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ABSTRACT

Context: There are growing reports of dopamine agonist (DA)-induced impulse control disorders (ICDs)
in hyperprolactinemic patients. However, the magnitude of this risk and predictive factors remain

uncertain.

Objective: To determine ICD prevalence and risk factors in DA-treated hyperprolactinemic patients

compared to community controls.

Design, Setting and Participants: Multicenter cross-sectional analysis of 113 patients and 99 healthy

controls.

Main Outcome Measures: Participants completed a neuropsychological questionnaire consisting of
the Depression Anxiety Stress Scale (DASS21), Questionnaire for Impulsive-Compulsive Disorders in
Parkinson’s disease (QUIP-S), Hypersexual Behavior Inventory (HBI), Hypersexual Behavior
Consequences Scale and Social Desirability Response Set Scale. Demographic and clinical data were
collated to determine ICD risk factors. Patients testing positive for an ICD were offered a semi-

structured psychological interview.

Results: Patients were more likely than controls to test positive by QUIP-S for any ICD (61.1 vs 42.4%,
P=0.01), hypersexuality (22.1 vs 8.1%, P=0.009), compulsive buying (15.9 vs 6.1%, P=0.041) and
punding (18.6 vs 6.1%, P=0.012), and by HBI for hypersexuality (8.0 vs 0.0%, P=0.004). Independent
risk factors were male sex (OR 13.85), eugonadism (OR 7.85), Hardy’s tumor score, and psychiatric
comorbidity (OR 6.86) for hypersexuality; and age (OR 0.95) for compulsive buying. DASS21 subset
scores were higher in patients vs controls, and in patients with vs without different ICDs. Only 19/51

(37.3%) interviewed patients were aware of the relationship between DAs and ICDs before the study.

Conclusions: DA therapy poses a high, previously underestimated risk of ICDs, especially in the form

of hypersexuality in eugonadal men.

610Z 1800100 60 UO Jasn aweq a410N 10 AlsisAlun 8yl Aq Z65085G/9.20ZBp/wauio/0LZ ] 0 /I0pAoRSqe-8|0ie-00UuBAP.R/Wad(/woo dno-olwsepeoe//:sdiy Wolj pspeojumoq



PRECIS

Dopamine agonist therapy for hyperprolactinemia increases the risk of impulse control disorders,

especially hypersexuality in men with normal testosterone.
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Introduction

Dopamine agonist (DA) therapy is used in hyperprolactinemic patients to stop galactorrhoea, restore
eugonadism and/or shrink causative tumors, particularly prolactinomas where DAs are the first-line
treatment. As prolactinomas are the commonest clinically evident pituitary adenoma (1,2) and
typically occur at a young age, often leading to prolonged treatment, DAs are the most frequent anti-
tumor agent employed in pituitary endocrinology. DAs are highly effective in prolactinomas, but
common side effects include nausea and postural hypotension (3). Rare risks include psychosis (4) and

cardiac valvulopathy (5,6).

When used at high doses in Parkinson’s disease and restless legs syndrome, DAs have been recognized
to induce impulse control disorders (ICDs). The mechanism appears to involve reward system
activation via D3 dopamine receptors in the mesocorticolimbic dopaminergic pathway (7). ICDs have
been considered rare in hyperprolactinemic patients due to lower DA doses and use of agents with
low D3 receptor affinity. Current hyperprolactinemia guidelines do not warn against this risk (8,9), but
there are now several case reports (10-15), a case series (16) and recent studies (17-20) of ICDs

developing in hyperprolactinemic patients.

The defining feature of ICDs is failure to resist impulses to engage in a pleasurable activity that is
harmful to self or others (21). However, there is no uniform approach to diagnosing the various ICDs
in the latest Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (22). The ICD diagnostic
tool, the Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease (QUIP),
encompasses pathological gambling, hypersexuality, compulsive buying, and compulsive eating, as
well as compulsive behaviors relating to medication use, punding (preoocupation with meaningless
motor activities e.g arranging objects), hobbyism (preoccupation with specific activities e.g. repairing

machinery), and walkabout (excessive wandering without purpose) (23).

In hyperprolactinemic patients, DA treatment results in prolactin suppression and restoration of sex
steroid secretion. Hence, sex steroids, especially testosterone, may have a role in the development of

4
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hypersexuality (16,20). We hypothesized that ICDs in patients treated with DAs would be more
common than in community controls, and that demographic and clinical characteristics of patients
would be associated with ICD risk. The primary aim of our study was to determine the prevalence of
ICDs in DA-treated hyperprolactinemic patients compared to healthy controls. Secondary aims were
to identify ICD risk factors, and to quantify the impact of hypersexuality given the apparent

predominance of this ICD in hyperprolactinemic patients (16,18).

