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Purpose: This study aimed to investigate cognitive functioning, negative symptoms, and the 

relationships in schizophrenia (SP) pedigrees and to explore the effect of genetic loading on 

those endophenotypes.

Patients and methods: Forty-four patients with SP, 81 first-degree non-psychotic relatives of 

patients from simplex and multiplex families, 14 matched control probands, and 29 first-degree 

relatives of the patients from communities were assessed by the vocabulary subtest (VS) of 

Wechsler Adult Intelligence Scale, memory span subtests of the Multiple Memory Assessment 

Scale (MMAS), Wisconsin Card Sorting Test (WCST), Continuous Performance Test (CPT), 

and Negative Scale of Positive and Negative Syndrome Scale.

Results: Compared with controls, patients with SP and their relatives had worse performances 

in WCST and CPT, and more serious negative symptoms. Patients from multiple families per-

formed poorly on most tests while patients from simplex families had impairments only on the 

parameters of CPT and WSCT as compared to control probands. Patients from multiple families 

differed significantly from the patients from simplex families in the digit span and word span 

of MMAS. After controlling for education, in comparison with relatives of control probands, 

relatives from multiple families showed impairments in VS, multiple domains of CPT, whereas 

relatives from simplex families had lower scores on the VS and more total cards and random 

errors in WSCT. The performances of most tests were linked to negative symptoms in patients 

with SP. For patients with SP, VS, correct numbers and categories in the WCST, and visual and 

acoustic errors in the CPT predicted 68.8% of the variability in negative symptoms.

Conclusion: Our findings support that cognitive deficits and negative symptoms may be markers 

of hereditary susceptibility of SP and aggravate as the degree of genetic load increases. There are 

certain relationships between cognitive deficits and negative symptoms in patients with SP.

Keywords: schizophrenia, first-degree relatives, cognitive function, negative symptoms, 

genetic load

Introduction
Schizophrenia (SP) is a serious genetic mental illness with positive, negative, and 

cognitive symptoms. Negative symptoms and cognitive deficits can be found in the 

proband with SP, as well as in non-affected biological relatives, and thus may serve 

as makers of liability of SP.1

Cognitive symptoms in relatives of patients with SP have been the focus of 

studies in the past 20 years, and the deficits in executive domains, working memory, 

and sustained attention have been reported in them. There is substantial evidence 

that these neuropsychological impairments are suitable endophenotypes of SP.2–4 
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Negative symptoms are the pronounced characteristics 

of SP and also considered to be attractive intermediate 

phenotypes.5,6 The measures of neuropsychological function, 

in conjunction with negative clinical symptoms, may provide 

a more accurate assessment of the liability produced by SP 

genes than currently available.

Because SP is a disease caused by multiple susceptibility 

genes, the severity of symptoms in patients and relatives may 

increase with the increase in genetic load for SP.7,8 Supporting 

this notion, several reports have shown that multiplex family 

members have greater impairment on the backward visual 

span, delayed story recall, disordered semantic verbal 

fluency, cognitive inhibition, and abnormal perceptual-motor 

speed than simplex family members.4,9 Birkett et al10 reported 

that there was no significant difference in the cognitive 

performance between SP patients with and without a family 

history of SP, but only between their non-psychotic relatives. 

Studies on the complex pedigrees are still limited.

As mentioned above, cognitive deficits and negative 

symptoms have been suggested to represent genetic markers 

of vulnerability to SP. Little is known about the relationship 

between two types of potential endophenotypes. Are cogni-

tive deficits and negative symptoms the identical features 

of the illness with the same pathogenesis, or are cognitive 

deficits and negative symptoms two independent entities with 

separable genetic substrates11? Do these relationships exist 

in relatives of patients with SP?

In this study, cross-sectional design was employed to 

investigate the pedigree of SP. We hypothesized that there 

would be similar, although less pronounced, cognitive defi-

cits and negative symptoms in first-degree relatives of SP 

patients, and cognitive deficits and negative symptoms in 

patients and relatives from multiplex families would be more 

severe than relatives from simplex families. Moreover, the 

relationships between cognitive deficits and negative symp-

toms in patients and their relatives are also discussed.

