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Background: Serum levels of C-reactive protein (CRP) were measured in patients with 
deficit schizophrenia (DS) to confirm the association between CRP level and cognitive 
performance and to determine whether CRP was a new biological indicator with the potential 
clinical applications in DS patients.
Methods: Three independent samples [41 DS and 50 non-deficit schizophrenia (NDS) and 
30 sex- and age-matched healthy controls (HCs)] were recruited in our study. Serum CRP 
levels were measured by immunofluorescence. The Positive and Negative Syndrome Scale 
(PANSS) and alternative forms of the Repeatable Battery for the Assessment of 
Neuropsychological Status (RBANS) were also assessed. And the relationships between 
serum CRP levels and both PANSS and RBANS scores were finally analyzed.
Results: The results of serum CRP level were showed significantly different among the three 
groups and increased from the HCs to NDS patients to DS patients. There were also 
significant differences in the cognitive subdomain analyses among the three groups. Serum 
CRP levels were found positively correlated with total and negative PANSS scores, and 
showed negatively correlated with overall cognitive test scores in the DS samples.
Conclusion: Serum C-reactive protein levels and their association with cognitive perfor
mance were different between deficit schizophrenia and non-deficit schizophrenia samples, 
and higher serum CRP level was associated with worse cognitive performance in the DS 
patients. The results indicated that CRP could be a potential biomarker, and DS could be 
a distinct subset of schizophrenia.
Keywords: schizophrenia, deficit schizophrenia, C-reactive protein, inflammation, cognitive 
impairment

Introduction
Schizophrenia is a severe mental disorder characterized by positive and negative 
psychotic symptoms, cognitive dysfunction and functional decline, with a lifetime 
prevalence close to 1%.1 The etiology of schizophrenia remains vague, but it points 
to a combination of both genetics and environmental events. Cognitive dysfunctions 
are core features of schizophrenia that detrimentally affect functional outcomes.2 

There has been an increasing amount of evidence suggesting that underlying 
inflammatory mechanisms are relevant to cognitive functioning.3 Peripheral inflam
mation might be related to cognitive deficits in schizophrenia.4 The contribution of 
inflammatory mechanism in schizophrenia has attracted much attention in recent 
years.
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Carpenter et al have described deficit schizophrenia 
(DS) as a relatively homogeneous subset of patients with 
schizophrenia with a more severe illness characterized by 
long-lasting and prominent negative symptoms, a higher 
degree of cognitive impairment, a greater decrement in 
frontal and temporal brain volumes, and worse psychoso
cial functioning when compared to nondeficit schizophre
nia (NDS).5,6 Mounting evidence indicates that DS 
patients could be a distinct schizophrenia subgroup, 
which helped to reduce the heterogeneity in the classifica
tion of patients with this disease.

Given the heterogeneity of the symptoms in patients 
with schizophrenia and current treatment limitations, bio
markers may play an important role in the diagnosis, 
subtype stratification, and the assessment of treatment 
response. C-reactive protein (CRP), a well- characterized 
and standardized marker of inflammation, is considered to 
be useful in identifying schizophrenia patients who may be 
more highly inflamed, which could contribute to treatment 
choice.7–9

Reports on serum CRP levels in patients with schizo
phrenia showed inconsistently.10–12 And at present, studies 
on serum CRP levels in DS patients and its relationship 
with cognitive function are scarce by now. Therefore, the 
purpose of this study is to explore whether there was 
a discrepancy in serum CRP level between DS patients, 
NDS patients and the healthy control group (HCS). At the 
same time, the relationship between serum CRP level and 
cognitive function in patients with DS was also evaluated.

Methods
Participants
We recruited 91 clinically stable schizophrenia patients (41 
DS and 50 NDS) and 30 HCs coming from three indepen
dent samples. Schizophrenia patients were recruited from 
the psychiatric rehabilitation unit of Pudong New Area 
Nanhui Mental Health Center, Shanghai, China. The inclu
sion criteria were as follows: 1) diagnosis of schizophrenia 
was determined by the Structured Clinical Interview for 
the DSM-IV-TR (SCID); 2) the patients had a chronic 
course of disease for at least 7 years, aged between 20 
and 70 years; and 3) received a stable dose of oral anti
psychotics at least 12 months before recruitment. The 
Mini-International Neuropsychiatric Interview (MINI) 
was used to screen,13 who were excluded if they had 
a past or present diagnosis of a major neuropsychiatric 
illness. Other exclusion criteria were as follows: 1) other 

