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Abstract: BackgroundBackground: Punding is a stereotyped behavior characterized by an intense fascination with a
complex, excessive, non-goal oriented, repetitive activity affecting individuals with Parkinson’s disease (PD) on
dopamine replacement therapy (DRT).
ObjectivesObjectives: In 2010, we published the first review focused on the pathophysiology of punding. This study aims to
systematically review the literature of the past decade on punding in PD, particularly focusing on the clinical
features, underlying pathophysiological mechanisms, and treatment.
MethodsMethods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines, we
searched PubMed, Embase, and APA PsycInfo for articles published between July 1, 2010 and March 19, 2022.
The search strategy included: (punding) AND (parkinson*).
ResultsResults: Of 256 studies identified, 29 were eligible for inclusion with 19 original research articles and 10 case
reports. This review confirmed that predictors of punding in PD are higher doses of DRT, younger age, male
sex, and increasing disease severity. We also found an association between punding and psychiatric and/or
cognitive symptoms. Neuroimaging studies have showed that punding in PD is associated with a disconnection
between midbrain, limbic and white matter tracts projecting to the frontal cortices and a breakdown of the
connectivity among the crucial nodes of the reward circuit. Low-frequency repetitive transcranial magnetic
stimulation on the dorsolateral prefrontal cortex has been shown to produce a transient beneficial effect in PD
patients with punding.
ConclusionConclusion: In conclusion, although the clinical features of punding have been established, in the past 12 years,
we gained a better understanding of the pathophysiological mechanisms of punding, mainly thanks to
magnetic resonance imaging techniques.

Parkinson’s disease (PD) is the second most common degenerative
disease of the central nervous system. It is caused by a loss of
nigral dopaminergic neurons and is characterized clinically by
cardinal motor symptoms, such as bradykinesia, tremor, rigid-
ity, and postural instability.1 PD patients can also be affected
by non-motor symptoms, which include psychiatric and
behavioral disorders that can be as debilitating as the motor
symptoms.2 PD patients are most commonly treated with
dopamine replacement therapy (DRT) such as the dopamine
precursor levodopa or dopamine agonists (DA). However,
there has also been increasing evidence of DRT-related
complex behaviors found in PD patients.3 These are catego-
rized as impulse compulsive behaviors (ICBs) that include

impulse control disorders (ICDs), dopamine dysregulation
syndrome (DDS), hobbyism, and punding behaviors. The
relationship between hobbyism and punding is unclear at the
moment and might both represent the same neurobiological
entity.

Punding is a stereotyped behavior characterized by an intense
fascination with a complex, excessive, non-goal oriented, repeti-
tive activity.4,5 Unlike ICBs, punding is not driven by pleasure,
anxiety, or obsessions.6 Patients exhibit behaviors that appear to
be more peculiar and less stressful. However, any interruption or
disruption of the activity often leads to irritation, anxiety, and
frustration.7 Patients with punding can recognize that time and
money spent on their behaviors are excessive and inappropriate;
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however, they are not able to stop the behavior, which can lead
to devastating psychosocial consequences with a significant
impact on their quality of life.4,5

DRT in individuals with PD, cocaine or amphetamine abuse
are the most common causes of punding.3 Punding was first
described in PD in a patient treated with levodopa by Friedman
in 1994.8 The prevalence of reported punding in PD varies
between 1.4%9 and 14%.4 However, because of the lack of
knowledge about the condition among clinicians and patients’
reluctance to discuss these behaviors, a widespread under-
recognition of punding exists until now.10,11 Punding is signifi-
cantly associated with poorer disease-related quality of life in PD
patients.12

Although the link between high doses of DRT and punding
has been shown, not all patients taking these dopaminergic drugs
develop this condition.3 Therefore, it is suggested to be arising
from a complex interaction of habits, basal ganglia dysfunction,
frontal lobe degeneration, and dopaminergic treatment.3 Because
the underlying pathophysiological mechanism of punding is not
fully established, developing an effective treatment to manage
these individuals has been difficult.11

In 2010, we published the first review focused on the patho-
physiology of punding.3 This study aims to review the punding
literature of the following 12 years, once again focusing on clini-
cal features, underlying pathophysiological mechanisms, and
treatment.

