts. In 2 cases (20%) 
the daytime sleepiness was too severe even after changing 
the medication to the evening so that treatment had to 
be discontinued. No other adverse effects were observed 
during the time of this study. Especially the change of 
BMI was negligible after 6 months of treatment.

BMI changes under treatment
Weight changes were analyzed in patients who under-
went treatment for 6  months (n = 7) using the mean 
body mass index (BMI). Among these 7 patients, the BMI 
was 23.76 kg/m2 (min 21.11, max 26.35) at baseline and 
23.49  kg/m2 (min 20.47, max 26.96) after 6  months of 
treatment. Thus, no remarkable change in BMI did take 
place under treatment.

Discussion
Behavioral problems and mental disorders are frequent 
in PWS and are strongly associated with a reduced qual-
ity of life for individuals and their caregivers [9, 12, 16, 
31, 32]. While they are considered the most challenging 

issue in adults with PWS [17], reliable treatment recom-
mendations are currently not available and the scientific 
literature on the effectiveness and adverse drug reactions 
of psychotropic drugs in patients with PWS is sparse. 
Demographic studies have revealed that both first-gen-
eration as well as second-generation antipsychotic drugs 
are widely prescribed to patients with PWS [9]. Other 
commonly used psychotropic drugs include SSRIs, such 
as sertraline and fluoxetine, or antiepileptic drugs such 
as topiramate [33–36]. The reported treatment outcomes 
differ, showing a beneficial effect in some cases but also a 
worsening of symptoms in others [37]. Among antipsy-
chotic drugs, there are only case reports and small case 
series showing promising effects of risperidone in the 
treatment of aggressive behavior [19, 20]. To our knowl-
edge, there are only two case reports to date regarding 
the use of aripiprazole in patients with PWS. The first 
case report showed a therapeutic benefit in treating psy-
chosis in a 16-year-old girl with PWS [23]. In the second 
case, an 11-year-old girl with OCD and aggressive behav-
ior responded well to aripiprazole [22]. In our cohort of 
10 patients with PWS, 70% of the patients responded 
to treatment with aripiprazole and showed a significant 
decrease of frequency and/or severity of temper out-
bursts. Although more than half of the study participants 
showed side effects (increased daytime sleepiness), they 
were either of mild intensity or were better tolerated 
after administering the medication in the evening. Due 
to side effects only 2 individuals discontinued the treat-
ment with aripiprazole which leaves a total of 50% of the 
study participants which responded to and tolerated ari-
piprazole. One caveat when interpreting the findings in 
the responders is the additional treatment with sertraline 
in 2 individuals (ID 4 and ID 8). Especially for ID 4 a syn-
ergistic effect is conceivable. ID 8 showed a decrease of 
conflict and temper outburst before administering sertra-
line, but still a synergistic effect has to be considered on 
the long term. Due to the small number of participants, it 
is not possible to see a significant difference in improve-
ment between the individuals with a combination of 
aripiprazole and sertraline compared to the ones with 
aripiprazole alone.

We recently showed that the SSRI sertraline is a 
promising treatment option for temper outbursts in 
PWS by significantly reducing the frequency and inten-
sity of outbursts in around 92% of cases without caus-
ing any severe adverse drug reactions [38]. Comparing 
these results with the response rates of 50% under 
aripiprazole in this study, one may conclude that ser-
traline should be preferred over aripiprazole for the 
treatment of temper outbursts in PWS. On the one 
hand this is especially true when considering the high 
rate of adverse effects, on the other hand one has to 
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acknowledge that 3 of the responding individuals had 
or have treatment with SSRIs or SNRIs. In this study, 6 
(60%) patients experienced adverse effects ranging from 
mild to extended daytime sleepiness. It is known that 
these adverse drug reactions can occur under aripipra-
zole but their frequency and their long-lasting duration 
in our study population are irritating. Especially at the 
low dose of 5-10  mg aripiprazole used in this study. 
Forster et al. recently showed that genetic variations in 
the cytochrome P450 enzyme system frequently occur 
in PWS [39]. For instance, the cytochromes 2D6 and 
3A4/5, both of which are involved in the metabolism 
of aripiprazole, are also affected. An impaired metab-
olism could contribute to the high number of adverse 
effects under treatment with aripiprazole in our study. 
Another explanation would be, that individuals with 
PWS are more susceptible to adverse effects because 
of neural disturbances as a cause of the neurodevel-
opmental disorder itself. It should also be considered 
that the concomitant use of other psychotropic drugs 
increase the risk of adverse effects. On the other hand, 
daytime sleepiness as the adverse effect reported is also 
one of the prominent symptoms in adults with PWS 
even without medication, which makes it hard to disen-
tangle the contribution of aripiprazole to this symptom. 
However, daytime sleepiness is not a common adverse 
drug reaction in aripiprazole-treated patients not suf-
fering from PWS.

