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ABSTRACT

Objective Dopamine dysregulation syndrome (DDS)
refers to a compulsive pattern of dopaminergic drug
misuse complicating Parkinson's disease (PD). To date,
few data are available on DDS risk factors, cognitive
profile and long-term outcome.

Methods In this retrospective case-control study,
consecutive PD outpatients fulfilling criteria for DDS were
assessed over a 6-year period (2005-2011). They were
compared with 70 PD cases matched for age at onset,
gender and disease duration, and with 1281 subjects
with motor fluctuations and dyskinesias. DDS patients
and matched controls underwent extensive
neuropsychological assessment. Strategies for DDS
patients management and the outcome at the last
follow-up visit were recorded.

Results Thirty-five patients with DDS were identified,
reporting history of depression, family history of PD and
drug abuse, greater difference between 'Off versus ‘On’
motor symptoms compared to age-matched controls.
They had younger age at onset (but not any gender
difference) compared to general PD population.
Cognitive profile of DDS did not show major
abnormalities, including executive functions. DDS
patients have been followed up for 3.2+2.1 years and
remission was recorded in 40% of cases. Negative DDS
outcome was significantly associated with poor caregiver
supervision. Sustained remission occurred more
commonly on clozapine and on duodenal levodopa
infusion and subthalamic nucleus deep brain stimulation
(STN-DBS) than on apomorphine pump treatment.
Conclusions Clinicians should be aware of risk factors
predisposing to DDS. Duodenal levodopa infusion and,
less consistently, STN-DBS were more commonly
associated with DDS remission. Effective caregiving plays
a key role in long-term behavioural outcome.

INTRODUCTION

Parkinson’s disease (PD) is a neuropsychiatric dis-
order characterised by motor and non-motor symp-
toms. The former result from nigrostriatal
dopaminergic neuronal loss and the latter include
dysfunction within a neural system involved in
reward signalling, which shape goal-directed beha-
viours, that is, the mesocortical and mesolimbic

system. Dopamine replacement therapy (DRT),
used to restore normal dopamine levels in motor
pathways and relieve motor symptoms, may stimu-
late the mesocorticolimbic system abnormally in a
minority of vulnerable cases leading to addictive
disorders, such as impulse control disorders (ICDs)
and compulsive dopaminergic drug misuse (also
called ‘hedonistic homeostatic dysregulation’ or
‘dopamine dysregulation syndrome’, DDS).! 2 DDS
is a non-motor complication of DRT occurring in
3-4% of patients with advanced PD, who develop
an addictive pattern of medication intake, charac-
terised by the intake of large doses of dopaminergic
drugs in excess of that required to control motor
symptoms, continual requests to the physician for
larger doses of DRT or self-escalation of these med-
ications without medical approval despite severe
social destructive behaviours.'

Although the first reports date back about
30 years,” * the awareness of a pattern of compul-
sive dopaminergic medication intake possibly com-
plicating a minority of PD patients increased
rapidly in the early 2000s." *~ In recent years,
however, relatively poor attention has been given to
DDS compared to ICDs despite its highly distres-
sing personal and familial negative consequences.
There are several features of DDS that still need to
be elucidated® to help clinicians to allow preventive
strategies, early detection and management, and
improve the understanding of the underlying
mechanisms in order to limit potential harm.

In the present study, we report clinical and
neuropsychological (NPS) features of a large
sample of PD patients with DDS and provide some
learning lessons about the outcome of this uncom-
mon addictive disorder, depending on the manage-
ment proposed to the patients followed during a
6-year period.

METHODS

In this retrospective longitudinal population-
based cohort study, consecutive outpatients fulfill-
ing UK Brain Bank criteria for PD? and attending
the Parkinson Institute (Istituti Clinici di
Perfezionamento, Milan, Italy) from April 2005 to
April 2011 were assessed for the presence of
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compulsive dopaminergic drug intake and followed by the same
neurologist over time. During routine neurological examination,
patients and their caregivers were asked to provide a list of all
current medications and their dosages and were interviewed to
ascertain compliance to treatment. If any behavioural/psychiatric
issue was suspected, patients underwent full NPS assessment by
experienced neuropsychologists (CS, DDG) to confirm the diag-
nosis of DDS according to working diagnostic criteria.® All his-
torical and follow-up data were collected from our electronic
clinical database (a flow chart is provided as an online
supplementary figure). According to clinical practice require-
ments, each neurologist scheduled follow-up visits every 1-
3 months and recorded DDS persistence versus remission
according to Giovannoni criteria (still vs no-longer fulfilling
B-to-E criteria,’ respectively). We excluded patients with less
than 6-month neurological follow-up, those with ‘Off’-related
painful dystonia,! those with suspected DDS at first assessment
who did not undergo NPS evaluation, and those who developed
DDS after the initiation of subthalamic nucleus deep brain
stimulation (STN-DBS), subcutaneous continuous apomorphine
infusion (CAI), or duodenal levodopa infusion (DLI). Historical
account included occupation, family history of PD, present/past

cigarette smoking, personal/immediate family history of experi-
mental drug use, and history of depression >S5 years prior to
PD onset. Genetic counselling was performed in all those
reporting positive family history of PD. Effective versus poor
control by family members/caregiver over compliance to treat-
ment was recorded.

