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The role of dopamine dysregulation and evidence for the
transdiagnostic nature of elevated dopamine synthesis in
psychosis: a positron emission tomography (PET) study
comparing schizophrenia, delusional disorder, and other
psychotic disorders
Pak Wing Calvin Cheng 1, Wing Chung Chang1, Gladys G. Lo2, Kit Wa Sherry Chan1, Ho Ming Edwin Lee1, Lai Ming Christy Hui1,
Yi Nam Suen 1, Yim Lung Eric Leung2, Kai Ming Paul Au Yeung2, Sirong Chen2, Ka Fung Henry Mak3, Pak Chung Sham1,
Barbara Santangelo4,5, Mattia Veronese 5, Chi-Lai Ho2, Yu Hai Eric Chen1,6 and Oliver D. Howes4,7,8

There have been few studies performed to examine the pathophysiological differences between different types of psychosis, such
as between delusional disorder (DD) and schizophrenia (SZ). Notably, despite the different clinical characteristics of DD and
schizophrenia (SZ), antipsychotics are deemed equally effective pharmaceutical treatments for both conditions. In this context,
dopamine dysregulation may be transdiagnostic of the pathophysiology of psychotic disorders such as DD and SZ. In this study, an
examination is made of the dopamine synthesis capacity (DSC) of patients with SZ, DD, other psychotic disorders, and the DSC of
healthy subjects. Fifty-four subjects were recruited to the study, comprising 35 subjects with first-episode psychosis (11 DD, 12 SZ,
12 other psychotic disorders) and 19 healthy controls. All received an 18F-DOPA positron emission tomography (PET)/magnetic
resonance (MR) scan to measure DSC (Kocc;30–60 value) within 1 month of starting antipsychotic treatment. Clinical assessments were
also made, which included Positive and Negative Syndrome Scale (PANSS) measurements. The mean Kocc;30–60 was significantly
greater in the caudate region of subjects in the DD group (ES= 0.83, corrected p= 0.048), the SZ group (ES= 1.40, corrected p=
0.003) and the other psychotic disorder group (ES= 1.34, corrected p= 0.0045), compared to that of the control group. These data
indicate that DD, SZ, and other psychotic disorders have similar dysregulated mechanisms of dopamine synthesis, which supports
the utility of abnormal dopamine synthesis in transdiagnoses of these psychotic conditions.
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INTRODUCTION
The term “psychosis” encompasses a heterogeneous group of
disorders that are all typified by patients demonstrating psychotic
symptoms such as delusions and hallucinations. The pathophy-
siologies underlying these diverse disorders may share common
mechanisms, but the relationship between these disorders, and
particularly between delusional disorder (DD) and schizophrenia
(SZ), is still under debate.
DD has long been recognized as a discrete diagnostic entity

within a spectrum of psychotic disorders. It was first described by
Kraepelin as “paranoia” [1]. The first operationalized diagnostic
classifications to include this disorder were the Diagnostic and
Statistical Manual (DSM)-IIIR and the International Statistical
Classification of Diseases and Related Health Problems, 10th revision
(ICD-10). Currently, DD is classified as an illness characterized by at
least 1 month of delusions but no other psychotic symptoms,

according to the American Psychiatric Association’s Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) [2].
Patients who suffer from other nonaffective psychoses that cannot
be classified as SZ or DD are diagnosed with unspecified SZ
spectrum, brief psychotic disorder, or other psychotic disorder, in
accordance with the DSM-5 criteria [2]. DD is considered a
monosymptomatic condition because its key presentation
involves a single, well-structured, complex delusional belief that
is manifest without prominent hallucinations. Patients with this
condition lack other features commonly observed in SZ, such as
negative symptoms and formal thought disorders. “Non-bizarre”
delusions were previously included among the criteria for DD, but
this criterion has since been removed. DD is a relatively rare
psychotic disorder, with lifetime DD prevalences of 0.18% [3] and
0.15% [4] found from population-based surveys. DD has been
associated with cognitive impairments in memory, verbal learning,
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executive function, and working memory and may therefore
further reduce the quality of life of the patient [5].
The identity of DD as a valid and distinct psychiatric entity, or as