Materials and Methods

Patients and controls

This was a multicenter cross-sectional study of DA-treated hyperprolactinemic patients in three
Australian tertiary referral centers (n=113) and healthy volunteers serving as controls (n=99). The
study was approved by the Royal Adelaide Hospital Research Ethics Committee (HREC/16/RAH/494).

All participants provided written informed consent.

Patients were recruited from April 2017 to December 2018. Inclusion criteria were diagnosis of
pathological hyperprolactinemia after exclusion of physiological and drug-induced
hyperprolactinemia, and current DA treatment for >1 month. Exclusion criteria were age <18 yr,
current antipsychotic medication use, prior brain or pituitary radiotherapy, and inability to consent or
engage in neuropsychological assessment due to intellectual impairment, mental illness, non-English
speaking background or any other reason. Eligible patients were identified using local pituitary clinic
databases and contacted by telephone and mail. Of 51 eligible patients at the primary site, 42 (82.4%)
completed the study, whilst four (7.8%) were uncontactable, four (7.8%) declined participation, and
two (3.9%) did not return the required paperwork. Additional patients were consecutively recruited
during clinics and admissions with similarly high acceptance rates. Clinical data were collated using
medical records and information from patient questionnaires. Eugonadism was defined as regular
menses in women and normal serum testosterone in men. As this was an observational study with
various hormone assays employed as in usual clinical practice, prolactin levels were compared by

5
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dividing absolute values by the upper limit of normal for a given assay. Weekly cabergoline equivalent
dose was calculated as cabergoline 1 mg weekly = quinagolide 75 mcg daily as previously defined (24).
Cumulative cabergoline equivalent dose was calculated by weekly cabergoline equivalent dose

multiplied by duration of DA therapy in weeks.

Healthy controls were selected as the comparator arm because of the frequent medical comorbidity,
older age and difficulty in controlling for gender when non-functioning pituitary adenoma (NFPA)
controls have been employed in other studies (18,19). Volunteers were recruited by hospital and
laboratory staff email asking for participation in an anonymized study relating to mood, wellbeing and
behavior. Exclusion criteria specific to the control group were active medical problems (other than
asthma, allergic rhinitis and minor joint problems), use of prescription medications (other than asthma
inhalers, intranasal sprays and non-steroidal anti-inflammatory drugs) and previous medical attention

for an ICD.

Neuropsychological assessment

Patients completed a written questionnaire (questionnaire and scoring sheet to be deposited in a
public data repository) consisting of summary demographic and medical history questions, and five

validated neuropsychological tools:

1. Depression Anxiety Stress Scale, DASS21: a 21-item questionnaire with three subscales assessing
the severity of depression, anxiety and stress symptoms (25), with good reliability and validity in

clinical and community samples (26,27).

2. Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s disease — Shortened version,
QUIP-S: a comprehensive instrument validated for the diagnosis of DA-induced ICDs in patients
with Parkinson’s disease. Sensitivity is similar between the 13-item QUIP-S and the full QUIP (94

vs 96%, respectively) (23).
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3. Hypersexual Behavior Inventory, HBI: a 19-item questionnaire regarding the control,
consequences and coping associated with sexual thoughts, feelings and behaviors. It has high
internal consistency and shows reliability over time, with scores 253 diagnostic of hypersexuality

(28).

4. Hypersexual Behavior Consequences Scale, HBCS: a detailed questionnaire assessing
hypersexuality consequences in affected patients. This complements the HBI, with high internal
consistency and reliability over time. Comparison of the HBCS between hypersexual and non-
hypersexual psychiatric patients and the HBCS against other hypersexuality assessment tools has

shown discriminant and convergent validity, respectively (29).

5. Social Desirability Response Set Scale, SDRS5: a 5-item measure indicating a participant’s tendency
to give socially desirable responses (30). This measure was included to screen for confounding as
prolactinoma patients have been shown to respond in a more socially desirable manner compared
to healthy controls (31), possibly reflecting the evolutionary functions of prolactin in promoting

parental behaviors as observed in animal and human studies (32).

Controls completed an anonymized online version of the demographic questions and five-part

neuropsychological questionnaire.

