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and Cognition in Patients With Chronic Schizophrenia
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ABSTRACT

Background: Cognitive deficits have been identified as a core feature of
patients with schizophrenia. Many genes associated with the dopamine and
norepinephrine systems are related to the cognitive deficits of patients with
schizophrenia. Dopamine B-hydroxylase (DBH) is a key enzyme that converts
dopamine to norepinephrine and for which activity and levels are under
strong genetic control.

Objective: To examine whether the DBH 5'-insertion/deletion (Ins/Del)
polymorphism influences cognitive function in patients with chronic
schizophrenia.

Method: The presence of the DBH 5'-Ins/Del polymorphism was determined
in 733 patients with chronic schizophrenia (diagnosed according to DSM-
V) and 544 healthy controls using a case-control design. We assessed all of
the patients’ psychopathology using the Positive and Negative Syndrome
Scale (PANSS) and cognition in 540 patients with chronic schizophrenia

and 297 healthy controls using the Repeatable Battery for the Assessment
of Neuropsychological Status (RBANS). This study was conducted between
2008 and 2011.

Results: The allelic and genotypic frequencies of the DBH 5’-Ins/Del
polymorphism were not significantly different between patients with
schizophrenia and healthy controls (both P values >.05). However, the
cognitive test scores were significantly lower in patients than in the healthy
controls for all scales (all P values <.05), except visuospatial/constructional
(P>.05). The attention score significantly differed according to the genotypic
group (P<.05) in patients but not in the healthy controls (P>.05). In patients
with chronic schizophrenia, the mean + SD attention score was lower in the
DBH 5'-Del/Del genotype (65.7 = 16.8) than in the DBH 5'-Ins/Del genotype
(71.4+18.0; P=.007) and the DBH 5'-Ins/Ins genotype (70.8+17.1; P=.02).

Conclusions: This study found that patients with chronic schizophrenia had
poorer cognitive function than the healthy controls in all examined cognitive
domains except for visuospatial/constructional. No significant association
was found between the DBH 5'-Ins/Del polymorphism and patients with
chronic schizophrenia. However, the DBH 5'-Del/Del genotype may be
specific to attentional decrements in patients with chronic schizophrenia.
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Cognitive deficits are a core feature of
psychotic disorders, especially in patients
with schizophrenia.! Studies have suggested that
the cognitive impairments of schizophrenia occur
in several cognitive domains, such as attention,
learning, language, memory, executive functioning,
and cognitive processing speed.>> Such cognitive
impairments occur before other psychiatric
symptoms appear and generally persist throughout
the disease,*> which may influence treatment,
rehabilitation, quality of life, and even employment
for patients with schizophrenia.®” Moreover, both
familial and twin studies have shown that genetic
factors account for approximately 50% of the
variability in memory ability, 70% of the variability in
verbal reasoning, and 79% of the variability in abstract
reasoning.®~!% These studies have provided evidence
that genetic variants may play an important role in
the cognitive deficits of patients with schizophrenia.

Dopamine B-hydroxylase (DBH) is the enzyme
that catalyzes the conversion of dopamine to
norepinephrine in adrenergic and noradrenergic
neurons in the central nervous system.'! Inhibiting
DBH activity increases dopamine levels and
decreases norepinephrine levels, both of which are
involved in cognitive dysfunction in patients with
schizophrenia."!>1* A study'* found an inverse
relationship between plasma DPH (pDBH) activity
and cognitive deficits in patients with schizophrenia.
Also, a recent study'® found that the DPH knockout
mice were unable to synthesize norepinephrine,
which was related to the cognitive dysfunction. DBH
in the prefrontal cortex (PFC) may be associated
with the immediate memory deficits that have
been reported in patients with schizophrenia.!®-18
Moreover, DBH has been shown to be involved
in mood regulation and attention impairment.!
Furthermore, dopamine and norepinephrine are
important neurotransmitters that have been linked
to cognitive function.?’-*> Dopamine transmission
dysfunction in the dopamine D, receptors in
the PFC may contribute to cognitive deficits in
schizophrenia.?* DBH activity and levels are under
strong genetic control.”® The above studies show
that cognitive function can be influenced by the
DPBH gene that encodes the rate-limiting enzyme for
the conversion of dopamine to norepinephrine in
patients with schizophrenia.!!?
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B The allelic and genotypic frequencies of the DBH 5'-
Ins/Del polymorphism were not significantly different
between 733 patients with chronic schizophrenia and 544
healthy controls.

B Ppatients with chronic schizophrenia had poorer cognitive
function than did the healthy controls in all examined
cognitive domains, except for visuospatial/constructional.

B The DBH 5'-Del/Del genotype may be specific to
attentional decrements in patients with chronic
schizophrenia.

Several studies have shown that the variants of the DPH
gene are associated with cognitive impairments. For example,
it has been found that the DBH5'-1021C>T polymorphism
is a functional site, which significantly influences
global executive function in children and adolescents
with attention-deficit/hyperactivity disorder (ADHD),
attention bias for neural facial expression in a young Han
Chinese population, and sustained attention in a healthy
population.?®-2¢ Additionally, several other variants in the
DBH gene have been associated with sustained attention
impairment in ADHD and spatial working memory in a
healthy population.!®?* Several studies reported that the
DBH genetic variants were associated with susceptibility
for schizophrenia. For example, one recent study* found
the first direct evidence for the linkage between the DPH
gene and pDBH, which suggested that the variants of the
DBH gene contributed strongly to the regulation of pDH
in schizophrenia. The DPH gene is localized to chromosome
9q34,%® which has reported modest positive linkage scores
with schizophrenia in two family studies.*’*> Moreover, a
recent study” has showed that the DBH variant was associated
with the development of first-episode schizophrenia. Taken
together, these findings suggest that the DBH genetic
variants may have effects on susceptibility to schizophrenia
and may contribute to cognitive function. However, the
most recent meta-analysis results®® provided no evidence of
association between DPH polymorphisms and patients with
schizophrenia. Therefore, the association between the DPH
gene and susceptibility for schizophrenia deserves further
investigation.