A major concern when using psychotropic medica-
tion to treat patients with PWS is possible weight gain. 
In our study, no change of BMI during 6  months of 
treatment could be observed.

The underlying pathophysiological mechanisms of 
temper outbursts in PWS are not yet known, but dis-
turbances of the serotonergic system are postulated 
[40, 41]. The fact that patients seem to respond better 
to SSRIs than to the anti-dopaminergic effects of antip-
sychotic drugs may further support the hypothesis of a 
dysregulated serotonin metabolism. However, it should 
be considered that aripiprazole also functions as a par-
tial agonist at serotonergic receptors [42]. Thus, future 
studies are necessary to investigate the pathophysiolog-
ical mechanisms of temper outbursts to identify more 
promising treatment options.

The limitations of our study consist of its open-label 
design, the lack of a control group, and its design as a 
case series. The low number of cases is also a limitation, 
but this is due to the rarity of the disease. However, 
the study currently includes the largest cohort of indi-
viduals with PWS undergoing aripiprazole treatment. 
Another limitation is the assessment of symptoms and 
improvement using the CGI, which is not PWS specific. 

This is caused by a lack of reliable psychometric assess-
ments in German language for PWS.

Conclusions
Aripiprazole can lead to a reduction of symptoms in indi-
viduals with PWS suffering from temper outbursts. How-
ever a high rate of side effects was reported, these led to 
discontinuation of aripiprazole in only 20% of the cases. 
Aripiprazole can be a treatment option for people with 
PWS suffering from temper outburst where SSRIs alone 
did not show good effects. This might lead to a change 
from SSRIs to aripiprazole or even the combination of 
SSRIs and aripiprazole, which is not an uncommon drug 
combination.

Methods
Study design
This study was conducted as a case series with thorough 
examination of the characteristics of study participants 
and treatment outcomes. All patients included in this 
study were treated in the Outpatient Department for 
Mental Health in Rare Genetic Syndromes of the Depart-
ment of Psychiatry, Social Psychiatry, and Psychotherapy 
of Hannover Medical School between 2011 and 2019. All 
data obtained in this study were routinely assessed at the 
visits and were analyzed retrospectively.

Participants
This study included 10 individuals with genetically con-
firmed PWS. All of them were treated at the Outpatient 
Department for Mental Health in Rare Genetic Disorders 
of the Department of Psychiatry, Social Psychiatry and 
Psychotherapy of Hannover Medical School, Hannover, 
Germany, between 2011 and 2019. The reasons for con-
sultation in this study were maladaptive behaviors with 
temper outbursts. Counseling consisted of psychoeduca-
tional support for the families and caregivers as well as 
medical treatment. A special behavioral therapy was not 
offered during the time of the study.

Assessment of symptoms
Data on demographic information, current symptoms, 
medical history, and medication history were gath-
ered at baseline via a comprehensive interview with the 
patient and their caregiver(s) (e.g. parents). The Clini-
cal Global Impression-Severity scale (CGI-S) was used 
to address the severity of symptoms. In the CGI-S, the 
clinician rates the patient relative to their experience. 
Rating of the CGI-S is performed on a 7-point scale 
ranging from 1 (normal) to 7 (among the most severely 
ill patients) [30]. In general, initiation of drug treatment 
was only considered when the patient exceeded a score 



Page 5 of 8Deest et al. Orphanet Journal of Rare Diseases          (2022) 17:324 	

Ta
bl

e 
1 

C
ha

ra
ct

er
is

tic
s 

of
 s

tu
dy

 p
ar

tic
ip

an
ts

 a
nd

 tr
ea

tm
en

t o
ut

co
m

e.

ID
Se

x
A

ge
G

en
et

ic
 s

ub
ty

pe
Sy

m
pt

om
s 

ba
se

lin
e

CG
I

Co
ur

se
CG

I-I
D

os
e

Si
de

 e
ffe

ct
s

BM
I 

ba
se

lin
e 

kg
/m

2

BM
I a

ft
er

 
6 

m
on

th
 k

g/
m

2

Ps
yc

hi
at

ri
c 

m
ed

ic
at

io
n

N
ot

es

1
f

28
U

nk
no

w
n

Pe
rs

ev
er

at
io

n,
 

ob
se

ss
io

ns
. T

re
at

ed
 

w
ith

 ri
sp

er
id

on
e 

bu
t s

ev
er

e 
da

yt
im

e 
sl

ee
pi

ne
ss

. A
ft

er
 

st
op

 o
f r

is
pe

rid
on

e:
 

