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Purpose: Theory of mind (ToM) is an important part of social cognitive function and is 
associated with medial prefrontal cortical (mPFC) activity. This study aimed to evaluate the 
efficacy of paliperidone in improving ToM task performance in patients with schizophrenia 
compared with haloperidol.
Patients and Methods: This study was a single-center, single-blinded (assessor), parallel- 
group randomized clinical trial of patients with schizophrenia randomized to paliperidone or 
haloperidol. ToM was assessed at weeks 0, 8, 12, and 16 using the first-order belief, higher- 
order belief, faux-pas, and Reading the Mind in the Eyes tests. The primary outcome was the 
change in the ToM performance scores from baseline to after 16 weeks of treatment.
Results: The participants received paliperidone (n = 29) or haloperidol (n = 31). For the 
first-order belief task, there were no between-group differences (P > 0.05) but time differ-
ences in both groups (P < 0.05). For the higher-order belief task, there were no between- 
group differences (P > 0.05), but there were time differences in both groups (P < 0.05) and 
a time×group interaction in the paliperidone group only (P < 0.05). For the faux-pas task, 
there was a difference between groups at week 16 (P < 0.05), and the improvement in time 
was significant for the paliperidone group only (P < 0.05). For the Reading the Mind in the 
Eyes task, there was an improvement over time for the paliperidone group only (P < 0.05). 
Safety was manageable in both groups.
Conclusion: Paliperidone treatment might be more effective than haloperidol in improving 
ToM task performance in schizophrenia.
Trial Registration: chictr.org.cn_identifier ChiCTR-IPR-15007635.
Keywords: schizophrenia, theory of mind, longitudinal study, paliperidone, haloperidol

Introduction
Social cognition refers to the mental processes used to detect, monitor, and analyze 
social signals from others and subsequently choose corresponding behavioral 
responses.1 Patients with schizophrenia have impairments in various domains of 
social cognition.2,3 An essential component of social cognition is the theory of 
mind (ToM)4–6 which refers to our ability to infer others’ beliefs, thoughts, and 
intentions and understand our own, allowing everyday social interaction, social 
intelligence, and social competence.7,8 ToM is impaired in schizophrenia.9–13 

These “mentalizing” deficits have been observed in first- and higher-order false 
belief tasks.14,15

Patients with schizophrenia display decreased activation in the left middle and 
inferior prefrontal cortex (PFC) areas during tasks involving mental state 
attribution,16,17 and decreased activity in the posterior orbital and middle PFC 
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during ToM tasks compared to patients with 
schizophrenia.18,19 There is good evidence for an abnor-
mal hemodynamic response in the medial prefrontal cortex 
(MPFC) of patients with schizophrenia during ToM 
tasks.20 Decreased ventromedial prefrontal cortex 
(VMPFC) gray matter volume (GMV) was associated 
with poor ToM task abilities.21 Poor faux-pas performance 
in people with schizophrenia is correlated with gray matter 
reduction in the left orbitofrontal cortex and right temporal 
pole;22 poor performance on the Reading Mind in the Eyes 
Test was found to be associated with gray matter reduction 
in the left ventrolateral prefrontal cortex (VLPFC).23

Several studies investigated the effect of medications 
specifically on ToM. Savina et al24 found that patients with 
schizophrenia treated with the atypical antipsychotics clo-
zapine and olanzapine performed similarly to healthy sub-
jects on ToM tasks, but treatment with typical 
antipsychotics and risperidone did not significantly 
improve ToM. In a small randomized controlled study, 
Pedersen et al25 reported that adjunctive intranasal oxyto-
cin reduced psychotic symptoms and improved ToM and 
social perception in schizophrenia. Therapies that effec-
tively improve ToM impairment might provide clinical 
benefits in the treatment of schizophrenia.26

The effects of some atypical antipsychotics on ToM have 
been studied extensively.27 Paliperidone, another atypical 
antipsychotic,28,29 has been investigated in a recent study 
that showed that social cognition and interaction training 
combined with paliperidone had the potential to improve 
cognition functions in early-onset schizophrenia.30 Previous 
studies demonstrated that paliperidone has a protective 
effect on prefrontal cortical neurons,28,29 closely related to 
ToM abilities.31 Therefore, it could be hypothesized that 
paliperidone might also demonstrate clinical benefits on 
ToM ability in patients with schizophrenia. Hence, this 
study aimed to evaluate the efficacy of paliperidone in 
improving ToM task performance in patients with schizo-
phrenia compared with haloperidol.

