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Abstract 

Background:  Patients with schizophrenia are unaware of their cognitive impairments. Misperception of cognitive 
impairment is an important factor associated with real-world functional outcomes in patients with schizophrenia. The 
patient’s family member plays a crucial role in detecting patients’ cognitive impairments when the patients are una-
ware of their own cognitive impairments. Previous studies have reported that not only the patient’s subjective rating, 
but also the patient’s family members’ rating of their cognitive impairment may not be precise. However, it is unclear 
why family ratings are inaccurate, and which factors impact family ratings. This study investigated whether family 
ratings differed significantly from the patients’ subjective ratings of the patients’ cognitive impairments and sought to 
determine the reason for the differences between the family ratings and the patients’ neurocognitive performances. 
We investigated the relationship between patients’ subjective ratings, family ratings for patients’ cognitive impair-
ments, neuropsychological performance, and other aspects, including premorbid IQ and clinical symptoms.

Method:  We evaluated 44 patients with schizophrenia for cognitive function using neuropsychological tests; in addi-
tion, both the patients and their families rated the patients’ cognitive impairments through questionnaires. We used 
the Mann–Whitney U test to examine whether the family ratings differed significantly from the patients’ self-reported 
ratings of their cognitive impairment. We conducted multiple regression analysis and structural equation modeling 
to determine why the patients’ subjective ratings and the family ratings were not definitively associated with the 
patients’ neurocognitive performances. We performed multiple regression analysis with a stepwise method with neu-
rocognitive performance, premorbid IQ, positive symptoms, and negative symptoms as independent variables and 
family ratings of patients’ cognitive impairments as dependent variables.

Results:  We found that the family ratings differed significantly from the patients’ subjective self-reported ratings of 
their cognitive impairments. Our results showed that the premorbid IQ of patients is the strongest predictor of family 
ratings. Furthermore, among the neurocognitive domains, only the processing speed of patients was associated with 
family ratings.
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Background
Cognitive impairment, including deficits in atten-
tion, verbal learning, working memory, and execu-
tive function, is a core problem in schizophrenia [1, 
2]. Patients with schizophrenia are unaware of their 
own cognitive impairment [3–5]. The unawareness 
of cognitive impairments has been defined as impair-
ment of neurocognitive “introspective accuracy (IA)” 
in schizophrenia patients, and IA refers to “how well 
individuals evaluate their own abilities, skills, perfor-
mance, and decisions” [3]. In addition, the direction of 
misestimation of their own abilities has been labeled 
introspective bias (IB) [3]. IB refers to the direction of 
inaccuracy of patients’ subjective evaluations. This, 
when patients subjectively rate their own cognitive 
abilities as higher than their actual cognitive abilities, 
that is considered overestimation (direction: positive); 
when patients rate their cognition as lower than their 
actual cognitive abilities, that is considered under-
estimation (direction: negative). IA is a crucial factor 
that contributes to a patient’s functional outcomes 
[6]. The greater overestimation of their own function-
ing is associated with impaired neurocognitive abili-
ties and lower levels of depressive symptoms [7–9]. 
In a recent study of IA in the domain of social cogni-
tion, less severe depressive symptoms were associated 
with lower self-reported impairment in social func-
tioning and higher social cognitive ability [10]. These 
results suggest that levels of depressive symptoms and 
cognitive performance are crucial signals determin-
ing the accuracy and direction (underestimation or 
overestimation) of patients’ subjective self-reported 
evaluations of their own cognitive impairments. Fur-
thermore, it has been suggested that weakened execu-
tive function [11, 12] and autistic traits [13] are also 
determinants of IA impairment. To date, the problem 
of self-assessment in patients with schizophrenia has 
been investigated by comparing the patient’s self-rat-
ing with informant-rating (high-contact clinician or 
case manager, or patient’s family member) or using 

correlations between self-rating and performance of 
objective neuropsychological tests [6, 8].

