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Purpose: The study aimed to clarify the cognitive impairments of schizophrenia with metabolic syndrome while evaluating their
potential as risk factors.
Patients and Methods:We recruited 153 participants and divided them into three groups according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition, criteria and the guideline standards for the prevention and treatment of dyslipidemia in
Chinese adults in 2007 for metabolic syndrome, as follows: healthy control group (n = 47); nonmetabolic syndrome group (n = 58);
and metabolic syndrome group (n = 48). Psychotic symptoms were evaluated using the Positive and Negative Syndrome Scale.
Cognitive function and automatic thinking were estimated using the Montreal Cognitive Assessment Scale, Verbal Fluency Test, and
Automatic Thoughts Questionnaire. Serum biochemical parameters were measured by automatic biochemistry analyzer.
Results: One-way ANOVA analysis revealed that differential cognition impairments in schizophrenia patients compared to controls.
Furthermore, results of multiple comparisons showed that more serious barriers in orientation, language fluency, and negative
automatic thinking existed in the metabolic syndrome group than in the healthy and non-metabolic syndrome groups. Spearman
correlation and stepwise linear regression analyses showed that psychopathological symptoms, high waist circumference, and high
triglyceride were the predictive factors for negative automatic thoughts, orientation, and language fluency. Those results collectively
revealed that high waist circumference, high triglyceride and negative automatic thinking had validity and effectiveness in predicting
the cognitive function impairments of the metabolic syndrome group.
Conclusion: The present findings strongly supported the notion that aberrant parameters of high waist circumference, high
triglyceride and high negative automatic thoughts had validity and effectiveness predictive role for cognitive impairments in the
schizophrenics with metabolic syndrome. The schizophrenia patients with metabolic syndrome should receive regular monitoring and
adequate treatment for metabolic and psychological risk factors.
Keywords: second-generation antipsychotics, negative symptoms, diet, Montreal Cognitive Assessment Scale, Verbal Fluency Test

Introduction
Schizophrenia (SCZ) is a highly debilitating psychiatric disorder characterized by impairments of thinking, emotional
and cognitive functions. Cognitive impairments are a group of core symptoms of SCZ. The prevalence of metabolic
syndrome (MetS) caused by second-generation antipsychotics (SGAs) reached 33.4% in SCZ patients.1 SCZ has 20%
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less life expectancy than healthy individuals due to coronary heart disease (CHD), which is strongly related to MetS.2

Recent studies in North America and Europe showed that MetS could be associated with the cognitive performance
impairments.3 Meanwhile, a cross-section study of MetS and cognitive performance was conducted among Chinese
individuals who are more than 50 years old, the results showed that elderly Chinese people with diabetes have lower
cognition function, furthermore, the level of dyslipidemia might be reversely associated with cognitive function.4 The
latest meta-analysis reported that SCZ patients with MetS and diabetes had more serious cognitive deficits than those
without metabolic disorders, especially, impairments in the domains of memory, attention, processing speed and
execution.5 Hence, it is necessary to perform a comprehensive study between cognitive dysfunction, MetS components
and automatic negative thoughts, so as to seek new treatment strategies and improve the clinical treatment effect.

Plenty of evidence revealed that the diabetes increases the risk of cognitive dysfunction, and abnormal blood glucose
levels are major diagnostic criteria for MetS.6,7 Moreover, Fisher et al suggested that diabetes may be a stressor affecting
the negative psychological state of patients.8 Depressive mood and poor emotional regulation are extremely common in
cognitive impairments of patients with schizophrenia.9–11 Thus, it is important to understand whether negative thinking is
significantly related to cognitive impairments among schizophrenia patients with metabolic syndrome. Poor emotional
regulation is associated with negative self-evaluation, worry, and automatic negative thinking. Negative automatic
thinking is considered as an important medium for suicide, the more depressed the patient is, the higher the frequency
of negative automatic thinking will be.12,13 Depression is particularly obvious in the remission period of the disease and
has become a stable and distinctive characteristic of SCZ.14 A multi-center study found that the decline of cognitive
function in elderly patients with SCZ was also closely related to the depression that occurs after the alleviation of
symptoms, and this result implied that post-schizophrenic depression may have effective predictive clues for cognitive
dysfunction in SCZ.15,16 How the negative automatic thinking in SCZ patients with MetS mediates the cognitive
dysfunction is worth exploring.17 So far, no studies focused on the links between negative automatic thinking and
neurocognition in SCZ patients with MetS.