a subtype of SZ, has been debated since its initial discovery by
Kraepelin. DD has been distinguished from SZ since the
publication of the DSM-IIIR, and the latest diagnostic criteria in
the DSM-5 and ICD-11 have maintained this classification. This
diagnostic distinction is supported by previous observations that
the clinical features of DD and SZ are often differentiable in terms
of sex, age of onset, and functionality [6–8]. It was also found in a
family history study that the prevalence of SZ in the relatives of
DD probands was significantly lower than in the relatives of SZ
probands [9], reinforcing that DD is a distinct entity from SZ.
Despite the differences in the clinical characteristics of DD and

SZ, antipsychotic drugs targeting the dopamine pathway have
been deemed equally effective for the pharmaceutical treatment
of both conditions [10–13]. Data from a 12-week prospective
follow-up study showed that there were similar responses to
antipsychotics in patients with DD and SZ, suggesting that these
disorders share a common underlying pathophysiology involving
dopamine dysfunction. SZ has been studied with 18F-DOPA
positron emission tomography (PET) to investigate the dopamine
synthesis capacity (DSC) in the striatum [14]. In other studies, it
was found that there was increased DSC in patients with SZ
compared to controls [15, 16], and a direct correlation was
identified between the baseline striatal DSC and the subsequent
clinical response to antipsychotics [17]. An increased DSC has also
been observed in patients who have a clinically determined high
risk of psychosis, psychotic bipolar affective disorder (BAD) and
temporal epilepsy with psychotic features [18, 19]. In addition to
increased DSC, increased occupancy of D2 receptors by dopamine
was reported in both first-episode neuroleptic-naïve patients and
in previously treated chronic SZ patients experiencing an episode
of illness exacerbation [20]. Elevation of stimulated dopamine
release was associated with psychotic symptoms elicited in SZ
induced by amphetamine in an experiment setting [21]. These
studies showed that dopamine dysregulation in SZ involved
processes including presynaptic dopamine synthesis and release.
These results have led to the suggestion of a transdiagnostic

role for dopamine dysregulation in the pathophysiology of
psychotic disorders [22, 23]. It is hypothesized that DSC is also
elevated in patients with DD and other nonaffective psychotic
disorders, from which it can be inferred that dopamine
dysregulation mechanistically underpins a range of psychotic
disorders.
To date, there have been few studies conducted to compare

pathophysiology across all psychosis disorders, including DD. A
transdiagnostic study of the DSC in psychotic patients involving
DD would further our understanding of the potential role of
dopamine dysregulation in the pathophysiology of psychotic
disorders. Therefore, this study was aimed to compare the DSCs of
patients with SZ, DD, and other psychotic disorders, as well as
those of healthy subjects. It was hypothesized that patients with
DD, SZ-spectrum disorder (i.e., SZ and schizophreniform disorder),
or other nonaffective psychoses would exhibit increased striatal
DSC, relative to healthy controls.

METHODS
Participants
Participants were recruited consecutively between November
2016 and October 2017 from an intervention service in Hong Kong
that targeted patients experiencing a first episode of psychosis
[24]. The study inclusion criteria were as follows: (1) an age
between 18 and 65 years; (2) the ability to speak Cantonese; (3)
scanning examination within 1 month of antipsychotic treatment
initiation; and (4) diagnosis of a first episode of DD, SZ-spectrum
disorder (including SZ and schizophreniform disorder), or other

psychotic disorder (including unspecified SZ spectrum and brief
psychotic disorder) according to the DSM-5 criteria (6).
Patients were age and sex matched, and categorized by their

having SZ and other psychotic disorders, or being healthy
controls. Healthy controls were recruited through the patients’
friends, voluntary organizations, and the general population,
and were screened to exclude current psychiatric conditions or a
family history of psychosis.
The following exclusion criteria were applied to all subjects:

affective disorders with or without psychotic symptoms,
substance-induced psychosis, organic psychosis, treatment with
antipsychotics for more than 1 month, history of substance abuse,
diagnosis of attention-deficit hyperactivity disorder, history of
stimulant intake, known history of intellectual disability or special
school attendance, family history of hereditary neurological
disorders (e.g., Huntington’s disease, Parkinson’s disease (PD)),
and contraindications to PET and magnetic resonance imaging
(MRI) scans.