Materials and Methods
Study Design and Participants
This study was a single-center, single-blinded (assessor), par-
allel-group randomized clinical trial. It was conducted in accor-
dance with the Declaration of Helsinki and approved by 
Beijing Anding Hospital Ethics Committee (No. 2013 LSN 
No. (4)). All patients provided written informed consent. Trial 
Registration: chictr.org.cn_identifier ChiCTR-IPR-15007635.

Outpatients diagnosed with schizophrenia at Beijing 
Anding Hospital (Capital Medical University) according to 
the DSM-IV32 criteria were enrolled between January 2016 
and March 2017. The inclusion criteria were 1) 18–45 years 
of age, 2) schizophrenia history of ≤10 years, 3) able to 
understand and comply with the requirements of the 
study, 4) female patients of childbearing age had to use 
reliable contraception and have a negative urine human chor-
ionic gonadotropin (HCG) test at enrolment, and 5) scored no 
more than three of the four items of the 18-item version of the 
Brief Psychiatric Rating Scale BPRS (Conceptual 
Disorganization, Suspiciousness, Hallucinatory Behaviour, 
Unusual Thought Content),33 and scored no more than four 
on the CGI-S33,34 at the preliminary screening.

The exclusion criteria included mental retardation, 
drug/alcohol abuse within 4 weeks before enrolment, his-
tory of neurological disorder or organic brain disease, 
history of head injury with loss of consciousness, or pre-
sence of a co-morbid psychiatric disorder. Patients were 
excluded if they had suicidal tendencies or risk of hurting 
other people or were intolerant or unresponsive to paliper-
idone or haloperidol. Patients with catatonic schizophrenia 
were excluded. If any, modified electroconvulsive treat-
ment (MECT) was discontinued within 3 months before 
enrolling in this study. Patients who had poor eyesight or 
hearing were also excluded.

The patients were admitted to the hospital due to the 
fluctuation of their condition. The patients did not receive 
antipsychotic treatment for ≥1 month before enrollment. 
Since the participants were able to cooperate with cogni-
tive measurement and had no risk of suicide or impulsive 
injury, they were not required to be hospitalized for com-
pulsory treatment. Moreover, a long hospitalization would 
have a certain impact on social cognition, so they received 
follow-up treatment in the outpatient department. The 
study was conducted in an outpatient clinic. After the 
patients were enrolled, they could not receive strategic 
and systematic psychological therapy or other rehabilita-
tion training and could not receive physical therapy such 
as electroconvulsive therapy, MECT, transcranial magnetic 
stimulation, and transcranial direct current stimulation.

Interventions
The patients were divided into two groups according to the 
random number table method prepared by an independent 
third-party statistician. The patients were randomized to 
two groups: paliperidone and haloperidol for 16 weeks 
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(oral). The cognitive assessors were blinded to the general 
clinical and safety assessment.

The dosage of paliperidone and haloperidol was 
adjusted according to the patient’s condition. After enroll-
ment, the participants were prohibited from psychiatric 
medications other than those permitted by the study. 
Benzodiazepines were allowed for insomnia but not within 
12 h of the ToM measurement. If the participants had an 
extrapyramidal reaction (EPR), benhyisol hydrochloride 
could be used, not more than once a day, not more than 
one tablet at a time. The participants’ medications for 
physical diseases were taken in accordance with medical 
requirements, and the type and dose were kept unchanged 
during the study period as far as possible.