Methods
This systematic review follows the recommendations of the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.13 No protocol was published or
registered before conducting the search.

Search Strategy and Information
Sources
We searched PubMed, Embase, and APA PsycInfo within the
last 12 years starting from July 1, 2010 until March 19, 2022 for
articles published since our previous review.3 The search strategy
included: (punding) AND (parkinson*) with articles limited to
English language applied throughout all the three databases. Fur-
ther studies were identified from reference lists of included stud-
ies and review articles.

Eligibility Criteria
Inclusion Criteria

Articles were included if they were: (1) peer-reviewed journal
articles; and (2) focusing on the pathophysiological mechanism,
clinical features, and treatment. We included articles that use
both clinical and animal models. Additionally, relevant case
reports of punding in PD were included.

Exclusion Criteria

The exclusion criteria were as follows: articles not written in
English, conference abstracts, reviews, book chapters, full text
unavailable, and duplicated studies.

Study Selection
All identified references through electronic database searches
were exported to the Rayyan QCRI tool (http://rayyan.qcri.
org; Rayyan Systems, Cambridge, MA), and duplicate results
were removed. All identified articles were assessed for eligibility
using the title, abstract, or full text, as necessary.

Data Collection and Synthesis
Data were extracted using a standardized template generated in
Microsoft Excel. For group-level studies, data extracted included
name of authors, year of publication, study design, groups and
respective sample size, mean age, sex, outcome measure method,
intervention, and main findings of the studies. For individual
cases, data extracted include sex, age at presentation of punding,
type and dose of medications used, occurrence of dyskinesia and
presence of co-morbid psychopathology, including DDS, psy-
chosis, and ICDs. This review uses a narrative synthesis
approach.

Results
Study Selection and
Characteristics
The search identified 256 studies, of which 118 duplicates were
removed. The remaining 138 studies were assessed for eligibility,
and 57 studies were excluded by title and abstract screening. The
eligibility of the remaining 81 studies was assessed by a full-text
review, resulting in 29 studies of which 19 original research arti-
cles and 10 case reports being included in this review. The flow
of the study selection process is shown in the PRISMA flow dia-
gram in Fig. 1.

Among the 19 included original research articles, 18 are
human studies and one animal study. The human studies
included participants with idiopathic PD with punding and other
ICBs, PD controls without any ICBs, and healthy controls.

Clinical Features of Punding
Nine studies examined the clinical features of punding in
PD. Study characteristics and summary of the findings of these
studies are presented in Table 1. The mean age of participants
ranged from 52.6 to 77 years. The proportion of males with
punding exceeded that of females (64% vs. 36%). Two studies
reported that punding was significantly more common in
patients treated with DA.14,18 One study found that the risk fac-
tors for developing punding were higher doses of levodopa and
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younger age at the baseline.17 Another study found that increas-
ing disease severity and younger age were predictors of
hobbyism/punding.18 In a case–control study, a higher frequency
and increased severity of punding/hobbyism was found in the
parkin-PD group compared to non-mutated PD group.19 Male
and female patients engaged differently in hobbyism and punding
showing different preferences for specific compulsive activities.15

Males were more likely to be involved in activities such as
repairing, dismantling, putting together, and work on projects,
whereas females were involved in cleaning, tidying, and sorting
objects. Compared to males, only a few female patients disclosed
any ICBs to a clinician, and they only addressed certain symp-
toms such as compulsive gambling, buying, and eating, but not
hobbyism and punding.15

Psychiatric comorbidities and cognitive impairments were
common clinical features in PD patients with punding. One
study found that punding was associated with psychiatric comor-
bidity (ie, psychosis, bipolar disorder) and with addictive behav-
iors (pathological gambling, DDS).14 Another study found that
depression was more frequent in patients with hobbyism/
punding than in those without.20 PD patients with punding
showed higher levels of anxiety in a different study.22

For the role of cognition, hobbyism/punding was significantly
more common in PD with dementia compared with PD without
dementia,18 whereas another study found lower Frontal Assess-
ment Battery scores in these patients compared to controls.22

Finally, an association between punding and a worse perfor-
mance on the Letter Number Sequencing test of attention and
the attention subscale of the Montreal Cognitive Assessment was
found in another study.21

Pathophysiological Mechanisms
of Punding
Five studies studied the underlying pathophysiology of punding
in PD, four conducted in humans and one in the animal model.
Table 2 displays the human studies’ characteristics and summary
of findings. A study screened PD patients who underwent sub-
thalamic nucleus deep brain stimulation (STN DBS) using a
structured interview of patients and relatives.23 The study found
five patients with new onset of punding after STN DBS. These
patients only differed significantly from the nonpunders in terms
of shorter follow up since DBS implantation.

