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Background

The pathological physiology of schizophrenia (SZ) is associated with defects in biological energy metabolism. Abnormal blood lipid levels may influence the emergence of suicidal ideation (SI) in SZ. This study aims to evaluate the relationship between blood lipid levels, psychiatric symptoms, and SI in first-episode drug-naïve (FEDN) SZ patients.





Method

This study included 183 patients with FEDN SZ and 101 healthy controls (HC). The Beck Scale for Suicide Ideation Chinese Version and the Positive and Negative Syndrome Scale five-factor model were utilized to assess the intensity of SI and the clinical symptoms of the participants. All subjects underwent testing for levels of total cholesterol (TC), triglycerides (TG), high-density lipoprotein (HDL), and low-density lipoprotein (LDL). Relevant variables were identified through differential comparisons and logistic regression analysis. The risk was evaluated using the area under the Receiver Operating Characteristic (ROC) curve (AUC).





Result

Compared with the HC group, the levels of serum TC, TG and LDL in FEDN SZ patients were higher, while the HDL level decreased (P<0.05). The levels of serum TC, HDL, LDL, positive and depressive symptom factor scores of FEDN SZ patients with SI were higher (P<0.05). Stepwise regression scores showed that serum TC levels, positive and depressive symptom factor scores were positively correlated with the generation of SI in FEDN SZ patients (P<0.05); The AUCROC shows that the combined discriminant efficacy of the three indicators is AUC = 0.824.





Conclusion

The higher the serum TC levels, positive symptom factor scores, and depressive symptom factor scores in FEDN SZ patients, the greater the risk of SI. Therefore, timely measurement of serum TC levels during the initial diagnosis of FEND SZ patients can help promptly initiate therapeutic interventions, reduce the incidence of SI, and improve the prognosis of FEND SZ patients.
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1 Introduction

Schizophrenia (SZ) is a severe mental illness associated with a high risk of suicide among patients (1). A 21-year follow-up study conducted in rural China revealed that the suicide rate among SZ reached 13.8% (2), with the risk of suicide being 8.5 to 13 times greater than that of the general population (3, 4). Notably, during the early stages of SZ, the risk of suicide increases by 60% compared to later stages (5). Evidence suggests suicidal ideation (SI) is a strong indicator of suicidal behavior. SZ patients with SI have a markedly higher risk of engaging in suicidal behavior in the future compared to those who do not have SI (6). Therefore, investigating the factors associated with SI is of great significance for identifying and reducing the risk of future suicidal behaviors in patients with SZ.

Patients with SZ are at an elevated risk for dyslipidemia, with some studies indicating that approximately 40% of SZ patients exhibit abnormal lipid metabolism (7). There is increasing evidence suggesting that these metabolic abnormalities may manifest in the early stages of the disease, even prior to the initiation of pharmacological treatment (7–10). Research has demonstrated a close association between dyslipidemia and the pathophysiological processes underlying SZ (11, 12). It is hypothesized that lipid metabolic disturbances within brain tissue can influence the synthesis and release of neurotransmitters, thereby impacting cognitive and emotional functioning in individuals with SZ (11). Furthermore, many SZ patients may encounter metabolic disorders, including dyslipidemia, as a consequence of antipsychotic medication, which further exacerbates their overall health risks (10, 13). In addition, some studies have shown that metabolic syndrome and diabetes may lead to neurodegeneration, and both neurodevelopmental and neurodegenerative processes can cause SZ (14), which may be related to abnormal expression of miRNA (15).

Recent studies have demonstrated a significant association between serum total cholesterol (TC) levels and suicide risk in patients with SZ. Low serum TC levels may serve as a biomarker for suicide attempts (16). A Polish study indicated that low levels of TC, triglycerides (TG), low-density lipoprotein (LDL), and total lipids may serve as status-dependent risk factors for suicidal behavior in individuals with schizophrenia (17). Conversely, elevated serum TC levels could influence the neurotransmitter system, the stability of neurocellular membranes, and the inflammatory response, which in turn may impair emotional regulation and impulse control, thereby increasing the risk of suicide (18). Furthermore, psychotic symptoms—including positive symptoms, negative symptoms, depressive symptoms — and drug abuse are correlated with a heightened risk of suicide in SZ patients (19). However, existing studies remain controversial regarding the relationship between blood lipid levels and SI in patients with first-episode drug-naïve (FEDN) SZ.