Patients and methods
Participants
A total of 165 subjects participated in this study, 44 of 

whom were patients with SP in and around Changsha city, 

78 were first-degree non-psychotic relatives of patients 

with RP, 14 were normal control probands (CONP), and 

29 were first-degree relatives (CONR) from communities 

in Changsha city. Specifically, 21 schizophrenic probands 

(SPS) and 52 relatives (RPS) were from 23 simplex families 

(one family member with SP). Twenty-three patients with 

SP (SPM) and 26 relatives (RPM) were from 13 multiplex 

families (at least two family members with SP). Subjects 

with an estimated intelligence quotient (IQ) ,70, a history 

of a neurological disease, a physical disease with central 

nervous system impairment, head injury with documented 

loss of consciousness exceeding 5 minutes, electroconvulsive 

treatment, or alcohol/substance abuse within prior 6 months 

were excluded from this study. In addition, normal controls 

did not have a first- or second-degree biological relative with 

SP or a related disorder of SP spectrum. Five patients were 

excluded from the study because they did not complete the 

cognitive tests.

Patients with SP were diagnosed according to the struc-

tured clinical interview for DSM-IV. All patients received 

anti-psychotic treatments, including clozapine, risperidone, 

olanzapine, or sulpiride, and were in a stable stage without 

positive symptoms. The Institutional Review Board of the 

Second Xiangya Hospital approved this study, and all the 

participants gave written informed consent.

Neuropsychological measures
All participants were evaluated with a set of neuropsycho-

logical tests to assess the cognitive function. All participants 

received assessments with the Wisconsin Card Sorting 

Test (WCST),12 Continuous Performance Test (CPT),13 

vocabulary subtest (VS) from Wechsler Adult Intelligence 

Scale (WAIS-R), and memory span from Multiple Memory 

Assessment Scale (MMAS).14

WcsT
WCST is a multiplex measurement of executive function, in 

which mental flexibility, working memory, and goal-directed 

behaviors are assessed. Following parameters of WCST are 

measured: total cards, correct numbers, perseverative errors, 

random errors, and correct categories numbers.12

cPT
CPT is a test of measuring sustained attention, early visual 

information processing, and response inhibition. Six param-

eters are examined: visual errors, visual omission, visual 

reaction time, acoustic errors, acoustic omission, and acoustic 

reaction time.13

Vs
VS was used to measure the ability of generalizing abstrac-

tion and verbalization. Total score is recorded according to 

the manual of WAIS-R, Chinese version.15

MMas
MMAS is designed by Cheng et al14 with satisfied reliability 

and validity. Memory span is a measure of working memory. 
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It has three parts: digit span, word span, and spatial span. 

Total correct numbers of every part are recorded.14

Negative symptoms
Negative symptoms were estimated by the Negative Scale 

of Positive and Negative Syndrome Scale (PANSS). The 

severity of each symptom was scored with one of seven 

grades (1 = absent, 2 = minimal, 3 = mild, 4 = moderate, 

5 = moderate severe, 6 = severe, and 7 = extreme).16

statistical analysis
Group differences were analyzed using one-way ANOVA 

for group comparisons for continuous variables, and chi-

squared tests for categorical variables. Considering there 

were significant differences in age among SPM, SP, and 

CONP groups, age was used as a covariate when these three 

groups were analyzed. Likewise, education was included as 

a covariate in comparisons among RPM, RPS, and CONR 

groups. Follow-up post hoc tests (least square differences) 

were used to assess group differences when overall effects 

were significant.

The Spearman correlational analyses were performed by 

focusing on the associations between the scores of neurop-

sychological measures and negative symptoms. Stepwise 

multiple linear regressions were then performed based on 

age, education, and all the scores of neuropsychological 

measures to determine the role of these variables in explain-

ing the negative symptoms. Logarithmic values of negative 

symptoms were considered dependent variables. A value of 

P,0.05 was considered statistically significant.

Results
Demographic characteristics of subjects
Demographics are presented in Table 1. There were no sig-

nificant differences in the age, gender, and education between 

SP and CONP. The demographics were also comparable 

between RP and CONR. However, after the SP or RP were 

divided into two groups according to their families, there 

was significant difference in the age among SPM, SPS, and 

CONP groups (F=4.091; df=2, 54; P=0.022), and marked 

difference in the education among RPM, RPS, and CONR 

groups (F=4.667; df=2, 54; P=0.011), while other demo-

graphics were comparable across groups.

endophenotypes
cognitive function
Compared with CONP, SP had fewer correct numbers and 

correct categories in the WCST, and poor performance on all 

parameters in the CPT (Table 2). The RP had lower scores 

on the VS, fewer correct numbers and correct categories in 

the WCST, and more visual omission and reaction times in 

the CPT when compared with CONR (Table 3).