Outcomes
The primary outcome was the change in the ToM perfor-
mance scores from baseline to after 16 weeks of treatment. 
The secondary outcomes were treatment benefits and safety. 
Treatment benefits were determined by a decline in PANSS 
scores. Safety was assessed by adverse events (AEs), includ-
ing amenorrhea and EPR. All subjects were assessed with 
vital signs, Positive and Negative Syndrome Scale (PANSS), 
hematology, clinical biochemistry, urinalysis, and concomi-
tant medications at the initial screening and at weeks 0, 8, 
12, and 16 of treatment. ECGs were conducted at weeks 0 
and 16. ToM task performance was tested at weeks 0, 8, 12, 
and 16. Dose equivalence to chlorpromazine was estimated 
to compare the dose of paliperidone and haloperidol used in 
two groups, using the equations:35

For paliperidone: equivalent dose = actual dose×97.25 
(mg/d).

For haloperidol: equivalent dose = actual dose×73.4 
(mg/d).

Procedures
Informed consent was obtained, and the participants com-
pleted medical history and demographics questionnaires 
and PANSS. Four ToM tasks were selected, ordered in 
terms of developmental complexity and difficulty: a first- 
order false belief task, a higher-order false belief task,13 

a recognition of faux-pas task,36 and the Reading the Mind 
in the Eyes task.12

A “first-order false belief task” requires the listener’s 
appreciation that a character’s belief differs from their own 
belief in a short story.14,39 In this study, the examiner 
described three stories in the first-order false belief test. 
For example, person A puts a basketball in a basket and 

then leaves the room, and then person B comes to the 
room and puts the basketball into a box. The participant 
will be asked a series of questions testing their inferences 
about the people in the story. The first question is a false 
belief question, ie, when person A returns, where does 
person A think the basketball is? Then the participant 
was asked a fact-checking question, ie, where do you 
think the basketball really is? The participants were 
asked these two questions, and if they gave the correct 
answer to the question of false belief or fact-checking 
testing questions, they were awarded a score of 1 point. 
Zero points were awarded for an incorrect answer.

A “higher-order false belief task” requires the partici-
pant to infer false belief of one character about the false 
beliefs of another character.14 These tasks measure the 
ability to understand embedded mental states. The exam-
iner described three stories for the higher-order false belief 
test, ie, “ Ice-cream van” and “Family”40 and the Burglar 
story.41 The subjects were asked what one character 
believed about the belief of another character. One of the 
questions reflects ToM’s understanding; the second ques-
tion serves as a control task where the participant only 
needs to remember and understand the story’s events to 
give the correct answer. Correct answers required under-
standing the mental states of the characters. If the partici-
pant gave the correct answer to the question of false belief 
or memory testing question, he or she was awarded a score 
of 1 point, 0 points otherwise.

The term faux-pas describes a range of social blunders, 
which are actions or statements that might injure or embar-
rass someone else or betray confidence.37 The examiner 
presented 20 stories containing 10 faux-pas. Each faux-pas 
story was followed by five questions and two control 
questions. Faux-pas stories and control stories were pre-
sented in mixed order. Control stories only had two control 
questions that focused on memory, comprehension, and 
attention. Scoring for all questions was 1 for a correct 
answer and 0 for a wrong or incomplete answer, totaling 
100 possible points.

Reading the Mind in the Eyes test measures a person’s 
ability to infer a person’s mental state based on their facial 
expression.12,38 It consists of 36 black-and-white photo-
graphs of the eye region of the face, taken from different 
actors. Participants view these photos on a computer and 
are asked to choose one of four options that best express 
the person’s mental state on the computer monitor. The 
scoring is 1 for a correct answer and 0 for a wrong or 
incomplete answer.
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The psychopathological status of the patients with 
schizophrenia was assessed using the PANSS42 that con-
sisted of the Positive Symptom Scale, the Negative 
Symptom Scale, and the General Psychopathology Scale.

Statistical Analysis
The sample size was estimated at 30 per group based on 
the score of the faux-pas task, α=0.05, β=0.2, and a 30% 
loss to follow-up.