One magnetic resonance imaging (MRI) study that used
voxel-based and regions-of-interest (ROIs)-based cortical thick-
ness analysis and found that punders had significant thinning in
the dorsolateral prefrontal cortex (DLPFC) relative to controls
and that cortical thinning in PD-punders relative to PD-
nonpunders was localized in the prefrontal cortices, extending
into the orbitofrontal area.24 Another study that used structural
and resting-state functional MRI showed the specific brain

FIG. 1. Preferred reporting items for systematic reviews and meta-analyses flow diagram of the study selection process.
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structural and functional alterations affecting the reward network
in punding PD patients.25 This study showed cortical thinning of
the right inferior frontal cortex, a reduced functional connectiv-
ity between habenula and frontal cortices, and an enhanced
functional connectivity of both habenula and amygdala with the
striatum and thalamus when comparing PD-punding to
PD-nonpunders and healthy controls.

Finally, another study used diffusion tensor MRI to assess
the integrity of the main white matter tracts and showed that
PD-punding patients compared with PD-nonpunders have a
distinctive pattern of white matter damage, affecting tracts of
critical importance for orchestrating goal-oriented behaviors
and the reward processing.26 In particular, they were charac-
terized by a greater damage to the genu of the corpus cal-
losum, the parahippocampal and uncinated tracts compared to
controls.

Kwan et al27 conducted the only animal study on 1-methyl-
4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesioned common
marmosets. They included six marmosets consisting of 50%
males, and performed behavioral analysis after administering
levodopa. Following the administration of levodopa, these ani-
mals exhibited stereotypical behavior similar to punding behav-
iors seen in PD patients.

Treatment of Punding
There are five studies investigating the treatment of punding
in PD (Table 3). A prospective open-label study on 10 PD-
punders was conducted to test the validity of a multistep
algorithm for medical management of punding.28 The study
found that reduction of levodopa therapy was efficacious in
two patients, amantadine was effective in controlling punding
in four cases, and quetiapine only had mild efficacy in two
cases.

In a 1-year follow-up study, information was collected on the
effect of changes on parkinsonian and psychiatric medications, as
well as psychosocial treatment in patients with ICBs.29 When the
11 patients with punding were analyzed separately, the symptoms
remained unchanged in nine patients independently of the
changes in dopaminergic drugs, and only two patients reported a
full or partial remission of their punding symptoms over time;
both had discontinued or decreased their doses of DA and had
modified the psychiatric treatment (ie either the introduction of
antidepressants, benzodiazepine, or quetiapine or their doses
increase.).

One study assessed the effect of jejunal levodopa infusion (JLI)
on behavioral symptoms in PD patients with motor complica-
tions and severe impulsivity and DDS.31 Punding was present in
five patients and improved in all, but disappeared completely
only in one after �25 weeks of infusion treatment. Another
study assessed the effects of repetitive transcranial magnetic stim-
ulation (rTMS) over the DLPFC on PD-related punding.32 The
study showed that low-frequency (LF)-rTMS produced a tran-
sient (12 h) beneficial effect in PD patients with punding in
absence of motor impairment.