Clinical assessment included the complete Unified Parkinson
Disease Rating Scale (UPDRS) from part I to part IV. UPDRS
part II scores (activities of daily living), UPDRS part III scores
(motor examination) and the Hoehn and Yahr stage were rated
according to patients’ daily ‘worst-Off” and ‘best-On’ condition.
Motor fluctuations were assessed using the UPDRS part IV
scores: dyskinesias/dystonia (sum of items 32-to-35) and ‘Off’
periods (sum of items 36-to-39). Body mass index (BMI, calcu-
lated as: weight/height?) and levodopa daily dosage/BMI ratio
were also recorded.'”

As control subjects, we used a group of PD patients matched
by gender, education, age at onset, and disease duration con-
secutively recruited during the 2010-2011 period in a 1:2
case-to-control ratio, whose adherence to treatment was con-
firmed by caregivers (table 1A). We additionally compared
demographic and clinical features of DDS subjects with those of

Table 1 Clinical features of PD patients with DDS vs matched control subjects at baseline
DDS (n=35) Controls (n=70) p Values
(A) Demographic features
Age at PD onset, years 46.5 (11.6) 47.5(9.2) 0.6
Disease duration, years 15.1 (4.9) 14.1 (4.1) 0.29
Male gender, % 62 0.53
Family history of PD in first degree relatives (n (%)) 16 (46) 15 (21) 0.009
Depression prior to PD onset (n %) 19 (54) 21 (30) 0.017
Impulse Control Disorders (n (%)) 23 (66) 9 (13) <0.001
Smokers (n (%)) 14 (40) 23 (33) 0.53
Personal or family history of drug use (n (%)) 6 (19) 2 (3) 0.012
(B) UPDRS scores and Motor features
UPDRS part I—item 2 (Thought disorder) 1.76 (1.2) 0.5 (0.7) <0.001
UPDRS part II—Off 19.6 (6.8) 18.8 (5.9) 0.57
UPDRS part Ill—Off 42.3 (13.7) 34.1 (8.6) 0.001
A UPDRS part IIl ‘Off'—'On’ 25.3 (9.6) 18.5 (7.5) <0.001
UPDRS part IV—Dyskinesias (items 32 to 35) 4.6 (1.5) 3.7 (1.4) 0.003
UPDRS part IV—Off (items 36 to 39) 2.7 (0.8) 2.6 (0.9) 0.42
Hoehn and Yahr stage—Off 3.2 (0.7) 3.2 (0.8) 0.85
Disabling dyskinesias* (n (%)) 30 (86) 32 (46) 0.006
(C) Therapy features
Total LEDD, (mg/day) 2327 (1570) 1107 (436) <0.001
[1000-7200] [600-2600]
Levodopa dosage, (mg/day) 1486 (956) 751 (390) <0.001
[0-6000] [350-2250]
Daily levodopa doses (n (SD) [range]) 8.4 (3.6) 6.3 (1.4) <0.001
[0-18] [4-12]
Disease duration at levodopa initiation, years 3.0 (3.3) 3.2 (2.8) 0.79
[0-18] [0-13]
Dopamine agonist dosage, (mg/day) 845 (1245) 357 (143) <0.001
[0-5200] [50-650]
Dopamine agonist (% total LEDD, (SD)) 30.5 (25) 32.3 (10.4) 0.56
Antidepressant therapy (n (%)) 11 (31) 9 (13) 0.035
Antipsychotic therapy (n (%)) 23 (66) 11 (16) <0.001
Advanced-stage treatment (n (%))t 17 (49) 22 (31) 0.20

Values are given as ‘mean (SD) [range]’ or ‘n/total (%)".
*Disabling dyskinesias has been defined as UPDRS IV (items 32+33) >4.