The 4.5 kilobases upstream of the 5’ flank transcriptional
starting site in the DPH gene contain a 19 nucleotide
functional insertion-deletion (Ins/Del) polymorphism
named DBH 5'-Ins/Del polymorphism, which is located on
chromosome 9q34. The DBH 5'-Ins/Del polymorphism has
been shown to be strongly associated with DBH activity.>*
One study®® has found that the pDBH activity of individuals
with the DBH 5'-Del/Del genotype was only half the level
of individuals with the DPH 5'-Ins/Ins genotype. Some
previous studies?”*¢-3% have found that the DBH 5'-Ins/
Del polymorphism was associated with cognitive function
in elderly women, the average reaction response time
in Han Chinese females, the attention bias for negative
faces in younger Han Chinese population, and post-error

slowing in young white healthy adults: Taken together, these
results suggest that the DBH 5'-Ins/Del polymorphism is a
functional site and may be involved in cognitive function
in patients with schizophrenia. Moreover, a recent study®
has found that the DBH 5'-Del allelic number contributes
to immediate memory impairment in first-episode
schizophrenia. However, no studies have examined the DRH
5'-Ins/Del polymorphism in relation to cognitive function in
patients with chronic schizophrenia. The aim of this study
is to examine whether the DBH 5'-Ins/Del polymorphism
influences cognitive function in patients with chronic
schizophrenia.

METHOD

Subjects

Patients with chronic schizophrenia (n=733; 624 men,
109 women) were recruited between 2008 and 2011 from the
inpatient unit of Beijing HuiLongGuan Hospital, including
10 male inpatient wards and 2 female inpatient wards,
because limited resources prevented us from continuing
to recruit patients from another 5 female inpatient wards.
Inclusion criteria were patients who were aged 20-75 years,
had a confirmed DSM-IV diagnosis of schizophrenia, had
at least 5 years of illness, had been receiving a stable dose
of oral antipsychotics for at least 12 months before entry
into this study, and provided written informed consent and
were able to take part in the psychopathology assessment.
Diagnoses were made for each patient by 2 independent
experienced psychiatrists and confirmed by the Structured
Clinical Interview for DSM-IV Axis I Disorders-Patient
Edition (SCID-I/P).* Moreover, all patients were of the
chronic type in the inpatient unit. Their mean+SD age
was 48.0 £ 9.5 years, and their mean number of education
years was 8.9 £4.2. They had been ill for a mean of 24.7£9.2
years and had received current antipsychotic treatment for
a mean of 40.9 +51.0 months. Since admission, all patients
received dietetically balanced hospital meals, which were
occasionally supplemented by gifts (usually fruit). Patients
had the opportunity to exercise for about an hour per day.
Antipsychotic drug treatment was mainly monotherapy,
with the most common medications consisting of clozapine,
risperidone, perphenazine, sulpiride, chlorpromazine, and
haloperidol. The mean daily dose of antipsychotics in
chlorpromazine equivalents was 401.7 + 180.9 mg/d for each
patient using the standard guidelines.*’

Healthy controls (n=>544; 241 men, 303 women) were
recruited from the local community through advertisement.
Their mean age was 45.7 +12.6 years and mean number of
education years was 8.4 +3.2. Healthy controls and patients
had a similar socioeconomic status and similar dietary
patterns. Current mental status and personal or family
history of mental disorders were assessed using unstructured
interviews. None of the healthy controls presented a personal
or family history of psychiatric disorders.

All subjects were Han Chinese recruited at the same time
from the Beijing area. Complete medical history, physical
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examination, andJaboratory tests were obtained from patients
and control subjects. All subjects were in good physical
health. Any subjects with any abnormalities whatsoever were
excluded, including cardiovascular disease, cerebrovascular
disease, infections, cancer, unstable diabetes, uncontrolled
hypertension, and pregnancy. Neither patients with chronic
schizophrenia nor healthy controls were experiencing drug
or alcohol abuse/dependence, which was determined by
the laboratory urine tests. This study was approved by the
institutional review board of HuiLongGuan Hospital, and
written informed consent was obtained from all subjects.

Clinical Measures

A detailed questionnaire including a complete medical
history, physical examination, and medical and psychological
conditions was obtained from patients with chronic
schizophrenia and healthy controls. Additional information
was collected from available medical records.

Cognitive function was assessed using the Repeatable
Battery for the Assessment of Neuropsychological Status
(RBANS, form A).*! The RBANS comprises 12 subtests that
are used to calculate 5 age-adjusted index scores and a total
score. The test indices are immediate memory, attention,
language, visuospatial/constructional, and delayed memory.
The RBANS was previously translated into Chinese by our
group, and its clinical validity and test-retest reliability
were established in healthy controls and patients with
schizophrenia.*> The total and 5 index scores reported in
this present study are standard scores.

All patients were tested with the RBANS while they were
in a stable state. Since this is a sample of chronic patients,
the average duration of hospitalization ranged from 3 to
approximately 6 months. The cognitive performance was
generally tested in the second or third month of their
hospitalization while they did not display acutely psychotic
symptoms or deterioration of function.

Four experienced psychiatrists (who were blind to the
clinical status of patients with chronic schizophrenia),
assessed the severity of the patients’ psychopathology using
the Positive and Negative Syndrome Scale (PANSS).** The
PANSS is composed of 3 areas (positive symptoms, negative
symptoms, and general psychopathology) and a total PANSS
score.* The attending psychiatrists were simultaneously
trained in the use of the PANSS before this study was
initiated. After training, repeated assessments showed that
the interobserver correlation coefficient was maintained at
greater than 0.80 for the PANSS total score.

Genotyping

The genotypes of DPH 5'-Ins/Del were identified as
reported in our previous study.’ In each experiment, an
individual known to be heterozygous for the DBH 5'-Ins/
Del polymorphism was included as a positive control to
ensure amplification of both alleles. A reagent control
without DNA served as a negative control. Two investigators
independently analyzed Ins/Del polymorphism patterns
to confirm genotype assignment. The results were scored

DPBH and Cognition in Chronic Schizophrenia

with investigators blinded to case-control statts. If the
2 investigators’ genotype assignments did not agree, the
samples were repeated. Also, genotyping error checks were
conducted by regenotyping within a subsample (n=50), and
reproducibility was routinely > 0.99.