Psychosocial cognition and neurocognitive dimensions inMetS patients can be affected by interaction of negative thinking
and biochemical metabolic, however, whether negative automatic thinking can aggravate cognition of patients in SCZ are
controversial and inconclusive, moreover, these results are rarely reported. Meanwhile, negative automatic thinking mediates
the impairments of cognitive function in SCZ with MetS caused by SGAs is still unknown. First, this study aims to determine
whether MetS caused by SGAs is a risk factor of cognitive decline in patients with SCZ. Second, the possible correlation
between MetS and overall psychosocial and neurocognitive cognitive performance dimensions in SCZ patients needs to be
clarified. Thirdly, whether negative automatic thinking mediates the cognitive dysfunction and symptomatic severity of SCZ
with MetS needs to be determined. Collectively, these findings would provide a theoretical basis to elucidate these issues and
help improve cognitive performance in SCZ patients from the viewpoint of metabolism.

Patients and Methods
Procedure
This pilot study explored the relationship among negative automatic thinking, lifestyle, metabolic parameters and
cognitive dysfunction in SCZ patients with MetS caused by SGAs. A total of 280 participants were initially selected.
Of these, 85 participants did not meet the inclusion criteria, 22 individuals could not complete the scale assessment, and
20 individuals declined to sign the informed consent. Hence, 127 subjects who did not meet the experimental criteria
were excluded from this experiment. Ultimately, the remaining 153 participants were included and divided into three
groups according to the Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5),18 and the
guideline standards for the prevention and treatment of dyslipidemia in Chinese adults in 2007 for MetS.19 The groups
were healthy control group (n = 47), nonmetabolic syndrome (non-MetS) group (n = 58), and MetS group (n = 48). All
patients were hospitalized at the Anhui Mental Health Center (AMHC) between April and December 2021. The healthy
controls were recruited by the hospital physical examination center (Figure 1).

All participants were assessed using the Mini-International Neuropsychiatric Interview 6.0.0. (MINI6.0.0) According to
the trial standards, the inclusion criteria for the patients in the MetS group were as follows: (1) age = 18–60 years; (2) patients
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treated with olanzapine, clozapine, and risperidone for more than 3 months; (3) fulfillment of the DSM-5 criteria for SCZ; (4)
after taking the SGAs for three months, fulfillment of the guideline standards for the prevention and treatment of dyslipidemia
in Chinese adults in 2007 for MetS. The inclusion criteria for the patients in the non-MetS group were as follows: (1)
fulfillment of the first, second, and third criteria for inclusion in the MetS group; (2) after taking the SGAs for three months,
non-fulfillment of the guideline standards for the prevention and treatment of dyslipidemia in Chinese adults in 2007. Healthy
controls were recruited from the local community at the same time as other participants through advertising. The exclusion
criteria were as follows: (1) people with MetS, endocrine and other serious physical diseases before entering the group; (2)
patients with other mental diseases except SCZ and substance abuse; (3) patients with previous neurological diseases, such as
epilepsy and dementia; (4) had received electroconvulsive therapy or transcranial magnetic stimulation within 6 months; (5)
pregnant or lactating women. All subjects received face-to-face interviews. Basic sociodemographic data, clinical scale
evaluation findings, and metabolic testing results were collected by trained professional psychiatrists.