All analyses were carried out using SPSS 22.0 (IBM, 
Armonk, NY, USA). The intention to treat (ITT) population 
was used. The last observation carried forward (LOCF) was 
used for missing data. Continuous data were compared 
between groups using the t-test. Changes in ToM within 

a group were assessed using multivariable analysis of covar-
iance (MANCOVA) with medication group and time as fixed 
effects and baseline scores as covariables. If the time effect was 
significant, tests of simple effects within treatment groups were 
conducted by one-way ANOVA followed by a post hoc Tukey 
honest significant difference test. Two-sided P-values <0.05 
were considered statistically significant.

Results
Demographic Data
Sixty participants with schizophrenia were randomly 
assigned to paliperidone (n=29) or haloperidol (n=31) 
(Figure 1). All participants were right-handed. No signifi-
cant differences were found between the two groups in 

Figure 1 Participant flowchart.
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age, education, age of onset, and duration of illness 
(Table 1). The gender composition also did not vary 
between the groups. The use of artane (2–4 mg/d) was 
similar between the two groups (P>0.99). The mean dose 
of paliperidone was 7.2±2.3 (range, 3–12) mg/d and halo-
peridol were 10.9±3.6 (range, 4–20) mg/d, and the dose 
equivalence values to chlorpromazine were 700.2 
±223.7 mg/d and 800.0 ±264.2 mg/d, respectively.

Mean ToM Scores in the Two Groups
For performance on the first-order false belief task 
(Figure 2A and Supplementary Table S1), there were no 
significant differences between groups (F=0.117, P>0.05), 
but differences were significant for time effect (F=20.989, 
P<0.001). There was no significant difference in the 
group×time interaction effect (F=2.830, P>0.05).

For the higher-order false belief task (Figure 2B and 
Supplementary Table S1), no significant differences were 
found between groups (F=3.560, P>0.05), but differences 
were significant for the time effect (F=10.055, P<0.001). The 
group×time interaction effect for this task was significant 
(F=3.564, P<0.001). There was a significant difference in 
performance from baseline to endpoint for the paliperidone 
group (P<0.001) but not in the haloperidol group (P>0.05).

For the faux-pas task (Figure 2C and Supplementary 
Table S1), there were significant differences between 
groups (F=6.204, Mean difference=51.4, P<0.05). The 
t-test showed significant differences at week 16 (P<0.05). 
The differences were significant for the time effect 

Table 1 Characteristics of the Participants

Characteristics Paliperidone 
(n=29)

Haloperidol 
(n=31)

P

Age (years) 25.1±4.4 24.7±4.6 0.756

Males, n (%) 19 (65.5) 19 (61.3) 0.734

Age of onset (years) 22.5±4.3 22.2±4.2 0.747

Duration of illness (years) 2.5±1.4 2.6±1.2 0.851

Education years (years) 13.1±2.6 13.4±2.5 0.602

Combine with artane, n (%) 25 (86.2) 27 (87.1) >0.999

Dose* (mg/d) 700.2±223.7 800.0±264.2 0.121

Notes: Data are shown as mean ± standard deviation (SD) or n (%). *Equivalent 
dose of chlorpromazine.

Figure 2 Changes in theory of mind (ToM) tasks. Four tasks were selected: (A) a first-order false belief task, (B) a higher-order false belief task, (C) a recognition of faux- 
pas task, and (D) the Reading the Mind in the Eyes task. **P<0.001 represented significant differences in performance from baseline to endpoint for the paliperidone group 
analysed by simple effect analysis, and #P<0.05 represented a significant difference between paliperidone group and Haloperidol group at 16th treatment week analysed by 
t-test. Participants withdrew due to adverse events, and the numbers of participants in the paliperidone group were 29, 27, 25, and 24 at baseline, week 8, week 12, and 
week 16, respectively, while the numbers of the haloperidol group were 31, 28, 27, and 25, respectively.
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(F=5.178, P<0.05). No significant differences were found 
in the group×time interaction effect (F=0.681, P>0.05).

For the Reading the Mind in the Eyes task (Figure 2D 
and Supplementary Table S1), no significant differences 
were found between groups (F=3.151, P>0.05), but differ-
ences were significant for the time effect (F=4.479, 
P<0.05). No significant differences were found in the 
group×time interaction effect (F=1.874, P>0.05).