Ethical approval
Written informed consent was obtained from all of the
participants. The study was approved by the Institutional Review
Board at each of the six district study sites in Hong Kong. The
study was conducted in accordance with Good Clinical Practices
and the Declaration of Helsinki.

Assessments
Basic demographics (age, sex, years of education, body mass index
(BMI), occupation, marital status, and use of alcohol/substances)
were recorded at the time of study entry. The age of onset was
defined as the age at which the psychotic symptoms were first
manifest, and was determined using the Retrospective Assess-
ment of the Onset of Schizophrenia (IRAOS) [25]. The duration of
untreated psychosis (DUP) was also measured using the IRAOS.
The diagnoses of DD, SZ, and other psychotic disorders according
to the DSM-5 were confirmed for all participants at 6 months after
the onset of the first episode. These diagnoses were made by two
experienced psychiatrists blinded to the results of imaging data,
and were based on a best-estimate consensus that integrated all
of the available information from the face-to-face interviews,
medical records, and reports by informants and case workers [26].
Some of the data were collected through face-to-face interviews
with the patients and their relatives. The patients’ clinical
symptoms were rated at baseline and during follow-up assess-
ments using the Positive and Negative Syndrome Scale (PANSS)
[27] and the Scale for Assessment of Negative Symptoms (SANS)
[28]. Affective symptoms and occupational functioning were
measured using the Calgary Depression Scale for Schizophrenia
(CDSS) [29] and the Social and Occupational Functioning
Assessment Scale (SOFAS) [30].

18F-DOPA PET/MR imaging and analysis
18F-DOPA brain PET/MRI scans were performed with a Siemens
Biograph PET-MR machine at the Hong Kong & Sanatorium
Hospital Department of Nuclear Medicine and Radiology. A
clinical/pragmatic approach was used for the PET/MRI scanning
protocol, meaning that premedication with entacapone and
carbidopa was not required, and a reduced scan time was used
relative to previous studies [31]. Scanning began at 30min post
injection of 18F-DOPA, and continued for a 30-min list-mode
acquisition. Simultaneous 3-T MR sequences included an ultra-
short echo time for attenuation correction [32]. PET images
were reconstructed using the following parameters: a three-
dimensional ordered subset expectation maximization, 21 subsets,
5 iterations, a 256 × 256 matrix, a zoom factor of 2.0 and a 3.0-mm
Gaussian filter. The regions of interest (ROIs) over the putamen,
caudate, occipital lobe, and cerebellum were drawn on simulta-
neously acquired sagittal 3D T1-weighted MR images on three

The role of dopamine dysregulation and evidence for the transdiagnostic. . .
PWC Cheng et al.

1871

Neuropsychopharmacology (2020) 45:1870 – 1876



orthogonal planes by an experienced radiographer who was
blinded to the diagnosis [Supplementary File 1]. These ROIs were
then fused with the corresponding 18F-DOPA PET images to
generate the time-activity curve for each ROI (MIM software,
version 6.6). A simplified Patlak parametric analysis was performed
to approximate the influx index rate constant for a 30–60-min
acquisition window (Kocc;30–60) of both the putamen and caudate,
using the occipital lobe as the reference region. The striatum-to-
cerebellum ratio was calculated by the mean standardized uptake
value of the ROIs during the 55–60-min interval. This scanning
protocol has been successfully used in previous studies to quantify
brain DSC [33–35]. High-resolution T1-weighted MRI data (repeti-
tion time: 1900ms, echo time: 2.37 ms, field of view: 250 mm, flip
angle: 9°, echo spacing: 7.2 ms, voxel size: 1 mm3) were acquired
simultaneously with PET data. The individual putamen and
caudate volumes were extracted from T1-weighted MR images
of the brain by volumetric segmentation, using FreeSurfer
software (http://surfer.nmr.mgh.harvard.edu/) [36].