Early detection and treatment are important for 
improving outcomes in patients with schizophre-
nia. Patients with schizophrenia often show impaired 
cognitive performance, including verbal memory 
and executive function/working memory, since the 
clinical high-risk state [14]. The patients’ families, 
who live with and knows the patients very well, may 
be able to recognize the patients’ cognitive impair-
ment in the prodromal phase. Family awareness of a 
patient’s cognitive impairment may be crucial for the 
early detection and treatment of schizophrenia. How-
ever, previous studies have reported that the rating of 
patients’ family members as the informant was less 
associated with patients’ performance on neurocog-
nitive tests and functional capacity than ratings by a 
high-contact clinician [15, 16]. These previous find-
ings suggest that the rating of family members for a 
patient’s cognitive ability is not always accurate. Fam-
ily awareness of the patient’s cognitive impairment 
is important for improved outcomes, although few 
studies have focused on the family’s assessment of the 
patient’s cognitive impairment.

This study had two goals. One, it sought to deter-
mine whether family members’ ratings of schizophre-
nia patients’ cognitive impairment differed from the 
patient’s subjective self-reported ratings. Two, it sought 
to determine the reason for the differences between the 
family ratings and the patients’ subjective self-reported 
ratings of their cognitive impairments and neurocogni-
tive performances, in particular, to identify the factors 
that affect family ratings.

We investigated the relationship between patients’ 
subjective ratings, family ratings for patients’ cogni-
tive impairments, and neuropsychological performance 
using structural equation modeling (SEM). We also 
included patients’ premorbid IQ and positive and nega-
tive symptoms in the SEM as variables that may moder-
ate family ratings and neurocognitive performance.

Conclusions:  We found that the family ratings were not consistent with the patients’ subjective self-reported ratings 
and the family ratings were most affected by the patients’ premorbid intellectual abilities. These results suggest that 
the families’ current assessments of the patients’ current cognitive impairments were affected by the patients’ pre-
morbid intellectual ability rather than the patients’ current neurocognitive performance. Patients’ processing speed 
predicted family ratings; however, family members’ ratings were not related to verbal learning/memory, executive 
function, and language of patients. Therefore, our findings highlight that patients’ family ratings may differ from 
patients’ subjective ratings, results of performance-based neuropsychological tests, and clinician ratings.

Keywords:  Schizophrenia, Self-assessment, Family rating, Neurocognition, Cognitive impairment, Introspective 
accuracy
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Methods
Participants
The participants were 44 outpatients (male = 25, 
female = 19) diagnosed with schizophrenia according to 
the ICD-10 criteria [17], treated with medication, and 
in stable condition. All the participants were outpa-
tients who had participated in a previous intervention 
study on cognitive remediation therapy at the Depart-
ment of Neuropsychiatry, Toyama University Hospital. 
We used the data from the previous study’s pre-inter-
vention control group and the intervention group 
receiving cognitive remediation therapy. We recruited 
the participants from the outpatient department by dis-
playing posters, distributing pamphlets, and contacting 
patients through their doctors. The patients’ diagnoses 
were made by psychiatrists using semistructured inter-
views and the diagnostic criteria in the ICD-10. The 
study’s inclusion criteria were as follows: (a)  patients 
aged 20 or over; (b) patients with an ICD-10 diagnosis 
of schizophrenia; (c) patients with symptoms controlled 
by medication and not currently experiencing an acute 
phase; and (d) patients not currently hospitalized. The 
study’s exclusion criteria were as follows: (a)  patients 
aged under 20 or over 65; (b) patients with a premorbid 
IQ lower than 80, as measured with the Japanese Adult 
Reading Test (JART) [18]; (c) patients with a history of 
head trauma or surgery; (d) patients with a neurological 
illness; and (e) patients with substance or alcohol abuse.

Written informed consent was obtained from all par-
ticipants after the procedures had been fully described.

Procedures
To evaluate the patients’ neurocognitive performance, 
all patients completed performance-based neuropsy-
chological tests, including processing speed, memory, 
executive function, and verbal fluency. To rate the 
patients’ subjective and family ratings for patients’ eve-
ryday functioning, measurement of everyday cognition 
(ECog) [19] was performed by both patients and their 
family members. Clinical symptoms were evaluated 
using the Scale for the Assessment of Positive Symp-
toms (SAPS) [20] and the Scale for the Assessment of 
Negative Symptoms (SANS) [21]. All the neuropsycho-
logical tests were administered by psychologists trained 
in neuropsychological assessments. Clinical symptoms 
were assessed using a semistructured interview method 
by licensed clinical psychologists with sufficient train-
ing and clinical experience. We conducted the ECog 
family version with family members who were currently 
living with the patient and had been for a significant 
period, so they knew the patients well (e.g., mother, 
father, siblings, spouse, etc.).

