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Abstract

Background. Cognitive impairment is a core feature of schizophrenia and has been observed
in both familial (FHR) and clinical high-risk (CHR) samples. Nonetheless, there is a paucity
of research directly contrasting cognitive profiles in these two high-risk states and first-episode
schizophrenia. This study aimed to compare cognitive functions in patients with first-episode
schizophrenia-spectrum disorder (FES), their unaffected siblings (FHR), CHR individuals and
healthy controls.
Method. A standardized battery of cognitive assessments was administered to 69 FES patients,
71 help-seeking CHR individuals without family history of psychotic disorder, 50 FHR parti-
cipants and 68 controls. FES and CHR participants were recruited from territory-wide early
intervention service for psychosis in Hong Kong. CHR status was ascertained using
Comprehensive Assessment of At-Risk Mental State.
Results. Among four groups, FES patients displayed the largest global cognitive impairment
and had medium-to-large deficits across all cognitive tests relative to controls. CHR and FHR
participants significantly underperformed in most cognitive tests than controls. Among vari-
ous cognitive tests, digit symbol coding demonstrated the greatest magnitude of impairment
in FES and CHR groups compared with controls. No significant difference between two high-
risk groups was observed in global cognition and all individual cognitive tests except digit
symbol coding which showed greater deficits in CHR than in FHR participants.
Conclusion. Clinical and familial risk groups experienced largely comparable cognitive
impairment that was intermediate between FES and controls. Digit symbol coding may
have the greatest discriminant capacity in distinguishing FES and CHR from healthy controls,
and between two high-risk samples.

Introduction

Cognitive impairment is a central feature of schizophrenia and related psychoses (Kahn and
Keefe, 2013). Substantial evidence indicates that cognitive dysfunction precedes the onset of
psychosis (MacCabe et al., 2013; Meier et al., 2014) and has been observed across all stages
of the illness (Lewandowski et al., 2011). Patients with established schizophrenia or first-
episode psychosis have been found to exhibit moderate-to-large deficits across multiple cog-
nitive domains relative to healthy participants, particularly in memory, attention, processing
speed and executive functions (Heinrichs and Zakzanis, 1998; Mesholam-Gately et al., 2009;
Aas et al., 2014). Literature has also shown that impaired cognition is critically associated
with functional disability (Green et al., 2000; Bowie et al., 2006) and worse clinical outcome
(Chen et al., 2005; Chang et al., 2013), and responds poorly to antipsychotic treatment (Keefe
et al., 2007; Davidson et al., 2009; Nielsen et al., 2015).

In fact, cognitive dysfunction has long been conceptualized as a vulnerability marker as well
as a potential risk predictor for the development of psychotic disorder. Two research para-
digms have been widely applied in investigating cognitive impairment prior to the onset of
psychosis, namely familial (FHR) and clinical high-risk (CHR) approaches. A large body of
research has revealed that unaffected first-degree relatives of patients with schizophrenia dis-
play modest degree of cognitive impairment that is intermediate between patients and healthy
controls (Sitskoorn et al., 2004; Snitz et al., 2006; Agnew-Blais and Seidman, 2013; Bora et al.,
2014). Data from twin studies further indicate substantial genetic overlap between cognition
and schizophrenia liability (Blokland et al., 2017), supporting cognitive impairment as an
important endophenotype for elucidating genetic risk architecture of the disorder (Mark
and Toulopoulou, 2016). Alternatively, recent meta-analytic reviews have demonstrated that
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people at CHR state (or known as at-risk mental state) (Yung and
McGorry, 1996; Fusar-Poli et al., 2013), a putatively prodromal
phase of psychotic disorder, have widespread cognitive deficits
(Bora et al., 2014; Fusar-Poli et al., 2012a,b; Giuliano et al.,
2012; De Herdt et al., 2013) which are nonetheless less pro-
nounced than those observed during first episode of psychosis
(Hauser et al., 2017). Accumulating evidence has also revealed
that cognitive dysfunction in CHR individuals is related to func-
tional impairment (Carrion et al., 2011; Meyer et al., 2014; Cotter
et al., 2014) and may enhance prediction of psychosis transition
(Lin et al., 2013; Michel et al., 2014; Cannon et al., 2016).