Statistical analysis
Statistical analyses were performed using SPSS software, version
25.0. A chi-squared test and an independent samples t-test were
used to compare the basic demographics of patients with
different diagnoses and of healthy subjects. Comparison of
clinical characteristics including DUP, medication use, PANSS,
SANS, CDSS, and SOFAS were also conducted between different
diagnoses, in patients only. A general linear model and post-hoc
pairwise tests were used to determine the differences of the
Kocc;30–60 value, striatal volume and striatal to cerebellum ratio.
Correlation analysis of Kocc;30–60 values and clinical character-
istics segregated by diagnostic groups was conducted. Non-
parametric tests were applied if the normality of the data was
violated. The Benjamini–Hochberg procedure with a false
discovery rate (q value) of 5% was used to manage the problem
of multiple testing [37].

RESULTS
Demographics
Fifty-four subjects were recruited for this study, comprising 11
patients with DD, 12 with SZ, 12 with other psychotic disorders,
and 19 healthy controls. Patients with other psychotic disorders
had received diagnoses of brief psychotic disorder (n= 9) or
unspecified SZ-spectrum disorders and other psychotic disorder
(n= 3). The demographic details of the subjects were similar
between groups (Table 1). The average ages of the subjects with
DD, SZ, other psychotic disorders, or healthy controls were 44.27
(±9.11), 38.58 (±6.12), 38.42 (±15.11), and 42.21 (±6.68) years,
respectively.
The mean injected 18F-DOPA activities were 325 ± 54 MBq in

the DD, 318 ± 44 MBq in the SZ, 302 ± 60 MBq in the other
psychotic disorders, and 326 ± 49 MBq in the control groups.
There were no significant between-group differences in the mean
injected doses.

Clinical presentations
The clinical presentation details of the study groups are listed
in Table 2. The DUP was longest in the DD group (32.67 ±
37.01 months), followed by the SZ group (13.75 ± 17.74 months),
and then the other psychotic disorders group (2.50 ± 3.26),
but these differences were not statistically significant. Most of
the subjects had begun antipsychotic treatment prior to the
scans. There were no significant between-group differences in
terms of current antipsychotic drug usage, positive symptoms,
negative symptoms, or total PANSS and SANS scores. Similarly,
functional level and mood scores, which were assessed using
the SOFAS and CDSS scores respectively, did not differ between
the groups.

Kocc;30–60 values and putamen and caudate volumes
The volumes, striatum-to-cerebellum ratios, and Kocc;30–60 values in
both the putamen and caudate of each diagnostic group are listed
in Table 3. No significant differences in either the volume or the
striatum-to-cerebellum ratio were observed between the groups.
The Kocc;30–60 values in the putamen (F(1, 53)= 6.904, p < 0.001,
ηp

2= 0.297) and caudate (F(1, 49)= 5.516, p= 0.003, ηp
2= 0.273)

were significantly different overall (Table 3). Figures 1 and 2 present
the post-hoc pairwise tests of Kocc;30–60 values with
Benjamini–Hochberg correction. There were statistically significant
differences in the mean Kocc;30–60 values observed in both the
putamen and caudate in the SZ group (putamen: effect size (ES)=
1.33, corrected p= 0.002; caudate: ES= 1.40, corrected p= 0.003)
and in the other psychotic disorders group (putamen: ES= 1.56,
corrected p= 0.003; caudate: ES= 1.34, corrected p= 0.0045)
(Figs. 1 and 2) compared with the control group. The mean
Kocc;30–60 values in the DD group were significantly greater in the
caudate (ES= 0.83, corrected p= 0.048), but marginally significant
in the putamen (ES—Cohen’s d coefficient= 1.07, corrected p=
0.05) relative to the control group. The Kocc;30–60 values did not
significantly differ between the DD, SZ, and other psychotic
disorders groups.