Statistical Analysis

Deviations from the Hardy-Weinberg equilibrium
(HWE) were assessed using the HWSIM program.** DBH
5'-Ins/Del allelic and genotypic frequencies were compared
between patients and healthy controls using x* tests. Group
differences were compared using Student f tests or 1-way
analysis of variance (ANOVA) for continuous variables and
x? for categorical variables. Post hoc comparisons between
subgroups were made using Fisher least significant difference
procedure. When ANOVA identified significant differences in
cognitive scores according to the genotypic group in patients
or healthy controls, the effects of gender, age, education, age
at onset, duration of illness, antipsychotic types, medication
doses, and duration of current antipsychotic treatment were
tested by adding these variables to the analysis model as
covariates.

For the main models, analyses of covariance were
constructed. The DPH genotypes were the independent
variables, and the cognitive scores shown by the RBANS total
and 5 index scores were the dependent variables. Sex, age, and
education were the covariates. In each model, we tested the
main effects of diagnosis, genotype, and genotype x diagnosis.
Bonferroni corrections were applied to each test to adjust for
multiple testing. SPSS version 17.0 was used to perform the
statistical analysis. Data were presented as mean + SD, and all
P values were 2-tailed, with the significance level set at .05.

The power of sample was calculated with QUANTO
software, which has been developed at the University of
Southern California (http://biostats.usc.edu/software),*
with known risk allelic frequencies, and a schizophrenia
population prevalence of 1%. Log additive, recessive, and
dominant models were examined. The significance level was
set at a P value of .05.

RESULTS

The demographic characteristics are summarized in Table
1. The patients with chronic schizophrenia and the healthy
controls differed significantly in gender, age, and education
(all P values <.05). The distribution of the DBH genotypes
was consistent with HWE in both patients with chronic
schizophrenia and healthy controls (both P values >.05).
There were no significant differences in the DBH allelic
and genotypic distributions between patients and healthy
controls (x*;=2.97, P=.09; x*,=5.08, P=.08; respectively).
We still did not find allelic and genotypic differences between
the 2 groups after adjusting for gender and age (both P values
>.05).

RBANS data were available for 540 patients with
chronic schizophrenia and 297 healthy controls. RBANS
total and index scores along with the effects of the DPH
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5'-Ins/Del polymorphism on” the " RBANS total “and “index
scores are summarized in Table 2. Cognitive test scores were
significantly lower in patients with chronic schizophrenia than
in healthy controls on all scales (all P values <.01) except for
the visuospatial/constructional (P>.05) after adjusting for age,
sex, and education. The DBH 5'-Ins/Del polymorphism had a
significant genotypic effect on the attention index in patients
with chronic schizophrenia (F=3.00, P<.05) after adjusting for
age, sex, education age at onset, duration of illness, antipsychotic
types, medication doses, and duration of current antipsychotic
treatment. However, the significant effect of this polymorphism
on the attention score of RBANS in patients with chronic

Table 1. Demographic Characteristics, Clinical Data, and
DBH 5’-Ins/Del Allelic and Genotypic Distributions in Patients
With Chronic Schizophrenia and Healthy Controls

Chronic Healthy
Schizophrenia  Controls P
Variable (n=733) (n=544) Statistic Value
Sex, n 24045 <.01
Men 624 241
Women 109 303
Age, mean£SD,y 48.0+9.5 457+12.6 13.02 <.01
Education, mean+SD, y 8.9+4.2 84+3.2 4.27 .04
DpBH 5'-Ins/Del allelic
frequency, n (%)
Del 621 (42.4) 424 (39.0) 297 .09
Ins 845 (57.6) 664 (61.0)
DpBH 5'-Ins/Del genotypic
frequency, n (%)
Del/Del 131(17.9) 93 (17.1) 5.08 .08
Ins/Del 359 (49.0) 238 (43.8)
Ins/Ins 243 (33.2) 213 (39.2)
Age at onset, mean£SD, y 23.4+54
Duration of illness, mean+SD, y 24.7+9.2
Atypical antipsychotic, n 565
Typical antipsychotic, n 168
Daily antipsychotic dose 401.7+£180.9
(chlorpromazine equivalents)
mean +SD, mg/d
Duration of current antipsychotic ~ 40.9+£51.0
treatment, mean+SD, mo
PANSS score, mean+SD
Positive symptoms 12.8+54
Negative symptoms 23.0+£8.2
General psychopathology 26.0+6.2
Total score 61.8+15.1

Abbreviations: DBH 5'=dopamine -hydroxylase-5’, Del =deletion,
Ins=insertion, PANSS =Positive and Negative Syndrome Scale.

schizophrenia'did not pass the Benferroni corrections
(P>.05). Patients with chronic schizophrenia who
were Del homozygous had significantly lower attention
scores than patients who were either Ins heterozygous
or Ins homozygous (P=.007 and P=.02, respectively;
Bonferroni corrected: both P values <.05, respectively),
but not in the healthy controls (P>.05). Moreover, there
were no significant genotype and genotype x diagnosis
effects for immediate memory, language, visuospatial/
construction, delayed memory, and RBANS total score
in all subjects (P>.05).

In addition, the sample size for the RBANS data is
somewhat reversed considering the approximate 2:1
ratio of patients to controls. Considering unmatched
patient and control studies, roughly equal numbers
of patients to controls is most efficient; however,
literature suggests an up to 1:4 patient-control ratio for
matched case-control studies to find valid associations
with regard to power.*® Further statistical analysis of
a 1-to-1 matching of patients to controls was carried
out, thereby minimally reducing the sample to 250
patients and 250 controls. This eliminated the gender,
age, and education difference, but the primary
results on the RBANS were unchanged. Cognitive
test scores were significantly lower in patients with
chronic schizophrenia than in healthy controls on all
scales (all P values <.01), except for the visuospatial/
constructional (P>.05). Interestingly, the DBH 5'-Ins/
Del polymorphism had a more significant genotypic
effect on the attention index in patients with increased
Pvalue (F=3.68, P<.01; Bonferroni corrected: P>.05),
but not in the controls (P>.05). Furthermore, a 4-to-1
matching of patients to controls was also carried
out, thereby minimally reducing the sample size to
60 patients and 240 controls in a third analysis. The
primary results on the RBANS were unchanged, but
the effect of the DPH polymorphism on cognitive
performance disappeared because of too few samples
(date not shown).