Contrasting the cognitive profiles of FHR and CHR samples,
who are presumably at different levels of psychosis risk and are
free from the confounds of antipsychotic medications and illness
chronicity, could shed light on the developmental course of cog-
nitive dysfunction predating the onset of full-blown psychosis.
Importantly, this would facilitate identification of impairment
in specific cognitive functions that may be differentially linked
to an imminent risk for psychosis v. trait (genetic risk) of the ill-
ness. A recent meta-analysis examining cognitive deficits in FHR
and CHR individuals has suggested that the two high-risk groups
were similarly impaired in cognitive functions as compared with
healthy controls (Bora et al., 2014). However, there is a paucity
of research directly comparing cognitive functions in FHR and
CHR samples. Until now, there are only five published reports
(Myles-Worsley et al., 2007; Seidman et al., 2010; Mukkala
et al., 2011; Ucok et al., 2013; Hou et al., 2016) in this respect
[including the only two studies (Ucok et al., 2013; Hou et al.,
2016) which also recruited first-episode schizophrenia sample
for cognitive comparison] and mixed findings were observed
across studies. Of particular note, several important methodo-
logical limitations of earlier research merit attention. First, most
studies recruited CHR individuals who were non-help-seeking in
nature (Myles-Worsley et al., 2007; Mukkala et al., 2011; Hou
et al., 2016) which may significantly dilute the risk for psychosis,
resulting in underestimation of cognitive impairment. Second,
CHR samples in all of these five studies (Myles-Worsley et al.,
2007; Seidman et al., 2010; Mukkala et al., 2011; Ucok et al.,
2013; Hou et al., 2016) comprised varying but significant propor-
tion of participants who fulfilled clinical risk criteria by having
positive family history of psychotic disorder and concurrent func-
tional deterioration (i.e. trait and state risk factors). Including indi-
viduals at genetically increased risk for psychosis in CHR group
membership for comparison analysis with FHR participants may
compromise validity of study results owing to a substantial overlap
between familial and clinical risk constructs in the study samples.
Third, sample sizes of high-risk groups in some studies were small
(n⩽ 30) (Mukkala et al., 2011; Ucok et al., 2013) which may
obscure potentially subtle yet significant between-group cognitive
differences owing to insufficient statistical power.

To this end, we present a study which aimed to compare cog-
nitive functions in three groups of participants lying across the
psychosis risk spectrum including patients with first-episode
schizophrenia-spectrum disorder (FES), their unaffected siblings
(i.e. FHR group) and help-seeking, antipsychotic-naive CHR indi-
viduals with no family history of psychotic disorder, relative to
healthy controls. Based on prior literature, we hypothesized that
FES, FHR and CHR groups would exhibit significantly poorer
cognitive performance than healthy controls. Furthermore, we
predicted that FES patients would be the most cognitively
impaired, while the two high-risk groups would display compar-
able cognitive functions.