In addition, there was a significant difference among 

SPM, SPS, and CONP groups on certain parts of neuropsy-

chological tests (Table 4). Age was included as a covariate 

in comparisons among the three groups. All reported 

P-values were subjected to Bonferroni correction for mul-

tiple testing. Significant group differences were found in 

the following parameters: VS: F=3.2; df=2, 53; P=0.047; 

digit span of MMAS: F=3.7; df=2, 53; P=0.044; word span 

of MMAS: F=7.5; df=2, 53; P=0.001; total cards of WSCT: 

F=4.0; df=2, 53; P=0.023; random errors of WSCT: F=3.6; 

df=2, 53; P=0.035; visual omission of CPT: F=6.3; df=2, 

53; P=0.004; visual reaction time of CPT: F=4.5; df=2, 53; 

P=0.016; acoustic errors of CPT: F=3.1; df=2, 53; P=0.005; 

acoustic omission of CPT: F=4.9; df=2, 53; P=0.011; acoustic 

reaction time of CPT: F=3.3; df=2, 53; P=0.044. In post 

hoc comparisons, the SPM performed poorly on most tests 

while the SPS had impairments only on the parameters of 

CPT and WSCT as compared to CONP. The SPM differed 

significantly from the SPS in the digit span and word span 

of MMAS. Significant difference in the cognitive function-

ing was also observed across RPM, RPS, and CONR groups 

(Table 5). All reported P-values were subjected to Bonferroni 

Table 1 Demographics of subjects included in this study

Demographic 
parameter

SPM
(n=23)

SPS
(n=21)

CONP
(n=14)

RPM
(n=26)

RPS
(n=52)

CONR
(n=29)

age (year)
Mean (sD)

29.8 (9.8)* 22.5 (7.6) 22.9 (10.9) 45.3 (13.8) 38.9 (14.1) 39.8 (13.0)

education years
Mean (sD)

10.0 (2.9) 10.8 (2.4) 10.6 (2.8) 7.7 (3.7)** 10.0 (3.4) 9.8 (2.6)

Male:female 9:14 7:14 7:7 13:13 22:30 13:16
Duration, years
Mean (sD)

6.9 (5.2) 4.5 (3.7) – – – –

Note: *The average age of sPM groups is higher than the age of sPs and cONP groups. (P=0.012, P=0.033). **The average education years of rPM groups is less than that 
of rPs and cONr groups. (P=0.004, P=0.015). 
Abbreviations: sPM, patients from multiplex families; sPs, patients from simplex families; cONP, control proband; rPM, relative of patients from multiplex families; 
rPs, relative of patients from simplex families; cONr, relative of control proband.
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correction for multiple testing. Significant group differences 

were found in the following parameters: VS: F=6.0; df=2, 

103; P=0.003; digit span of MMAS: F=3.3; df=2, 103; 

P=0.039; total cards of WSCT: F=3.1; df=2, 103; P=0.048; 

random errors of WSCT: F=3.1; df=2, 103; P=0.045; visual 

errors of CPT: F=3.2; df=2, 103; P=0.041; visual omission 

of CPT: F=7.2; df=2, 103; P=0.001; acoustic errors of CPT: 

F=4.5; df=2, 103; P=0.013; acoustic omission of CPT: F=3.5; 

df=2, 103; P=0.034; acoustic reaction time of CPT: F=3.0; 

df=2, 103; P=0.005. After controlling for education, in com-

parison with CONR group, RPM group showed impairments 

in VS, multiple domains of CPT, whereas RPS group had 

lower scores on the VS and more total cards and random 

errors in WSCT. As compared to RPS, RPM group had 

worse performances in digit span of MMAS and multiple 

domains of CPT.

Negative symptoms
The scores for negative symptoms in SP and RP were 

significantly higher than in CONP and CONR across all 

items. In addition, SPM and SPS groups scored higher than 

CONP in analysis of variance, but significant difference 

was not observed between SPM and SPS groups. Analysis 

of variance indicated that RPM group had higher scores in 

all subscale items than CONR group, and in items N1, N2, 

N3, and N7 and total scores of negative symptoms than RPS 

group. Compared with CONR, RPS showed more score in 

item N5 (Tables 4 and 5).

spearman correlation analysis and 
stepwise regression analysis
The performance of VS, word span and spatial span in 

MMAS, total cards, correct numbers, random errors, correct 

Table 2 results of cognitive testing and negative symptom assessment in probands of patients with schizophrenia and controls

Neuropsychological 
measures & negative 
symptoms

SP (n=44) CONP (n=14) F (df=1) P-value

M SD M SD

Abstraction
Vs 49.6 20.9 60.6 12.8 3.107 0.083
Short-time working memory
Ms

Digit span 10.6 3.0 11.4 2.8 0.103 0.749
Word span 7.5 2.2 8.8 2.5 0.010 0.920
spatial span 6.3 2.1 7.3 2.6 1.208 0.276