current DSM-IV-TR Axis I diagnoses; 2) alcohol or other 
non-tobacco substance abuse or dependence within the 
previous 3 months; 3) diagnosis of dementia, intellectual 
disability disorder, or a major neurological disorder; and 4) 
medical disability affecting the ability to complete study 
procedures. The study protocol was approved by the 
Institutional Ethical Committee for clinical research of 
Pudong New Area Nanhui Mental Health Center and all 
participants provided written informed consent prior to 
participation. This study was conducted in accordance 
with the Declaration of Helsinki.

Detection of Serum CRP Levels
For the analysis of CRP levels, blood samples were drawn 
from all patients in the fasting state between 08:00 and 10:00 
h after a 12-h overnight fast. Immediately after collecting 
blood samples, CRP serum levels were measured using the 
immunofluorescence method by the manufacturer (Roche).

Cognitive Assessment
Cognitive assessments were conducted using the Repeatable 
Battery for the Assessment of Neuropsychological Status 
(RBANS). RBANS has previously shown good reliability 
and validity in patients with psychosis.14 It takes only 
approximately 30 min to complete, making it practical and 
feasible to use in practice. The cognitive domains included 
language, visuospatial/constructional, immediate memory, 
delayed memory, and attention.

The original scores of neuropsychological variables 
were converted to T-scores using the best available criteria 
in the corresponding manuals.15 According to the average 
T-scores of five cognitive domains, the final summary 
score defines the overall T-score of cognitive function.

Procedures
Healthy controls and patients underwent a comprehensive 
evaluation by senior research psychiatrists and trained in 
the research procedure, including the use of the psychiatric 
scales, after the participants completed the informed con
sent and demographics form. The next appointment 
involved neuropsychological assessment, carried out by 
the same investigators. The same neuropsychological bat
tery was performed on all subjects. There were standard 
instructions for the management of each tool.

Statistical Analyses
Descriptive statistics (mean, standard deviation, frequency) 
and independent sample T-tests were analyzed with SPSS 
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version 24.0. The continuous variables of demographic, clin
ical and cognitive raw data are presented as the mean with 
standard deviation and analyzed. Pearson correlation coeffi
cient was used to evaluate the relationship between para
meter variables, and Spearman correlation analysis was 
used to evaluate categorical variables. Bonferroni correction 
was performed on each test to adjust multiple tests. The chi- 
square test was used to analyze statistical relationships of 
categorical variables. For all analyses, results were consid
ered statistically significant for p < 0.05.

Results
Demographic Data
Table 1 shows the basic demographic data in controls and 
both groups of schizophrenia. There were no significant 
differences in age, sex, smoking and/or body mass index 
(BMI) among the three study groups. Post hoc comparisons 
revealed less education for DS and NDS patients than in the 
HCs, while the two patient subgroups did not significantly 

differ. The results also showed that there were no significant 
differences in age of onset, course of disease and dosage of 
antipsychotics (chlorpromazine equivalent) between DS and 
NDS patients. There was no significant difference in the 
types of antipsychotic treatment between the DS and NDS 
groups. The DS patients showed more severe total psycho
pathological symptoms and negative symptoms than the 
NDS patients, but not in either positive or general syndrome 
regarding PANSS scores (Figure 1A).

Cognitive Performance in Patients with 
Schizophrenia and HCs
Global cognition was significantly impaired in the patients 
with DS in comparison with NDS using the RBANS 
(Table 1, Figure 1B). The same as for the RBANS, per
formance on the five cognitive subdomains tests is sum
marized in Table 2. The cognition performance of the DS 
group was significantly worse than that of the NDS group 
in all five cognitive tests.