tAdvanced stage treatment include: continuous apomorphine infusion, duodenal levodopa infusion and subthalamic nucleus deep brain stimulation. DDS, dopamine dysregulation
syndrome; LEDD, levodopa-equivalent daily dose; PD, Parkinson’s disease; UPDRS, Unified Parkinson's Disease Rating Scale.
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1281 sequential unrelated PD patients with motor fluctuations
and dyskinesias whom we considered to be representative of the
general population with advanced PD and motor complications.
These data have been retrieved from the Parkinson Institute clin-
ical and research database according to the following criteria:
sum of UPDRS part IV items 32-to-35 for dyskinesias and the
sum of items 36-t0-39 for ‘Off” period scores #0 in at least two
neurological examinations performed >6 months apart (see
online supplementary table). All PD patients with DDS and
matched PD controls underwent extensive NPS assessment at
the baseline, preceded by a 30 min semi-structured interview
aiming to confirm the presence of pathological behaviours
according to current diagnostic criteria for DDS! and ICDs.!!
Patients and caregivers were independently interviewed. DDS
patients were assessed within 6 months from the onset of
addictive symptoms. NPS testing included assessment of general
cognition (mini-mental state examination, MMSE'?), executive
functions (the frontal assessment battery, FAB'®), phonological
and semantic verbal fluencies,'® Raven’s coloured progressive
matrices, selective and sustained attention (attentive matrices'®),
and memory functions (the Corsi block tapping test'’), the
digit span test,'® the Rey auditory verbal learning test.'” We
used the 30-items geriatric depression scale (GDS-30%%) to
assess depressive symptoms and the neuropsychiatric inventory
(NPI) to investigate psychiatric disturbances (this is a question-
naire where information on the patient’s behaviour is obtained
from the caregiver?'). Testing was performed in the morning on
their usual medication and scores were adjusted for age and edu-
cation when appropriate; dichotomous variables (‘normal’ vs
‘pathologic’) were additionally calculated according to norma-
tive cut-off values. Individual daily medication dose was calcu-
lated as the sum of the levodopa and dopamine agonists
converted into levodopa-equivalent daily dose (LEDD).**

Informed consent was obtained according to the Declaration
of Helsinki. The study was approved by the ethics committee of
our institution.

Statistical analysis

Data were analysed using the software program SPSS (Windows
Release 17.0; SPSS Inc, Chicago, Illinois, USA). To compare
DDS patients and control groups, parametric methods were
used for variables after testing for normal distribution
(Shapiro-Wilk W statistic). Comparisons between continuous
variables were performed using the Mann-Whitney U test or the
Student t test as appropriate, according to normal distribution
of data. Differences in categorical variables were assessed by
means of the y* test or Fisher’s exact test, as appropriate.
Wilcoxon test was used for paired comparisons. We used a
binary logistic forward LR regression model to investigate those
clinical factors (independent variables) that predict the diagnosis
of DDS (dependent variable), after assessing collinearity
between variables through Pearson’s statistics. ORs and 95%
CIs are reported for logistic regression models. The
Hosmer-Lemeshow goodness-of-fit test was used to evaluate
how well the multivariable models fit the data.

RESULTS

Over the 6-year study period, forty-seven PD patients were sus-
pected of compulsive abuse of dopaminergic medication.
According to a priori, 12 of these subjects (7M/SF, age at PD
onset 46.8+8.5) were excluded because: they did not perform
NPS assessment and/or were lost before the 6-month follow-up
visit (n=8; SM/3F, age at PD onset 46.1%9.7; disease duration
14.5 (5.3) years; mean LEDD 2326 (980) mg/day) or because

self-medication aimed at preventing painful ‘Off’-related dys-
tonia (n=4; all of them did not fulfil complete DDS! and all
remitted soon after medical therapy optimisation (also including
anticholinergics and resolution of painful dystonic symptoms).
In our cohort, we did not find anyone who developed DDS
after DBS or any infusion treatment.

DDS features

Demographic features

Mean clinical follow-up of PD patients with DDS was approxi-
mately 3 years, ranging from 6 months to 6 years. A pattern of
compulsive intake of levodopa was present in 32 subjects
(919%0), while three patients had a severe addiction to dopamine
agonists (9%; n=2 pramipexole; n=1 cabergoline), either
before or after levodopa initiation. About half of DDS cases had
a family history of PD, more than twice the frequency in age-
matched controls. When compared to sequential subjects with
advanced PD (Control B in see online supplementary table),
patients with DDS were younger by approximately 10 years at
onset. History of depression was significantly higher in the DDS
group, but depressive symptoms and family history of PD were
not correlated to each other). Personal and/or immediate family
history of substance abuse was recorded in six DDS patients
(table 1). Four DDS patients had personal history of substance
abuse (3M/1F; alcohol n=2; cocaine n=1; alcohol+cocaine
+heroin+marijuana n=1)), one of whom with family history
as well (father with alcohol abuse). Severe nicotine addiction
(>40 cigarette/day) was recorded in two more male DDS cases.”
Moreover, two female DDS patients had an immediate family
(but not personal) history of substance abuse: one whose son
had multiple drug addictions and another whose brother had
PD and history of cocaine abuse.