Recent studies have indicated that patients with SZ are at an increased risk of dyslipidemia when treated with antipsychotic medications (7, 20). Thus, this study enrolled FEDN SZ patients as subjects to investigate the relationship between their dyslipidemia and SI, which can largely avoid the interference of potential confounding factors such as antipsychotic medications and disease duration on the research results. In this context, 183 FEDN SZ patients and 101 healthy controls (HC) were recruited for this study to identify risk factors associated with the emergence of SI in FEDN SZ patients, utilizing both lipid levels and the Positive and Negative Syndrome Scale (PANSS). An innovative multi-dimensional prediction model was developed, integrating lipid levels and the PANSS five-factor model, to pinpoint independent predictors of suicide ideation risk in SZ patients. Furthermore, the predictive efficacy of these factors was assessed through receiver operating characteristic (ROC) curves, highlighting the novelty of this research within the field of SZ.




2 Subjects and methods



2.1 Subjects

This study adopted a cross-sectional design. The participants included 183 FEDN SZ patients who received inpatient or outpatient treatment at First Hospital of Shanxi Medical University from July 2023 to December 2024. The enrollment criteria include:(1)SZ patients who meet the diagnostic criteria outlined in the Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5) (21); (2) aged 13 to 60 years; (3) of Han nationality; (4) first episode and no medication taken before; (5) duration of illness not exceeding 5 years; (6) informed consent obtained from the patient’s legal guardian. The exclusion criteria are as follows:(1) individuals meeting other diagnostic criteria from the DSM-5; (2) suffering from physical diseases; (3) being unable to cooperate with the study due to alcohol abuse, impulsivity, or agitation; (4) having taken lipid-lowering drugs (e.g., statins, fibrates) within the past 2 months or currently.

Additionally, 101 healthy control (HC) participants were recruited, matched with the SZ patient group in terms of gender and age. Two independent psychiatrists assessed these HC participants to evaluate their current mental status and confirm the presence of personal or family history of psychiatric disorders. HC participants were excluded if they had SI or a personal/family history of psychiatric disorders. All HC participants underwent a comprehensive physical examination, and detailed medical history data were collected. HC participants were excluded from the study if they met any of the following criteria: (1) suffering from physical diseases; (2) having taken lipid-lowering drugs (e.g., statins, fibrates) within the past 2 months or currently.

This study received approval from the Ethics Review Committee of First Hospital of Shanxi Medical University, and all subjects provided informed consent.




2.2 Research methods



2.2.1 General data collection

This study collected general data from patients, including basic information such as sex, age, marital status, years of education, body mass index (BMI), smoking and alcohol history and Course of disease.





2.2.2 Serum test

After a 12-hour fasting period, 5 mL of blood was drawn from the cubital veins of the subject in the morning. The blood samples were promptly processed following collection and subsequently stored in an ultra-low temperature environment at -80 °C. Serum TC, TG, high-density lipoprotein (HDL), and LDL levels were measured using the AU5800 automated chemical analyzer. The detection method was conducted rigorously by a designated individual in accordance with the specified guidelines. The normal ranges for the serum detection indicators are as follows: TC: 3.25-5.18 mmol/L; TG: 0.2-1.7 mmol/L; HDL: ≥1.04 mmol/L; LDL: 0-3.12 mmol/L.




2.2.3 Scale evaluation

Two psychiatrists, who were consistently trained, utilized the Positive and Negative Syndrome Scale (PANSS) (22) and the Beck Scale for Suicide Ideation - Chinese Version (BSI-CV) to evaluate the psychotic symptoms and suicidal intentions of patients with SZ (1). PANSS scale: In recent years, a five-factor model of the Positive and Negative Syndrome Scale (PANSS) has been proposed based on factor analysis. This model includes positive symptom factors, negative symptom factors, cognitive symptom factors, excitatory symptom factors, and depression symptom factors. When it comes to the PANSS, the positive symptom factor is made up of four key elements: “delusion” (P1), “hallucinations” (P3), “exaggeration” (P5), and “unusual thinking content” (G9). Shifting gears to negative symptoms, we are looking at six PANSS components: “emotional dullness” (N1), “emotional withdrawal” (N2), “emotional communication disorder” (N3), “passive/indifferent social withdrawal” (N4), “lack of spontaneity and fluency in conversation” (N6), and “slow movement” (G7). As for cognitive symptoms, three PANSS indicators come into play: “attention disorder” (G11), “abstract thinking difficulty” (N5), and “poor concentration” (P2). Then there is the excitatory symptom factor, which boils down to four PANSS items: “excitement” (P4), “hostility” (P7), “non-cooperation” (G8), and “lack of impulse control” (G14). Last but not least, the depression symptom factors are rounded out by three more PANSS items: “anxiety” (G2), “self-incrimination” (G3), and “depression” (G6) (2). BSI-CV: In this study, patients with SZ were classified based on their scores from the 4th and 5th items of the BSI-CV. The patients were divided into two groups: those with SI and those without. Scores on item 4, which reflects active SI, or item 5, which indicates passive SI, were categorized as “weak” or “medium to strong” to denote the level of SI. Conversely, if the scores for both items 4 and 5 were recorded as “none,” it indicated that the patient did not exhibit any SI.