Table 1 Demographic and Clinical Characteristics of DS, NDS and HC

DS (N = 41) NDS (N = 50) HC (N = 30) F/T/Χ2 p

Age 32.24 ± 15.85 33.76 ± 14.26 35.78 ±10.22 0.56 0.58

Sex (M/F) 24/17 26/24 16/14 0.41 0.81

Education (years) 5.12 ± 2.88## 5.51 ± 3.01§ 7.24 ± 3.76 4.25 <0.05

Smoking ratio (%) 41.46 40.00 43.33 1.38 0.50

BMI (kg/m2) 22.82 ± 6.12 23.24 ± 7.23 21.90 ± 7.15 0.36 0.70

CRP 14.32 ± 12.26*## 9.87 ± 6.95§§ 4.39± 2.16 11.84 <0.001

Age of onset (years) 21.12 ± 5.88 23.28 ± 8.79 1.35 0.18

Duration of illness (years) 20.19 ± 6.41 18.92 ± 7.16 0.88 0.38

PANSS total 70.98 ± 11.09 57.08 ± 11.88 5.72 <0.001

PANSS positive 16.56 ± 4.48 15.16 ± 5.62 1.29 0.19

PANSS negative 21.98± 7.46 12.50±3.65 7.91 <0.001

PANSS general 32.44 ± 7.88 29.42 ± 9.62 1.61 0.11

RBANS T-score 30.61± 8.74 39.66 ± 9.27 4.75 <0.001

Antipsychotic treatment
Olanzapine (N) 25 28 0.76 0.68
Risperidone (N) 15 19
Aripiprazole (N) 1 3

Chlorpromazine equivalents (mg/day) 523.06±198.76 497.34±229.32 0.56 0.57

Notes: ##p <0.001 DS vs HC; §p <0.05 NDS vs HC; §§p <0.001 NDS vs HC; *p <0.05 DS vs NDS.
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Serum CRP in Patients with 
Schizophrenia and HCs
The serum CRP levels were significantly different among 
the three groups (Table 1, Figure 1C). DS patients showed 
significantly higher levels of serum CRP than NDS patients.

The Relationships Between Serum CRP 
Levels and PANSS Scores or Cognitive 
Performance
Pearson correlation tests of the relationships were performed 
between serum CRP levels and PANSS score (Figure 2), or 
overall cognitive performance (Figure 3), respectively. 
A positive relationship was found between serum CRP 
levels and PANSS total and negative scores among the DS 
patients (Figure 2). And there was a statistically significant 
negative relationship between serum CRP levels and overall 
cognitive performance (Figure 3). Interestingly, the associa
tion relationships were not found among the NDS patients in 
this study (Figures 2 and 3).

Discussion
The first major result of this study was revealed that serum 
CRP levels are negatively correlated with overall cognitive 
performance was shown only among DS patients. This 
relationship association was especially useful for the 

subset diagnosis of schizophrenia. In addition, it could be 
considered a biomarker capable of discriminating DS from 
NDS patients. Furthermore, analysis of the PANSS sub
scale scores confirmed that significant differences were 
found in total and negative scores between the DS and 
NDS patients, while there were no differences in the 
positive and general scores. Consistent with previous 
studies,16 this study provided evidence for the hypothesis 
that DS is a unique group or pathological entity. The 
separation of deficits from NDS can provide a more homo
geneous phenotype, and thus may enable the identification 
of pathophysiological mechanisms underpinning this com
plex phenotype.

Although the pathophysiology of schizophrenia is still 
not completely understood, there is accumulating evidence 
that dysregulation in components of the immune system 
are fundamentally linked to the disease.17,18 It has been 
proposed that chronic inflammation might damage the 
microvascular system of the brain, hamper cerebral blood 
flow, and trigger the expression of genes that cause 
chronic, low-grade inflammation.19,20 Researchers have 
pointed out that increasing CRP levels were associated 
with increasing risk for psychological distress.21 Thus, 
studies have been conducted to decipher the potentiality 
of CRP as a marker for inflammation in schizophrenia.19 

Figure 1 (A) The DS patients showed more severe psychopathological total symptom (F = 5.72, ***p < 0.001) and negative symptoms (F = 7.91, ***p < 0.001) than NDS, 
but not in either positive (F = 1.29, NSp = 0.19) or general syndrome (F = 1.61, NSp = 0.11) regarding PANSS scores. (B) RBANS showed a lower T-score in patients with DS 
in comparison with NDS (T = 4.75, *** p < 0.001). (C) Serum CRP levels were significantly different in the three study groups (F = 11.84, ***p < 0.001), and DS patients 
showed a higher level than NDS patients (T = 2.18, *p = 0.03).