Clinical Assessments
MINI 6.0.0
MINI 6.0.0 is a concise diagnostic interview for psychiatric disorders that was developed jointly by psychiatrists in the
United States and Europe. The initial clinical diagnoses were validated by experienced psychiatrists using the MINI
6.0.0. Participants were screened to meet the inclusion criteria in the study.20

Figure 1 Flow chart.
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Positive and Negative Symptoms (PANSS)
PANSS is widely used to appraise severe symptoms in adult SCZ patients. It has been utilized for the assessment of
positive and negative symptoms, as shown in Table 1. The Mandarin version model of the PANSS has good reliability
and validity, it has a Cronbach’s alpha coefficient of 0.928 and an intra-class coefficient of 0.878.21

Automatic Thoughts Questionnaire (ATQ)
ATQ is a scale used to evaluate the frequency of automatically occurring negative thoughts related to depression and includes
four dimensions, namely, personalmaladjustment and undesired for change, negative self-concept and negative expectations, low

Table 1 General Demographic Background, Blood Routine, and Biochemical Results

Factors Control (n = 47) Non-MetS (n = 58) MetS (n = 48) χ2/F/t P

Mean SD Mean SD Mean SD

Age(year) 32.55 10.64 35.90 11.38 37.35 9.81 2.532 0.083

Sex(male/female) 24/23 25/33 30/18 3.966 0.138
Years of Education

≤9 years 13 23 25 5.911 0.052

>9 years 34 35 23
Marriage

Unmarried 20 30 23 0.876 0.645

Married 27 28 35
Occupation(none/have) 16/31 31/27 20/28 4.100 0.129

Live with family(Y/N) 29/18 44/14 40/8 5.949 0.051

Blood pressure
DBP(mmHg) 75.15 4.42 75.93 6.09 79.19 9.67 4.498 0.013

SBP(mmHg) 115.96 5.54 115.60 10.55 119.92 13.86 2.555 0.081

BMI(kg/m2) 22.92 3.46 23.53 4.30 27.76 4.02 21.496 0.001
Waist a (cm) 80.97 10.01 84.84 10.32 98.36 9.16 41.320 0.001

Blood routine
WBC(*10^9/L) 6.10 1.41 6.32 1.71 6.74 1.56 2.045 0.133

NEU(*10^9/L) 4.66 7.62 3.77 1.34 3.94 1.17 0.580 0.561

RBC(*10^12/L) 5.41 5.60 4.22 0.40 4.50 0.42 2.003 0.139
Biochemistry

FGB(mmol/l) 5.21 0.52 5.20 0.56 5.95 1.02 17.239 0.001

CHOL(mmol/l) 4.56 1.01 4.04 0.83 4.41 0.70 5.145 0.007
TG(mmol/l) 1.40 1.00 1.38 0.64 2.83 1.69 25.244 0.001

HDL-C(mmol/l) 1.43 0.29 1.16 0.27 0.93 0.15 48.008 0.001

Apo-A(g/l) 1.56 0.21 1.21 0.30 1.08 0.23 43.677 0.001
Apo-B(g/l) 0.76 0.27 0.78 0.19 0.87 0.23 3.361 0.037

AST(U/L) 18.00 9.89 24.79 18.70 32.52 36.01 4.407 0.014

ALT(U/L) 18.91 5.55 20.84 10.06 24.31 22.00 1.791 0.170
BUN(mmol/l) 19.22 66.38 5.74 12.49 3.89 0.94 2.398 0.094

Cr(umol/l) 67.50 11.43 59.66 12.93 63.29 12.96 5.116 0.007

Meal
Staple food(g/w) 2969 1516 3037 1229 3062 987 0.071 0.931

Meat(g/w) 1055 737 765 888 939 954 1.494 0.228

Vegetarian(g/w) 2962 1903 2617 1802 3369 2719 1.595 0.206
Drugs

CPZ /mg equivalents 526.17 185.17 567.71 224.67 1.089 0.299

Duration (month) 6.04 10.85 9.05 7.45 2.652 0.106
PANSS total score 56.09 12.92 56.29 10.65 -0.088 0.930

Note: aWaist circumstance.
Abbreviations: DBP, diastolic pressure; SBP, systolic pressure; BMI, body mass index; WBC, white blood cell; NEU, neutrophile granulocyte; RBC, red blood
cell; FGB, fasting blood glucose; CHOL, cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein; Apo-A, apolipoprotein-A; Apo-B, apolipoprotein-B;
AST, aspartate aminotransferase; ALT, glutamic-pyruvic transaminase; BUN, urea nitrogen; Cr, creatinine; g/w, gram/week; Dose of drugs converted to
chlorpromazine equivalents; CPZ, chlorpromazine; Duration, duration of using SGAs; PANSS, presented positive and negative symptoms.
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self-esteem, and giving up/helplessness.22 The total score of the scale is in the range of 30–150. The higher the score is, the
heavier the negative thinking and depression are. In addition, ATQ shows good internal consistency among Chinese with mental
disorders (Cronbach’s α = 0.96).23