This sample had 0.99 statistical power to detect this
polymorphism associated with chronic patients through
dominant, recessive, or log-additive inheritance, with a
genetic effect of 2.0 (a=.05, 2-tailed test).

Table 2. Comparisons Among the RBANS Total and Index Scores (mean + SD) by Diagnostic and Genotypic Groupings

Chronic Schizophrenia® Healthy Controls Diagnosis Genotype  Diagnosis X Genotype

Del/Del Ins/Del Ins/Ins Del/Del Ins/Del Ins/Ins P P P
RBANS score (n=95) (n=271) (n=174) (n=49) (n=124) (n=124) F Value F  Value F Value
Immediate memory 59.0+16.5 585+158 57.9+163 740+164 719+184 733%169 7200 <.01 032 .72 0.27 .76
Attention 65.7+16.8 714+180P 70.8+17.1° 87.2+21.8 834+19.7 845+19.7 7479 <.01 046 .63 2.25 11
Language 7921146 81.7+157 82.6+150 942+134 929+138 93.1+£128 83.11 <.01 0.56 .57 0.77 46
Visuospatial/ 749+17.0 77.0+182 78.0+176 7931156 77.0+141 78.0+157 0.00 998 043 .65 0.60 .55

constructional

Delayed memory 674+189 66.6+19.7 673+19.0 86.5+163 83.7+159 854+13.8 10476 <.01 073 .48 0.02 .99
Total score 625+138 64.7+150 648+143 796+158 769+150 77.7+142 97.83 <.01 030 .74 0.70 .50

2A significant genotypic effect on the attention index in patients with chronic schizophrenia: P<.05.

bP<.01 for comparison of the attention index between chronic patients with Del/Del and those with Ins/Del.

P <.05 for comparison of the attention index between chronic patients with Del/Del and those with Ins/Ins.
Abbreviations: Del=deletion, Ins=insertion, RBANS =Repeatable Battery for the Assessment of Neuropsychological Status.
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DISCUSSION

To our knowledge, this report is the first to investigate
the relationship between the DBPH 5'-Ins/Del polymorphism
and cognitive deficits in patients with chronic schizophrenia.
We found significantly poorer cognitive function in almost
all cognitive domains except the visuospatial/constructional
domain in patients with chronic schizophrenia than in
the healthy controls. There was no significant association
between patients with chronic schizophrenia and the DBH
5'-Ins/Del polymorphism. However, the DPH 5'-Del/
Del genotype may be specific to attentional decrements
compared to DBH 5'-Ins/Del or DPH 5'-Ins/Ins in patients
with chronic schizophrenia.

Our finding that the Del allele frequency of the DPH
5'-Ins/Del polymorphism was 39.0% in healthy controls
(Table 1) was consistent with one study*” using a healthy
Han Chinese population. Previous biochemical studies*$->
have shown that schizophrenia and other psychiatric
disorders are associated with low pDBH activity. However,
we found that the DBH 5'-Ins/Del polymorphism may not
directly contribute to the susceptibility to patients with
chronic schizophrenia. This finding is consistent with
previous studies*”**? reporting no significant association
between the DPH 5'-Ins/Del polymorphism and patients
with chronic schizophrenia in white, Korean, and Chinese
ethnic groups. Moreover, several previous studies®® have
found that schizophrenia is not associated with other
DBH gene polymorphisms, including Ala304Ser and
444G/A. In addition, an earlier study>* found no significant
association between the DBH 5’-Ins/Del polymorphism
and schizophrenia. These results suggest that some of the
DBH gene polymorphisms, especially the DPH 5'-Ins/Del
polymorphism, do not play a role in susceptibility to patients
with chronic schizophrenia. However, one study?® which
found the first direct evidence for the linkage between the
DBH gene and pDPH, suggested that the DBH 5'-1021C>T
polymorphism, rs1611122, and rs6271 on the DPH gene
contribute strongly to the genetic regulation of pDBH in
schizophrenia. Thus, further studies investigating other DRH
gene polymorphisms and haplotypes associated with chronic
schizophrenia are warranted.

This study found that patients with chronic schizophrenia
had more significant cognitive deficits than did healthy
controls in almost all cognitive domains except the
visuospatial/constructional domain. This result was
consistent with previous studies.” However, some studies
have had inconsistent results. For example, our present
study found that patients with chronic schizophrenia
appear to have impaired attention and normal visuospatial/
constructional function, whereas other studies*?? have
reported that patients with schizophrenia exhibit normal
attention and impaired visuospatial/constructional function.
These inconsistent findings of cognitive deficits in patients
with schizophrenia may be due to multiple and complex
factors such as age, gender, education, smoking, body mass
index, duration of illness, antipsychotic drugs, treatment

DPBH and Cognition in Chronic Schizophrenia

ddration, and genetic background. Therefore, the underlying
psychopathological mechanisms of cognitive deficits in
patients with chronic schizophrenia are still not completely
understood and deserve further investigation in the future.