Executive function
WcsT

Total cards 84.5 28.0 64.0 21.3 1.670 0.202
correct numbers 23.2 5.3 25.0 0.0 6.588 0.013
Perseverative errors 22.5 12.1 18.3 8.4 1.632 0.207
random errors 38.8 25.7 20.7 14.9 3.155 0.081
correct categories 4.6 1.1 5.0 0.0 7.884 0.007

Continuous attention
cPT

Visual errors 55.1 14.4 47.8 5.7 6.826 0.012
Visual omission 67.8 18.0 49.0 3.4 64.987 0.000
Visual reaction time 58.6 15.3 46.5 5.9 8.679 0.005
acoustic errors 61.0 16.4 48.5 5.3 14.071 0.000
acoustic omission 69.9 19.0 53.5 10.9 20.959 0.000
acoustic reaction time 54.9 14.1 45.8 6.5 5.892 0.018

Negative symptoms
N1 2.8 1.2 1.2 0.4 15.399 0.000
N2 2.5 1.4 1.1 0.3 30.442 0.000
N3 2.3 1.0 1.1 0.5 12.860 0.001
N4 2.6 1.3 1.1 0.3 21.954 0.000
N5 3.2 1.8 1.6 0.9 7.510 0.008
N6 2.4 1.5 1.0 0.0 34.502 0.000
N7 1.8 1.1 1.1 0.5 9.165 0.004
Total 17.2 7.3 8.3 0.7 26.435 0.000

Note: df=1.
Abbreviations: Vs, vocabulary subtest from Wechsler adult intelligence scale; Ms, memory span from Multiple Memory assessment scale; WcsT, 
Wisconsin card sorting Test; cPT, continuous Performance Test; sP, patients with schizophrenia; cONP, control proband; M, mean.
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categories in WCST, visual errors, visual reaction time, 

acoustic errors, acoustic omission, and reaction times in 

CPT correlated significantly with negative symptoms in 

patients with SP (Table 6). The performance of VS, digit 

span, word span, and spatial span in MMAS, and visual 

omission and visual reaction times in CPT correlated sig-

nificantly with negative symptoms in relatives of patients 

with SP (Table 7).

All the scores of neuropsychological tests, together with 

age and education, were included as predictors in stepwise 

regression model and the logarithmic values of negative 

symptoms as the dependent variable. As detailed in Table 8, 

for the patients, the final regression model accounted for 

68.8% of negative symptom variance. The results of stepwise 

regression analysis of VS (step 1), correct categories (step 2), 

acoustic errors (step 3), correct numbers (step 4), and visual 

errors (step 5) are presented in Table 8. For the relatives of 

patients, the final regression model accounted for 63.9% of 

negative symptom variance. The results of stepwise regres-

sion of VS (step 1) and visual omission in CPT (step 2) are 

presented in Table 9.

Discussion
In this study, an endophenotypic strategy was employed to 

evaluate the effect of genetic load of SP. Our results showed 

that probands with SP showed deficits across a range of cog-

nitive domains and the unaffected first-degree relatives were 

also impaired in specific domains compared with healthy sub-

jects without a family history. Patients with SP had the most 

pronounced negative symptoms, while relatives of patients 

showed an intermediate impairment between patients and 

CONP. As expected, an increased genetic risk was accom-

panied by increased impairments in these domains. These 

findings support the potential of neurocognitive measures 

Table 3 results of cognitive testing and negative symptom assessment in relatives of patients with schizophrenia and controls

Neuropsychological measures 
& negative symptoms

RP (n=78) CONR (n=29) F (df=1) P-value

M SD M SD

Abstraction
Vs 49.9 18.6 62.6 11.2 5.136 0.025
Short-time working memory
Ms

Digit span 10.2 2.5 10.6 2.1 0.373 0.543
Word span 7.3 1.4 7.7 1.6 0.004 0.950
spatial span 6.4 2.1 6.2 1.4 2.912 0.091

Executive function
WcsT

Total cards 81.9 28.4 68.9 23.2 2.674 0.105
correct numbers 24.2 3.3 25.0 0.0 6.287 0.014*
Perseverative errors 22.9 12.6 18.3 8.7 2.008 0.159
random errors 35.3 22.7 25.8 18.0 2.605 0.110
correct categories 4.8 0.8 5.0 0.0 8.325 0.005*