For the PANSS (Figure 3 and Supplementary Table S2), 
there was no difference between the paliperidone group and 
haloperidol group (F=0.006, P>0.05), but a significant dif-
ference in time effect in two groups (F=80.641, P<0.001), 
The group×time interaction effect for this task had no sig-
nificant difference (F=2.335, P>0.05).

Adverse Events
The AEs between the paliperidone and haloperidol groups 
were compared (Table 2). The numbers of patients with at 
least one AE were not different between the two groups 
(22 vs 25, P=0.653). The numbers of patients who with-
drew due to AEs were not different between the two 
groups (5 vs 6, P=0.833). In the paliperidone group, two, 
two, and one participants discontinued by weeks 8, 12, and 
16, respectively, because of adverse drug reactions (ame-
norrhea and EPR). In the haloperidol group, three, one, 
and two participants discontinued by weeks 8, 12, and 16, 
respectively. EPRs were the main reason. The most com-
mon AEs such as akathisia, tremor, fatigue, and dystonia 
were not significantly different (P>0.05).

Discussion
This study aimed to evaluate the efficacy of paliperidone 
in improving ToM task performance in patients with schi-
zophrenia compared with haloperidol. Four ToM tasks 
were ordered by developmental complexity and difficulty. 
The results suggested that paliperidone significantly 
improved all four ToM tasks tested during treatment, but 
haloperidol only improved the first-order False Belief 
Task, which is the simplest task. In line with our hypoth-
esis, the results suggest that paliperidone treatment might 
be superior to haloperidol in ameliorating ToM impair-
ment in schizophrenia. At present, the treatment of schizo-
phrenia focuses on the positive and negative symptoms. 
Recent research has begun to emphasize social cognitive 
function (which includes ToM),2–6 making this function 
a novel target for the treatment of schizophrenia. The 
present study is the first to investigate the effect of pali-
peridone on ToM ability in schizophrenia. The conclusions 
need to be validated in future trials.

The structure of paliperidone, which has a low affinity for 
lipid-rich environments, allows the molecule to cross the 
blood-brain barrier (BBB) easily.43 Animal studies28,29,44 

demonstrated that paliperidone could protect the brain 
against neurotoxicity induced by MK-801 or acute/chronic 
restraint stress. Paliperidone can lead to mitochondrial 

Figure 3 Comparison of the positive and negative syndrome scale score. 
Participants withdrew due to adverse events, and the numbers of participants in 
the paliperidone group were 29, 27, 25, and 24 at baseline, week 8, week 12, and 
week 16, respectively, while the numbers of the haloperidol group were 31, 28, 27, 
and 25, respectively.

Table 2 Adverse Events

Event Paliperidone 
(n=29)

Haloperidol 
(n=31)

P

≥1 adverse event 22 (75.9) 25 (80.7) 0.653

Withdrawal due to adverse 

events

5 (17.2) 6 (19.4) 0.833

Most common adverse events

Akathisia 9 (31) 10 (32.2) 0.919

Tremor 9 (31) 8 (25.8) 0.653

Fatigue 7 (24.1) 9 (29) 0.668

Dystonia 4 (13.8) 7 (22.6) 0.509

Hypersomnia 5 (17.2) 6 (19.4) 0.833

More dreams 7 (24.1) 4 (12.9) 0.327

Dry mouth 5 (17.2) 5 (16.1) >0.999

Constipation 3 (10.3) 4 (12.9) >0.99

Headache 4 (13.8) 5 (16.1) >0.99

Amenorrhea 2 (6.9) 2 (6.5) >0.99

Note: Data are shown as n (%). 
Abbreviations: ToM, theory of mind; mPFC, medial prefrontal cortical; PFC, 
prefrontal cortex; MPFC, medial prefrontal cortex; VMPFC, ventromedial prefron-
tal cortex; GMV, gray matter volume; VLPFC, ventrolateral prefrontal cortex; HCG, 
human chorionic gonadotropin; EPR, extrapyramidal reactions; AEs, adverse events; 
PANSS, Positive and Negative Syndrome Scale; ITT, intention to treat; LOCF, last 
observation carried forward; MANCOVA, multivariable analysis of covariance; BBB, 
blood-brain barrier; NE, norepinephrine.
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protein expression change at the synaptoneurosomal level in 
the rats’ prefrontal cortex after chronic treatment.45 