Age-adjusted correlation of clinical symptoms and cumulative
antipsychotic dosages with Kocc;30–60 values
After adjusting for age, no significant correlations were observed of
the DUP, PANSS, SANS, CDSS, and SOFAS scores with the Kocc;30–60

values in the putamen and caudate (Supplementary Table 1). There
were also no significant between-group differences in the
cumulative antipsychotic dosages (Supplementary Table 2), and
these did not correlate significantly with the Kocc;30–60 values in the
putamen and caudate in the overall and individual groups after
adjusting for age. The details of individual patients’ prescriptions of
antipsychotics before scanning are listed in Supplementary Table 3.

DISCUSSION
These results demonstrate that there was an increased 18F-DOPA
uptake in the caudate in PET scans of patients with SZ, DD, and

Table 1. Demographics and clinical characteristics of participants.

Characteristics,
n (%)/mean ±
SD

Delusional
disorder
(N= 11)

Schizophrenia
(N= 12)

Other
psychotic
disorders
(N= 12)

Control
(N= 19)

Age 44.27 ±
9.11

38.58 ± 6.12 38.42 ± 15.11 42.21 ± 6.68

Gender

Female 5 (45.5) 7 (58.3) 7 (58.3) 11 (57.9)

Male 6 (54.5) 5 (41.7) 5 (41.7) 8 (42.1)

BMI 25.08 ±
4.45

20.68 ± 3.02 24.14 ± 3.05 22.92 ± 3.75

Marital status

Single 8 (72.7) 6 (50.0) 5 (41.7) 6 (31.6)

Married 1 (9.1) 5 (41.7) 6 (50.0) 12 (63.2)

Others 2 (18.2) 1 (8.3) 1 (8.3) 1 (5.3)

Years of
education

10.91 ±
2.66

10.38 ± 4.51 12.83 ± 3.20 12.63 ± 3.34

Unemployment 8 (7.27) 7 (58.3) 7 (58.3) 8 (44.4)

Use alcohol 9 (81.8) 8 (66.7) 8 (66.7) 6 (31.6)

Use substance 1 (9.1) 0 (0.0) 1 (8.3) 0 (0.0)

No significant differences were observed in all characteristics between
different groups.
SD standard deviation, BMI Body Mass Index.
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other psychotic disorders, relative to healthy controls. Patients
with SZ and other psychotic disorders also had significantly
greater 18F-DOPA uptake in the putamen, compared to healthy
controls. To the best of our knowledge, this study is the first to
report increased 18F-DOPA uptake in patients with DD. The results
support our hypothesis, DD, SZ-spectrum disorder (i.e., SZ and
schizophreniform disorder), or other nonaffective psychoses
would exhibit increased striatal DSC comparing with healthy
controls, and expand on previous findings from patients with SZ
to include related nonaffective psychotic disorders [19, 22].
Notably, our findings support the suggestion for a transdiagnostic
role of abnormal dopamine synthesis as a common pathophysio-
logical mechanism underlying psychosis [14]. An increased DSC
has also been reported in people considered to face an ultra-high
risk of psychosis, and was shown to increase progressively with
the development of psychosis [38]. In addition, increases in DSC
were observed in patients with BAD who exhibited psychotic
features. A significant association was observed between the DSC
and psychotic symptoms in patients with BAD after controlling for
manic symptoms [19]. Moreover, significant increases in the DSC
were observed in patients with temporal lobe epilepsy and
psychosis, when compared to patients without psychosis and
healthy controls [36].
Our results also demonstrate increases in the DSC across groups