Continuous attention
cPT

Visual errors 49.6 7.0 50.2 9.7 0.585 0.446
Visual omission 58.0 14.7 51.1 8.4 15.156 0.000*
Visual reaction time 49.9 9.2 47.0 6.2 4.126 0.045*
acoustic errors 50.5 9.1 50.1 5.7 2.301 0.132
acoustic omission 61.5 16.8 56.9 15.8 0.918 0.340
acoustic reaction time 48.8 9.7 44.8 9.4 0.012 0.914

Negative symptoms
N1 1.4 0.7 1.2 0.4 16.608 0.000*
N2 1.3 0.7 1.1 0.3 14.849 0.000*
N3 1.5 0.7 1.2 0.4 11.127 0.001*
N4 1.3 0.6 1.0 0.2 23.534 0.000*
N5 2.7 1.4 2.0 0.9 4.756 0.031*
N6 1.4 0.8 1.0 0.2 28.667 0.000*
N7 1.2 0.6 1.1 0.4 4.229 0.042*
Total 10.9 3.8 8.7 1.8 9.097 0.003*

Notes: df=1. *P,0.05 between rP and cONr group.
Abbreviations: Vs, vocabulary subtest from Wechsler adult intelligence scale; Ms, memory span from Multiple Memory assessment scale; WcsT, Wisconsin card sorting 
Test; cPT, continuous Performance Test; rP, relatives of patients; cONr, relatives of control proband.
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and negative symptoms as endophenotypic markers of vul-

nerability to SP.6,17

After subdividing the patients and their relatives from 

multiplex or simplex families, the results showed that both 

patients and relatives from multiplex families performed 

significantly worse in measures of vocabulary explanation, 

visual omission, acoustic errors, acoustic omission, and 

acoustic reaction time in CPT than controls. The cognitive 

impairment in relatives from simplex families was relatively 

mild. Genetic load affected the performance of cognitive 

function; the higher the genetic load, the more serious the 

cognitive deficits were. Genetic load was also consistent 

with the previous hypothesis that SP is a polygenetic disease. 

Because the exact genes associated with SP have not been 

identified, grouping the population based on genetic load 

may be an effective strategy to improve the power in similar 

research studies.

Snitz et al18 found that 75% of relatives performed more 

poorly than controls in working memory demands set shift-

ing and inhibition of pre-potent responses. In the present 

study, there was no significant difference in the working 

memory between relatives of patients and controls. Several 

reasons should be considered. First, the short-time memory 

is more easily influenced by mental status, environment, 

or other factors than cognitive function. Second, memory 

span may be a basic component of working memory, and it 

is difficult to detect the slight difference between relatives 

of patients and normal controls by the memory span tests. 

More challenging tasks would be suggested to acquire mean-

ingful results.3

Table 4 results of cognitive testing and negative symptom assessment in patients with schizophrenia from simplex families and multiplex 
families and controls

Neuropsychological measures 
& negative symptoms

SPM (n=23) SPS (n=21) CONP (n=14) SPM vs 
CONP

SPS vs 
CONP

SPM vs 
SPS

Mean SD Mean SD Mean SD P1 P2 P3

Abstraction
Vs 45.8 4.2 53.8 4.3 60.4 5.2 0.042 .0.05 .0.05
Short-time working memory
Ms

Digit span 9.7 0.6 11.8 0.6 11.2 0.7 .0.05 .0.05 0.049
Word span 6.5 0.5 8.6 0.5 8.8 0.6 0.001 .0.05 0.006
spatial span 6.2 0.5 6.5 0.5 7.2 0.6 .0.05 .0.05 .0.05

Executive function
WcsT

Total cards 86.7 5.7 81.4 5.9 65.2 7.1 0.007 0.041 .0.05
correct numbers 23.5 1.0 23.2 1.0 24.5 1.2 .0.05 .0.05 .0.05
Perseverative errors 23.7 2.5 21.1 2.5 18.5 3.1 .0.05 .0.05 .0.05
random errors 39.5 5.1 37.1 5.2 22.2 6.3 0.013 0.035 .0.05
correct categories 4.7 0.2 4.6 0.2 4.9 0.2 .0.05 .0.05 .0.05

Continuous attention
cPT

Visual errors 58.6 2.8 51.5 2.8 48.4 3.5 .0.05 .0.05 .0.05
Visual omission 65.9 3.5 69.5 3.6 49.6 4.3 0.013 0.001 .0.05
Visual reaction time 56.5 3.0 60.6 3.1 47.0 3.7 .0.05 0.004 .0.05
acoustic errors 63.8 3.2 58.4 3.3 50.1 5.7 0.016 .0.05 .0.05
acoustic omission 69.3 3.9 70.6 3.9 53.6 4.8 0.021 0.003 .0.05
acoustic reaction time 57.0 2.8 52.7 2.9 45.8 3.5 0.039 .0.05 .0.05