2.3 Statistical methods

The data were statistically analyzed using R version 4.4.2. Normally distributed metric data were presented as the mean ± standard deviation (X ± s), and we used t-tests to compare the groups. For data that were not normally distributed, we showed the median with the interquartile range [M (Q1, Q3)], and group comparisons were done using the Mann-Whitney U test (also known as the rank sum test). We described categorical variables with frequencies and percentages, and the chi-squared test was our go-to for comparing them across groups. Initially, a descriptive statistical analysis of the patients’ clinical information was performed. Subsequently, continuous variables underwent analysis of variance (ANOVA), while categorical variables were subjected to chi-square tests. Demographic and clinical information were compared, followed by binary logistic regression analysis, where SI served as the dependent variable. The covariates included smoking and alcohol status, duration of the illness, BMI, TC, TG, HDL, LDL, PANSS total scores, and their respective factor scores to identify relevant factors associated with SI in patients with SZ. Finally, the area under the receiver operating characteristic curve (AUC-ROC) was calculated to identify risk factors distinguishing SI in SZ patients. The significance level was set at α = 0.05 for two-sided tests.





3 Results



3.1 Comparison of the differences in general demographic information and the four levels of blood lipids between SZ patients and HC

There were no statistically significant differences in general demographic data such as sex, age, and years of education between SZ patients and the HC group (P > 0.05). Compared with the HC group, the patients in the FEDN SZ group had higher levels of TC, TG and LDL, and lower levels of HDL, and the differences were statistically significant (P < 0.05) (See Table 1).


Table 1 | Comparison of the differences in general demographic data and the four levels of blood lipids between SZ patients and HC.
	Variables
	HC (n = 101)
	SZ (n = 183)
	χ2/Z/t
	P



	Sex [n (%)]
	 
	 
	χ²=0.89
	0.345


	 Male
	45 (44.55)
	71 (38.80)
	 
	 


	 Female
	56 (55.45)
	112 (61.20)
	 
	 


	Age (years)
	25.00 (23.00, 30.00)
	24.00 (18.00, 34.00)
	Z=-1.92
	0.055


	Education (years)
	12.00 (9.00, 15.00)
	12.00 (9.00, 15.00)
	Z=-1.31
	0.192


	BMI (kg/m²)
	22.49 (21.10, 24.18)
	23.12 (21.26, 26.26)
	Z=1.64
	0.101


	Smoking [n (%)]
	 
	 
	χ²=0.002
	0.965


	 Yes
	18 (17.82)
	33 (18.03)
	 
	 


	 No
	83 (82.18)
	150 (81.97)
	 
	 


	Alcohol [n (%)]
	 
	 
	χ²=0.66
	0.416


	 Yes
	8 (7.92)
	10 (5.46)
	 
	 


	 No
	93 (92.08)
	173 (94.54)
	 
	 


	TC (mmol/L)
	4.53 (4.03, 5.11)
	4.03 (3.52, 4.91)
	Z=-3.41
	<0.001***


	TG (mmol/L)
	0.97 (0.74, 1.22)
	1.11 (0.83, 1.53)
	Z=3.03
	0.003**


	HDL (mmol/L)
	1.29 (1.14, 1.60)
	1.25 (1.06, 1.47)
	Z=-2.51
	0.012*


	LDL (mmol/L)
	2.80 (2.44, 3.22)
	2.51 (2.04, 3.09)
	Z=-3.45
	<0.001***





Comment: The data are presented as median (interquartile range) [M (P25, P75)]; the bold value indicates p < 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.