Methods

Participants

A total of 258 Chinese participants aged 15–40 years were
included in the study (between January 2014 and December
2016), comprising 69 FES patients, 71 individuals at CHR for
psychosis, 50 unaffected siblings of FES patients and 68 healthy
controls. Clinically stable FES patients who had DSM-IV
(American Psychiatric Association, 1994) diagnosis of first-
episode schizophrenia (n = 51), schizophreniform disorder (n = 16)
or schizoaffective disorder (n = 2) were recruited from the out-
patient units of territory-wide specialized early intervention ser-
vice for first-episode psychosis (namely EASY programme) in
Hong Kong (Chung and Chen, 2013) within 3 years (median:
255 days) following initiation of antipsychotic treatment.
Diagnosis was determined using all available information includ-
ing Chinese-bilingual Structured Clinical Interview for DSM-IV
(CB-SCID-I/P) (So et al., 2003) administered at intake, medical
records and informant history. First-episode status and duration
of untreated psychosis was ascertained using Interview for
Retrospective Assessment of Onset of Schizophrenia (IRAOS)
(Häfner et al., 1992). Help-seeking individuals presenting with
suspected prodromal symptoms to EASY programme were iden-
tified and assessed with Comprehensive Assessment of At-Risk
Mental State (CAARMS) (Yung et al., 2005) for verification of
CHR status. Those who were antipsychotic-naive, did not have
past history of psychotic disorder (by CB-SCID-I/P), and fulfilled
one or more of the following CAARMS criteria were enrolled in
the study: (i) attenuated psychotic symptoms (n = 64) or (ii)
brief limited intermittent psychotic symptoms (n = 7). Thirteen
individuals who met CAARMS criteria based on positive family
history of psychosis in a first-degree relative (i.e. trait and state
risk factors) were excluded from the current investigation so as
to avoid overlap with FHR group. Among the 71 CHR partici-
pants, 13 were taking antidepressant medications. Unaffected sib-
lings of FES participants (as FHR group) were invited to
participate in the study. A group of healthy controls was recruited
from the community via advertisements and word-of-mouth
among recruited participants. Participants in FHR group and
healthy controls were screened to confirm that they had no life-
time psychiatric diagnosis (by CB-SCID-I/P) and were not taking
any psychotropic medications. Candidates for healthy controls
were excluded if they had family history of psychotic disorder.
General exclusion criteria for all study groups were intellectual
disability, history of head injury, neurological disease or substance
abuse (based on DSM-IV criteria) in the past 6 months. The study
was approved by the local institutional review boards. All partici-
pants provided written informed consent. For those aged under
18 years, consent was also obtained from a parent.

Assessment

A standardized battery of cognitive tests were administered to all
participants, comprising letter–number span (LNS) test (Gold
et al., 1997), digit symbol coding subtest of the Wechsler Adult
Intelligence Scale–Revised (WAIS-R) (Hong Kong Psychological
Society, 1989a), monotone counting test (Wilkins et al., 1987),
category verbal fluency, and logical memory and visual reproduc-
tion subtests of the Wechsler Adult Memory Scale–Revised
(WMS-R) (Hong Kong Psychological Society, 1989b).
Standardized z-score for each of the cognitive tests completed
by participants in FES, CHR and FHR groups was computed
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based on the performance of healthy controls. Cognitive compos-
ite score for each participant was then calculated as a measure of
global cognitive function by averaging the z-scores of individual
cognitive tests. Psychopathology was assessed in participants of
FES and CHR groups only using Positive and Negative
Syndrome Scale (PANSS) (Kay et al., 1987).

Statistical analysis

To compare demographic characteristics between the FES, CHR,
FHR and healthy control groups, one-way analysis of variance
and χ2 tests were conducted, as appropriate. Severity of symptom
dimensions between FES and CHR participants were compared
using independent t tests. Group differences in cognitive test per-
formance were examined using multivariate analysis of covariance
(MANCOVA), controlling for potential confounding effect of age
which differed significantly between groups in preceding analyses,
followed by a series of univariate analyses for individual cognitive
tests, with Bonferroni correction performed for post-hoc pairwise
comparisons. Effect sizes indicating the magnitude of standar-
dized mean differences on cognitive performance between four
groups were calculated using Cohen’s d. Additional analyses
focusing on cognitive comparisons between FES and CHR groups
were conducted, with age and PANSS general psychopathology
score (which was significantly different between these two groups)
as covariates. To address the non-independence of observations
within families (i.e. FES and FHR groups), we also performed lin-
ear mixed models for comparisons of cognitive performance
among study groups using family as a random factor with random
intercept, group (FES, CHR, FHR and control groups) as a fixed
factor and age as a covariate. Restricted maximum likelihood
method with compound symmetry structure was adopted (assum-
ing constant variance and covariance across each family member
within a family) for model parameter estimation. Post-hoc pair-
wise comparisons were then conducted with Bonferroni correc-
tion applied. Mixed-model analyses were conducted in R
(version 3.4.4) using the Ime4 package. All other analyses were
performed using IBM SPSS, version 24.