Motor features and therapy at baseline

DDS patients displayed more severe motor fluctuations com-
pared to matched control subjects, with greater difference of
individual UPDRS motor scores between ‘Off” and ‘On’ condi-
tion (AUPDRS in table 1B), worse UPDRS part III scores in the
‘Off’ (but not in the ‘On’) state and higher UPDRS-IV subscores
for involuntary movements (but not those related to daily
‘Off’). Compulsive medication intake induced patients to take
significantly higher doses of either levodopa (up to 2250 mg/
day) and/or dopamine agonists (up to 3650 LEDD) than
matched controls. The number of daily doses of levodopa (and
of pramipexole in one case) was as high as 18-20 times/day in
some cases.

NPS and psychiatric features

Overall, patients with DDS and matched PD controls had a
similar cognitive profile, with the exception of worse perform-
ance at attentive matrices in the former group (table 2).
Neuropsychiatric profile of DDS patients revealed worse depres-
sive symptoms (according to GDS-30 and NPI), disinhibition,
irritability, and delusions (but not hallucinations). The latter
finding in DDS is consistent with the higher scores of the
‘thought disorders’ item of UPDRS part I (table 1). Psychosis
and depression were not correlated to each other. Impulse
control disorders were more common among DDS patients: at
least one impulse control disorder was diagnosed in two-thirds
of DDS cases, seven of whom had multiple ICDs. A NPS
follow-up assessment (T1) was available only in 5/35 (14%) of
DDS patients (4M/1F; n=3/5 non-remitters). After a similar
2-year follow-up from the baseline assessment (T0), remitters
(IM/1F) showed an improvement in main cognitive and
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Table 2 Neuropsychological assessment in DDS and matched PD control subjects

Mean (SD) scores

Dichotomous values (% pathological)

Test DDS Controls p Values DDS Controls p Values
MMSE 28.1 (1.8) 28.6 (1.2) 0.085 8 0 0.079
FAB 13.6 (3.2) 14.8 (2.6) 0.092 41 25 0.261
CPM_Raven 28.6 (4.5) 28.8 (4.7) 0.877 5 4 0.991
Phonological fluency 32.3(11.7) 30.1 (10.9) 0.455 0 8 0.303
Semantic fluency 38.1 (10.1) 38.0 (8.2) 0.991 11 4 0.193
RAVLT learning 36.1 (9.9) 39.8 (9.9) 0.180 21 16 0.721
RAVLT recall 7.8 (2.8) 8.5 (3.2) 0.366 16 9 0.422
Denomination 17.7 2.1) 18.2 (1.9) 0.420 7 2 0.441
Digit span 5.4 (1.1) 5.5 (1.0) 0.847 0 0 1.000
Digit back 3.6 (1.0) 4.1 (1.2) 0.091 NA NA NA
Corsi block tapping test 4.1 (1.1) 44(1.1) 0.329 21 14 0.479
Attentive matrices 39.1 (11.2) 46.8 (10.9) 0.032 22 4 0.021
GDS-30 14.2 (5.9) 10.2 (6.6) 0.045 61 27 0.044
NPI total 38.2 (23.2) 24.4 (17.9) 0.008 NA NA NA
NPI 1/12: delusions 3.0 (5.1) 0.7 (2.1) 0.046 - - -
NPI 2/12: hallucinations 0.67 (2.0) 0.78 (2.7) 0.906 - - -
NPI 3/12: agitation/aggressivity 5.0 (2.4) 1.9 (3.5) 0.018 - - -

NPI 4/12: depression 4.1 (3.9) 2.2 (2.1) 0.046 - - -
NPI 5/12: anxiety 7.0 3.8) 5.7 (3.6) 0.332 - - -
NPI 6/12: euphoria 2.0 (3.2) 0.84 (2.5) 0.262 - - -
NPI 7/12: apathy 3.3 (4.9 2.7 (4.3) 0.736 - - =
NPI 8/12: disinhibition 3.0 2.7) 0.53 (1.9) 0.003 - - -
NPI 9/12: irritability 6.3 (3.9) 3.5(3.3) 0.033 - - -
NPI 10/12: aberrant motor behaviour 2.4 (4.2) 0.87 (2.3) 0.152 - - -

NPI 11/12: sleep disorders 5.3 (4.4) 4.6 (4.5) 0.694 - - -
NPI 12/12: eating disorders 3.3 (4.5) 2.2 (3.5 0.447 - - -

Significant p values (<0.05) are highlighted in bold. All testing scores (with the exception of digit back, GDS, attentive matrices) are corrected for age and education. Cut-off values are

not available for digit back and NPI.

CPM_Raven Raven'’s Coloured Progressive Matrices; DDS, dopamine dysregulation syndrome; FAB, Frontal Assessment Battery; GDS-30, 30 points Geriatric Depression Scale; MMSE,
mini-mental state examination; NA, not applicable; NPI, Neuropsychiatric Inventory; RAVLT, Rey Auditory Verbal Learning Test.

behavioural scores (MMSE scores at T1 minus TO (A)=+1/
+2.6; FAB A=+7/+4.2; NPl A=-5/-18, respectively), while
non-remitters had overall stable/worse cognitive performance.