Montreal Cognitive Assessment Scale (MOCA)
MOCA is a short tool used to examine cognitive function. It has a total of 30 items, including executive function,
confrontation naming, attention, sentence repetition, verbal fluency, delayed verbal recall, and orientation. If the score is
lower than 26, then the person is considered to have cognitive impairments; the score ranges from sensitive to mild and
severe cognitive impairments.24 In mild cognitive impairments, the internal consistency of MOCA is reportedly very
good, and it has the standardized program Cronbach’s alpha of 0.83.25

Verbal Fluency Test (VFT)
VFT is used to evaluate the language ability, semantic memory, and executive function of the subjects, which can be
divided into semantic fluency, phonological fluency, and action verbal fluency. Subjects were required to list as many
words of the same category as possible within 1 min.26

Laboratory Biochemical Evaluation
Samples were collected by trained nurses using a sample collection protocol. After an overnight fasting period, peripheral
venous blood samples (5 mL) were collected from all subjects between 6:30 and 7:00 a.m. Samples were sent to the
Department of Clinical Laboratory immediately for centrifugation, and the serum was separated. The blood routine
analysis was performed using an automatic hematology analyzer (Mindray BC-2800, Shenzhen, China). Serum bio-
chemical parameters were measured by an automatic biochemistry analyzer (AU480, Beckman Coulter, USA) using
commercial kits (Roche, Switzerland). Blood pressure, which includes systolic pressure (DBP) and diastolic pressure
(SBP), was measured using an automatic sphygmomanometer prior to blood collection. At the normal end of exhalation,
the horizontal girth across the center of the umbilicus was measured as waist circumference. The diagnosis of MetS
should meet the following three or more items: (1) abdominal obesity according to waist circumference (CM): male >90,
female >85; (2) blood triglyceride (TG) >1.7 mmol/l; (3) blood high-density lipoprotein (HDL-C) <1.04 mmol/L; (4)
blood pressure ≥130/85 mmHg; (5) fasting blood glucose (FPG) >6.1 mmol/l and/or postprandial 2-hour blood glucose
(2H PG) is more than 7.8 mmol/l or with diabetes history.

Statistical Analysis
Chi-square test and one-way ANOVA were used to compare demographic characteristics differences among the three
groups, and Fisher’s least significant difference (LSD) was used for multiple comparisons. Spearman correlation analysis
was used to test the relationship between possible correlation factors and cognitive scale scores. Stepwise linear
regression analysis was used to explore the relationship and interaction between metabolic factors, psychiatric symptoms,
and cognitive function in patients with MetS. The area under the receiver-operating characteristic curve was used to
assess the metabolic indicators and clinical translational value factors to evaluate the impairments of cognitive function.
Other performance metrics, including sensitivity and specificity, were also obtained at the optimal cutoff value of 0.5 as
defined by the receiver-operating characteristic curve (ROC). All statistical tests were two-tailed tests, and the statistical
significance was set as α < 0.05. All analyses were conducted using the SPSS version 22.0 (IBM Corp).

Results
General Features of the Sample
Overall, no significant difference was found in demographic background, such as age, gender, years of education,
marriage, occupation, all dietary characteristics, blood routine, SBP, the levels of urea nitrogen (BUN) and glutamic-
pyruvic transaminase (ALT) among the three groups (P ≥ 0.05). Furthermore, no difference was found in medicine usage,
total course of disease and features, and clinical symptomatic severity between non-MetS and MetS group (P ≥ 0.05).
Additionally, one-way ANOVA analysis found that body mass index (BMI), waist circumference, and the levels of TG,
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FBG, cholesterol (CHOL), apolipoprotein A (Apo-A), apolipoprotein B (Apo-B), and aspartate aminotransferase (AST)
were higher in the MetS and non-MetS groups than in the healthy control group (P < 0.05). In particular, the biochemical
indicators of FBG, CHOL, TG, Apo-A, Apo-B, and ASTwere higher in the MetS group than in the non-MetS group (P <
0.05). The level of HDL-C was lowest in the MetS group (P < 0.05). Results are shown in Table 1.