Negative symptoms
N1 2.8 0.2 2.8 0.2 1.2 0.3 0.003 0.002 .0.05
N2 2.6 0.3 2.4 0.3 1.1 0.3 0.008 0.009 .0.05
N3 2.3 0.2 2.4 0.2 1.1 0.2 0.007 0.005 .0.05
N4 2.6 0.3 2.6 0.3 1.1 0.3 0.002 0.002 .0.05
N5 3.4 0.3 2.9 0.4 1.7 0.4 0.012 .0.05 .0.05
N6 2.4 0.3 2.4 0.3 1.0 0.4 0.008 0.006 .0.05
N7 1.9 0.2 1.8 0.2 1.2 0.3 .0.05 .0.05 .0.05
Total 17.5 1.9 16.7 1.6 9.3 1.9 0.003 0.003 .0.05

Notes: P1: sPM vs cONP, P2: sPs vs cONP, P3: sPM vs sPs.  Bold values represent P,0.05.
Abbreviations: Vs, vocabulary subtest from Wechsler adult intelligence scale; Ms, memory span from Multiple Memory assessment scale; WcsT, Wisconsin card 
sorting Test; cPT, continuous Performance Test; sPM, patients from multiplex families; sPs, patients from simplex families; cONP, control proband.
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Table 6 spearman correlational analysis between negative symptoms and scores of neuropsychological measures in patients with 
schizophrenia

VS Digit  
span

Word  
span

Spatial  
span

Total  
cards

Correct  
numbers

Perseverative  
errors

Random  
errors

Correct  
categories

r -0.713** -0.257 -0.548** -0.419** 0.464** -0.394** 0.261 0.463** -0.394**

Visual 
errors

Visual  
omission

Visual  
reaction  
time

Acoustic  
errors

Acoustic  
omission

Acoustic  
reaction  
time

r 0.314* 0.284 0.368* 0.474** 0.375* 0.473**

Note: *P,0.05, **P,0.01.
Abbreviation: Vs, vocabulary subtest from Wechsler adult intelligence scale.

Table 5 results of cognitive testing and negative symptom assessment in relatives of patients with schizophrenia from simplex families 
and multiplex families and controls

Neuropsychological measures 
& negative symptoms

RPM (n=26) RPS (n=52) CONR (n=29) RPM vs 
CONR

RPS vs 
CONR

RPM vs 
RPS

Mean SD Mean SD Mean SD P4 P5 P6

Abstraction
Vs 48.9 2.6 51.3 1.8 60.9 2.3 0.005 0.002 .0.05
Short-time working memory
Ms

Digit span 9.6 0.4 10.6 0.3 10.4 0.3 .0.05 .0.05 0.026
Word span 7.1 0.2 7.5 0.2 7.6 0.2 .0.05 .0.05 .0.05
spatial span 6.2 0.4 6.6 0.3 6.1 0.3 .0.05 .0.05 .0.05

Executive function
WcsT

Total cards 78.9 5.0 82.4 3.4 70.6 4.6 .0.05 0.019 .0.05
correct numbers 23.9 0.5 24.2 0.4 24.9 0.5 .0.05 .0.05 .0.05
Perseverative errors 23.7 2.2 22.2 1.5 20.0 2.0 .0.05 .0.05 .0.05
random errors 33.2 4.1 35.7 2.8 27.0 3.8 .0.05 0.044 .0.05
correct categories 4.7 0.1 4.9 0.1 5.0 0.1 .0.05 .0.05 .0.05

Continuous attention
cPT

Visual errors 52.1 1.6 48.3 1.1 50.2 1.4 .0.05 .0.05 0.027
Visual omission 63.5 2.5 55.1 1.7 51.5 2.3 0.000 .0.05 0.004
Visual reaction time 52.3 1.6 48.5 1.1 47.4 1.5 .0.05 .0.05 .0.05
acoustic errors 54.3 1.6 48.8 1.3 50.0 1.5 0.024 .0.05 0.003
acoustic omission 67.2 3.3 58.5 2.2 57.2 3.0 0.015 .0.05 0.019
acoustic reaction time 51.2 1.9 47.6 1.3 44.8 1.8 0.050 .0.05 .0.05