Predictors of DDS

Logistic regression analysis revealed that positive family history
of PD (OR 5.105, 95% CI 1.45 to 17.97; p=0.011), history of
premorbid depression (OR 3.2, 95% CI 0.98 to 10.55;
p=0.048), a great change in UPDRS scores between °‘Off’
versus ‘On’ state (OR 1.12, 95% CI 1.042 to 1.207; p=0.002)
and high scores in the NPI disinhibition sub-item (OR 2.04,
95% CI 1.106 to 3.776; p=0.023) were independent predictors
of DDS. These covariates accounted for a large degree of
model variance according to the Hosmer-Lemeshow test
(goodness-of-fit statistics=5.467; df 8; p=0.707).

DDS therapeutic management and outcome

Among DDS, we compared clinical features and management
strategies between those with resolution of addictive behaviours
(n=14/35, 40%) versus those with unsuccessful outcome
(table 3). Logistic regression analysis performed to identify pre-
dictors of DDS remission was not performed because of the
small size of the two subgroups.

PD treatment optimisation
At last follow-up visit, the whole DDS sample showed a trend
towards mean LEDD reduction compared to baseline (29.9%,

range 0-84.6, p=0.088). Those cases with successful DDS
outcome had a mean DRT reduction of more than 55% (range
31-84%) compared to baseline (p=0.01), whereas mean LEDD
was reduced only by 14.4% (range 0-44%) in those whose DDS
did not remit (p=0.75). Optimisation of oral DRT (including
association of monoamine oxidase B (MAO-B) or catechol-o-
methyl-transferase (COMT) inhibitors, switch from entacapone
to tolcapone, extreme fractioning of daily levodopa) led to reso-
lution of DDS only in 3/35 patients (8.6%). As expected, DRT
reduction in DDS remitters was associated with improvement in
dyskinesias-related UPDRS IV scores, although motor examin-
ation (according to UPDRS III scores) did not differ between
the two DDS subgroups (table 3).

Advanced-stage treatment

Seventeen DDS patients underwent at least one advanced-stage
treatment: CAI (n=9, 62.3%+15.4 mg/day), STN-DBS (n=7),
DLI (n=5, 1215+348 mg/day). These management options
were not overall associated with DDS remission (p=0.49);
nevertheless, different strategies seemed to have different out-
comes: (a) all patients on CAI persisted in their compulsive
seeking of apomorphine boli and/or extra levodopa doses; (b)
effective STN-DBS led to remission only in 4/7 cases; (c) DLI
successfully relieved DDS in 4/5 patients (one patient relapsed
after divorce and was lost at follow-up). Four DDS patients
received two advanced-stage therapies because of ineffectiveness
in reducing addictive behaviours and subsequent motor and
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Table 3 Differential features of PD patients with DDS according to clinical outcome

DDS Total (n=35) Remission (n=14) Persisting (n=21) p Values
Disease duration at DDS onset, years 10.9 (3.5) 10.3 (4.0) 11.4 (3.0) 0.4
Patient Follow-Up, years 3.2 (2.1) 3.8 (2.3) 3.5 (3.1) 0.77
Impulse Control Disorders (n (%)) 23 (66) 12 (86) 11 (52) 0.07
Subjective feeling the ‘high" (n (%)) 8 (23) 2 (14) 6 (28) 0.68
Education 10.6 (5.6) 10.8 (6.8) 9.9 (4.6) 0.67
Poor caregiving (n (%)) 14 (40) 2 (14) 12 (57) 0.016
LEDD at last F-U (mean mg/day (SD)) 1631 (1564) 1061 (574) 2344 (2090) 0.031
LEDD reduction at last F-U (mean mg/day (SD), %) 639.8 (1008) 1271 (1344), 55.4% 245.4 (281), 14.4% 0.02
A UPDRS part Ill ‘Off—'On’ 23.4 (6.7) 21.7 (7.1) 25.2 (5.9) 0.14
UPDRS part IV—Dyskinesias (items 32-to-35) 3.5(1.7) 2.2 (1.0) 4.3 (1.6) <0.01
DDS pattern
Compulsive Levodopa intake (n (%)) 32 (91.4) 12 20 0.72
Compulsive DA agonist intake (n (%)) 3 (8.6) 2 1 N.S.
Apomorphine s.c. rescue boli (n/day) 6 1 5 0.38
DDS management
Optimisation of DRT
Add MAO-B inhibitors (n) 4 2 2 0.62
Add COMT inhibitor (n) 4 2 2 0.62
Entacapone switched to Tolcapone (n) 8 3 5 0.98
Advanced stage treatment (n (%)) 17 (49) 7 10 0.20
CAI/STN-DBS/DLI (n) 8/8/5* 0/3/4 8/5/1 N.S.
DLI (% of treatments) 24% 57% 10% 0.06
Antipsychotic therapy (n (%)) 23 (66) 10 (71) 13 (62) 0.72
Quetiapine/Clozapine/Otherst 12/8/3 4/6/0 8/2/3 N.S.
Clozapine (total %) 33% 60% 15% 0.04
Antidepressants (n (%)) 11 (31) 5 (36) 6 (29) 0.71
SSRI/SNRI/TCA 8/3/0 41/0 5/2/0 N.S.
Mood stabilisers (n (%)) 2 (6) 0 (0) 2(9) 0.52
Psychological interventions (n (%)) 6 (17) 3(21) 3(14) 0.65

Significant p values (<0.05) are highlighted in bold.