Table 2 Comparisons of the Cognitive Subdomains Among DS, NDS and HC Groups

DS NDS HC F p

Verbal abilities 34.10 ± 8.85##** 40.10 ± 8.86§§ 72.22 ± 23.17 73.71 <0.001
Visuospatial abilities 38.55± 11.23##** 47.10 ± 12.87§§ 75.10 ± 12.88 80.55 <0.001

Learning 23.18 ± 5.17##** 35.80 ± 8.18§§ 61.18 ± 10.29 201.7 <0.001

Memory 27.12 ± 9.34##** 38.24 ± 9.89§§ 63.21 ± 11.90 113.6 <0.001
Attention 21.74± 6.12##** 29.70 ± 7.90§§ 53.64 ± 9.91 147.6 <0.001

Notes: ##p <0.001 DS vs HC; §§p <0.001 NDS vs HC; **p <0.001 DS vs NDS.
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The results of these studies have mostly been conclusive 
and show increased levels of CRP in patients with these 
disorders. However, fewer studies have compared CRP 
levels in these DS and NDS diagnostic groups. In this 
study, serum CRP levels were significantly higher in the 
DS patients than in the NDS patients or the controls. 
Based on these findings, we also suggested considering 
the possibility of monitoring the serum CRP levels to 
roughly evaluate patients with schizophrenia.

Evidence has indicated that DS patients may present 
more severe features as reflected by more negative 
symptoms and more severe neurocognitive impairments 
compared to NDS patients.16 Researchers have also 
found that patients with DS might present higher levels 

of a subthreshold inflammatory state in terms of ele
vated CRP levels that may be associated with their 
negative symptoms.22 As expected, our results indicated 
that the DS patients showed more severe psychopatho
logical features than the NDS patients. Significant dif
ferences in total and negative PANSS scores and overall 
cognitive performance were found between the DS and 
NDS subsets. Furthermore, our results reflected associa
tions between differences in CRP levels and the mental 
disorders. The results were consistent with previous 
studies that suggested that serum CRP levels could be 
a biomarker to differentiate “deficit” and “non-deficit” 
subtypes.

In this study, the associations between serum CRP 
levels and PANSS items and cognitive performance 
were evaluated. Through correlation analyses, it was 
shown that serum CRP levels were positively correlated 
with PANSS total and negative scores in the DS 
patients. It was also shown in our study that an inverse 
association between CRP serum levels and cognitive 
performance was presented. The results suggested that 
serum CRP levels could reflect, to a certain extent, the 
severe clinical symptoms of DS patients. Reports have 
indicated that the serum levels of inflammatory markers 
decrease with improvements in negative symptoms and 
cognitive impairment function.23 It is speculated that 
CRP plays an important role not only in the pathogen
esis of inflammation but also in the pathogenesis of 
mental disorders. Fathian et al discovered that initial 
changes in the serum levels of CRP during the acute 
phase of psychosis could predict cognitive function in 
the later phases of the disease.24 Although the under
lying mechanisms need to be further elucidated, CRP 

Figure 2 Association between CRP level and PANSS score. (A) Scatter plot of CRP level versus Total scores ((A) DS patients: R2 = 0.14, F = 6.43, p < 0.05; NDS patients: R2 

= 0.07, F = 3.58, P = 0.06), and negative scores ((B) DS patients: R2 = −0.12, F = 5.15, p < 0.05; NDS patients: R2 = 0.01, F = 0.55, P =0.46).

Figure 3 Association relationship between CRP level and BRANS T-score. Scatter 
plot of CRP level versus BRANS T-score among DS (R2 = 0.15, F = 6.71, P < 0.05) 
and NDS (R2 = 0.00, F = 0.09, P = 0.77).
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could play a role in the development of this psychiatric 
disorder.

In summary, this study showed that serum CRP levels 
were significantly higher in DS patients than in NDS 
patients and were associated with the condition and cog
nitive function of DS patients. However, our findings 
should be interpreted with caution, and further investiga
tion in larger samples to determine whether serum CRP 
levels cloud be used as a potential biological indicator in 
disease diagnosis and differentiation, thereby guiding 
clinical therapy and prognosis in DS patients is 
warranted.
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