Discrepancy of Psychological Parameters
To evaluate the differential impairment conditions of cognitive function, language executive function, and negative
automatic thinking, we used MOCA, ATQ, and VFT, respectively, among the subjects in the healthy, non-MetS, and
MetS groups. First, we found differences in ATQ scores among the three groups (F = 12.40, P < 0.001). The MetS group
had significantly more ATQ scores than the non-MetS and healthy groups (P = 0.029, P < 0.001). Similarly, the results of
orientation had differential impairment conditions among the three groups (F = 8.32, P < 0.001). The MetS group had
severe directional defect compared with the non-MetS and healthy groups (P = 0.013, P < 0.001). Moreover, in the VFT,
there were more serious verbal fluency barriers at the beginning of the word “self” in the MetS group (F = 5.24, P =
0.006). The word “self” in the VFT in the MetS group was significantly lower than that in the non-MetS and healthy
groups (P = 0.036, P = 0.002). These impairments existed on average in the MetS and non-MetS groups compared with
the healthy group and were worst in the MetS group. The neurocognitive function deficits of SCZ with MetS may be
caused by treatments with the antipsychotic drugs, thereby indicating the need to clarify the mechanisms underlying these
conditions. Results are shown in Table 2.

Predictive Risk Factors
To address the issues of predictive risk factors for the impairments of cognitive function and negative automatic thinking
among the three groups, we used the correlation analysis to assess whether the abnormal biochemical markers, psychotic
symptoms, and BMI were related. The results of BMI, body weight, waist circumference, FBG, TG, and negative
symptom scores of PANSS were negatively correlated with orientation (r = −0.199, P = 0.014; r = −0.184, P = 0.023; r =
−0.230, P = 0.004; r = −0.187, P = 0.021; r = −0.181, P = 0.025; r = −0.193, P = 0.048). When considering the function
of verbal fluency, patients whose BMI, body weight, waist circumference, TG, PANSS total score, negative symptom

Table 2 Results of Cognitive Function, Automatic Thinking Among the Three Groups

Battery Control (A) Non-MetS (B) MetS (C) F p A vs B A vs C B vs C

Mean SD Mean SD Mean SD

ATQ total course 45.26 15.28 58.26 21.14 67.44 27.94 12.40 0.001 0.003 0.001 0.029

Visual space and executive function 4.13 1.36 2.64 1.36 2.50 1.50 19.96 0.001 0.001 0.001 0.616
Naming 2.83 0.43 2.52 0.82 2.65 0.73 2.64 0.074 0.023 0.198 0.343

Attention 1.91 0.28 1.72 0.49 1.65 0.53 4.53 0.012 0.032 0.004 0.373

Reading 0.94 0.25 0.53 0.50 0.50 0.51 14.62 0.001 0.001 0.001 0.690
100–7(times) 2.89 0.43 2.60 0.86 2.46 0.92 3.88 0.023 0.059 0.007 0.339

Language 2.57 0.62 1.55 1.03 1.69 1.11 16.84 0.001 0.001 0.001 0.466

Abstraction ability 1.70 0.59 1.09 0.84 1.17 0.83 9.35 0.001 0.001 0.001 0.593
Delayed recall 3.55 0.80 1.66 1.68 1.77 1.72 25.35 0.001 0.001 0.001 0.690

Orientation 5.89 0.31 5.57 0.99 5.10 1.26 8.32 0.001 0.083 0.001 0.013

MOCA total course 27.17 3.24 20.19 4.64 19.67 5.1 43.53 0.001 0.001 0.001 0.545
Household appliances 12.04 2.91 8.71 2.58 8.08 3.09 26.84 0.001 0.001 0.001 0.264