Measures
Assessment of clinical symptoms
We assessed the positive symptoms using the SAPS [20]. 
We used the composite score, which is the sum of the 
items “hallucinations,” “delusion,” “bizarre behavior,” and 
“positive formal thought disorder.” We assessed the nega-
tive symptoms using the SANS [21]. The score was the 
sum of global rating of “affective flattening or blunting,” 
“alogia,” “avolition-apathy,” “anhedonia-asociality,” and 
excluding "subjective complaints of emotional emptiness 
or loss of feeling”, “subjective rating of alogia”, “subjective 
complaints of avolition and apathy”, “subjective aware-
ness of anhedonia-asociality”, and “inappropriate affect”.

Additionally, we needed to exclude the SANS global 
rating for “attention” and “poverty of content of speech” 
from the SANS composite score to match the current 
conceptualization of negative symptoms. However, we 
could not verify the scores for individual patients’ SANS 
items; our dataset contained only the global SANS rat-
ings, not individual SANS item scores. Furthermore, 
because we took our data from a previous dataset, we had 
limited access to the participants’ information and could 
not retrospectively confirm all the SANS raw data for 
individual patients. Therefore, we used SANS composite 
scores, excluding the global rating for “attention” in the 
SANS. Higher scores for SAPS and SANS also indicate 
higher symptom severity.

Patient ratings and family ratings of everyday function using 
ECog
The ECog questionnaire assesses patients’ daily function-
ing [19]. This questionnaire was based on the Schizo-
phrenia Cognition Rating Scale (SCoRS) [22, 23], which 
consists of 20 items related to daily living (e.g., remem-
bering names of people you know or meet, following 
a television show, etc.). The SCoRS was developed to 
assess cognitive impairment in patients with schizo-
phrenia and has been validated [23]. The Japanese ver-
sion of the SCoRS has been shown to be valid in Japanese 
patients with schizophrenia [22]. The SCoRS uses a semi-
structured interview with patients and their informants 
(e.g., caregiver, family member, friend, etc.) to arrive 
at a global score (range: 1–10) from three perspectives: 
patient, informant, and rater. Hoshino and Matsui (2014) 
modified the SCoRS to measure the subjective cognitive 
impairments and family evaluations more easily by using 
a questionnaire without changing the items’ contents 
[19]. Since the method of administration and scoring 
differed from the official SCoRS, they called their ques-
tionnaire “ECog.” Hoshino and Matsui (2014) reported 
that the ECog has high internal reliability (Cronbach’s 
alpha = 0.93) and test–retest reliability (r = 0.81) in a 
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preliminary study of the families of patients with schizo-
phrenia [19]. This questionnaire consisted of six cognitive 
domains: attention, memory/learning, problem solving, 
working memory, language processing, and motor func-
tion. Each item is rated on a four-point scale, with higher 
scores reflecting a greater degree of impairment.

Performance‑based neuropsychological tests
Verbal learning/memory
The Japanese Verbal Learning Test (JVLT) assesses 
short-term verbal retention and verbal learning abilities 
[24]. JVLT is composed of 16 word lists (4 categories × 4 
words). Participants were required to recall the word lists 
after the examiners had finished presenting the words. 
The JVLT has three trials in all, and the scores were given 
the sum of the number of words correctly recalled in 
each trial (range of scores is 0 to 48). The story recall sub-
test of the Japanese version of the Rivermead Behavioral 
Memory Test (RBMT) examines episodic memory [25, 
26]. The number of sentences recalled immediately was 
scored (0–25).

Processing speed
Trail Making Test Part A (TMT-A) assesses processing 
speed [27]. TMT-A is a task to trace numbers in ascend-
ing order, and the numbers on the paper are arranged 
from 1 to 25. The time taken to trace all the numbers was 
scored.