Semi-structured psychological interview

Patients who tested positive for an ICD by QUIP-S or HBI were offered a follow-up semi-structured
telephone interview with a clinical psychologist (JB) to assess patient knowledge of the risk of DA-
induced ICDs prior to study participation and to identify any relationships between ICD symptoms and

DA dosing/cessation.
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Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics 25.0. Missing data were coded as negative
where appropriate, e.g., GH deficiency was defined as the presence of a low IGF1 level or requirement
for GH treatment and patients without available data to the contrary were considered to be GH
sufficient. Cases were excluded where missing data could not be assumed to be negative. Categorical
variables were defined by frequency expressed as percentages, and continuous variables by mean +
standard deviation (SD) unless otherwise stated. Chi-square tests with continuity corrections and
unpaired t-tests were employed for categorical and continuous variables, respectively, for
comparisons between all patients and controls and for comparisons between patients with and
without ICDs. The Chi-square test was substituted for the 2-tailed Fisher’s exact test when >20% of
expected cell counts were <5. Statistical significance was set at P<0.05. Risk factors for the ICDs shown
to be more frequent in patients than controls were first assessed by univariate analysis comparing
patients with and without ICDs. Logistic regression models were developed to assess the relationship
between patient characteristics and screening positive for any IDC, hypersexuality by QUIP-S,
hypersexuality by HBI, compulsive buying and punding. Odds ratios (OR) and 95% confidence intervals

(95% Cl) were calculated.

Results

General characteristics

Demographic and clinical data of the 113 patients (56 males, 57 females, age 38.1+15.9 yr) are
outlined in Table 1. The cause of hyperprolactinemia was a prolactinoma in 107/113 (95%) patients
and other sellar masses in the remainder. Most patients had hypogonadotrophic hypogonadism at
diagnosis; a minority demonstrated other pituitary hormone deficiencies. At the time of
neuropsychological assessment, 109/113 (96.5%) patients were taking cabergoline and four (3.5%)

were taking quinagolide; no patients were taking bromocriptine.
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Compared to patients, controls were more likely to be employed full-time, less likely to be
current/former smokers, and more likely to drink alcohol. Controls were slightly younger (41.2+10.1

vs 45.5216.5 yr, P=0.020) and there was no difference in sex ratio.

Neuropsychological dysfunction

Neuropsychological dysfunction in patients and controls was determined by the composite
guestionnaire as shown in Fig 1. DA-treated hyperprolactinemic patients were more likely than
controls to test positive by QUIP-S for any ICD (61.1 vs 42.4%, P=0.01), hypersexuality (22.1 vs 8.1%,
P=0.009), compulsive buying (15.9 vs 6.1%, P=0.041) and punding (18.6 vs 6.1%, P=0.012).
Hypersexuality as defined by the more stringent HBI tool was also more common in patients (8.0 vs
0.0%, P=0.004), with all HBI-positive patients also scoring positive by QUIP-S. Multiple ICDs were found
in 32.7% of patients and 15.2% of controls (P=0.005). Patients scored higher than controls for
depression (4.7+4.4 vs 3.1+4.0, P=0.005) and anxiety (3.443.2 vs 2.2+2.7, P=0.005) by DASS21. Trends
towards higher patient scores were observed for stress by DASS21 (6.1+4.2 vs 5.1+4.0, P=0.080) and

for hypersexuality consequences by HBCS (25.9+10.4 vs 23.9+5.4, P=0.072).

Because of the gender dimorphism in ICD risk previously observed by us (16) and others (18,20), we
analyzed patients and controls stratified by gender (Fig 1). In female patients vs female controls, there
were trends towards higher frequencies of hypersexuality by QUIP-S (8.8 vs 0.0%, P=0.058) and
punding (15.8 vs 3.8%, P=0.075), with no differences in other ICD frequencies or depression, anxiety,
stress or hypersexuality consequences scores. Men showed greater divergence, with male patients vs
male controls showing higher frequencies of any ICD (73.2 vs 45.7%, P=0.008) and hypersexuality by
HBI (16.1 vs 0.0%, P=0.004), as well as higher depression (5.4+4.8 vs 2.6+3.1, P=0.001), anxiety (3.7£3.3
vs 1.7+2.2, P=0.000), stress (6.8+4.2 vs 4.7+3.7, P=0.009) and hypersexuality consequences (28.9+13.8
vs 23.4+3.2, P=0.005) scores. A trend towards more frequent hypersexuality by QUIP-S was apparent

in male patients vs controls (35.7 vs 17.4%, P=0.066).
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ICD risk factors in DA-treated patients

We analyzed risk factors for each of the ICDs shown to be more common in patients compared to
controls (i.e. any ICD, hypersexuality by QUIP-S or HBI, compulsive buying and punding), postulating
that different risk factors may pertain to different ICDs. This was first performed by univariate analysis.
Compared to patients screening negative for all ICDs, patients screening positive for at least one ICD
had a higher proportion of men, greater alcohol use, and higher depression, anxiety, stress and
hypersexuality consequences scores (Table 2). Hypersexuality by QUIP-S was associated with male
gender, having children, lower Hardy’s tumor score at diagnosis, higher testosterone at assessment in
men, eugonadism at assessment in men and women, and higher hypersexuality scores by HBI and
HBCS. Hypersexuality by HBI was associated with male gender, divorce, full-time employment,
comorbid mental illness, higher testosterone at diagnosis in men, lower agreeableness by SDRS5, and
higher scores for depression, stress and hypersexuality consequences. Compulsive buying was
associated with younger age at diagnosis and at assessment, growth hormone deficiency at diagnosis,
and higher depression, anxiety and stress scores. Punding was only associated with higher anxiety and

stress scores.