m
as

si
ve

 te
m

pe
r 

ou
tb

ur
st

s

7
D

ec
re

as
e 

of
 in

te
ns

ity
 

an
d 

fre
qu

en
cy

 o
f 

ou
tb

ur
st

s

2
5 

m
g

D
ay

tim
e 

sl
ee

pi
ne

ss
 

bu
t l

es
s 

th
an

 w
ith

 
ris

pe
rid

on
e

22
.1

9
22

.6
0

M
ed

ic
at

io
n 

ch
an

ge
d 

to
 d

os
e 

in
 th

e 
ev

en
in

g 
to

 im
pr

ov
e 

da
yt

im
e 

sl
ee

pi
ne

ss

2
m

31
de

lP
W

S 
2

Irr
ita

bi
lit

y,
 te

m
pe

r 
ou

tb
ur

st
s

6
Irr

ita
bi

lit
y 

im
pr

ov
ed

, 
ne

ar
ly

 n
o 

m
or

e 
te

m
pe

r o
ut

bu
rs

ts

1
5 

m
g

D
ay

tim
e 

sl
ee

pi
ne

ss
21

.1
1

21
.6

6
M

ed
ic

at
io

n 
ch

an
ge

d 
to

 d
os

e 
in

 th
e 

ev
en

in
g 

to
 im

pr
ov

e 
da

yt
im

e 
sl

ee
pi

ne
ss

3
m

30
de

lP
W

S 
1

Irr
ita

bi
lit

y,
 te

m
pe

r 
ou

tb
ur

st
s

6
Sl

ig
ht

 re
du

ct
io

n 
in

 
fre

qu
en

cy
 a

nd
 in

te
n‑

si
ty

 o
f o

ut
bu

rs
ts

3
5 

m
g

M
ild

 in
cr

ea
se

 o
f 

da
yt

im
e 

sl
ee

pi
ne

ss
26

.1
2

24
.8

2

4
m

30
un

kn
ow

n
Irr

ita
bi

lit
y 

w
ith

 
se

ve
re

 te
m

pe
r 

ou
tb

ur
st

s, 
pe

rs
ev

er
a‑

tio
ns

, o
bs

es
si

on
s, 

m
is

tr
us

t,

6
Im

pr
ov

em
en

t o
f 

ou
tb

ur
st

s, 
ob

se
s‑

si
on

s, 
m

is
tr

us
t

1
10

 m
g

26
.3

4
26

.9
6

ris
pe

rid
on

e 
4 

m
g 

se
rt

ra
lin

e 
10

0 
m

g 
(s

to
pp

ed
 a

t s
ta

rt
 o

f 
ar

ip
ip

ra
zo

le
)

A
ft

er
 1

 m
on

th
 s

ig
‑

ni
fic

an
t i

m
pr

ov
em

en
t, 

th
en

 d
et

er
io

ra
tio

n.
 

A
ft

er
 in

cr
ea

se
 o

f d
os

e 
ag

ai
n 

si
gn

ifi
ca

nt
 

im
pr

ov
em

en
t

5
f

35
un

kn
ow

n
Irr

ita
bi

lit
y 

w
ith

 te
m

‑
pe

r o
ut

bu
rs

ts
6

Im
pr

ov
em

en
t o

f i
rr

i‑
ta

bi
lit

y 
an

d 
te

m
pe

r 
ou

tb
ur

st
s

2
10

 m
g

21
.7

8
20

.4
7

m
iln

ac
ip

ra
m

 5
0 

m
g 

(s
to

pp
ed

 a
t s

ta
rt

 o
f 

ar
ip

ip
ra

zo
le

)