Reduction of dopaminergic therapy total daily dosage at the last follow-up (F-U) compared to baseline has been reported as mean LEDD (SD) and relative percentage.
*Patients with more than one advanced-stage treatment (n=4): CAl and subsequent DLI, n=3; CAI and subsequent STN-DBS, n=1.

tPatients treated with haloperidol (n=1), olanzapine (n=1), risperidone (n=1).

CAl, continuous apomorphine infusion; DA, dopamine; DDS, dopamine dysregulation syndrome; DLI, duodenal levodopa infusion; DRT, Dopamine replacement therapy; LEDD,
levodopa-equivalent daily dose; SSRI, selective serotonin re-uptake inhibitors; STN-DBS; subthalamic nucleus deep brain stimulation; UPDRS, Unified Parkinson Disease Rating Scale.

non-motor fluctuations: CAI first followed by DLI (n=3) or
STN-DBS (n=1). When considering the DDS patients who
underwent any advanced-stage treatment (n=17/35), levodopa
infusion was the one more frequently associated with successful
DDS outcome, though not reaching statistical significance (4/7
of remitters (57%) versus 1/10 (10%) of non-remitters,
p=0.06). LEDD was reduced by 53.5+24.8% after STN-DBS
(by 71% (range 50.8-84.6) in those whose DDS remitted
compared to 35% (range 28-32) in those who did not) and by
23.5+9.2% (range 0-25) after initiation of CAIL

Psychiatric treatment

Delusions and aggressive behaviours were controlled better with
clozapine than with quetiapine; olanzapine, risperidone, and
even haloperidol had to be used in a few more severe cases.
Clozapine was more commonly used in those whose DDS symp-
toms remitted (p=0.04) and this was not associated with
psychosis reduction (p=0.31). As was to be expected in view of
their worse depressive symptoms, antidepressants were more
common in DDS patients, the most commonly prescribed being
selective serotonin re-uptake inhibitors (SSRI) (n=8/35 cases,
22.8%), then serotonin-norepinephrine reuptake inhibitors
(SNRI) (n=3/35, 8.6%), tricyclics were never prescribed to the
DDS cohort. Antidepressants, psychological support and mood

stabilisers (n=1 on carbamazepine 900 mg/day; n=1 on lamotri-
gine 300 mg/day) were not effective in reducing the addictive
behaviours, despite improvement in the mood disorder. No sui-
cidal attempt was recorded. Notably, the glutamatergic N-
Methyl-D-Aspartate (NMDA) antagonist memantine led to levo-
dopa craving remission at 20 mg-daily in a 58-year-old non-
demented female patient with severe non-motor fluctuations
allowing DRT reduction; discontinuation at 2-year follow-up led
to symptoms relapse in 2-weeks, and so it was reintroduced,
with good response and final DDS resolution.

Non-pharmacological features

Once DDS was diagnosed, caregivers and other family members
were strongly encouraged to look after patients’ compliance to
the prescribed regimen or deliver medications themselves and
carefully check for any possible hidden drugs or additional pro-
viders. Effective monitoring of drug compliance by family/care-
giver was the most important non-pharmacological factor
associated with long-lasting DDS remission (p=0.001). Twelve
of those 14 DDS subjects whose supervision was poor did not
remit, even years after the onset (mean DDS follow-up
2.7%0.9 years). Poor caregiving was associated with unmarried
status (n=3), caregiver parted/divorced (n=4) or dead (n=1),
caregiver at work during the day (>8 h-daily, n=4), or
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caregiving by a parent with advanced PD (n=1) or with psych-
osis (n=1). Worse performance in the recall task of the Rey
auditory verbal learning test was associated with persisting DDS
(p=0.019); although this finding may suggest specific impair-
ment in memory functions (ie, medial temporal lobe), it could
also reflect difficulties in recall strategies (ie, frontal lobe).

DISCUSSION

In the present study, our objective was to describe the features
associated with compulsive medication intake at the time of the
first diagnosis to help clinicians in the early recognition of
at-risk patients. However, our main objective was to detail the
therapeutic strategies associated with long-lasting resolution of
an addictive disorder that is known to be associated with a high
risk of relapse® in the attempt to draw a roadmap for clinical
management. Indeed, while risk factors for DDS have been pre-
viously investigated,® 2 to our knowledge, this is the first longi-
tudinal study reporting the outcome of a 3-year follow-up of a
large sample of PD patients with full-blown DDS, consecutively
and systematically assessed at a tertiary referral centre.