Statistically significant differences were not observed in other employment/marital status, smoking
history, cause of hyperprolactinemia, other pituitary hypersecretion, DA or pituitary tumor duration,
DA type, weekly or cumulative CBG equivalent dose, degree of hyperprolactinemia or other pituitary
hormone perturbations at diagnosis or at assessment, degree of prolactin fall or testosterone rise
between diagnosis and assessment, tumor diameter or cerebrovascular change on MRI at diagnosis
or at assessment, visual field deficits at diagnosis or at assessment, previous pituitary surgery, sex

steroid or antidepressant use at assessment, or central nervous system comorbidity.

In addition to the male bias in any ICD and hypersexuality by QUIP-S and HBI (Table 2), we found that

the proportion of men was greater in patients screening positive vs negative for gambling (100.0 vs
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46.2%, P=0.006). No sex difference was seen in patients with and without compulsive eating,

hobbyism, walkabout or compulsive medication use.

Logistic regression analysis

Logistic regression models were generated to identify predictive factors that remained independent
upon multivariate analysis. This showed that screening positive for any ICD was significantly associated
with an increase in stress score (OR 1.23, 95% ClI 1.10-1.37). Hypersexuality by QUIP-S (n=80) was
significantly associated with male gender (OR 13.85, 95% Cl 2.89-66.49), eugonadism at assessment
(OR 7.85,95% Cl 1.45-42.42), and lower Hardy’s tumor score at diagnosis (OR 11.60, 95% Cl 1.87-71.88
for I vs Ill; OR 4.59, 95% Cl 1.03-20.47 for Il vs lll). Hypersexuality by HBI was significantly associated
with mental illness (OR 6.86, 95% Cl 1.28-36.72) and higher stress score (OR 1.22, 95% Cl 1.02-1.48).
Compulsive buying was significantly associated with younger age at assessment (OR 0.95, 95% Cl1 0.91-
0.99 for each increasing year of age) and higher stress score (OR 1.26, 95% Cl 1.10-1.46). Punding was

significantly associated with a higher stress score (OR 1.26, 95% Cl 1.11-1.45).

Separate logistic regression models were created for men with available testosterone levels.
Hypersexuality by QUIP-S in applicable men (n=45) showed a trend towards a higher risk of
hypersexuality with higher testosterone at assessment (OR 1.11, 95% Cl 1.00-1.23). Hypersexuality by
HBI, which was found in 6/48 applicable men, showed a weak trend towards higher testosterone at

diagnosis (OR 1.25, 95% Cl 0.97-1.61).

Patient insights

Free prose responses in patient questionnaires illustrated the extremity of the impact of DA-induced

side effects (Table 3).

11
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Semi-structured psychological interview

Of 69 patients who screened positive for an ICD by the questionnaire, 51 (73.9%) participated in the
psychological interview. 17/51 (33.3%) patients reported ICD symptom fluctuation with dose changes
and/or worsening ICD symptoms on the day of or the day after cabergoline dosing. Of 11 patients who
interrupted DA treatment, 8 (72.8%) experienced resolution or improvement of ICD symptoms.
Amongst all interviewees, 19/51 (37.3%) knew about the relationship between DAs and ICDs before
participating in the study. 30/51 (58.8%) had the opportunity to discuss their ICD symptoms with their

treating endocrinologist — 18/30 (60.0%) found this to be helpful.

Discussion

This study represents the largest cross-sectional analysis of the risk of ICDs in hyperprolactinemic
patients compared to controls, demonstrating significantly higher rates of any ICD, multiple ICDs,
hypersexuality, compulsive buying and punding in DA-treated patients. Risk factors that remained
predictive after logistic regression were male gender, eugonadism at assessment, lower Hardy’s tumor
score at diagnosis and psychiatric comorbidity for hypersexuality; and younger age for compulsive
buying. DA dose was not predictive of ICD risk. Higher testosterone at assessment appeared to have
a permissive effect on the development of hypersexuality as diagnosed by QUIP-S. The burden of
hypersexuality consequences was substantial, with significantly higher HBCS scores in patients
screening positive vs negative for hypersexuality. This is noteworthy as increased sexual thoughts and
behaviors following DA treatment of hyperprolactinemia could otherwise simply reflect a normal

return of libido with reversal of hypogonadism.