Case Reports of Punding in PD
The 10 case reports with a total of 11 PD patients with punding
are presented in Table 4. Of these, 82% were male, with an age
ranging from 43 to 71 years. Along with punding, patients were
reported to have developed dyskinesia in 7 (64%), psychosis in
5 (45%), ICDs in 8 (73%), DDS in 3 (27%). The patients were
reported to have been involved in classic punding activities such
as woodworking, fixing furniture, painting, playing musical
instruments, absorbed in puzzles, picking wild berries, and col-
lecting and stockpiling purses and other miscellaneous items of
litter. Punding was reported as a cause of death in one patient
after sustaining a head and neck trauma while fixing a sofa bed.37

Most of these patients developed punding after the introduction
or increase of DA and/or levodopa, or with surreptitious intake
of levodopa. Treatment-wise, the reduction or discontinuation
of the DA and/or levodopa, the introduction of clozapine or IJL
resulted in complete relief or improvement in seven patients
(64%).33–35,38–40

Discussion
Following our initial review of 2010,3 this systematic review
focused on summarizing the findings of articles published within
the past 12 years on the clinical features, pathophysiological
mechanism, and treatment of punding in PD.

Our review confirmed that predictors of punding in PD are
higher doses of DRT, younger age, male sex, and increasing dis-
ease severity. Four studies in particular reported a significant asso-
ciation with a higher level of DRT and punding in PD.14,17,18,24

These findings support the hypothesis that punding could
involve the alteration in the dopaminergic transmission that is
exacerbated by DRT, and it may reflect an underlying patholog-
ical condition predisposing to both punding and psychiatric com-
orbidities.3 An association between punding and psychiatric
comorbidities as well as cognitive impairments was indeed also
found. A possible explanation for this association could be the
underlying frontal lobe dysfunctions,22 which has been supported
by neuroimaging studies showing prefrontal cortical thinning in
PD patients with punding.24,25

We found a higher proportion of males with punding com-
pared to females in the included studies. This is most likely
related to the sex-related susceptibility of the brain, but could be
also because of the reluctance of female patients to report
punding behaviors with their neurologist, as found in one
study.15 Punding behavior may be masked by patients engaging
in activities that are similar to previous occupations or habits.3

Patients underestimate the presence and severity of ICBs, which
shows the importance of assessing them with the caregiver.43

Although the exact pathophysiology of punding has not yet
been established, it is suggested that neural plastic changes in the
dorsal and ventral striatal structures because of chronic intermit-
tent stimulation by dopaminergic medications and impaired
reward mechanisms play a role.3,11,44 Additionally, it has been
suggested that projections from the frontal cortex to the striatum
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inhibit the dopamine-dependent induction of the striatal stereo-
typies.3 These hypotheses regarding the pathophysiological
mechanism are supported by the findings from the MRI studies
included in this review.

In the past decade, MRI studies have indeed expanded our
understanding of the neural substrates underlying punding in
PD. A study combining MRI with neuropsychological tests dem-
onstrated that PD patients with punding performed poorly on
cognitive tasks in frontal executive functions and showed severe
cortical thinning in the dorsolateral prefrontal and orbitofrontal
areas.24 These findings suggest that prefrontal modulation may be
an essential component in the development of punding behavior
in patients with PD, as initially hypothesized based on occurrence
of hoarding in humans after frontal lobe lesion.3 Another MRI
study found that punding in PD is associated with a white matter
disconnection between midbrain, limbic system, and projections
to the frontal cortices.26 Finally, a breakdown of the connectivity
among the crucial nodes of the reward circuit (ie, habenula, amyg-
dala, basal ganglia, and frontal cortex) has been reported as a possi-
ble contributor to punding in PD.25

The study by Pallanti et al23 found few patients with new
onset of punding after functional neurosurgery suggesting that
punding might be induced by STN DBS. However, the punders
remained on levodopa and DA after surgery and the decrease in
dose was lower than in the nonpunder group, possibly arguing
that DBS had a negative impact on striatal-frontal connections,
therefore, representing a risk factor rather than a cause. In fact, in
the study by Lhommée et al,30 one patient diagnosed with
punding at preoperative assessment had clear improvement in
punding at 1-year assessment after STN DBS. However, this
could also be because of a 73% reduction of the DRT post-
surgery in this cohort. Based on the small sample sizes of these
studies it is not possible to draw firm conclusions on the role of
STN DBS on the pathophysiology or treatment of punding.