3.2 Comparison of the differences in general demographic information and the four levels of blood lipids among the SZ patients with and without SI

There were no significant differences in general demographic data, including sex, age, and years of education, among patients with SZ (P > 0.05). However, when we compared the SZ patients who were having SI to those who were not, the group with SI showed higher levels of TC, HDL, and LDL. Additionally, the SI group showed higher scores on positive symptom factors and depression symptom factors, and the differences were statistically significant (P < 0.05). However, the two groups were statistically indistinguishable when it came to TG levels, negative symptom factors, cognitive symptom factors, excitatory symptom factors, and total PANSS scores (P > 0.05) (Refer to Table 2).


Table 2 | Comparison of differences in the general information, the levels of 4 blood lipids, and the PANSS scale among the SZ patients with or without SI.
	Variables
	SZ without SI (n = 101)
	SZ with SI (n = 82)
	χ2/Z/t
	P



	Sex [n (%)]
	 
	 
	χ²=3.15
	0.076


	 Male
	45 (44.55)
	26 (31.71)
	 
	 


	 Female
	56 (55.45)
	56 (68.29)
	 
	 


	Age (years)
	26.00 (18.00, 32.00)
	20.00 (16.75, 35.25)
	Z=-1.34
	0.180


	Education (years)
	12.00 (9.00, 15.00)
	11.00 (9.00, 14.00)
	Z=-1.89
	0.059


	BMI (kg/m²)
	22.86 (21.52, 25.56)
	24.43 (20.36, 26.91)
	Z=0.92
	0.358


	Course of disease (years)
	1.00 (0.29, 2.83)
	2.00 (0.42, 3.00)
	Z=1.27
	0.203


	Smoking [n (%)]
	 
	 
	χ²=2.14
	0.143


	 Yes
	22 (21.78)
	11 (13.41)
	 
	 


	 No
	79 (78.22)
	71 (86.59)
	 
	 


	Alcohol [n(%)]
	 
	 
	χ²=0.94
	0.333


	 Yes
	7 (6.93)
	3 (3.66)
	 
	 


	 No
	94 (93.07)
	79 (96.34)
	 
	 


	TC (mmol/L)
	3.70 (3.45, 4.18)
	4.74 (4.20, 5.21)
	Z=4.70
	<0.001***


	TG (mmol/L)
	1.06 (0.79, 1.54)
	1.17 (0.93, 1.52)
	Z=1.33
	0.182


	HDL (mmol/L)
	1.21 (1.01, 1.43)
	1.28 (1.10, 1.52)
	Z=2.09
	0.036*


	LDL (mmol/L)
	2.24 (1.97, 2.72)
	2.87 (2.39, 3.31)
	Z=4.65
	<0.001***


	PANSS
	 
	 
	 
	 


	Positive symptoms
	10.00 (7.00, 14.00)
	12.00 (9.75, 18.00)
	Z=3.50
	<0.001***


	Negative symptoms
	21.00 (16.00, 29.00)
	21.00 (16.00, 29.00)
	Z=-0.18
	0.854


	Cognitive symptoms
	10.00 (6.00, 15.00)
	11.00 (6.00, 15.00)
	Z=-0.02
	0.983


	Excitatory symptoms
	8.00 (4.00, 13.00)
	10.00 (6.00, 14.25)
	Z=1.59
	0.112


	Depressive symptoms
	9.00 (7.00, 11.00)
	11.00 (9.00, 14.00)
	Z=5.06
	<0.001***


	Total
	98.00 (77.50, 120.50)
	102.50 (77.00, 120.25)
	Z=0.49
	0.627





Comment: Data are presented as mean ± standard deviation (X&#x0304; ± s) and median (interquartiles) [M (P25, P75)]. Bold values indicate p < 0.05; *p < 0.05; **p < 0.01; ***p < 0.001.






3.3 Related factors in the development of SI in patients with FEDN SZ



3.3.1 Univariate, multivariate analysis and stepwise logistic regression analysis

As shown in Table 3. In the multivariate logistic regression analysis, whether FEDN SZ patients had SI was taken as the dependent variable, and the statistically significant changes (TC, HDL, LDL, positive symptom factor, depressive symptom factor) in Table 2 were included as independent variables. The results showed that only TC (OR = 7.80, P < 0.05) and the depressive symptom factor (OR = 1.30, P < 0.001) were significantly correlated with whether FEDN SZ patients had SI. When the TC level and the score of the depressive symptom factor were higher, the possibility of SZ patients having SI was higher.