Results

Characteristics of the samples

Table 1 summarizes the demographic and clinical characteristics
of the participants. There were significant differences among the
groups in age and education. Participants in CHR group were sig-
nificantly younger and had lower educational attainment than
those in the other three groups. Comparison between FES and
CHR groups further found that CHR participants had significantly
higher PANSS general psychopathology score than FES patients.

Comparison of cognitive performance among study groups

FES, CHR and FHR groups v. healthy controls
The overall MANCOVA was significant (F = 8.14, p < 0.001), with
subsequent univariate analyses showing significant group differ-
ence in performance across all of the individual cognitive mea-
sures (Table 2, Fig. 1). Post-hoc pairwise comparisons revealed
that FES patients significantly underperformed in all cognitive
tests than healthy controls (d = 0.56–1.73). CHR participants
exhibited significantly poorer performance in LNS, digit symbol
coding, monotone counting and visual reproduction tests relative
to healthy controls (d = 0.61–1.09). Unaffected siblings performed
significantly worse than healthy controls in visual reproduction
(d = 0.58) and category verbal fluency (d = 0.63) tests, and
demonstrated a trend toward significance ( p = 0.069, d = 0.47)
in underperformance of logical memory test as compared with
healthy controls. Participants in FES, CHR and FHR groups
also displayed significantly lower cognitive composite scores
than healthy controls. Linear mixed-model analyses controlling
for within-family correlation replicated and confirmed the results
derived from MANCOVA (Table S2).

FES group v. CHR group
As shown in Table 2 (and Table S2), FES patients had signifi-
cantly poorer performance than CHR participants in LNS, digit
symbol coding, logical memory and category verbal fluency
tests. Between-group differences in these four cognitive functions

Table 1. Demographic and clinical characteristics of the study samples

Variables of interest FES (N = 69) CHR (N = 71) FHR (N = 50) HC (N = 68) F/χ2/t p

Demographics

Age, mean (S.D.) 25.3 (6.8) 20.8 (6.5) 25.4 (6.3) 24.5 (8.0) 6.8 <0.01

Male gender, N (%) 31 (44.9) 43 (44.3) 21 (42.0) 31 (45.6) 0.2 0.98

Years of education, mean (S.D.) 12.5 (3.0) 11.6 (2.8) 14.5 (2.6) 13.3 (2.8) 11.2 <0.01

Single marital status, N (%) 63 (91.3) 88 (90.7) 41 (82.0) 54 (79.4) 20.8 0.14

Clinical characteristics

Age at onset of psychosis, mean (S.D.) 24.0 (6.6) – – – – –

DUP, days, mediana 78 – – – – –

CPZ equivalent dose, mg, mean (S.D.) 201.7 (194.9)

PANSS positive symptoms, mean (S.D.) 9.0 (3.0) 9.4 (2.4) – – 0.7 0.41

PANSS negative symptoms, mean (S.D.) 10.8 (4.0) 10.8 (3.9) – – 0.0 0.99

PANSS general psychopathology, mean (S.D.) 20.8 (4.2) 25.0 (6.0) − − 4.8 <0.01

CHR, clinical high-risk; CPZ, chlorpromazine; DUP, duration of untreated psychosis; FHR, familial high-risk; FES, first-episode schizophrenia-spectrum disorder; HC, healthy controls; PANSS,
Positive and Negative Syndrome Scale.
aMean (S.D.) of DUP of FES sample was 216.4 (287.1) days.
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remained statistically significant in subsequent comparison ana-
lyses even when PANSS general psychopathology score was
adjusted as a covariate in addition to age (Table S1). FES patients
also had significantly lower cognitive composite score than CHR
participants when both age and PANSS general psychopathology
score were adjusted (Table S1; p = 0.077 when only age was
adjusted in univariate analysis).

FES group v. FHR group
Pairwise comparisons indicated that unaffected siblings per-
formed significantly better in LNS, digit symbol coding and
logical memory tests, and had higher cognitive composite score
than FES patients (Table 2 and Table S2).