Animal 17.53 4.54 14.07 5.07 14.02 5.32 7.92 0.001 0.001 0.001 0.961

Fruit 14.19 3.37 10.97 3.44 10.46 3.13 17.90 0.001 0.001 0.001 0.435
Vegetable 15.19 3.73 10.36 3.53 10.04 4.65 25.60 0.001 0.001 0.001 0.680

Start with “water” 6.49 3.02 4.71 2.81 4.06 3.03 8.70 0.001 0.002 0.001 0.264

Start with “self” 6.72 3.07 6.02 2.98 4.81 2.67 5.24 0.006 0.219 0.002 0.036

Abbreviations: A vs B, Control vs non-Mets; A vs C, Control vs Mets; B vs C, non-Mets vs Mets; ATQ, Automatic Thoughts Questionnaire; MOCA, Montreal Cognitive
Assessment Scale.
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score, and general psychopathological score of PANSS were negatively correlated with verbal fluency of words
beginning with “self” needed to be identified (r = −0.174, P = 0.031; r = −0.162, P = 0.045; r = −0.260, P < 0.001;
r = −0.179, P = 0.027; r = −0.385 P < 0.001; r = −0.392, P < 0.001; r = −0.368, P < 0.001). Furthermore, waist
circumference, TG, total PANSS score, negative symptom score, and general psychopathological score of PANSS were
found to be positively correlated with negative automatic thinking (r = 0.212, P = 0.009; r = 0.195, P = 0.015; r = 0.287,
P = 0.003; r = 0.253, P = 0.009; r = 0.337, P < 0.001). Interestingly, the level of HDL-C was positively correlated with
orientation and verbal fluency (r = 0.312, P < 0.001; r = 0.245, P = 0.002) and negatively correlated with ATQ score (r =
−0.267, P < 0.001). Results are shown in Table 3.

To our knowledge, there is heterogeneity in the risk factors of cognitive impairments in MetS research. Hence, to determine
the predictive factors for cognitive decline in the MetS group, we performed a stepwise linear regression analysis. The negative
symptom of PANSS (β = 0.228, t = 2.469, P = 0.015), TG (β = 0.200, t = 2.165, P = 0.033), and times of meat intake (β = −0.214,
t = −2.319, P = 0.022) were the influencing factors of ATQ. The negative symptom of PANSS (β = −0.289, t = −3.188, P = 0.002)
and abdominal circumference (β = −0.257, t = −2.836, P = 0.006) were the predictive factors for impairment of orientation.
Finally, the total score of PANSS (β = −0.371, t = −4.264, P < 0.001) and waist circumference (β = −0.262, t = −3.011, P = 0.003)
were found to be the influencing factors for the “self” of verbal fluency. The results are shown in Table 4.

Validity and Effectiveness of Parameters
ROC curve analysis was used to predict the cognitive function impairments of MetS groups by using dysbiosis of MetS
indexes and clinical symptoms. TG was able to predict the cognitive function impairments of MetS groups at a cutoff
level of 1.740 mmol/l, with a sensitivity of 0.780 and a specificity of 0.894 (Figure 2A). Waist circumference can predict

Table 3 Correlation Analysis of Cognitive Function, Automatic Thinking-Related Factors Analysis Results

Factors ATQ Total Course MOCA- Orientation VFT-Start With “Self”

r P r P r P

BMI 0.129 0.112 −0.199* 0.014 −0.174* 0.031

Weight 0.079 0.334 −0.184* 0.023 −0.162* 0.045
Waist circumference 0.212** 0.009 −0.230** 0.004 −0.260** 0.001

FBG 0.153 0.059 −0.187* 0.021 −0.097 0.235

TG 0.195* 0.015 −0.181* 0.025 −0.179* 0.027
HDL-C −0.267** 0.001 0.312** 0.001 0.245** 0.002

Times of meat intake −0.206* 0.011 0.185* 0.022 0.156 0.054

PANSS total score 0.287** 0.003 −0.168 0.085 −0.385** 0.001
Negative symptom score 0.253** 0.009 −0.193* 0.048 −0.392** 0.001

psychopathological score 0.337** 0.001 −0.141 0.148 −0.368** 0.001

Note: *p≤0.05, **p≤0.001.
Abbreviations: BMI, body mass index; FGB, fasting blood glucose; TG, triglyceride; HDL-C, high-density lipoprotein; ATQ, Automatic
Thoughts Questionnaire; MOCA, Montreal Cognitive Assessment Scale; VFT, verbal fluency test; PANSS, positive and negative symptoms.