Table 3 | Univariate and multivariate logistic regression analysis.
	Variables
	Univariate logistic regression analysis
	Multivariate logistic regression analysis


	β
	S. E
	P
	OR (95%CI)
	β
	S. E
	P
	OR (95%CI)



	TC
	0.73
	0.18
	<0.001***
	2.08 (1.47 ~ 2.96)
	2.05
	0.90
	0.023*
	7.80 (1.33 ~ 45.66)


	HDL
	0.95
	0.48
	0.050
	2.58 (1.00 ~ 6.63)
	-0.07
	1.16
	0.952
	0.93 (0.10 ~ 8.99)


	LDL
	0.83
	0.23
	<0.001***
	2.29 (1.46 ~ 3.60)
	-0.46
	1.21
	0.700
	0.63 (0.06 ~ 6.67)


	Positive symptoms
	0.10
	0.03
	<0.001***
	1.11 (1.04 ~ 1.17)
	-0.20
	0.11
	0.073
	0.82 (0.66 ~ 1.02)


	Depressive symptoms
	0.28
	0.06
	<0.001***
	1.33 (1.18 ~ 1.49)
	0.26
	0.06
	<0.001***
	1.30 (1.16 ~ 1.47)







In the univariate logistic regression analysis, whether FEDN SZ patients had SI was taken as the dependent variable, and the variables with statistically significant differences in Table 2 were also included as independent variables, revealing the following variables independently associated with SI: TC (OR = 2.08, P < 0.001), LDL (OR = 2.29, P < 0.001), positive symptom factor (OR = 1.11, P < 0.001), depressive symptom factor (OR = 1.33, P < 0.001). This indicates that when TC levels, LDL levels, the score of the positive symptom factor, and the score of the depressive symptom factor increase respectively, the possibility of SZ patients developing SI is also higher.

Finally, as shown in Table 4, s stepwise logistic regression analysis, by dynamically adjusting the model through the gradual introduction of variables, we ultimately retained three factors: TC (OR = 5.81, P < 0.01), the positive symptom factor (OR = 0.81, P < 0.05), and the depressive symptom factor (OR = 1.30, P < 0.001). This indicates that the higher the TC level, positive symptom factor score, and depressive symptom factor score, the higher the likelihood of SI in SZ patients. In this model, the positive symptom factor was masked due to collinearity with serum TC level and depressive symptom factor. The stepwise logistic regression method, by introducing variables in each round, revealed the independent information content of the positive symptom factor, suggesting that it may still have clinical significance. Serum TC levels remained stable under both strategies, further supporting its potential feasibility as a biomarker for suicidal ideation in FEDN SZ patients. However, due to the complexity of suicidal ideation formation and the limitations of cross-sectional studies, the role of serum TC levels in the development of suicidal ideation among SZ patients still requires more in-depth investigation.


Table 4 | Stepwise logistic regression analysis.
	Steps
	Variables
	Stepwise logistic regression analysis
	


	β
	S. E
	P
	OR (95%CI)



	Step 1a
	Depressive symptoms
	0.28
	0.06
	<0.001***
	1.33 (1.18 ~ 1.49)


	Step 2b
	TC
	0.66
	0.19
	<0.001***
	1.93 (1.34 ~ 2.79)


	Depressive symptoms
	0.26
	0.06
	<0.001***
	1.29(1.152 ~ 1.45)


	Step 3c
	TC
	1.76
	0.57
	0.002**
	5.81 (1.91 ~ 17.72)


	Positive symptoms
	-0.21
	0.10
	<0.034*
	0.81 (0.67 ~ 0.98)


	Depressive symptoms
	0.26
	0.06
	<0.001***
	1.30 (1.15 ~ 1.47)





Comment: The bold values indicate statistical significance, with p < 0.05 denoting significance, *p < 0.05 indicating a significant result, **p < 0.01 representing a highly significant result, and ***p < 0.001 signifying an extremely significant outcome.


a The variable entered in step 1: depressive symptom factor.

b The variable entered in step 2: TC.

c The variable entered in step 3: positive symptom factor.