CHR group v. FHR group
Among six cognitive tests, CHR and FHR groups differed from
each other only in digit symbol coding performance, with the

former exhibiting greater degree of impairment than the latter
(Table 2 and Table S2). There was no significant group difference
in cognitive composite score.

Discussion

The current study sought to investigate cognitive functions across
FES patients, their unaffected siblings and individuals at CHR for
psychosis. To our knowledge, this is one of the few studies which
directly compared cognitive performance between familial and
clinical risk groups for psychosis. The study is also among the
very few reports which included first-episode patient sample for
direct comparison of cognitive functions with the two high-risk
groups. Three major findings emerged from the study. First,
FES, CHR and FHR participants had significantly poorer cogni-
tive functions than healthy controls, with FES patients exhibiting
the most severe cognitive impairment among the four groups.

Table 2. Cognitive functions of the FES, CHR, FHR and control groups

Cognitive tests

FES CHR FHR HC
Statistica Pairwise comparisonb

Mean (S.D.) Mean (S.D.) Mean (S.D.) Mean (S.D.) F df p pc Effect sized

Letter–number span 12.9 (3.5) 14.3 (3.3) 15.6 (3.5) 17.0 (4.1) 16.1 3 <0.001 FES<CHR 0.048 0.41

FES<FHR <0.001 0.77

FES<HC <0.001 1.08

CHR<HC 0.001 0.73

Digit symbol coding 9.9 (2.7) 11.4 (3.0) 13.9 (3.0) 14.5 (2.6) 38.1 3 <0.001 FES<CHR 0.006 0.52

FES<FHR <0.001 1.39

FES<HC <0.001 1.73

CHR<FHR <0.001 0.82

CHR<HC <0.001 1.09

Monotone counting 11.6 (0.8) 11.6 (0.8) 11.7 (0.7) 12.0 (0.2) 4.5 3 0.004 FES<HC 0.009 0.59

CHR<HC 0.016 0.68

Logical memory 10.4 (4.3) 13.0 (4.4) 12.5 (4.3) 14.5 (3.6) 11.1 3 <0.001 FES<CHR 0.013 0.61

FES<FHR 0.036 0.50

FES<HC <0.001 1.05

Visual reproduction 20.6 (1.4) 20.3 (1.5) 20.7 (1.0) 21.4 (1.5) 12.5 3 <0.001 FES<HC <0.001 0.56

CHR<HC <0.001 0.78

FHR<HC 0.002 0.58

Category verbal fluency 17.6 (5.7) 20.4 (5.4) 20.2 (5.6) 23.8 (5.8) 13.7 3 <0.001 FES<CHR 0.013 0.50

FES<HC <0.001 1.08

CHR<HC 0.010 0.61

FHR<HC 0.004 0.63

Cognitive composite score −1.4 (1.8) −1.0 (1.0) −0.7 (1.0) 0.0 (0.6) 17.1 3 <0.001 FES<FHR 0.004 −

FES<HC <0.001 −

CHR<HC <0.001 −

FHR<HC 0.016 −

CHR, clinical high-risk; FHR, family high-risk; FES, first-episode schizophrenia-spectrum disorder; HC, healthy controls.
aMultivariate analysis of covariance (MANCOVA) with age being adjusted as a covariate, followed by univariate analyses for individual cognitive measures were conducted.
bBonferroni correction was applied in post-hoc pairwise comparison analyses on all individual cognitive tests
cBonferroni-corrected p values were presented, with p < 0.05 indicating statistical significance.
dEffect sizes were calculated with Cohen’s d following significant pairwise comparisons.
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Second, CHR and FHR groups displayed largely comparable per-
formance across most of the cognitive tests. Third, digit symbol
coding was the most sensitive discriminator of FES and CHR
groups from healthy controls, as well as the only cognitive task
significantly distinguishing between CHR and FHR participants.