of patients with SZ, DD, and other forms of psychosis. These

observations suggest an association of dopamine synthesis with
psychotic symptoms, rather than with a specific diagnosis.
However, we did not detect any significant correlation between
DSC and the severity of psychotic symptoms as measured by
PANSS (Supplementary Table 1). This lack of significance may be
attributable to the relatively small sample size in each group of
patients. Future studies should aim to clarify this issue.
Besides, the level of dopamine dysregulation may not be equal

within the regions of striatum. In our study, DD groups showed
significantly elevated DSC in caudate but marginally significant
in putamen compared with control group. In the previous case-
control study, it showed that the level of dopaminergic
hyperactivity was more pronounced in the precommissural dorsal
caudate region of striatum in SZ compared with other parts of
striatum [39].
To date, few studies have been performed to examine the

pathophysiology of DD. Moreover, aside from clinical studies,
only a small number of studies have been conducted to compare
brain structures and genetic and molecular differences in DD
patients. In a recent study it was found that DD patients had
distinct structural and functional brain changes when compared
with healthy controls [40]. In another study, structural MRI
differences were found between DD and late-onset SZ, wherein
patients with DD were found to have larger lateral ventricles,
relative to patients with SZ and controls [41]. The observed DSC

Table 2. Clinical presentation among diagnostic groups.

Scales, n (%)/mean ± SD Delusional disorder
(N= 11)

Schizophrenia
(N= 12)

Other psychotic disorders
(N= 12)

Duration of untreated psychosis (DUP) (months), mean ± SD
(median, range)

32.67 ± 37.01 (16, 1–96) 13.75 ± 17.75 (4, 1–50) 2.50 ± 3.26 (1, 0–12)

Medicated (antipsychotics) 9 (81.8) 9 (75.0) 11 (91.7)

PANSS

Positive symptoms 18.82 ± 4.58 20.50 ± 5.00 17.25 ± 2.90

Negative symptoms 12.18 ± 4.26 13.17 ± 6.07 11.75 ± 4.45

General psychopathology 29.36 ± 6.83 31.33 ± 7.41 33.17 ± 7.13

Total 60.36 ± 12.78 65.00 ± 10.66 62.17 ± 11.57

SANS

Affective flattening or blunting 1.18 ± 2.86 4.25 ± 7.46 2.17 ± 4.99

Alogia 0.82 ± 2.71 1.17 ± 3.01 0.83 ± 2.89

Avolition–apathy 1.82 ± 2.82 3.17 ± 3.95 1.17 ± 2.86

Anhedonia 7.09 ± 5.97 5.92 ± 5.00 4.33 ± 5.00

Attention 1.36 ± 3.11 1.42 ± 3.63 1.25 ± 2.14

Total 12.27 ± 11.09 15.92 ± 15.18 9.75 ± 15.55

CDSS 7.45 ± 6.22 6.00 ± 4.20 5.25 ± 5.77

SOFAS 50.00 ± 10.80 53.29 ± 9.43 61.50 ± 13.57

SD standard deviation, PANSS Positive and Negative Syndrome Scale, SANS Scale for the Assessment of Negative Symptoms, CDSS Calgary Depression Scale for
Schizophrenia, SOFAS Social and Occupational Functioning Assessment Scale.

Table 3. The volume, striatal to cerebellum ratio and Kocc; 30–60 at the putamen and caudate of different diagnostic groups.