Executive function
Trail Making Test Part B (TMT-B) [27] and the Wiscon-
sin Card Sorting Test (WCST) [28, 29] assess executive 
function. Participants must classify the cards given to 
them by the examiner and guess how to classify the cards 
based on the feedback of “right” or “wrong” for their clas-
sification. The number of trials and total errors required 
to complete the six categories were used as scores. Trail 
Making Tests B (TMT-B) [27] is a task of sequentially 
and alternately following numbers and words randomly 
arranged on paper in one stroke (Example 1-a-2-i-3-u-). 
The time taken to trace all numbers and words was 
scored.

Language
The Verbal Fluency Task for the Japanese version (VFT) 
measures language function [30]. Participants were asked 
to generate as many words as possible within 60  s. We 
implemented five categories: words beginning with “KA”; 
words beginning with “TA”; ANIMALS; FRUITS; and 
VEGETABLES. We used the total number of words gen-
erated in each category as the score.

Statistical analyses
We analyzed the data using IBM SPSS, Version 27 
(Armonk, NY: IBM Corp.). We set the statistical signifi-
cance at p < 0.05. We conducted the Mann–Whitney U 
test to examine whether there was a significant differ-
ence between the ECog scores of the patient and fam-
ily ratings; the Shapiro–Wilk test showed that the ECog 
scores for the patients (p = 0.01) and families (p = 0.01) 
were not normally distributed. We used stepwise mul-
tiple regression analyses to investigate which variables, 
such as neurocognitive performance, premorbid IQ, pos-
itive symptoms, and negative symptoms, predicted ECog 
scores for patients and their families. We conducted SEM 
to investigate the relationship between family ratings, 
patient ratings, neurocognitive performance, premorbid 
IQ, and symptoms. We performed SEM using IBM SPSS 
AMOS, Version 27.0 (Armonk, NY: IBM Corp.).

In the first step, we generated the latent variable for 
neurocognitive performance from the observable vari-
ables, including TMT-A, TMT-B, VFT, RBMT memory, 
WCST, and JVLT. We built the model using “neurocog-
nitive performance,” premorbid IQ, and positive and 
negative symptoms as predictors and the patients’ rat-
ings and families’ ratings on ECog as the dependent vari-
ables. We calculated the latent variable “neurocognitive 
performance” using factor analysis in SEM using the 
scores, factor loadings, and errors of the individual neu-
rocognitive tests. In other words, we calculated the latent 
variable (factor) “neurocognitive performance” from the 
scores of the observable variables TMT-A, TMT-B, VFT, 
RBMT memory, WCST, and JVLT using factor analysis 
with a one-factor structure.

In the next step, we investigated whether these pre-
dictors (i.e., “neurocognitive performance,” premorbid 
IQ, and positive and negative symptoms) predicted 
the family and patient ECog ratings. Furthermore, if 
the results of the SEM showed that the neurocogni-
tive performances as a latent variable were signifi-
cantly associated with the family rating of the ECog, 
we needed to identify which cognitive domain influ-
enced the family rating. We also used multiple regres-
sion analysis to identify which patient’s neurocognitive 
domain affected the family rating of patient’s cognitive 
impairments, with neurocognitive performances as the 
independent variable.

Results
Demographic, clinical, neurocognitive data 
and distributions
Table  1 shows the means and standard deviations of 
the patients’ demographics and cognitive data. The 
mean age of the patients was 37.3 ± 11.2 (SD) years, 
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and the mean years of education was 14.3 ± 1.8. The 
mean age of onset of schizophrenia was 23.7 ± 6.9 (SD) 
years old; the mean of illness duration was 13.6 ± 11.2 
(SD) years; and the mean of antipsychotic dose (risp-
eridone equivalent) was 5.5 ± 3.4 (SD) mg/day.

Comparison of current cognitive impairments in patient 
and family
We observed a statistically significant difference between 
patient rating and family rating in the ECog total score: 
(patient vs. family 15.9 ± 10.5 (SD) vs. 11.5 ± 10.0 (SD), 
p < 0.05). The family ratings for ECog were lower than the 
patient ratings (Table 2).

The relationships between family rating, patient rating, 
and neurocognitive performances, premorbid IQ, 
and symptoms
We performed stepwise multiple regression analyses 
with neurocognitive performance, JART, SAPS, and 
SANS as independent variables, and family ratings of 
ECog scores as dependent variables. The results showed 
that JART was the strongest predictor of family ratings 
for ECog (β = -0.48, p < 0.01). The TMT-A score was the 
second predictor of family ratings for ECog next to JART 
(β = 0.32, p < 0.05) (Table 3).