Consistent with the well-established evidence indicating severe
generalized cognitive dysfunction in first-episode populations
(Mesholam-Gately et al., 2009; Aas et al., 2014), we found that
FES patients had medium-to-large impairments across all individ-
ual cognitive tests relative to healthy controls. Our findings of
widespread cognitive deficits affecting multiple domains in CHR
participants also concur with the extant literature showing that
impaired cognition is already evident prior to the onset of full-
blown psychosis (Bora et al., 2014; Fusar-Poli et al., 2012a,b;
Giuliano et al., 2012; De Herdt et al., 2013; Hauser et al., 2017).
Additionally, our results revealed that unaffected siblings of FES
patients were significantly cognitively impaired as compared
with healthy participants. This is thus in agreement with substan-
tial body of research demonstrating that people with familial risk
for schizophrenia are associated with compromised cognitive abil-
ities (Sitskoorn et al., 2004; Snitz et al., 2006; Agnew-Blais and
Seidman, 2013; Bora et al., 2014) which represent vulnerability
markers for the disorder (Mark and Toulopoulou, 2016).

Our comparison analyses of FES, CHR and FHR participants
showed that FES patients displayed the worst performance in
most of the individual tests as well as the poorest global cognitive
function relative to the two high-risk groups. This is in line with
the results of most previous studies contrasting cognitive perform-
ance of first-episode sample with either CHR or FHR group (Bora
et al., 2014; Hauser et al., 2017). Specifically, our observation that
cognitive impairment was more pronounced in FES patients than
in CHR participants appears to lend support to the proposition of
decline in cognitive functions over transition from CHR state to
overt psychosis (Addington and Barbato, 2012). However, this
may partly be explained by the nature of CHR construct. It is
well recognized that CHR status is clinically heterogeneous,
with conversion rate to full-blown psychosis of approximately
18–36% over 6–30 months after presentation (Fusar-Poli et al.,
2012a,b). Hence, CHR comprises true prodrome for psychosis

and false-positive cases with various non-psychotic mental disor-
ders including depression and anxiety disorder. Accumulating
data has demonstrated that CHR individuals who later convert
to psychotic disorder experience more severe cognitive impair-
ment at baseline than those non-converted counterparts (Bora
et al., 2014; Fusar-Poli et al., 2012a,b; Giuliano et al., 2012; De
Herdt et al., 2013; Hauser et al., 2017). As a group, CHR partici-
pants are thus expected to be less cognitively impaired than FES
patients. Alternatively, there is evidence suggesting that cognitive
impairment associated with schizophrenia is neurodevelopmental
in origin (Bora, 2015) and is characterized by slower gain (i.e.
developmental lag) instead of cognitive deterioration across illness
stages (Reichenberg et al., 2010). A recent meta-analysis has also
revealed an absence of significant cognitive decline over time in
CHR individuals (Bora and Murray, 2014). Given the cross-
sectional nature of the current study, we were not able to
adequately address whether there is cognitive decline from CHR
state to psychotic disorder or to further delineate baseline cogni-
tive differences between converters and non-converters among
CHR participants. Reassessment for conversion status and cogni-
tive functions of our CHR cohort at follow-up is required to clar-
ify these unresolved issues.

Of note, we found that CHR and FHR groups did not differ
significantly in global cognition and were, in general, similarly
impaired across most of the cognitive tasks administered. In
fact, this accords with the majority of prior studies which directly
compared cognitive functions between CHR and FHR individuals
and revealed lack of significant group differences (Seidman et al.,
2010; Mukkala et al., 2011; Ucok et al., 2013). Conversely, one
recent study, which recruited CHR participants who were exclu-
sively of first-degree relatives of schizophrenia patients and pre-
sented with prodromal symptoms, found greater cognitive
deficits in CHR than in FHR group (Hou et al., 2016). This con-
trary finding, however, might be due to the combined effect of
clinical and familial risks in CHR group membership, with
co-occurrence of both risk states being associated with more severe
cognitive impairment (Bora et al., 2014; Seidman et al., 2010).