The prevalence of ICDs in DA-treated hyperprolactinemic patients was much higher than the few
previously published studies (Table 4). The low ICD rates in other studies may be explained by the
exclusion of patients with a psychiatric history (19,20,33), short follow-up times following DA
commencement (19), the inclusion of patients who have ceased DA treatment and may not accurately
recall their experiences during treatment (18), and the use of more focused tools in screening for ICDs

12
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(18-20). The known inverse association between age and impulsivity (22) could partly explain the high
ICD prevalence in our study where patient age was 46116 yr compared to the study by Bancos et a/
(18) where patient age was 55+14 yr. However, our patients were older than patients in other studies
(17,19,20). In addition, two studies were undertaken in Turkey (19,20), where gambling is prohibited
(20), although all of the tested ICD subsets were more frequent in our patients. Cultural differences in
reporting impulsivity could be contributory, particularly given the high ICD prevalence in our controls.
The male bias in developing ICDs and our relatively high proportion of men at 49.6% of study patients
is also noteworthy. However, tertiary endocrine centers typically show female-to-male prolactinoma
ratios that are much lower than the community ratio of 10:1 because of the greater invasiveness of
prolactinomas in men and consequent referral bias (2,31). We found that men similarly comprised

51.0% of eligible patients in our primary site 30-year pituitary database.

Though not encompassing the overall DA-induced ICD risk, we previously proposed the term ‘dopa-
testotoxicosis’ to highlight the male predilection and hypersexuality predominance in
hyperprolactinemic patients, putatively due to synergy between restoration of eugonadism and D3
receptor stimulation (16). The present study found no association between hypersexuality and
testosterone rise, although statistical power was limited by only 41/48 men with available
testosterone levels exhibiting a DA-induced rise. Testosterone appears to be permissive in the
development of any ICD and hypersexuality based on the male predominance shown here and by
others (16,18,20,34,35). Whilst DA-treated hyperprolactinemic patients do not reach
supraphysiological testosterone levels (16,18), we and Dogansen et al (20) have shown greater ICD
risks with relative testosterone increases into the normal range. Though not significant upon
multivariate analysis, Dogansen et al (20) found a higher testosterone percentage rise at the preceding
visit in hypersexual men. We found an independent trend towards higher testosterone at assessment
in hypersexual men, and eugonadism at assessment was one of the few predictive factors in logistic
regression modeling. The trend towards increased hypersexuality in female patients vs controls in our

study does not refute the concept of dopa-testotoxicosis as testosterone also contributes to female
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libido. Nonetheless, testosterone is not sufficient for the development of hypersexuality as it only
occurs in a minority of hyperprolactinemic men rendered eugonadal by DA therapy, and
hypersexuality is not associated with androgen replacement in post-pubertal males (16,36).
Testosterone is also not necessary for the development of hypersexuality as it frequently occurs in the
neurology setting (34) where DA therapy is not expected to cause testosterone fluctuations. Notably,
DA therapy is also neither necessary nor sufficient as ICDs may occur in healthy controls and not all

DA-treated patients develop ICDs.

Other factors contribute to the risk of DA-induced ICDs (Table 4). The independent inverse association
between age and compulsive buying is especially pertinent as hyperprolactinemic patients tend to be
younger than patients with Parkinson’s disease or restless legs syndrome. This is a new association in
the hyperprolactinemia setting and there are other differences in ICD risk factors between this and
previous studies, which may partly have a sociocultural basis. Smoking was predictive of the risks of
any ICD and of hypersexuality in the study by Dogansen et al (20) that had a high proportion of current
smokers (24%), whereas only 8% of our patients were current smokers and we did not find a
statistically significant association between current/former smoking and ICD risk. Alcohol use was
common in our patients (58%) and we found a higher ICD risk only when grouping patients who
consumed 22 standard drinks of alcohol daily, whilst Dogansen et al (20) found an association with
any alcohol use, which reflected a small minority (5%) of their patients. We also observed an

association between a lower Hardy’s tumor score and increased ICD risk; the reason for this is unclear.

We found higher DASS21 subset scores in patients vs controls, and in patients with vs without different
ICDs. We also found a higher prevalence of mental illness in patients who tested positive vs negative
for hypersexuality by HBI. Parkinson’s disease studies have similarly reported higher rates of
depression and anxiety in patients with vs without DA-induced ICDs (34,35). It is possible that
depression, anxiety and stress leads to ICDs as a method of coping with these negative affective states.