Risk factors for DDS

General features

Our results confirm that patients with DDS are about 10 years
younger at motor symptoms onset compared to control PD
population, and are more likely to have a personal history of
depressive symptoms and a personal and/or family history of
drug abuse.> ** An interesting novel finding is the positive
family history for PD in first-degree relatives more frequently
found in DDS than age-matched controls, a feature independ-
ently predicting DDS in our regression model. Furthermore, we
did not find any difference in male gender prevalence®* or pre-
morbid artistic profession®”> between DDS cases and age-
matched controls. Taken as a whole, our results further support
the hypothesis of pre-morbid inherited factors predisposing to
DDS. Although the addictive pattern of medication abuse was
focused on levodopa (up to 6 g/day) in the majority of patients,
dopamine agonists became much more salient than levodopa in
9% of cases, with some patients reaching up to 5 g LEDD
(including one patient addicted to cabergoline) for weeks or
even months before emergency psychiatric admission. Such an
increase in salience to long-acting medications challenges the
pathophysiological theories suggesting that fast-acting ‘booster’
plays a key role and deserves further studies. Notably, poor care-
giving was strongly associated with poor DDS outcome and was
one of the most common triggers for relapses. The importance
of involvement of family members, as well as the general practi-
tioner and the local pharmacist, has been previously highlighted
in DDS,! and unmarried status with subsequent poor caregiving
has been also associated with ICDs,?® supporting its fundamen-
tal role in long-term outcome of addictive disorders.

Motor features

The analysis of motor symptoms revealed greater change in
motor performance between ‘Off” and ‘On’ condition in DDS
compared to both PD control groups. This change robustly pre-
dicted DDS at regression analysis and was not associated with
better ‘On’ condition, but rather with worse motor performance
during ‘Off’. This is consistent with a previous study on DDS
during acute levodopa challenge.”” This might suggest a
disease-related factor predisposing to DDS, possibly due to
more pronounced degeneration of the nigrostriatal motor
pathway. Nonetheless, these subjects did not show any differ-
ence in scores related to ‘Off” in the activities of daily living

(UPDRS M) and in daily ‘Off’-related complications (UPDRS
IV). These seemingly contrasting findings might be explained by
the abnormal DRT abuse aim at preventing any ‘Off” during the
day leading to an almost steady ‘On’ status associated with dis-
abling dyskinesias.

Psychiatric features and treatment

As expected, such an abnormal dopaminergic overstimulation
was invariably associated with psychiatric symptoms, such as
mania, psychosis or ICDs. Drug-induced psychosis in DDS had a
pattern characterised by increased delusional ideation (mostly
paranoia) rather than hallucinations, possibly related to the
young age of subjects and the relatively preserved cognitive
status, in line with reports in cocaine-abusers.® Psychosis and
aggressive behaviours were more effectively managed using clo-
zapine than quetiapine, while ‘less atypical’ antipsychotics (eg,
olanzapine, risperidone) and even ‘typical’ antipsychotics (eg,
haloperidol) had to be used in some of the most severe cases
requiring psychiatric admission. Two-thirds of DDS patients also
had ICDs, as was to be expected in view of the shared risk factors
and the relationship with high drug daily dosage. Several sources
for medication may be used, also including different pharmacies
and other PD patients living nearby. Prescriptions are often
obtained from different providers, especially when their supply
of medication is deliberately restricted by the neurologist. This is
the background that leads patients to consult different specialists
to find someone fulfilling their continuous requests to modify
their treatment regimen and increase their daily dosage: this is
called “doctor shopping’® and it is a feature consistently asso-
ciated with less effective family/caregiver control.

Cognitive profile

We did not find any remarkable difference in the cognitive
profile of DDS patients compared to matched control subjects. A
relative imbalance between enhanced appetitive drive and
reduced top-down inhibitory control from prefrontal cortical
areas has been hypothesised to underlie the pathophysiology of
ICDs in PD.?® Several authors have investigated the cognitive
profile of PD patients with ICDs with controversial findings
about the role of executive dysfunction.?® This first extensive
assessment of cognitive functions in patients with DDS does not
support a pivotal role of frontal-lobe dysfunction among
disease-related predisposing factors. Some frontal functions, such
as tasks involving the adaptation of behaviour according to
changes in stimulus-reward contingencies, are adversely affected
by dopaminergic medications,>® *! so that the poor performance
in the ‘attentive matrices’ task (reflecting difficulties in selective
and sustained attention) and behavioural disinhibition (as
reported by the caregivers at the NPI) that we found in DDS
patients are very likely to be due to the higher dopaminergic
medications intake. In consistence, the anecdotal findings of
improved cognitive functions at NPS follow-up in DDS cases
after substantial DRT reduction suggest that some frontal-lobe
abnormalities might just be medication-induced, and thus, poten-
tially reversible.>! We acknowledge that the retrospective nature
of the study did not allow us to assess specific abilities (such as
response inhibition, reward learning and decision making) that
could best differentiate PD patients with addictive disorders from
control subjects. Further prospective studies including more spe-
cific assessment of the abilities of the frontal lobe are needed to
highlight cognitive dysfunction predisposing to DDS.
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DDS management and follow-up