Stepwise multiple regression analyses were also per-
formed with neurocognitive performance, JART, SAPS, 
and SANS as independent variables, and patient rat-
ings of ECog scores as dependent variables. The results 
showed that none of the independent variables predicted 
the patients’ subjective rating of ECog.

SEM of the family rating, patient rating, 
and neurocognitive performances
We examined a model in which neurocognitive perfor-
mance, premorbid IQ, positive symptoms, and nega-
tive symptoms were predictors of the family rating and 
patient rating of ECog (Fig.  1). All the observed vari-
ables were significantly associated with generated latent 
variable: TMT-A (β = -0.81, p < 0.001), TMT-B (β = -0.79, 
p < 0.001), VFT (β = 0.62, p < 0.01), WCST (β = -0.62, 
p < 0.01), RBMT memory (β = 0.57, p < 0.01). The results 
of SEM indicated that neurocognitive performance 
(β = -0.36, p < 0.05) and JART (β = -0.43, p < 0.001) sig-
nificantly predicted the family ratings of ECog. Positive 
symptoms (β = 0.12, p = 0.37) and negative symptoms 
(β = 0.01, p = 0.91) did not predict the family rat-
ing of ECog. None of the predictors, including posi-
tive symptoms (β = -0.03, p = 0.85), negative symptoms 
(β = 0.18, p = 0.23), premorbid IQ (β = -0.03, p = 0.86), 

Table 1  Means and standard deviations of evaluations

JART​ Japanese Adult Reading Test, SAPS Scale for the Assessment of Positive 
Symptoms, SANS Scale for the Assessment of Negative Symptoms, TMT-A Trail 
Making Test—Part A, TMT-B Trail Making Test—Part B, WCST Wisconsin Card 
Sorting Test, RBMT Rivermead Behavioral Memory Test, JVLT Japanese Verbal 
Learning Test, VFT Verbal Fluency Task

Means (SD) Min Max

Demographics
  Age (years) 37.3 (11.2) 20 62

  Education (years) 14.3 (1.8) 12 20

  JART​ 104.2 (8.8) 82 123

  Age of onset (years old) 23.7 (6.9) 15 45

  Illness duration (years) 13.6 (11.2) 1 43

  Antipsychotic dose (risperidone 
equivalent) was

5.5 (3.4) 0 15.5

Clinical symptoms
  SAPS 20.6 (17.8) 0 74

  SANS 34.7 (16.8) 8 75

Neurocognitive tests
  TMT-A time 37.3 (12.1) 20 68.9

  TMT-B time 80.1 (31.1) 36 170

  WSCT completed categories 5.6 (1.5) 0 6

  WCST number of errors 20.4 (20.7) 5 96

  RBMT immediate recall 11.9 (5.3) 2 22

  JVLT recall total 28.9 (7.1) 17 43

  VFT total score 57.6 (11.5) 30 81

Table 2  Comparison of current cognitive impairments in patient 
and family

SD Standard deviations, z z-score, p p-value

Means SD Mann–Whitney-U z p

697.50 -2.11  < 0.05

Patient rating 15.9 10.5

Family rating 11.5 10.0

Table 3  Multiple regression analysis of patients’ neurocognitive performances, premorbid IQ, and symptoms on family rating

The results of multiple regression analysis for predicting family rating from patients’ neurocognitive performances, premorbid IQ, and symptoms. β: Standardizing 
Coefficient, t t-value, p p-value, CI Confidence Interval, Adj R2 Adjusted R2, F F-value, JART​ Japanese Adult Reading Test, TMT-A Trail Making Test—Part A

Predictor β t p 95% CI Adj R2 F

0.29 8.75

JART​ -0.48 -3.48  < 0.01 -0.86: -0.23

TMT-A 0.32 2.34  < 0.05 0.04: 0.50
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and neurocognitive performance (β = -0.03, p = 0.86), 
predicted the patient rating of ECog. Premorbid IQ was 
not significantly associated with neurocognitive per-
formance (β = 0.31, p = 0.08). This model had a good fit 
(RMSEA = 0.06, CFI = 0.92).