3.3.2 ROC curve

Through binary logistic regression analysis, we utilized the three independent predictors mentioned above to construct an AUC-ROC curve for predicting the risk of SI in patients with SZ (see Figure 1). The AUC-ROC results indicated that the positive symptom factor had the lowest discriminatory ability, with a value of 0.650, while the serum TC level and the depressive symptom factor showed better discriminative power, with values of 0.702 and 0.717, respectively. When all risk factors were combined in the regression model, the AUC-ROC value increased to 0.824, suggesting that the combined factors had a superior ability to distinguish SZ patients with or without SI.

[image: ROC curve graph showing the relationship between sensitivity and 1-specificity. Four lines represent different conditions: blue for TC, green for positive symptoms, red for depressive symptoms, and orange for a combination. The y-axis is labeled “Sensitivity,” and the x-axis is labeled “1 - Specificity.”]
Figure 1 | ROC curve illustrating risk factors for SI in patients with SZ. The areas under the four curves in the graph represent the predicted probabilities of SI in SZ patients. Higher values indicate a greater risk of SI. As shown in the figure, the areas under the curve for serum TC levels, positive symptom factor, depressive symptom factor, and their combination are 0.702, 0.650, 0.717, and 0.824.







4 Discussion

This study investigated the relationship between blood lipid metabolism and SI in patients with FEDN SZ. The findings indicate that (1): Compared with healthy controls, FEDN SZ patients exhibited higher serum levels of TC, TG, and LDL, and lower HDL levels (2); The incidence of SI in patients with FEDN SZ was 44.81% (3); Compared to SZ patients without SI, those with SI show significantly elevated levels of serum TC, HDL, and LDL, alongside significantly higher scores for both positive symptom factors and depression symptom factors (4); In patients with FEDN SZ, serum TC levels, positive symptom factor scores, and depression symptom factor scores are independently associated with the emergence of SI.

This study found that compared with HC subjects, FEDN SZ patients had higher levels of serum TC, TG and LDL, while the level of HDL was lower, which was consistent with the results of previous studies (23), indicating abnormal lipid levels in SZ patients. A meta-analysis indicated that approximately 40% of individuals with SZ and related disorders experience abnormal lipid metabolism (7). Furthermore, studies have indicated that serum TC, HDL, and LDL levels in FEDN SZ patients are lower than those in the HC group, while serum TG levels are higher than those in the HC group (24). Another meta-analysis found that both TC and LDL levels were significantly reduced in first-episode schizophrenia patients compared to the HC group, with a notable increase in TG levels, while HDL levels did not show a significant difference (25). The discrepancies between these studies and our statistical results may be attributed to variations in sample selection. This underscores the prevalence of abnormal lipid metabolism in SZ patients, particularly those experiencing their first episode and not receiving medication, who often exhibit a distinct pattern of lipid metabolism abnormalities. This suggests that such dysregulations in lipid metabolism may stem from the intrinsic pathophysiological characteristics of SZ patients rather than solely from pharmacological treatments (26, 27).

In our study, nearly half (44.81%) of patients with FEDN SZ reported experiencing SI. This aligns with a trend observed internationally. For example, an Indian study pegged the rate of SI in first-episode schizophrenia patients at a substantial 37.25% (28). An Italian study reported that 40.8% of first-episode SZ patients exhibited SI (29). Furthermore, Bai et al. conducted a meta-analysis that revealed a global incidence of SI in SZ patients to be approximately 34.5% (30). It is important to note that variations in the definitions of SZ and differences in sample selection across studies may contribute to discrepancies in their findings.

Our study found that patients with SZ who exhibited SI had higher serum TC levels compared to those without SI. Similar findings have been reported by other researchers; for instance, one study indicated that elevated serum TC levels were associated with SI in women with first-episode SZ (17). Research has indicated that oxidative stress in SZ patients affects the expression of antioxidant genes by influencing various transcription factors, particularly Nrf2. Under oxidative stress, Nrf2 can translocate into the nucleus, enhancing the expression of antioxidant genes, which in turn induces the expression of lipid metabolism genes. Concurrently, oxidative stress affects cysteine residues in signaling proteins through redox reactions. These redox reactions can alter the activity of signaling proteins, thereby inducing changes in intracellular signaling pathways, which subsequently affect the expression of lipid metabolism-related genes, leading to elevated serum TC levels and other alterations. These changes may increase the risk of developing SI (31). However, it is important to note that the relationship between serum TC levels and SI in patients with SZ is not always consistent. According to certain research, reduced TC may correlate with suicidality in schizophrenic individuals (18, 32), particularly among those who have attempted suicide (33). We found similar results in other mental illnesses. Choi et al. found depressed patients with low TC exhibit higher risk of suicidal behavior (34). A different observational study dug into the connection between blood lipid levels and attempted suicide among individuals grappling with obsessive-compulsive disorder. The findings indicated that those with suicidal inclinations tended to have notably lower TC levels compared to their counterparts who didn’t exhibit these tendencies (35). Additionally, Bjanka et al. reported that serum TC levels in male patients with bipolar disorder who had attempted suicide were significantly reduced (36). The observed differences in correlation may be attributable to variations in medication use and the course of the disease.