Response to PD treatment

As outlined in all reports about DDS so far, once PD patients
develop this disorder their long-term management becomes very
difficult.! 2 ® 2* The first steps of clinical management included:
optimisation of oral DRT using prolonged-release dopamine
agonists; MAO-B or COMT inhibitors to provide more continu-
ous dopaminergic stimulation, and thus, reduce overall daily
dosage and ‘booster’ medications; the association of antipsycho-
tics to increase patient compliance by reducing mania and delu-
sional thoughts. Optimisation of oral DRT was associated with
DDS resolution in less than 10% of cases. Overall reduction
in long-acting medications (such as dopamine (DA) agonists)
usually improved ICDs; nonetheless, it could be tolerated only
by those patients undergoing DLI or STN-DBS because DA ago-
nists reduction could worsen non-motor fluctuations (including
dysphoria), and thus, increase the risk of relapse.

Response to psychiatric treatment

Although depressive symptoms are a definite risk factor for
DDS, antidepressant medication did not eradicate addictive
behaviours even in those with major mood improvements.>?
Similarly, mood stabilisers improved mood swings and mania
but were of no use in treating craving behaviours. Noteworthy
is that memantine was associated with stable resolution of levo-
dopa craving in a patient with severe non-motor ‘Off’.
Neuroadaptations in cortico-striatal glutamatergic projections
are known to occur with repeated exposure to salient stimuli
and to enhance motivation for reward-seeking and craving that
occurs in addicted subjects,*® supporting a possible therapeutic
role of NMDA antagonists in PD-related addictive disorders.
Prospective controlled studies assessing safety and efficacy of
memantine and anti-craving drugs (ie, opioid antagonists®®) in
PD patients with severe addictive disorders are needed.

Response to advanced-stage treatment

Almost 50% of DDS cases underwent at least one advanced-
stage treatment during the study period. In contrast with previ-
ous reports,' all patients who underwent CAI persisted in their
compulsive drug seeking (mainly focused on levodopa, because
rescue apomorphine boli were not permitted). On the other
hand, DLI and STN-DBS were associated with long-lasting reso-
lution of DDS in 80% and 57% of cases, respectively. This dis-
crepancy might be explained by the differential DRT reduction
in our cohort. Levodopa was completely discontinued only
during DLI, while it was halved after STN-DBS but could not
be discontinued during CAI. Apomorphine infusion was not
used as monotherapy in our Institute because motor improve-
ment could be achieved only using high daily dosage, which is
usually not tolerated.*” In these patients, intermittent dopamin-
ergic drug therapy (ie, oral levodopa) remained an important
part of the treatment, possibly explaining the persistence of the
addictive pattern of medication intake. According to recent lit-
erature, DDS seem to resolve after effective STN-DBS in close
association with the extent of postoperative DRT reduction,>*~>°
showing that addictive behaviours did not improve or even
exacerbate all patients who stayed on extremely high medication
doses after surgery. In line with these studies, we found that
four DDS subjects out of seven who underwent STN-DBS
showed long-lasting symptoms resolution, while no case of
either postoperative worsening or significant DA agonist with-
drawal symptoms was recorded. Notably, we found a larger
DRT reduction in those whose DDS remitted secondary to an

optimised stimulation-induced control of On-Off fluctuations.
As the sample size of the different procedures was too small to
ascertain the differential effectiveness of each therapeutic option
in the management of DDS, the present findings need to be con-
firmed in randomised controlled trials.

CONCLUSION

DDS is an uncommon albeit highly distressing psychiatric com-
plication occurring in a minority of patients with advanced PD,
whose susceptibility seems mainly driven by inherited factors.
Clozapine, STN-DBS or DLI are often mandatory to compen-
sate severe On-Off fluctuations and craving symptoms; antide-
pressants and/or mood stabilisers may be helpful but are
unlikely to lead to remission of addictive behaviours. Effective
supervision in every-day life seems to be the most important
factor associated with long-lasting DDS resolution: it is thus
highly recommended not only as effective treatment, but also
among preventive strategies in high-risk individuals. We believe
that DDS management should include pharmacological and
non-pharmacological interventions targeted not only to patients,
but also to caregivers and the whole family entourage.
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