The relationships between family rating 
and neurocognitive performances
We conducted multiple regression analysis to examine 
which neurocognitive domains predicted the family rat-
ings of ECog. The results indicated that only TMT-A sig-
nificantly predicted the family ratings of ECog (β = 0.28, 
p < 0.05). The other neurocognitive domains did not 
predict family ratings: TMT-B (β = -0.004, p = 0.98), 
VFT (β = -0.17, p = 0.20), WCST (β = -0.21, p = 0.12), 
RBMT (β = -0.25, p = 0.06), and JVLT (β = -0.17, p = 0.21) 
(Table 4).

Discussion
The purpose of this study was to determine whether 
patients’ neurocognitive performance, premorbid IQ, 
and clinical symptoms affect the family rating of patients’ 
cognitive impairments. It was unclear why the patient’s 
family ratings were less related to the patients’ cognitive 

abilities than the clinicians’ ratings. We found that family 
ratings were significantly different from patients’ subjec-
tive evaluations of cognitive impairments. Additionally, 
our findings suggest that premorbid IQ is the strongest 
predictor of family ratings. To our knowledge, this is the 
first study to show that family ratings are affected by the 
patient’s premorbid IQ, rather than neurocognitive per-
formance or the severity of clinical symptoms.

Our results revealed that the family ratings of patients’ 
cognitive impairment were lower than patients’ subjec-
tive ratings. This finding is inconsistent with previous 
studies, in which patients with schizophrenia have shown 
a lack of awareness of their cognitive impairments [5, 7]. 
However, the problem of introspective bias in schizo-
phrenia involves both overestimation and underestima-
tion [3]. Regarding the distribution of overestimators of 
their cognitive function in schizophrenia, Bowie (2007) 
reported that 40% [7] and Sabbag (2012) reported that 
60% of patients overestimated their cognitive function 
[31]. It is natural for the ratio of under-estimator to over-
estimator to change with sampling. Furthermore, previ-
ous studies have reported that higher levels of daily living 
function and higher cognitive abilities are associated 
with overestimation of their own cognitive impairments 
[32]. The participants in this study were outpatients 

Fig. 1  The relationship between neurocognitive performance, patient’s subjective rating, and family rating: ECog of family rating was significantly 
associated with patient’s neurocognitive performances and premorbid IQ. Premorbid IQ was not significantly related to neurocognitive 
performance. Positive symptoms and negative symptoms were not associated with family rating. Note. TMT-A: Trail Making Test—Part A. TMT-B: Trail 
Making Test—Part B. VFT: Verbal Fluency Task. WCST: Wisconsin Card Sorting Test. RBMT: Rivermead Behavioral Memory Test. JVLT: Japanese Verbal 
Learning Test. Neurocognitive Performance: Latent variables calculated from individual neurocognitive test scores. Patient’s rating (ECog): The score 
of patient’s subjective rating of ECog, Family rating (ECog): The score of family member rating of ECog, ECog: Measurement of Everyday Cognition. 
JART: Japanese version Adult Reading Test. Positive Symptom: The total score of Scale for the Assessment of Positive Symptoms. Negative Symptom: 
Scale for the Assessment of Negative Symptoms. β: Standardized partial regression coefficient: p: p-value
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with stable clinical status, and most of them achieved all 
categories of the WCST. Although depression was not 
assessed, participants in this study may have had higher 
levels of depression or higher cognitive abilities associ-
ated with an overestimation of cognitive impairment. 
Further studies, including the assessment of depression, 
are required.

We found that a patient’s premorbid IQ was the 
strongest predictor of family ratings of patients’ cogni-
tive impairments, and processing speed was the second 
predictor. Other cognitive domains, positive symptoms, 
and negative symptoms did not predict family ratings. 
These results suggest that family ratings are less related 
to patients’ cognitive performance and functional capac-
ity than clinicians’ ratings. Moreover, family ratings are 
influenced not only by the current cognitive impairment 
of the patient, but also by the patient’s premorbid intel-
lectual ability. The results of the multiple regression anal-
ysis showed that processing speed was related to family 
ratings. A previous meta-analysis reported that pro-
cessing speed, assessed by the digit symbol coding test, 
is more impaired compared to other specific cognitive 
domains such as verbal memory, executive function, and 
working memory [33]. Impairment of processing speed 
may be a central component of cognitive dysfunction in 
schizophrenia [34]. Therefore, family members may be 
able to recognize impairments in processing speed rela-
tively easily in their daily lives.