In this review, we identified five studies investigating the treat-
ment of punding in PD. The study by Fasano et al28 based on a
possible proposed algorithm for treating punding, recommended
that following adjustment of dopaminergic medications and
entacapone, patients should receive a trial with amantadine 100 to
300 mg. If punding continues then quetiapine 200 mg or cloza-
pine 50 mg is recommended. The study did not test the use of
clozapine because of the requirement of monitoring white blood
cells. However, in the case series by Hardwick et al,40 a trial of
clozapine in two punding patients resulted in complete relief. It is
important to note that in certain cases, patients might need psychi-
atric medical treatment in addition to reduction or discontinuation
of DA and levodopa as found in the study by Avila et al.29

One study that assessed the effect of JLI on ICBs in PD
patients also enrolled five punding patients who improved.31

The small sample size prevent us to make any conclusions, but it
is likely that this resulted from a non-pulsatile dopaminergic
stimulation combined with the reduction or discontinuation of
other oral anti-PD therapies.45 Not surprising high doses of levo-
dopa in JLI can also trigger these behavioral abnormalities in pre-
disposed PD patients, as seen in patients receiving 24 h
infusion.46T
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Another study assessing the effects of rTMS on DLPFC
showed that LF-rTMS produced a transient beneficial effect in
PD patients with punding without enhancing motor impair-
ment.32 This study builds on the previous hypothesis that disrup-
tion of the reciprocal loops between the striatum and structures
in the prefrontal cortex following dopamine depletion may pre-
dispose patients with PD to punding behaviors. However,
because of the transient effect and a small sample size, it is
unclear at the moment the real impact of this treatment strategy.

In summary, the findings from our review suggest that the fol-
lowing strategies could be considered to treat patients with
punding on an individual basis. These include reducing or dis-
continuing the use of DA and/or levodopa, introducing amanta-
dine, treating with JLI, and using antidepressants or quetiapine to
improve comorbid psychiatric problems. A low dose of clozapine
may be tried with caution because of the risk of significant
adverse effects in those not responding to previous treatments.
Currently, the effects of STN DBS and rTMS on punding are
not established and further studies are needed.

Clearly we need specific treatments for punding, possibly
tested in animal model. MPTP-lesioned common marmosets,
displaying stereotypical behavior similar to punding behaviors
following levodopa administration could be a useful pre-clinical
model to further study the underlying pathophysiology and aid
the development of such therapies.27

Limitations
Although this systematic review provides a broad overview of
punding in PD, it should be viewed within the context of certain
limitations. The review excluded articles not written in English,
conference abstracts, and book chapters may have led to the omis-
sion of relevant results. A comprehensive statistical analysis could
not be performed because of the variability and non-comparability
of the included studies. Because our study included various obser-
vational and interventional studies with differing methodologies, it
was not feasible to conduct a risk of bias and quality assessment.
This is because instruments designed for these assessments are tai-
lored to specific study designs, making it challenging to provide a
comprehensive assessment using a single or even two tools.

Another limitation of our study was that we only included the
search terms “punding” and “Parkinson,” and did not include
related terms like “ICD,” “DRT,” “DDS,” and “hedonistic homeo-
static dysregulation syndrome.” This may have led us to overlook
some relevant articles that were published using those terms. It is
worth noting that in recent years, the understanding of punding has
improved, and the use of terms has become more accurate. For
example, it is no longer believed to be a type of ICD.

Conclusion and Future
Directions
In this review, we synthesized the results from recent studies on
punding in PD to understand the underlying pathophysiological

mechanism, relevant clinical features, and treatment. In fact,
although the clinical features of punding have been established,
in the past 12 years we gained a better understanding of the
pathophysiological mechanisms of punding, mainly thanks to
MRI techniques. Future studies should consider using MRI
along with clinical features in prospective cohort to further study
the roles the frontal cortex, dorsal and ventral striatal structures,
DRT, and impaired reward mechanisms in the physiopathology
of punding in PD. Interestingly, punding might be seen as an
early involvement of the orbital cortex (stage 4 according to
Braak et al),47 therefore, representing a biomarker of pre-
dementia in PD. Future studies should consider investigating the
therapeutic potential of rTMS in large cohorts undergoing peri-
odic sessions, as routinely done nowadays for depression. Finally,
more studies using validated pre-clinical model are needed to
further study the underlying pathophysiology and—more
important—develop therapies for punding.

Together, these studies will help the development of effective
treatment for these patients, hopefully resulting in an improve-
ment of their quality of life.
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