This study was the first to find that the DBH 5'-Del/Del
genotype was related to poorer attention than those with the
DPBH 5'-Ins/Del or DBH 5'-Ins/Ins in patients with chronic
schizophrenia. The underlying mechanism responsible for
the DBH 5'-Del/Del genotypic influence on attention could
reflect its lower transcriptional activity and the resulting
decreased production of norepinephrine and altered balance
of dopamine and norepinephrine in the relevant brain
regions. This is consistent with Alzheimer’s disease, poorer
cognitive function in elderly women, and first-episode
schizophrenia.**%% Moreover, a recent study?’ found that the
interaction between the DBH 5'-Ins/Del polymorphism and
the repeated sequence of monoamine oxidase A significantly
influenced attention bias for negative expressions. The same
study also found that the DBH 5'-1021C>T polymorphism
was significantly associated with attention bias for neural
facial expression in a young Han Chinese population. Two
other studies'®?® showed that variants in the DBH gene were
associated with sustained attention deficits in children with
ADHD and in healthy controls. DBH converts dopamine
to norepinephrine, which are both involved in attention
regulation.??* In addition, some studies®*>® have found
that the dopamine agonist amphetamine may improve
sustained attention in healthy controls and rats, and it may
ameliorate sustained attention impairments in individuals
with ADHD. Noradrenergic drugs such as clonidine may
influence the alerting component of sustained attention in
humans and rats.?>> These results suggest that the DBH
5'-Ins/Del polymorphism, which influences the activity
and levels of this hydroxylase, may contribute to attention
deficits in patients with chronic schizophrenia. In support of
this hypothesis, a previous study'* found that lower pDBH
activity influences cognitive impairments in schizophrenia.

Our present study has several limitations. First, due to
limited resources and difficulties in recruiting the large case-
control sample in our current study, the patients and controls
were not matched for age, sex, and education. Although
these differences were adjusted for in the analyses, the bias
in the statistical analysis may be caused by these unmatched
characteristics in this study. Hence, our findings in this study
will need to be replicated in a larger and matched sample
before a firm conclusion can be drawn. Second, few female
patients with schizophrenia were recruited in our present
study due to limited resources, showing that the selection of
the sample was skewed. Therefore, because our samples were
unmatched for sex, the sample is nonrepresentative, which
might lead to bias in the statistical analysis. A replication
study with a larger sample size and a balance of both sexes
would remedy this limitation. Third, in our present study,
genotyping was performed using amplified fragment length
polymorphism (AFLP) analyses, essentially because we did
not have a microsatellite-based technique in our hospital
while this study was carried out. AFLP is a rather crude way

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2016 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 77:3, March 2016

PSYCHIATRIST.COM = 383



Hui et al

to perform genotyping considering current technologies:
Hence, a misclassification of genotypes is possible in spite of
our quality controls. It is highly possible that we do see only
false-positive results. However, such misclassification would
typically bias the results toward no effect. A replication
study with a microsatellite-based genotyping technique in
a different population would help to address this limitation.
Fourth, although we found that there was no significant
susceptibility inference by the DBH 5'-Ins/Del to develop
schizophrenia, the allele and genotype frequencies between
patients and controls approached significance (P=.09 and
P=.08, respectively). It is highly possible that we do see only
false-negative results, which might be due to ill-effective
patient-control matching. Unmatched patient and control
studies, especially the significant differences in gender, age,
and education between patient and control groups, might
lead to bias in the statistical analysis due to the imbalance
in the ratio of patients to controls in our current study.
Fifth, all patients with schizophrenia in the present study
were chronically hospitalized, with long-term duration of
illness, and treated with heterogeneous antipsychotics and
doses, which clearly were different from the healthy controls
and might be responsible for the differences in cognitive
performances between them. Moreover, generalizing our
study is limited by our sample of chronically hospitalized
patients, who had more severe psychopathology and a longer
duration of illness than typical psychotic outpatients. Sixth,
although the RBANS is becoming a widely used screening
instrument in neuropsychological assessment, it also has
some limitations. For example, it is unable to evaluate all
of the cognitive functions that may be altered in patients,
such as motor abilities or executive functioning. Moreover,
the RBANS has not been used widely in China, and the
applicability and the potential use of the RBANS in Chinese
individuals and schizophrenic patients need to be confirmed
further. Finally, the DBH genotypes can be regarded as
trait-dependent features, while the cognitive performance
is state dependent. Moreover, many factors, such as
decreased attention, uncooperativeness, or the psychosis
itself, may have contributed to the cognitive impairment
in schizophrenia. Therefore, a comparison of genotypes
with the cognitive performance at any given time could be
misleading. Hence, our findings of association between the
DBH 5'-Ins/Del polymorphism and cognitive impairments
in chronic patients with schizophrenia should be explained
with caution. Those clinical factors related to cognitive
performance in schizophrenia should be considered.

In summary, we found that the DBH 5'-Ins/Del
polymorphism may not play a role in susceptibility to patients
with chronic schizophrenia. However, patients with chronic
schizophrenia had more significant cognitive impairments
than the healthy controls in all cognitive domains, except
for the visuospatial/constructional domain. Moreover, the
DPBH 5'-Ins/Del polymorphism might play a role in attention
impairment in patients with chronic schizophrenia; however,
it is worthy of mentioning the following factors before
making this conclusion. First, a number of other variants (eg,

DBH 5"-1021C>T) that are also functional and could in fact
be what is contributing to the significant association between
DPBH 5'-Ins/Del polymorphism and attention impairment
found in this study should be considered. Unfortunately, we
have not assessed these variants yet. Second, the functional
polymorphism including DBH 5'-Ins/Del, DBH 5'-1021C>T,
and other variants may influence cognitive performance,
especially on attention via their adjusted effects on pDH
levels. However, the pDPH levels were not assayed in our
present study. Taken together, no pDBH levels, together with
the absence of screening for other DBH variants that may be
present, the possibility of erroneous genotyping (or rather
ill-effective validation of genotyping performed), and the
sample size discrepancies between cases and controls would
not enable us to make a firm conclusion that the DBH 5'-Ins/
Del polymorphism is associated with cognitive deficit in
patients with chronic schizophrenia. Further, the relatively
high frequency of the polymorphism in the healthy controls
implies, even at face value, that, if involved in cognitive
deficit, this finding must be in an interactive or multiple-hit
capacity. Hence, this finding that a particular DBH 5’ Ins/
Del polymorphism is associated with attention deficit within
chronic schizophrenia patients remains preliminary because
of these limitations and requires replication in larger samples
with patient-control matching in different ethnicities using
the most advanced genotyping techniques.

Submitted: October 31, 2014; accepted February 12, 2015.
Online first: February 16, 2016.

Drug names: clonidine (Catapres and others), clozapine (Clozaril, FazaClo, and
others), risperidone (Risperdal and others).

Potential conflicts of interest: None reported.