6
m

52
de

lP
W

S 
1

Irr
ita

bi
lit

y 
w

ith
 

te
m

pe
r o

ut
bu

rs
ts

 
w

ith
 d

es
tr

uc
tio

n 
of

 
pr

op
er

ty
. C

on
fli

ct
s 

w
ith

 p
eo

pl
e

5
Im

pr
ov

em
en

t o
f i

rr
i‑

ta
bi

lit
y 

an
d 

te
m

pe
r 

ou
tb

ur
st

s

3
10

 m
g

M
ild

 in
cr

ea
se

 o
f 

da
yt

im
e 

sl
ee

pi
ne

ss
26

.3
5

25
.3

3

7
f

46
de

lP
W

S 
2

Irr
ita

bi
lit

y 
w

ith
 te

m
‑

pe
r o

ut
bu

rs
ts

6
Im

pr
ov

em
en

t 
of

 ir
rit

ab
ili

ty
 a

nd
 

ou
tb

ur
st

s

2
5 

m
g

D
ay

tim
e 

sl
ee

pi
ne

ss
25

.1
1

/
St

op
pe

d 
be

ca
us

e 
of

 
si

de
 e

ffe
ct

s

8
m

25
de

lP
W

S
Irr

ita
bi

lit
y,

 te
m

pe
r 

ou
tb

ur
st

s 
w

ith
 

ph
ys

ic
al

 a
tt

ac
ks

6
N

o 
co

nfl
ic

ts
 a

ny
‑

m
or

e
1

5 
m

g
22

.4
3

22
.5

7
se

rt
ra

lin
e 

50
 m

g 
ris

pe
rid

on
e 

0.
5 

m
g

U
nd

er
 S

er
tr

al
in

e 
an

d 
Ri

sp
er

id
on

e 
no

 tr
ea

t‑
m

en
t s

uc
ce

ss
, c

ha
ng

e 
of

 R
is

pe
rid

on
e 

to
 

A
rip

ip
ra

zo
le

 le
ad

 to
 a

 
m

as
si

ve
 im

pr
ov

em
en

t

9
f

37
U

nk
no

w
n

Irr
ita

bi
lit

y 
w

ith
 te

m
‑

pe
r o

ut
bu

rs
ts

6
N

o 
ch

an
ge

4
5 

m
g

39
.4

8
/

St
op

pe
d 

be
ca

us
e 

no
 

su
cc

es
s



Page 6 of 8Deest et al. Orphanet Journal of Rare Diseases          (2022) 17:324 

Ta
bl

e 
1 

(c
on

tin
ue

d)

ID
Se

x
A

ge
G

en
et

ic
 s

ub
ty

pe
Sy

m
pt

om
s 

ba
se

lin
e

CG
I

Co
ur

se
CG

I-I
D

os
e

Si
de

 e
ffe

ct
s

BM
I 

ba
se

lin
e 

kg
/m

2

BM
I a

ft
er

 
6 

m
on

th
 k

g/
m

2

Ps
yc

hi
at

ri
c 

m
ed

ic
at

io
n

N
ot

es

10
m

44
de

lP
W

S 
2

Irr
ita

bi
lit

y 
w

ith
 te

m
‑

pe
r o

ut
bu

rs
ts

5
D

ec
re

as
e 

of
 fr

e‑
qu

en
cy

 &
 in

te
ns

ity
 

of
 o

ut
bu

rs
ts

2
5 

m
g

D
ay

tim
e 

sl
ee

pi
ne

ss
24

.9
1

/
St

op
pe

d 
be

ca
us

e 
of

 
si

de
 e

ffe
ct

s

CG
I c

lin
ic

al
 g

lo
ba

l i
m

pr
es

si
on

 s
ca

le
; C

G
I-I

 c
lin

ic
al

 g
lo

ba
l i

m
pr

ov
em

en
t s

ca
le

; d
el

PW
S 

pa
te

rn
al

 d
el

et
io

n



Page 7 of 8Deest et al. Orphanet Journal of Rare Diseases          (2022) 17:324 	

of 4 (moderately ill) or higher at baseline. Operational 
definition of the CGI-S ratings was:

1: normal, not ill at all (= no temper outbursts); 2: 
borderline mentally ill (= high irritability but no tem-
per outbursts); 3: mildly ill (= temper outburst from 
time to time without destruction of things or aggres-
sion towards living beings); 4: moderately ill (= temper 
outbursts from time to time including destructions of 
things or aggression towards living beings without 
severe damage done); 5: markedly ill (= temper out-
bursts more than twice a month and/or severe dam-
age delivered to things but not to living beings); 6: 
severely ill (= multiple temper outburst per month and/
or severe damage delivered to things or not serious 
injury of living beings); 7 among the most extremely ill 
patients (= multiple temper outburst per week and/or 
severe damage delivered to things or living beings).

Before treatment, the participants and their caregiv-
ers were informed about the drug and possible adverse 
drug reactions. If written consent was given, treat-
ment with aripiprazole at a starting dose of 5  mg per 
day was initiated. Except for ID 4 and ID8 prior psy-
chotropic medication was discontinued the day before 
the first dose of aripiprazole. Follow-up visitations to 
check for tolerability and efficacy were performed reg-
ularly (at least 4  weeks after initiation of medication 
or increase of dose). Treatment efficacy was assessed 
using the CGI-Improvement scale (CGI-I) based on 
the information given by the patient and the caregiv-
ers during consultation [30]. The CGI-I addresses the 
global improvement compared to the subject’s condi-
tion at baseline using a 7-point scale ranging from 1 to 
7. (compared to the patient’s condition at admission, it 
very much improved since the initiation of treatment 
(CGI-I = 1); much improved (CGI-I = 2); minimally 
improved ((CGI-I = 3); no change from baseline(CGI-
I = 4);; minimally worse (CGI-I = 5); much worse 
((CGI-I = 6); very much worse since the initiation of 
treatment (CGI-I = 7. The CGI-I was assessed during all 
consultations. The endpoint of this study was defined as 
6 months after treatment or prior to stopping medica-
tion. Patients were considered responsive to treatment 
when a CGI-I score of 1 or 2 was achieved. Assessment 
of adverse drug reactions was performed by interview-
ing the caregivers and the patient (Table 1).
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