Alternatively, ICDs may induce hyper-emotionality and consequent stress.
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The present study was not a formal prevalence study as it used a convenience sample, had limited
size, and there may be some recruitment biases due to referral patterns to tertiary centers.
Nevertheless, the study is likely to be representative of ICD patterns in patients typically treated in
tertiary endocrine clinics. Investigation of rare ICDs and some associations may need a large registry
DA study. With respect to our control group, there appeared to be a higher ICD rate amongst hospital
and laboratory staff compared to other control groups (37,38), which might have underestimated
differences in ICD prevalence between patients and controls. Our reliance on healthy controls rather
than a diseased population may also be considered a weakness of our study as the presence of a
pituitary adenoma may influence DA responses. Our method of recruiting controls via hospital and
laboratory staff email may have introduced an additional selection bias. However, healthy controls
were intentionally selected to better approximate the demographics and general health status of
prolactinoma patients compared to NFPA patients. As in previous studies (18-20), another limitation
of our study is that we relied on neuropsychological tools validated outside of the hyperprolactinemia
setting. QUIP-S was designed for patients with Parkinson’s disease. The present study and that by
Dogansen et al (20) broadens the experience of this tool in hyperprolactinemic patients, but further
data are required to validate it in distinguishing between patients with disruptive hypersexuality vs
those with a normal return in libido with DA treatment. We were able to compare hypersexuality
diagnosis by QUIP-S and HBI, finding that fewer patients tested positive by HBI but with greater impact
as determined by mean HBCS score (56.8+14.1 in HBI-positive vs 37.0£17.8 in QUIP-positive). In
addition to validating neuropsychological tools in hyperprolactinemic patients, it may be illuminating
to study other impulsive activity that may apply to the younger hyperprolactinemic population
compared to the neurology setting — for example, exercise, caffeine consumption and video game use.
Prospective studies will be valuable in capturing patients who, because of the development of ICDs or
other side effects, cease DA therapy, leading to exclusion in cross-sectional studies of only currently
treated patients. In addition, prospective prolactin and testosterone measurement by standardized

assays will better evaluate the possible relationships between ICD risk and hormone levels. Other
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directions of future research should include recruitment of prolactinoma patients beyond tertiary
centers and comparison of prolactinoma patients with both healthy and diseased controls. Given the
lack of interaction between ICD risk and DA dose and duration, future research should also consider
whether DA-induced psychological side effects relate to the underlying psychological structure of
individual patients. Screening tools that identify such at-risk patients may in turn guide a personalized
approach to prolactinoma management with avoidance of DA therapy as the usual first-line treatment

in susceptible individuals.

In conclusion, we have shown a significantly higher prevalence of ICDs in DA-treated
hyperprolactinemic patients compared to healthy controls. The greatest risk appears to be
hypersexuality with a strong male bias and a permissive effect from normal testosterone. The risk of
DA-induced ICDs is not addressed in hyperprolactinemia guidelines (8,9). Only 37% of patients were
aware of the relationship between DAs and ICDs before their involvement in the present study and
patient awareness may be lower outside of tertiary pituitary centers. Increased awareness is required
amongst endocrinologists and patients, especially in view of successful class actions against
pharmaceutical companies for failing to warn patients of ICD risks in the setting of Parkinson’s disease
and restless legs syndrome. We recommend considering all DA-treated hyperprolactinemic patients
to be at risk of developing ICDs, educating patients regarding this risk at the time of DA
commencement, directly asking patients about ICD symptoms at follow-up, and potentially using
written questionnaires as in the current study to overcome communication barriers in this sensitive
area. If a DA-induced ICD develops, patients should be assessed for concurrent ICDs, depression and
anxiety, and DA therapy should be ceased with consideration of treatment alternatives. We
recommend caution if following a wait-and-see approach given the severe, long-lasting consequences
that may occur with transient ICDs (16). Reducing or switching DA agents should also be performed
cautiously as this is not substantiated by current and previous evidence showing ICD development
regardless of DA doses (18-20) and agents (16,17). Heightened awareness of DA-induced ICDs should

improve treatment safety.
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FIGURE LEGENDS

Fig 1. ICD frequency and mean HBCS and DASS21 scores in all patients vs controls (a), and in patients

vs controls stratified by female (b) and male (c) gender.

Abbreviations: A, anxiety score by DASS21; D, depression score by DASS21; HBCS, Hypersexual Behavior
Consequences Scale; HBI, Hypersexual Behavior Inventory; ICD, impulse control disorder; QUIP-S,
Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease Shortened Version; S, stress