Funding/support: This study was funded by grants from the Beijing
Municipal Natural Science Foundation (7132063), National Natural Science
Foundation of China (81371477), and NARSAD (independent investigator
grant 20314).

Role of the sponsor: The sponsors had no further role in study design,
data collection and analysis, decision to publish, or preparation of the
article.

REFERENCES

1. Condray R, Yao JK. Cognition, dopamine and bioactive lipids in
schizophrenia. Front Biosci (Schol Ed). 2011;3(1):298-330.

2. Mcintosh BJ, Zhang XY, Kosten T, et al. Performance-based assessment of
functional skills in severe mental iliness: results of a large-scale study in
China. J Psychiatr Res. 2011;45(8):1089-1094.

3. Huil, Zhang X, Yu YQ, et al. Association between DBH 19 bp insertion/
deletion polymorphism and cognition in first-episode schizophrenic
patients. Schizophr Res. 2013;147(2-3):236-240.

4. Dickerson F, Boronow JJ, Stallings C, et al. Cognitive functioning in
schizophrenia and bipolar disorder: comparison of performance on the
Repeatable Battery for the Assessment of Neuropsychological Status.
Psychiatry Res. 2004;129(1):45-53.

5. Hughes C, KumariV, Soni W, et al. Longitudinal study of symptoms and
cognitive function in chronic schizophrenia. Schizophr Res.
2003;59(2-3):137-146.

6. Shean GD. Recent developments in psychosocial treatments for
schizophrenic patients. Expert Rev Neurother. 2007;7(7):817-827.

7. Harvey PD. Pharmacological cognitive enhancement in schizophrenia.
Neuropsychol Rev. 2009;19(3):324-335.

8. McClearn GE, Johansson B, Berg S, et al. Substantial genetic influence on
cognitive abilities in twins 80 or more years old. Science.
1997;276(5318):1560-1563.

9. Benyamin B, Wilson V, Whalley LJ, et al. Large, consistent estimates of the
heritability of cognitive ability in two entire populations of 11-year-old
twins from Scottish mental surveys of 1932 and 1947. Behav Genet.
2005;35(5):525-534.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2016 Copyright Physicians Postgraduate Press, Inc.

384 @ PSYCHIATRIST.COM

J Clin Psychiatry 77:3, March 2016


http://dx.doi.org/10.2741/s153
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21196378&dopt=Abstract
http://dx.doi.org/10.1016/j.jpsychires.2011.01.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21300378&dopt=Abstract
http://dx.doi.org/10.1016/j.schres.2013.04.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23707643&dopt=Abstract
http://dx.doi.org/10.1016/j.psychres.2004.07.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15572184&dopt=Abstract
http://dx.doi.org/10.1016/S0920-9964(01)00393-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12414070&dopt=Abstract
http://dx.doi.org/10.1586/14737175.7.7.817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17610389&dopt=Abstract
http://dx.doi.org/10.1007/s11065-009-9103-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19507034&dopt=Abstract
http://dx.doi.org/10.1126/science.276.5318.1560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9171059&dopt=Abstract
http://dx.doi.org/10.1007/s10519-005-3556-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16184482&dopt=Abstract

20.

21.

22.

23.

24.

25.

. “Johfson B, SantanaV, SchupfN; et al:'The

heritability of abstract reasoning in Caribbean
Latinos with familial Alzheimer disease.
Dement Geriatr Cogn Disord.
2007;24(6):411-417.

. Ishiguro H, Kim KT, Joh TH, et al. Neuron-

specific expression of the human dopamine
beta-hydroxylase gene requires both the
cAMP-response element and a silencer region.
J Biol Chem. 1993;268(24):17987-17994.

. Robertson D, Goldberg MR, Onrot J, et al.

Isolated failure of autonomic noradrenergic
neurotransmission: evidence for impaired
beta-hydroxylation of dopamine. N Engl J Med.
1986;314(23):1494-1497.

. Friedman JI, Adler DN, Davis KL. The role of

norepinephrine in the pathophysiology of
cognitive disorders: potential applications to
the treatment of cognitive dysfunction in
schizophrenia and Alzheimer’s disease. Biol
Psychiatry. 1999;46(9):1243-1252.

. Bridge TP, Phelps BH, Cutler NR, et al.

Peripheral catecholamine enzyme function
and cognitive impairment of elderly
schizophrenics and controls. JAm Geriatr Soc.
1984;32(4):259-264.

. Hammerschmidt T, Kummer MP, Terwel D, et

al. Selective loss of noradrenaline exacerbates
early cognitive dysfunction and synaptic
deficits in APP/PS1 mice. Biol Psychiatry.
2013;73(5):454-463.

. Tan HY, Callicott JH, Weinberger DR. Prefrontal

cognitive systems in schizophrenia: towards
human genetic brain mechanisms. Cogn
Neuropsychiatry. 2009;14(4-5):277-298.

. van Veelen NM, Vink M, Ramsey NF, et al. Left

dorsolateral prefrontal cortex dysfunction in
medication-naive schizophrenia. Schizophr
Res. 2010;123(1):22-29.

. Zoubovsky SP, Pogorelov VM, Taniguchi Y, et

al. Working memory deficits in neuronal nitric
oxide synthase knockout mice: potential
impairments in prefrontal cortex mediated
cognitive function. Biochem Biophys Res
Commun. 2011;408(4):707-712.

. Bellgrove MA, Hawi Z, Gill M, et al. The

cognitive genetics of attention deficit
hyperactivity disorder (ADHD): sustained
attention as a candidate phenotype. Cortex.
2006;42(6):838-845.

Carli M, Robbins TW, Evenden JL, et al. Effects
of lesions to ascending noradrenergic
neurones on performance of a 5-choice serial
reaction task in rats: implications for theories
of dorsal noradrenergic bundle function
based on selective attention and arousal.
Behav Brain Res. 1983;9(3):361-380.

Smith AP, Wilson SJ, Glue P, et al. The effects
and after effects of the a2-adrenoceptor
antagonist idazoxan on mood, memory and
attention in normal volunteers.

J Psychopharmacol. 1992;6(3):376-381.