Our findings that digit symbol coding demonstrated the largest
effect size among various cognitive tests in FES v. control

Fig. 1. Cognitive profiles of the FES, CHR and FHR groups standardized against the healthy control group. CHR, clinical high-risk; FHR, familial high-risk; FES, first-
episode schizophrenia-spectrum disorder. Note: The straight line, which was set to zero score, represents cognitive performance of the healthy control group.
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comparison agree with substantial evidence showing that digit
symbol measure is the most sensitive individual cognitive test dis-
criminating patient status of either established schizophrenia
(Dickinson et al., 2007) or first-episode populations
(Mesholam-Gately et al., 2009) from healthy participants. Our
results that digit symbol coding also yielded the largest impair-
ment in CHR group are in line with the literature which suggested
digit symbol measure as one of the most sensitive cognitive tests
distinguishing CHR individuals from healthy controls
(Fusar-Poli et al., 2012a,b; Hauser et al., 2017; Lin et al., 2013;
Seidman et al., 2010). More importantly, digit symbol coding
was shown as the cognitive measure of greatest discriminant cap-
acity in differentiating CHR from FHR participants. In fact, this
study is the first to provide empirical evidence, based on direct
comparison between two high-risk samples, indicating that digit
symbol coding performance might be the most sensitive cognitive
parameter in differentiation between CHR and FHR groups.
Intriguingly, this is also consistent with a recent meta-analysis
which compared CHR or FHR individuals with healthy controls
on cognitive functions and indicated digit symbol as the only cog-
nitive test showing significantly greater impairment in CHR rela-
tive to FHR group (Bora et al., 2014). Digit symbol coding task,
which requires participants to correctly substitute symbols and
digits using a key under timed conditions, is regarded as a measure
of processing speed. It is acknowledged that processing speed is a
fundamental cognitive function influencing the execution of many
higher order cognitive operations and may represent a core cogni-
tive deficit in schizophrenia (Dickinson, 2008). Previous studies
showed that deficient processing speed was associated with poor
functional outcome in schizophrenia (Bowie et al., 2008) and
CHR samples (Carrion et al., 2011; Meyer et al., 2014). Recent
data have further revealed that digit symbol coding added modest
but significant independent contribution above clinical measures
to a risk calculator algorithm for psychosis prediction in CHR
individuals (Cannon et al., 2016). It should, however, be noted
that a growing body of evidence has indicated that digit symbol
coding performance was predicted by multiple cognitive functions
(Knowles et al., 2012) and its adequate performance might be
more reliant on executive function than cognitive components
constituting processing speed domain (Knowles et al., 2015).
Owing to the paucity of existing data, further research which dir-
ectly compares cognitive functions between the two high-risk
groups is warranted to confirm our findings that digit symbol cod-
ing performance may best discriminate CHR from FHR indivi-
duals. Additionally, future investigations should carefully parse
cognitive components of digit symbol coding so as to verify
whether processing speed deficit is a major contributor to the dis-
criminant capacity of digit symbol coding in delineating the two
high-risk samples.

Several methodological limitations need to be acknowledged in
interpreting the study results. First, the current study was cross-
sectional in design which precludes us from examining the trajec-
tories of cognitive functions over time, in particular the possibility
of cognitive deterioration from high-risk state to full-blown
psychosis. Likewise, we were not able to determine the predictive
capacity of specific cognitive measures on psychosis conversion
owing to lack of longitudinal clinical data. Second, we used a rela-
tively brief battery of cognitive assessments which may not
adequately capture the breadth and degree of impairment across
multiple cognitive domains. Third, social cognition, which was
found to be impaired in FES, CHR and FHR individuals to a dif-
ferent extent (Lavoie et al., 2013; Van Donkersgoed et al., 2015;

Healey et al., 2016), was not evaluated in the study. Fourth, our
modest sample size may compromise the statistical power to
detect subtle group differences in cognitive test performance.

In conclusion, our results indicate that FES patients displayed
the largest deficits in cognitive functions while CHR participants
and unaffected siblings exhibited largely comparable cognitive
impairment that was intermediate between FES and control
groups. Among various cognitive tests, digit symbol coding
showed the greatest magnitude of impairment in FES and CHR
samples relative to healthy controls, and was the only cognitive
measure that significantly discriminated between clinical and
familial risk groups. Our findings thus suggest that digit symbol
coding performance may constitute a sensitive cognitive param-
eter indexing illness risk and severity for schizophrenia and
related psychoses.
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