The results of SEM revealed that patients’ premor-
bid IQ affected family rating. Since the patients’ fam-
ily members had lived with the patients for a long time, 
they were influenced by their impressions of the patients’ 
premorbid (before their cognitive decline) level of func-
tioning; the higher the patient’s premorbid function-
ing, the more likely the family was to underestimate the 
cognitive impairment after the onset. Furthermore, SEM 
results did not show that JART was associated with the 
patients’ neurocognitive performance. This finding is 
not consistent with previous studies, which showed that 
premorbid IQ estimated by JART is related to patients’ 
neurocognitive performance such as verbal memory, 
processing speed and verbal fluency estimated using the 
Brief Assessment of Cognition in Schizophrenia (BACS) 
[35]. The previous study suggested that premorbid intel-
lectual ability may be a crucial factor that contributes to 
neurocognitive performance. It is possible that our anal-
ysis did not show a statistically significant association 
between premorbid IQ and patients’ neurocognitive per-
formance because of the small sample size and low statis-
tical power.

The patients’ subjective cognitive impairments were 
not related to their neurocognitive performance, pre-
morbid IQ, or clinical symptoms. This result suggests 

that depressive symptoms, autism traits, and internal-
ized stigma might determine patients’ subjective ratings 
of current cognitive impairments [9, 13, 36]. Further 
research focusing on more comprehensive aspects, 
including these indicators, is required.

This study had some limitations. Our sample size was 
relatively small in these analyses. Further research is 
needed to increase the sample size and to ensure our 
results. Previous studies reported that several factors, 
including depression and autism, were significantly 
related to IA in patients with schizophrenia [9, 13, 31]. 
We did not investigate the relationships between patients’ 
subjective evaluations and neurocognitive performance, 
considering the effects of these other factors. The SEM 
of this study did not include all variables related to the 
patient’s subjective evaluation reported to date. Thus, it 
is unclear whether other aspects, such as depression and 
autism traits, were associated with family ratings.

Patients with a stable clinical status were included 
in this study. Further research is needed to determine 
whether the findings of our study can be applied to 
patients with different levels of cognitive impairment and 
the severity of clinical symptoms.

Although the IA of social cognition has gained atten-
tion [16], we did not focus on social cognition in this 
study. Recently, Pinkham et  al. (2018) showed that 
patients with schizophrenia showed less IA-specific acti-
vation of social cognition in the right rostrolateral pre-
frontal cortex, which is involved in IA abilities in healthy 
controls [37]. Further studies should focus on to clarify 
what factors affect the family ratings of patients’ social 
cognition.

Although we should exclude the SANS global rat-
ing for “attention” “inappropriate affect (SANS item 
6)” and “poverty of content of speech (SANS item 11)” 
from the SANS composite score to match the current 
conceptualization of negative symptoms [38], we could 
not exclude “poverty of content of speech”. This was 
because access to participant information was limited, 
and it was impossible to retrospectively confirm all 
SANS raw data for individual patients. Further research 
is needed to fully align scoring with the contemporary 
concept of negative symptoms. Finally, this study used 
cross-sectional design. Therefore, we could not exam-
ine the effects over a time course for the patients’ sub-
jective ratings, the families’ ratings, or the patients’ 
neurocognitive performances. Further longitudinal 
studies are required to elucidate the reason for the lack 
of association between the family ratings, the patients’ 
subjective self-reported ratings, and the objective neu-
rocognitive performances.
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Conclusion
We found that premorbid intellectual ability may be a 
crucial predictor of family ratings of patients’ cogni-
tive impairments in daily life. Our data suggest that 
processing speed is a significant predictor of family rat-
ings among neurocognitive functioning domains. These 
results emphasize that the evaluation of patients’ cogni-
tive impairments by family members was different from 
the patient’s subjective evaluation and neurocognitive 
performance.
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