Table 4 Stepwise Linear Regression Analysis of Cognitive Function, Automatic Thinking

Predictive Variable β t p

ATQ total score Psychopathological score 0.228 2.469 0.015
Times of meat intake −0.214 −2.319 0.022

TG 0.200 2.165 0.033

MOCA-orientation Negative symptom score −0.289 −3.188 0.002
Abdominal circumference −0.257 −2.836 0.006

VFT-start with “self” PANSS total score −0.371 −4.264 0.001

Waist circumference −0.262 −3.011 0.003

Abbreviations: TG, triglyceride; ATQ, Automatic Thoughts Questionnaire; MOCA, Montreal Cognitive Assessment Scale; VFT, verbal fluency
test; PANSS, positive and negative symptoms.
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the cognitive function impairments of MetS groups at a cutoff level of 85.750 cm, with a sensitivity of 0.661 and
a specificity of 0.936 (Figure 2B). ATQ may predict the cognitive function impairments of MetS groups at a cutoff level
of 73.000 scores, with a sensitivity of 0.780 and a specificity of 0.383 (Figure 2C). Predictive analysis results revealed
that the dysbiosis parameters of TG, waist circumference and ATQ were associated with the prediction of cognitive
function impairment risk in the MetS group’s progression.

Discussion
This study aimed to explore the related risk factors of cognitive impairments in SCZ patients with MetS. The main
findings of this study are as follows. First, compared with the healthy control group, the overall cognition function of
SCZ patients in both MetS and non-MetS groups decreased significantly; meanwhile, cognitive function of the MetS
group was the worst among three groups. Patients in the MetS group had more negative automatic thinking than those in
non-MetS and healthy control groups. Furthermore, patients in the MetS group with high BMI, high waist circumference,
high lipid level, low level of HDL-C, and negative symptoms were severely impaired in orientation and verbal fluency
and showed increased negative automatic thinking. These results suggested that high waist circumference, TG and ATQ
are high risk predictive factors for patients with psychological and neurocognitive impairments in the MetS group.
Hence, a study to understand these variable findings is needed.

Previous studies on cognitive function of SCZ have demonstrated that the existence of extensive impairments in
executive function, working memory, verbal fluency, attention, and social cognition.27 The prevalence of MetS in patients
with SCZ treated with SGAs increased significantly, and the cognitive impairments were more obvious than in non-MetS
patients.28 In this study, compared with healthy people, SCZ patients in the MetS and non-MetS groups had cognitive
impairments, and the results are consistent with previous studies.29 Goughari found that SCZ patients with hypertension
had cognitive deficiency in verbal memory and fluency.30 Likewise, Gonzalez found that verbal fluency damage was
significantly under average in patients with MetS than in patients without MetS.31 These results are consistent with those
obtained in the present study. The fluency function of verbal expression with the prefix “self” was significantly impaired
in the MetS group than in the other two groups. Clinical research data showed that the prevalence of age-related
orientation disorder was about 25% in hospitalized patients with SCZ.32 Moreover, the test of date and timelapse had less
validity in patients with age orientation disorder than patients without age orientation disorder. These chronic SCZ
patients could not reliably tell his or her age and had a static interpretation of time. The accumulating and increasing time
orientation disorders may be closely related to psychotic clinical symptoms. In the present study, MetS patients were
disoriented in terms of character, time, and space. These impairments were related to the negative symptoms of
psychosis. To comprehensively improve the living ability of patients with SCZ in the future, it is necessary to enhance
the intervention of negative symptoms. In the past, the cognitive impairments related to SCZ with MetS mostly focused

Figure 2 Receiver-operator curve (ROC) analysis was used to predict the cognitive function impairments of MetS groups by using dysbiosis of MetS indexes.(A) Triglyceride
(TG): Cutoff level of 1.740 mmol/l, Area under the ROC=0.89, (95% confidence interval=0.78–0.89). (B) Waist circumference: Cutoff level of 85.75 cm, Area under the
ROC=0.81, (95% confidence interval=0.61–0.94). (C) Automatic Thoughts Questionnaire (ATQ): Cutoff level of 73, Area under the ROC=0.58, (95% confidence
interval=0.78–0.38).
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on the impairments of executive functions, such as attention, memory, and response flexibility.33 However, in this study,
no significant differences were found in attention and memory between MetS and non-MetS groups. This heterogeneity
may be caused by differences in race, diagnostic criteria, and evaluation tools, this discrepancy needs to be further
confirmed in future research.