Mean ± SD Delusional disorder
(n= 11)

Schizophrenia
(n= 12)

Other psychotic
disorders (n= 12)

Control
(n= 19)

Comparison across groups

Volume of putamen (mm3) 6038.9 ± 935.2 6389.9 ± 671.7 6515.5 ± 710.1 6287.7 ± 849.1 F(1, 50)= 0724, p= 0.542, ηp
2= 0.042

Volume of caudate (mm3) 6469.7 ± 834.6 6348.1 ± 816.5 6655.8 ± 826.5 6305.9 ± 619.3 F(1, 50)= 0.581, p= 0.630, ηp
2= 0.034

Putamen/cerebellum 2.40 ± 0.24 2.48 ± 0.22 2.55 ± 0.19 2.37 ± 0.22 F(1, 50)= 1.773, p= 0.164, ηp
2= 0.096

Caudate/cerebellum 2.16 ± 0.21 2.19 ± 0.20 2.23 ± 0.22 2.16 ± 0.23 F(1, 50)= 0.245, p= 0.865, ηp
2= 0.014

Kocc; 30–60 at putamen 0.00775 ± 0.00085 0.00832 ± 0.00132 0.00818 ± 0.00090 0.00693 ± 0.00067 F(1, 53)= 6.904, p < 0.001, ηp
2= 0.297

Kocc; 30–60 at caudate 0.00717 ± 0.00107 0.00762 ± 0.00096 0.00726 ± 0.00045 0.00638 ± 0.00081 F(1, 49)= 5.516, p= 0.003, ηp
2= 0.273
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dysregulation in patients with DD in our study was consistent
with the findings of a previous study on dopamine metabolites
and polymorphisms in the genes encoding the dopamine
receptor and tyrosine hydroxylase in DD patients. Both the
levels of dopamine metabolites and the genetic polymorphisms
induced a hyperdopaminergic state in affected patients,
particularly those with the persecutory type of DD [42]. These
observations agree with our findings, as subjects with DD
exhibited increased dopamine synthesis, compared to healthy
controls. Our results suggest that the dopamine dysregulation
observed in DD is similar to that observed in SZ and other
psychotic disorders. Therefore, dopamine dysregulation may be
a common pathway to psychosis [43].

Strengths and limitations
One strength of our study was the recruitment of patients who
had experienced a first episode of psychosis and had no history of
chronic antipsychotic therapy. This criterion reduced the potential
influence of antipsychotics on the DSC.
One limitation in this study is the different methodology of

the scanning protocol and premedication compared to previous
18F-DOPA studies of psychosis. Most previous studies used the
premedication carbidopa, a peripheral aromatic acid decarbox-
ylase inhibitor, and entacapone, a peripheral catechol-O-methyl-
transferase inhibitor, administered 1 h before the scan to prevent
the formation of peripheral 18F-DOPA metabolites. These pre-
medications were shown to increase the signal-to-noise ratio
(SNR) [44], such that PET sensitivity may be reduced without
premedication, possibly leading to incorrect detection of no
significant differences in DSC across various types of psychosis
groups. However, premedication was not used in a recent
18F-DOPA study for SZ during the remission of positive symptoms,
and consistent results with good reliability and comparability to
studies that used premedication were obtained [45]. Thus, we
believe that a reduced SNR does not alter the main result of the
current study, which is that there was increased 18F-DOPA uptake
in the striatum of patients with SZ, DD, and other psychotic
disorders, relative to healthy controls.
Furthermore, a 90-min acquisition window was used as the

standard method in most of the previous 18F-DOPA studies for
psychosis. We note that our scanning protocol did not include the
uptake period, and therefore has a much shorter acquisition
time compared to the standard method. Despite the growing
evidence that using shorter scanning protocols yields good
reliability [45–47], this is the first psychosis research study using
a 30-min acquisition window starting 30min after injection, with a
reference region of the occipital lobe instead of the cerebellum.
These differences in acquisition method and reference region may
affect the reliability and the interpretation of these results when
compared to previous studies, which is also a limitation of
this study.
In contrast, the acquisition method and reference region chosen

were based those used in previous 18F-DOPA studies for PD
[33, 34]. Another 18F-DOPA study for PD also used a shorter
scanning time, in the form of the dual-time-point method.
Using the occipital lobe as a reference region provides a valid
approximation of the standard long-scanning protocol [48]. Both
the cerebellum and occipital cortex are recommended as
reference regions, because O-methyl-F-DOPA is assumed to be
the sole labeled metabolite in these regions [49]. However, the
abnormality of DSC in PD is well established; the existence of DSC
abnormality in psychosis, and particularly in DD, has yet to be fully
proven.
In a recent study it was found that DSC determined using short