Silber BY, Croft RJ, Papafotiou K, et al. The
acute effects of d-amphetamine and
methamphetamine on attention and
psychomotor performance.
Psychopharmacology (Berl).
2006;187(2):154-169.

Green AE, Munafo MR, DeYoung CG, et al.
Using genetic data in cognitive neuroscience:
from growing pains to genuine insights. Nat
Rev Neurosci. 2008;9(9):710-720.

Davis KL, Kahn RS, Ko G, et al. Dopamine in
schizophrenia: a review and
reconceptualization. Am J Psychiatry.
1991;148(11):1474-1486.

Cubells JF, Sun X, Li W, et al. Linkage analysis
of plasma dopamine B-hydroxylase activity in
families of patients with schizophrenia. Hum
Genet. 2011;130(5):635-643.

26.

27.

30.

31.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kiéling C, Genro JP, Hutz MH, et al” The =1021
C/T DBH polymorphism is associated with
neuropsychological performance among
children and adolescents with ADHD. Am J Med
Genet B Neuropsychiatr Genet.
2008;147B(4):485-490.

Gong P, Xi S, Shen G, et al. The effects of DBH,
MAOA, and MAOB on attentional biases for
facial expressions. J Mol Neurosci.
2013;49(3):606-613.

. Greene CM, Bellgrove MA, Gill M, et al.

Noradrenergic genotype predicts lapses in
sustained attention. Neuropsychologia.
2009;47(2):591-594.

. Parasuraman R, Greenwood PM, Kumar R, et al.

Beyond heritability: neurotransmitter genes
differentially modulate visuospatial attention
and working memory. Psychol Sci.
2005;16(3):200-207.

Perry SE, Summar ML, Phillips JA 3rd, et al.
Linkage analysis of the human dopamine beta-
hydroxylase gene. Genomics.
1991;10(2):493-495.

Riley BP, Tahir E, Rajagopalan S, et al. A linkage
study of the N-methyl-D-aspartate receptor
subunit gene loci and schizophrenia in
southern African Bantu-speaking families.
Psychiatr Genet. 1997;7(2):57-74.

. Kaufmann CA, Suarez B, Malaspina D, et al.

NIMH Genetics Initiative Millenium
Schizophrenia Consortium: linkage analysis of
African-American pedigrees. Am J Med Genet.
1998;81(4):282-289.

Dai D, Wang Y, Yuan J, et al. Meta-analyses of 10
polymorphisms associated with the risk of
schizophrenia. Biomed Rep. 2014;2(5):729-736.
Cubells JF, Kranzler HR, McCance-Katz E, et al. A
haplotype at the DBH locus, associated with
low plasma dopamine beta-hydroxylase
activity, also associates with cocaine-induced
paranoia. Mol Psychiatry. 2000;5(1):56-63.
Cubells JF, van Kammen DP, Kelley ME, et al.
Dopamine beta-hydroxylase: two
polymorphisms in linkage disequilibrium at
the structural gene DBH associate with
biochemical phenotypic variation. Hum Genet.
1998;102(5):533-540.

Togsverd M, Werge TM, Tanké LB, et al.
Cognitive performance in elderly women:
significance of the 19bp insertion/deletion
polymorphism in the 5’ flank of the dopamine
beta-hydroxylase gene, educational level,
body fat measures, serum triglyceride, alcohol
consumption and age. Int J Geriatr Psychiatry.
2007;22(9):883-889.

Gong P, Li J, Chi W, et al. Variants in COMT and
DBH influence on response inhibition ability in
Chinese Han females. Cell Mol Neurobiol.
2011;31(8):1163-1169.

Colzato LS, de Rover M, van den Wildenberg
WP, et al. Genetic marker of norepinephrine
synthesis predicts individual differences in
post-error slowing: a pilot study.
Neuropsychologia. 2013;51(13):2600-2604.
First MB, Spitzer RL, Gibbon M, et al. Structured
Clinical Interview for DSM-IV Axis | Disorders-
Patient Edition (SCID I/P, version 2.0). New York,
NY: Biometrics Research, New York State
Psychiatric Institute; 1995.

Woods SW. Chlorpromazine equivalent doses
for the newer atypical antipsychotics. J Clin
Psychiatry. 2003;64(6):663-667.

Randolph C, Tierney MC, Mohr E, et al. The
Repeatable Battery for the Assessment of
Neuropsychological Status (RBANS):
preliminary clinical validity. J Clin Exp
Neuropsychol. 1998;20(3):310-319.

Zhang BH, Tan YL, Zhang WF, et al. Repeatable
Battery for the Assessment of
Neuropsychological Status (RBANS) as a

DPBH and Cognition in Chronic Schizophrenia

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

screening testin Chinese: reliabilityand
validity. Chin Ment Health J. 2009;28:865-869.
Kay SR, Fiszbein A, Opler LA. The Positive and
Negative Syndrome Scale (PANSS) for
schizophrenia. Schizophr Bull.
1987;13(2):261-276.

Cubells JF, Kobayashi K, Nagatsu T, et al.
Population genetics of a functional variant of
the dopamine beta-hydroxylase gene (DBH).
Am J Med Genet. 1997,74(4):374-379.
Gauderman WJ. Sample size requirements for
matched case-control studies of gene-
environment interaction. Stat Med.
2002;21(1):35-50.

Grimes DA, Schulz KF. Compared to what?
Finding controls for case-control studies.
Lancet. 2005;365(9468):1429-1433.

Zhou N, Yu Q, Li X, et al. Association of the
dopamine B-hydroxylase 19 bp insertion/
deletion polymorphism with positive
symptoms but not tardive dyskinesia in
schizophrenia. Hum Psychopharmacol.
2013;28(3):230-237.

Meltzer HY, Cho HW, Carroll BJ, et al. Serum
dopamine-beta-hydroxylase activity in the
affective psychoses and schizophrenia:
decreased activity in unipolar psychotically
depressed patients. Arch Gen Psychiatry.
1976;33(5):585-591.

DelLisi LE, Wise CD, Potkin SG, et al. Dopamine-
beta-hydroxylase, monoamine oxidase, and
schizophrenia. Biol Psychiatry.
1980;15(6):895-907.