Interestingly, we found that SCZ patients with MetS had more negative automatic thinking than those in the non-
MetS group. High waist circumference and high blood lipid were positively correlated with negative automatic thinking.
In addition, serious psychiatric symptoms including higher scores for negative and general pathological symptoms were
more likely to be associated with more negative automatic thinking. We found that BMI, high weight, and high waist
circumference were negatively correlated with “self” prefixed verbal fluency and orientation. In a longitudinal study on
the cognitive function of people with MetS who are over 65 years old in three French cities, the verbal fluency of MetS
patients was significantly lower than that of patients without MetS at the initial stage of the survey, if subjects suffered
from diabetes, then the level of HDL-C reduction will increase the risk of impairment in verbal fluency within 4 years.34

This result is consistent with our results on impaired verbal fluency in patients of SCZ with MetS. In the latest large-
sample cohort study on the cognitive function of MetS patients who were diagnosed with MetS at baseline, the patients
were at risk of impaired directional accumulation and had increased risk of dementia in later follow-up studies. When the
metabolic state returned to normal, the risk of cognitive decline was still not restored. Therefore, to minimize the
damage, early detection and management of potential risk factors of MetS should be encouraged.35

Our study also found that the total score, negative symptoms, and general psychopathological score of PANSS were
negatively correlated with the verbal expression ability and orientation of patients, whereas these aberrant parameters
were positively correlated with negative automatic thinking. These findings revealed that the severity of SCZ is closely
correlated with the decline of cognitive function and negative automatic thinking. Regression analysis showed that
general psychiatric scores and TG are potential risk factors for negative automatic thinking, severe negative symptoms
and high abdominal weight are the risk factors of orientation, as well as high PANSS total score and high waist
circumference are risk factors for verbal fluency.36 Furthermore, we found the aberrant parameters of high waist
circumference and high TG had high predictive validity and effectiveness for cognitive impairments in the MetS
group, meanwhile, we discovered the high ATQ has moderate predictive sensitivity to cognitive impairments among
MetS patients. Besides these aberrant metabolic indicators, we should consider the role of psychological factors in the
cognitive impairments among MetS patients in the future.

Several potential limitations were present in this study. Our study was a short-term cross-sectional design, limiting the
extent that causal relationships between MetS and cognition can be determined. In the future, longitudinal research is
necessary to confirm the causal relationship between MetS and impaired cognitive function in SCZ patients. Then, there
would be sufficient time for accurately assessing other potential risk factors, such as hyperglycaemia. Another limitation
of this study is that three drugs were included; therefore, a stratified study with a larger sample size is needed to clarify
the different conditions of cognitive impairments caused by different drugs. The MetS associated with antipsychotic
meditation in this study was almost observed in chronic patients. However, it may be also observed among antipsychotic
naïve individuals with first-episode patients, hence other potential factors for associating MetS with cognitive ability
could be identified.

Conclusion
In conclusion, compared with the healthy controls, the cognitive function of SCZ patients in both MetS and non-MetS
group decreased significantly. Worst results were found in the MetS group among three groups. Patients with high BMI,
weight gain, high waist circumference and high blood lipid level had impaired verbal fluency and were prone to negative
automatic thinking. Serious negative symptoms of psychosis are connected to more serious impairments of cognitive
function and higher tendency to demonstrate negative automatic thinking. These results suggested that high TG, high
waist circumference and ATQ are the predictors of cognitive impairments among SCZ patients with MetS. These
predictors are important adjustment and intervenable risk factors for MetS caused by SGAs.
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