Negative symptoms
N1 1.7 0.1 1.3 0.1 1.2 0.2 0.018 .0.05 0.047
N2 1.7 0.1 1.2 0.1 1.1 0.1 0.003 .0.05 0.003
N3 1.8 0.1 1.3 0.1 1.2 0.1 0.016 .0.05 0.015
N4 1.5 0.1 1.2 0.1 1.0 0.1 0.028 .0.05 .0.05
N5 3.0 0.2 2.6 0.2 2.0 0.2 0.048 0.017 .0.05
N6 1.6 0.1 1.3 0.1 1.0 0.1 0.049 .0.05 .0.05
N7 1.5 0.1 1.0 0.1 1.1 0.1 0.035 .0.05 0.015
Total 12.0 0.6 10.2 0.4 9.2 0.5 0.001 .0.05 0.014

Notes: P4: RPM vs CONR, P5: RPS vs CONR, P6: RPM vs RPS. Education was included as a covariate in comparisons among the three groups. Follow-up post hoc test 
(least square differences) was used for the comparisons when overall effects were significant. A value of P,0.05 was considered statistically significant. Bold values represent 
P,0.05.
Abbreviations: Vs, vocabulary subtest from Wechsler adult intelligence scale; Ms, memory span from Multiple Memory assessment scale; WcsT, Wisconsin card sorting 
Test; cPT, continuous Performance Test; rPM, relative of patients from multiplex families; rPs, relative of patients from simplex families; cONr, relatives of control 
proband. 

The VS tests the ability of generalizing abstraction and 

verbalization. Among the relatives of the three groups, the 

relatives of patients with SP from simplex families and 

multiplex families had the evident impairment in the VS. 

There was a similar trend among the patients with SP from 

simplex families and multiplex families and controls, though 

the difference between patients from simplex families and 

controls failed to show significance. The VS is usually used 
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as the basic estimation of intelligence; in fact, it reflects the 

advanced mental capacity and may be a sensitive endophe-

notype of SP, especially appropriate for the non-psychotic 

relatives of SP.

CPT tests the continuous attention and vigilance. Patients 

with SP showed attention dysfunction in the present study. 

There is a consistent impaired performance on the “main-

tenance plus” frontal lobe tasks requiring increased effort 

and higher central executive processing in neuroleptic-naïve 

relatives of schizophrenic patients.19 Our study showed 

more visual omission and reaction times only in relatives of 

patients than in CONP. For the genetic load, relatives from 

multiplex families had worse performance in most parameters 

of CPT than relatives from CONP and relatives from simplex 

families. There was no significant difference between rela-

tives from simplex families and relatives of CONP. Several 

studies have also reported negative results.20,21 Avila et al22 

found cognitive deficits in only relatives who met criteria 

for a SP spectrum disorder. Thus, it is possible that the con-

tinuous attention deficits are only present in relatives with a 

particularly high genetic liability.

WCST is a typical cognitive measure of executive func-

tion which is associated with prefrontal activity. There is 

evidence showing that schizophrenic patients and their rela-

tives have more perseverative errors and completed fewer 

categories in this test.23 There are several studies taking 

genetic load into consideration.24,25 Both Aydin et al24 and 

Schulze-Rauschenbach et al25 found more perseverative 

errors in WCST in relatives of SP patients than controls; how-

ever, there was no significant difference between relatives 

from multiplex families and simplex families. Similar to the 

findings of Birkett et al,10 some positive results were found 

among the relatives from multiplex families and simplex 

families and controls. There was only an increasing trend of 

perseverative errors in probands and relatives from simplex 

families and multiplex families. This might be ascribed to 

the small sample size. A study of Breton et al also indicated 

a familial resemblance for two tests assessing the executive 

function of attention, but not for the WCST test in families of 

patients with SP.26 It seemed that the impairment on execu-

tive function estimated by WCST was an effective marker, 

but not a sensitive one.

In this study, patients with SP presented significant 

negative symptoms. N1–N7 scores in patients from simplex 

families and multiplex families were similar. This may be 

partially attributed to some factors, such as course of disease 

and medications.27,28 Interestingly, our results showed that 

negative symptoms were significantly more severe in rela-

tives from multiplex families than in those from simplex 

families and controls, which was consistent with the findings 

of Martín-Reyes et al.29 These results support the role of 

genetic load in the expression of negative symptoms.