score by DASS21.
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Table 1. Demographic and clinical data of study participants.
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Patients (n=113) Controls (n=99) P
Gender, % male 49.6 46.5 ns
AT DIAGNOSIS
Age, yr 38.1+15.9
Tumor diameter, mm 20.8+17.0
Hardy's score, %
0 0.9
| 27.4
Il 27.4
1] 31.0
v 0.0
Unknown 13.3
Tumor consistency, %
Solid 57.5
Cystic 8.0
Mixed 16.8
Unknown 17.7
Visual field defects, % 15.9
PRL, XULN* 56.4+144.3
Testosterone, nmol/L* 5.2+3.7
Pituitary hormone deficiency, %
LH/FSH 78.8
GH 6.2
TSH 35
ACTH 1.8
AT ASSESSMENT
Age, yr 45.5+16.5 41.2+10.1 0.020
Employment status, %
Full-time 54.9 73.7 0.007
Part-time 15.0 26.3 ns
Home duties 7.1 0.0 0.008
Retired 15.0 0.0 0.000
Unemployed 8.0 0.0 0.004
Marital status, %
Single 20.4 15.2 ns
Married 73.5 79.8 ns
Divorced 4.4 5.1 ns
Widowed 1.8 0.0 ns
Has children, % 61.1 62.6 ns
Current/former smoker, % 31.9 12.1 0.001
Any alcohol consumption, % 57.5 78.8 0.002
Tumor duration, yr 7.5%7.3
DA duration, yr 6.5+7.1
Non-ICD DA side effects, % 24.8
Wkly CBG equivalent dose, mg 969.0+£1100.5
Cumulative CBG equivalent dose, g 307.3+419.1
On sex hormone replacement, % 27.4
PRL, xULN 0.8£1.8
Testosterone, nmol/L 13.7+8.4
PRL fall*, xULN (median, IQR) 11.2,4.5-38.6

23



Testosterone rise®, nmol/L 8.347.6
Prior pituitary surgery, % 15.9
Abbreviations: ACTH, adrenocorticotrophin hormone; CBG, cabergoline; DA, dopamine agonist; FSH,

follicle stimulating hormone; GH, growth hormone; ICD, impulse control disorder; LH, luteinising
hormone; ns, non-significant; PRL, prolactin; TSH, thyroid stimulating hormone; ULN, upper limit of
normal; * various normal ranges due to observational nature of study with different hormone assays

employed depending on the referring clinician; * since time of diagnosis.
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Table 2. Significant differences on univariate analysis in patients screening positive vs patients

screening negative for the ICDs shown to be higher in patients compared to controls.

Hypersexuality | Hypersexuality Buying by Punding by
Parameter® Any 1CD by QUIP-S by HBI QUIP-S QuIP-S
n positive/negative 69/44 25/88 9/104 18/95 10/103
Male. % 59.4 vs 34.1, 80.0 vs 40.9, 100.0 vs 45.2, ns ns
! P=0.015%* P=0.001 P=0.001
. 22.2vs2.9,
Divorced, % ns ns P=0.050 ns ns
Has children, % ns 80}')2(‘;'503:'7’ ns ns ns
. 88.9vs51.9,
Employed full-time, % ns ns P=0 039 ns ns
>2 SD/d alcohol, % 15#30‘7822%3’ ns ns ns ns
1.0£1.0vs
Alcohol, SD/d 0.5+0.5, ns ns ns ns
P=0.027
. 33.3vs6.7,
Has mental illness, % ns ns P=0032 ns ns
30.9+12.7 vs
Age at Dx ns ns ns 39.5+1.1, ns
P=0.018
Testosterone at Dx, 8.4£4.8 vs
nmol/L (n=48) ns ns 4.843.3, ns ns
P=0.026
Hardy’s score at Dx /08 vs
(n=98) ns 2.1+0.8, ns ns ns
P=0.035
- 22.2vs3.2,
GH deficient at Dx, % ns ns ns P=0012 ns
36.5£12.5vs
Age at Ax ns ns ns 47.3%16.6, ns
P=0.004
Testosterone at Ax, 17.3+8.9 vs
nmol/L (n=55) ns 11.847.5, ns ns ns
P=0.018
Hypogonadism at Ax, 12.5vs 40.8,
% (n=95) ns P=0.022 ns ns ns
0.9+0.8 vs
SDRS5 score (n=111) ns ns 1.9+1.5, ns ns
P=0.005
5.63.9vs 7.614.8 vs 7.4+4.2 vs
D score 3.4+4.9, ns 4,514 3, 4.2+4.3, ns
P=0.010 P=0.022 P=.004
4.1+3.2 vs 5.6£3.3 vs 5.7£3.7 vs
A score 2.3+2.8, ns ns 3.043.0, 2.942.8,
P=0.003 P=0.001 P=0.000
7.324.0vs 9.3+3.4vs 9.2+4.8 vs 9.1+4.3 vs
S score 4.2+3.8, ns 5.844.1, 5.51£3.8, 5.443.8,
P=0.000 P=0.013 P=0.000 P=0.000
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42.6+18.5 vs