Paliperidone might have a strong neuroplastic effect and 
could effectively regulate the altered brain function of schi-
zophrenia. On the other hand, animal experiments showed 
that haloperidol could not preferentially act on the 
mPFC.46,47

Although both risperidone and paliperidone act as dopa-
mine (D2) and serotonin receptors (5-HT2A and 5-HT2C) 
antagonists, they have different signaling profiles.48,49 

Previous research supports that different DA/5-HT levels in 
the PFC region directly correlate with ToM processing.31 It has 
been reported that paliperidone exhibits a weaker affinity for 
α1 and α2-adrenergic receptors than risperidone.49 

Norepinephrine (NE) can promote emotion processing50–52 

and emotion enhancement,53,54 which might make paliperi-
done improve the social-perceptual component of the ToM.55 

The differences between these mechanisms could possibly 
contribute to some of the reasons for the different effects on 
ToM between paliperidone and risperidone. Furthermore, pali-
peridone possesses some advantages over first-generation anti-
psychotics. The hepatic metabolism of paliperidone is limited, 
and the hepatic extraction ratio is low, suggesting a lower risk 
of drug-drug interactions.49 Long-acting formulations 
(extended-release tablets and 3-monthly injections) are avail-
able, improving adherence to long-term maintenance 
regimens.49 Preclinical in vitro and in vivo 
experiments predicted that paliperidone possesses antipsycho-
tic, antidepressant, anxiolytic, mood-stabilizing, precognitive, 
and anti-inflammatory effects.49

Human studies have reached inconclusive results regard-
ing social cognition after treatment with atypical antipsycho-
tics, including olanzapine, clozapine, and risperidone.24,27,31,56 

Paliperidone is the 9-hydroxy active metabolite of 
risperidone.48 Some studies suggested that second-generation 
antipsychotics are more effective in neurocognitive function 
than first-generation drugs.56 Although the neurocognitive 
function affects social function, the latter is more complex 
and has many influencing factors. There is no consensus on 
which drugs are better for improving social functioning. 
Haloperidol is one of the most important and representative 
antipsychotic drugs,26,33,35,46,47 but a study showed that halo-
peridol has no protective effect on TOM.24 As a new antipsy-
chotic drug, paliperidone has effects on a variety of receptors, 
which may have a protective effect on TOM. Therefore, taking 
haloperidol as the control group, it is meaningful to study the 
effects of the two drugs on TOM in SCH patients.

While the present study demonstrated significant 
improvement from paliperidone on ToM task perfor-
mance, there were several limitations. First, this study 
was a single-center study and had a small sample size, 
which could introduce bias. Second, although the beha-
vioral experiments study found that paliperidone can 
improve ToM, its mechanism is unclear. In addition, 
the 4-month process to measure ToM was short. Third, 
the patients had a relatively short course of the disease, 
which might lead to a better response. Further research 
into the physiological mechanisms of paliperidone is 
needed. Despite these limitations, we believe this study 
is a thorough investigation of the effects of paliperidone 
vs haloperidol on ToM ability in schizophrenia. The 
results showing the beneficial effects of paliperidone 
provide insight into pharmacologic therapies of schizo-
phrenia and could promote future directions for research 
into the clinical manifestation of ToM impairment.

Conclusion
The atypical antipsychotic paliperidone might improve or 
protect ToM ability, but maybe not the typical antipsychotic 
haloperidol. Although the present study on drug treatment of 
ToM in patients with schizophrenia is limited, the results of 
this study might suggest that paliperidone can improve ToM 
abilities in patients with schizophrenia. These conclusions 
need to be validated in future trials. Future trials should be 
multicenter, with a large sample size, with a long period of 
ToM assessment, and include various types of patients.
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