postinjection periods agreed closely with the data acquired from a
full dynamic scan (Santangelo et al. In submission). The new short
acquisition (10–15min) scanning protocol was validated with
three data sets. The first data set comprised 29 first-episode
psychosis patients and 14 age-matched healthy subjects as
controls. The second data set comprised 12 treatment non-
responsive and 12 treatment-responsive patients with SZ, and 12
age-matched healthy subjects as controls. The third data set
comprised eight healthy controls who were scanned twice, 2 years
apart. It was concluded that a short 18F-DOPA PET imaging
protocol with a simplified index of F-DOPA uptake (Standardized
Uptake Value Ratio), defined as the ratio of the tracer activity in
the striatum to that in the cerebellum, provided a reliable and
reproducible measure of dopamine synthesis, and captured a full
picture of the biodistribution dynamics of 18F-DOPA. Thus, this
new acquisition protocol appears suitable and clinically advanta-
geous (i.e., enabling reduced scanning time and improved patient
comfort), but must be further validated using standard methods.
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Another potential limitation of the current study was the use of
antipsychotics by some of the participants, although the patients
began using these drugs less than 4 weeks prior to their scans. It has
been found that the DSC was unaltered by a 5-week course of
antipsychotic treatment [50], whilst in an earlier report a reduction in
18F-DOPA uptake in response to a relatively high dose of haloperidol
was observed [51]. We note that the doses of antipsychotics in this
study were much lower than those in the latter study but similar to
those in the former study. Further studies have reported that the
DSC remains elevated in SZ patients even after chronic treatment
with antipsychotics and the achievement of remission [52, 53]. These
observations suggest that antipsychotic treatment is unlikely to
explain the observed effects in this study, and in fact may have
reduced DSC differences between the patients and controls.
Moreover, we found no correlation between the dose of
antipsychotics and the Kocc;30–60 value (Supplementary Table 2).
Therefore, the observed between-group differences were not likely
to have been caused by antipsychotic therapy.
Moreover, in the SZ and other psychotic disorders groups, but

not in the DD group, we observed a significantly elevated DSC
compared with controls in the putamen. This may indicate that
there were differences in the extent and brain locations of
dopamine dysregulation across these groups. The However, our
study was not designed to detect differences between diagnostic
groups, and it lacked sufficient power to detect small DSC
differences between the DD and SZ groups. Further studies that
aim to clarify this issue will require larger patient samples.
Smoking may also affect the DSC, as suggested in previous

studies, but we collected no data on the cigarette use of
participants, which may be a limitation. However, the effect of
smoking on DSC is not consistent [54, 55]. In addition, it was not
found that cigarette smoking significantly the results of previous
PET studies on psychosis [45, 56].
Our findings indicate that although differences in the clinical

profiles of DD and SZ patients suggest that these are distinct
diagnostic entities, both disorders are associated with dopamine
dysregulation in the striatum. Notably, dopamine dysregulation
may not be restricted to this area in DD, but may also involve the
prefrontal cortex, as seen in patients with SZ, which could lead to
executive function deficits and cognitive biases [57]. Further PET
studies of dopamine synthesis in the prefrontal cortex are needed
to explore this intriguing possibility.

CONCLUSION
Our findings indicate that the dysregulated dopamine synthesis
observed in SZ and other psychotic disorders is also observed in
DD. This finding supports the possible transdiagnostic utility of
abnormal dopamine synthesis in clinical assessments of psychosis,
in that this abnormal biochemical function may be an underlying
molecular mechanism of all psychoses. It follows that this could
account for the similar clinical efficacy of antipsychotics for
treating DD and SZ. Further studies of the DSC of patients with DD
are needed to determine and verify any DSC differences between
patients with this and other psychotic disorders.
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