The relationship between negative symptoms and cog-

nitive function of SP has been discussed for the view that 

Table 7 spearman correlational analyses between negative symptoms and scores of neuropsychological measures in relatives of 
patients with schizophrenia

VS Digit  
span

Word  
span

Spatial  
span

Total  
cards

Correct  
numbers

Perseverative  
errors

Random  
errors

Correct  
categories

r -0.785** -0.540** -0.444** -0.383** 0.202 -0.045 0.212 0.162 -0.043

Visual  
errors

Visual  
omission

Visual  
reaction 
time

Acoustic  
errors

Acoustic  
omission

Acoustic  
reaction  
time

r 0.105 0.372** 0.380** 0.086 0.147 0.044

Note: **P,0.01.
Abbreviation: Vs, vocabulary subtest from Wechsler adult intelligence scale.

Table 8 stepwise regression analysis of factors associated with negative symptoms in patients with schizophrenia

Factor β SE Beta t P-value

Vs -0.217 0.036 -0.589 -6.064 0.000
WcsT correct categories -12.780 4.021 -1.630 -3.178 0.003
cPT acoustic errors 0.268 0.072 0.583 3.706 0.001
WcsT correct numbers 2.442 0.917 1.368 2.663 0.011
cPT visual errors -0.203 0.084 -0.372 -2.425 0.020

Notes: Standardized regression coefficient: Beta; R2=0.688, F=5.882, P=0.020.
Abbreviations: Vs, vocabulary subtest from Wechsler adult intelligence scale; WcsT, Wisconsin card sorting Test; cPT, continuous Performance Test.
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frontal dysfunction underlies these two symptoms. The 

systematic review has shown that the negative dimension 

is significantly and negatively correlated with the majority 

of cognitive domains, including problem-solving, speed of 

processing, attention, verbal/visual learning and memory, 

and IQ.30 Similar to these findings, our study also indicated 

that abstraction, working memory, executive function, and 

sustained attention were correlated significantly with nega-

tive symptoms in patients with SP.

As shown in stepwise regression analysis, VS, correct 

numbers and categories in WCST, and visual and acoustic 

errors in CPT in the regression model predicted 68.8% of the 

variability in negative symptoms in patients with SP.

The course of disease, medical treatment, other psychi-

atric symptoms (such as positive symptoms), and disorga-

nized symptoms are involved in various cognitive deficits in 

patients with SP, and hence, their non-psychiatric relatives 

may be more appropriate for investigations. Thus, the cor-

relation of these two symptoms was further investigated in 

the relatives of patients with SP. Our results revealed that the 

performance of VS, MMAS, and visual omission and reaction 

times in CPT correlated significantly with negative symp-

toms. There was still a strong correlation between negative 

symptoms and cognitive deficits in relatives, although it was 

weaker than that in patients. VS and visual omission in CPT 

were included in the final regression model and accounted 

for 63.9% of negative symptom variance in stepwise regres-

sion analysis.

It has been reported that negative and cognitive symptoms 

have their own etiology.27 Pathological changes in separate 

brain regions may be the cause of negative symptoms and 

cognitive symptoms, but the underlying etiologies are related 

to each other. Longitudinal studies show that negative symp-

toms and cognitive deficits appear to change at different rates, 

so there are correlations between them at baseline, but the 

change in cognition fails to predict the change in negative 

symptoms at follow-up.27,31

Taken together, our results suggest that negative symp-

toms and cognitive deficits in patients with SP and their 

relatives were related closely, but they do not completely 

overlap. The negative symptoms and cognitive deficits may 

be caused by distributed neuropathology, and the cross-

sectional correlations between these variables is mediated by 

the rating methods employed, social cognition, or dysfunc-

tional attitudes.31,32

Limitations
There were several limitations in this study. The sample 

size was small, and further studies with a large sample size 

are needed to confirm our findings. The patients received 

antipsychotics treatment, which may affect the cognitive 

performances in this study. However, the drug-naïve patients 

would hardly collaborate with clinicians on these tests. Thus, 

the unaffected first-degree relatives of patients were included 

to eliminate the influences of symptoms and medications.

Conclusion
In conclusion, our study indicates that patients with SP and 

their relatives show cognitive deficits and a certain degree 

of negative symptoms. Moreover, relatives from multiplex 

families exhibit more cognitive deficits and obvious negative 

symptoms than relatives from simplex families and controls. 

These two symptoms are genetic characteristics of SP and 

may worsen as the genetic load increases. The negative 

symptoms and cognitive deficits in patients and their relatives 

are related closely, but do not completely overlap. More 

studies with large sample size are needed to investigate 

the underlying genetic and neurobiological factors as well 

as the cognition and psychopathology, which may shed light 

on the mechanisms underlying SP.
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