Araté M, Bagdy G, Bliimel F, et al. Reduced
serum dopamine-beta-hydroxylase activity in
paranoid schizophrenics. Pharmacopsychiatria.
1983;16(1):19-22.

Yamamoto K, Cubells JF, Gelernter J, et al.
Dopamine beta-hydroxylase (DBH) gene and
schizophrenia phenotypic variability: a genetic
association study. Am J Med Genet B
Neuropsychiatr Genet. 2003;117B(1):33-38.
Park JK, Kim JW, Lee HJ, et al. Dopamine beta-
hydroxylase gene polymorphisms and
psychotic symptoms in schizophrenia. Am J
Med Genet B Neuropsychiatr Genet.
2007;144B(7):944-945.

Williams HJ, Bray N, Murphy KC, et al. No
evidence for allelic association between
schizophrenia and a functional variant of the
human dopamine beta-hydroxylase gene
(DBH). Am J Med Genet. 1999;88(5):557-559.
Meszaros K, Lenzinger E, Fiireder T, et al.
Schizophrenia and the dopamine-beta-
hydroxylase gene: results of a linkage and
association study. Psychiatr Genet.
1996;6(1):17-22.

Wilk CM, Gold JM, Bartko JJ, et al. Test-retest
stability of the Repeatable Battery for the
Assessment of Neuropsychological Status in
schizophrenia. Am J Psychiatry.
2002;159(5):838-844.

Palmer AM. Neurochemical studies of
Alzheimer’s disease. Neurodegeneration.
1996;5(4):381-391.

Bizarro L, Patel S, Murtagh C, et al. Differential
effects of psychomotor stimulants on
attentional performance in rats: nicotine,
amphetamine, caffeine and methylphenidate.
Behav Pharmacol. 2004;15(3):195-206.
Spencer T, Biederman J, Wilens T, et al. Efficacy
of a mixed amphetamine salts compound in
adults with attention-deficit/hyperactivity
disorder. Arch Gen Psychiatry.
2001;58(8):775-782.

Coull JT, Middleton HC, Robbins TW, et al.
Clonidine and diazepam have differential
effects on tests of attention and learning.
Psychopharmacology (Berl).
1995;120(3):322-332.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2016 Copyright Physicians Postgraduate Press, Inc.
J Clin Psychiatry 77:3, March 2016

PSYCHIATRIST.COM = 385


http://dx.doi.org/10.1159/000109765
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17938569&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7688735&dopt=Abstract
http://dx.doi.org/10.1056/NEJM198606053142307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3010116&dopt=Abstract
http://dx.doi.org/10.1016/S0006-3223(99)00232-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10560029&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.1984.tb02018.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6707406&dopt=Abstract
http://dx.doi.org/10.1016/j.biopsych.2012.06.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22883210&dopt=Abstract
http://dx.doi.org/10.1080/13546800903091665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19634031&dopt=Abstract
http://dx.doi.org/10.1016/j.schres.2010.07.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20724113&dopt=Abstract
http://dx.doi.org/10.1016/j.bbrc.2011.04.097
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21539806&dopt=Abstract
http://dx.doi.org/10.1016/S0010-9452(08)70426-X
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17131588&dopt=Abstract
http://dx.doi.org/10.1016/0166-4328(83)90138-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6639741&dopt=Abstract
http://dx.doi.org/10.1177/026988119200600306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22291383&dopt=Abstract
http://dx.doi.org/10.1007/s00213-006-0410-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16761129&dopt=Abstract
http://dx.doi.org/10.1038/nrn2461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19143051&dopt=Abstract
http://dx.doi.org/10.1176/ajp.148.11.1474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1681750&dopt=Abstract
http://dx.doi.org/10.1007/s00439-011-0989-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21509519&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.b.30636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18081028&dopt=Abstract
http://dx.doi.org/10.1007/s12031-012-9894-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23054588&dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2008.10.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18973765&dopt=Abstract
http://dx.doi.org/10.1111/j.0956-7976.2005.00804.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15733200&dopt=Abstract
http://dx.doi.org/10.1016/0888-7543(91)90339-G
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2071155&dopt=Abstract
http://dx.doi.org/10.1097/00041444-199722000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9285963&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1096-8628(19980710)81:4%3c282::AID-AJMG2%3e3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9674972&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25054019&dopt=Abstract
http://dx.doi.org/10.1038/sj.mp.4000657
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10673769&dopt=Abstract
http://dx.doi.org/10.1007/s004390050736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9654201&dopt=Abstract
http://dx.doi.org/10.1002/gps.1756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17200925&dopt=Abstract
http://dx.doi.org/10.1007/s10571-011-9717-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21688126&dopt=Abstract
http://dx.doi.org/10.1016/j.neuropsychologia.2013.07.026
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23962674&dopt=Abstract
http://dx.doi.org/10.4088/JCP.v64n0607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12823080&dopt=Abstract
http://dx.doi.org/10.1076/jcen.20.3.310.823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9845158&dopt=Abstract
http://dx.doi.org/10.1093/schbul/13.2.261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3616518&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1096-8628(19970725)74:4%3c374::AID-AJMG7%3e3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9259372&dopt=Abstract
http://dx.doi.org/10.1002/sim.973
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11782049&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(05)66379-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15836892&dopt=Abstract
http://dx.doi.org/10.1002/hup.2311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23559427&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.1976.01770050047007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1267575&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7459411&dopt=Abstract
http://dx.doi.org/10.1055/s-2007-1017442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6828551&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.b.10011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12555232&dopt=Abstract
http://dx.doi.org/10.1002/ajmg.b.30516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17503472&dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1096-8628(19991015)88:5%3c557::AID-AJMG22%3e3.0.CO;2-F
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10490716&dopt=Abstract
http://dx.doi.org/10.1097/00041444-199621000-00004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8925253&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.159.5.838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11986139&dopt=Abstract
http://dx.doi.org/10.1006/neur.1996.0051
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9117551&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15187577&dopt=Abstract
http://dx.doi.org/10.1001/archpsyc.58.8.775
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11483144&dopt=Abstract
http://dx.doi.org/10.1007/BF02311180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8524980&dopt=Abstract