HBI score ns 22.245.1, N/A ns ns
P=0.000
28.2+12.8 vs 37.0£17.8 vs 56.8+14.1vs
HBCS score 22.31£1.1, 22.712.4, 23.213.3, ns ns
P=0.000 P=0.001 P=0.000

Abbreviations: A, anxiety score by DASS21; Ax, assessment; D, depression score by DASS21; Dx,
diagnosis; GH, growth hormone; HBCS, Hypersexual Behavior Consequences Scale; HBI, Hypersexual
Behavior Inventory; ICD, impulse control disorder; N/A, not applicable; ns, non-significant; QUIP-S,
Questionnaire for Impulsive-Compulsive Disorders in Parkinson’s Disease Shortened Version; S, stress
score by DASS21; SD, standard drinks; * n given if subset analysis performed due to missing data or if

parameter not applicable in some cases e.g. testosterone levels only obtained in men, otherwise

n=113.
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Table 3. Questionnaire excerpts of negative effects of DA treatment in hyperprolactinemic patients.

Regarding hypersexuality
"I am fighting a constant internal battle between being the nice guy all love and respect, and an
inner 'captain caveman' that keeps trying to come out. This is very much dependent on
medication levels... One of the biggest issues for me is since treatment began | have not taken
sexual rejection well. It considerably causes me to question my self-worth."

- "l have separated from my wife of (decades) after being on Dostinex. This has been helpful in
helping me to understand it a little better, even though obviously choices | made were mine."

- "Ifeel | am sex obsessed and this potentially makes me vulnerable to female sexual predators. |
have found it difficult to extricate myself from situations where | am the target of such an
individual due to my own obsession which was not present prior to treatment."

Regarding other ICDs

- "I'have become addicted to buying tools and cars to a point of almost financial ruin. | get a high
when buying and then become very low when reality kicks in to then find the money to pay for
purchases. Previously | never had this behavior but it's very consistent these days."

Regarding non-ICD side effects
"I do feel my moods are very low. | found it hard to be happy or get excited about something. |
don't feel | know what is happiness. Before | got this | used to be a very happy-go-lucky person.”

- "Self-harm side effects have included punching my head; bashing my head on ground, benchtops
and walls; biting myself very hard on forearms; very frustrated; as often as 4 times every 7 days
during the taking of medication.”
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Table 4. Studies of DA-induced ICDs in hyperprolactinemic patients.

ICD prevalence

Study n Tool Any |G Hs | B E H P W™ g:ti'::'ve
Martinkova
0, 0, 0, 0, 0, - - - - -
2011 (17) 20 pts MIDI 10% 5% 5% 0% 5%
77 MIDI, South
pts, Oaks Gambling
Bancos o o o o o
2014 (18) 70 Screen, 25% 6% 13% | 5% - - 9% - - Male sex
NFPA modified HS & P
ctrls questionnaires
Nil
25 ;r;d:p:enxdent
pts, MIDI-R, BIS-11 cugm’ulati:/e
Celik 2018( | 31 PO
e ( SCL-90-R, BDI, 8% 0% 8% 0% - 0% 0% - - DA dose,
19) NFPA .
BAI smoking &
ctrls, alcohol
32 HC N
predictive in
combination)
Male sex,
alcohol,
smoking,
Dogansen 308 Modified QUIP, 0 o o g Y nadir PRL,
2019 (20) pts BIS-11 17% 3% 10% | 5% N others (incl T
rise) only on
univariate
analysis
Male sex,
eugonadism,
lower
Hardy’s
Present 113 QUIP-S, HBI, ::Z:gglscore’
study pts, HBCS, DASS21, 61% 6% 22% | 16% | 27% | 22% | 19% | 8% 5% iliness
99 HC SDRS5 !

younger age,
others (incl T)
only on
univariate
analysis

Abbreviations: B, compulsive buying; BART, Balloon Analog Risk Task; BAl, Beck Anxiety Inventory; BDI, Beck

Depression Inventory; BIS, Barratt Impulsiveness Scale; DA, dopamine agonist; DASS21, Depression, Anxiety and

Stress Scale; E, compulsive eating; EDT, Experiential Discounting Task; G, pathological gambling; GH, growth

hormone; H, hobbyism; HBCS, Hypersexual Behavior Consequences Scale; HBI, Hypersexual Behavior Inventory;

HC, healthy controls; HS, hypersexuality; ICD, impulse control disorder; incl, including; M, compulsive medication

use; MIDI, Minnesota Impulse Disorders Interview; NFPA, non-functioning pituitary adenoma; P, punding; pts,

patients; QUIP, Questionnaire for Impulsive-Compulsive Disorders in Parkinson's disease; SDRS5, Socially

Desirable Response Set Five-Iltem Survey; SCL-90-R, Symptom Checklist-90-R; T, testosterone; W, walkabout; -

not tested.
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