We found that SZ patients with SI had higher serum HDL levels compared to those without SI. Our results contradict some previous studies; for instance, data from healthy adults in the United States indicated that low HDL levels were significantly associated with attempted suicide in women (37). Additionally, a study by Andrea et al. suggested that a decrease in HDL may be a hallmark of increased suicidal tendencies in patients with obsessive-compulsive disorder (35). It is worth noting that some studies suggest that HDL levels may be associated with different subgroups or symptom dimensions of mental disorders. For instance, a decrease in HDL levels has been observed in patients with treatment-resistant SZ, which may suggest that abnormal lipid metabolism is related to the severity of the disease or treatment response (38). In addition, HDL levels have been found to predict the improvement of depressive symptoms in female patients with major depressive disorder, and higher levels of HDL are associated with better symptom improvement (39). Although these findings come from different groups of mental illness, they all suggest that HDL may play a certain role in the psychopathological mechanism. Concurrently, we observed that SZ patients with SI exhibited higher serum LDL levels than those without SI. This finding also contrasts with previous research. For example, Kavoor et al. reported a significant negative correlation between LDL levels and suicide ratings in SZ patients compared to healthy individuals (40). Furthermore, an earlier SZ study indicated that lower LDL levels were significantly associated with suicidal behavior in these patients (OR = 0.99, 95% CI = 0.98–1.00) (41). In our study, further binary logistic analysis did not reveal a significant correlation between serum HDL and LDL levels and SI. Therefore, while our findings differ from those of previous studies, they underscore the need for further research to elucidate the relationship between serum HDL and LDL levels and SI in SZ patients.

In addition, we found that in patients with SZ, the positive symptom factor score and the depression symptom factor score are independently associated with the generation of SI. Previous studies have also identified a correlation between the negative symptom factors of PANSS, depression symptom factors, and SI in SZ patients. For instance, a study conducted in India indicated that positive symptoms and depression serve as significant predictors of SI in SZ patients (42). Furthermore, research has demonstrated that patients exhibiting psychotic symptoms are at a 2.39-fold increased risk of experiencing SI and a 3.20-fold increased risk of engaging in self-harm behavior compared to those without psychotic symptoms (43, 44). Additionally, Ayesa et al. found that depression symptoms in 383 first-episode SZ patients were significantly correlated with their suicidal behavior (OR = 1.15, 95% CI = 1.06–1.24) (41). These findings suggest that SZ may indeed be influenced by its positive symptoms and depressive symptoms.

Collectively, these findings indicate an intrinsic relationship between elevated serum TC levels and the emergence of SI, potentially attributable to increased oxidative stress (31). Furthermore, our analysis revealed that in patients with FEDN SZ, serum TC levels, positive symptom factor scores, and depression symptom factor scores were independently associated with the development of SI. Additionally, the mechanistic relationship between serum HDL and LDL levels and the onset of SI in SZ patients warrants further investigation.

This study has several limitations. First, it is a cross-sectional study; future research could incorporate longitudinal follow-up to examine the relationship between changes in blood lipids and SI in patients with schizophrenia over different time periods. Secondly, the sample size in this study is relatively small, and future studies should aim to increase the sample size to further develop the model and validate the findings of this research.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee of First Hospital of Shanxi Medical University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.





Author contributions

JW: Conceptualization, Data curation, Formal analysis, Validation, Visualization, Writing – original draft, Writing – review & editing. CL: Conceptualization, Data curation, Formal analysis, Writing – original draft. XZ: Data curation, Formal analysis, Writing – original draft. XL: Conceptualization, Data curation, Formal analysis, Funding acquisition, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research and/or publication of this article. This work was supported by the Nation Funded Project for Regional Science and Technology Development (Basic Research) Project (grant number. YDZJSX2022A064) and the National Clinical Key Specialty Construction Project (Project No. 2025-ZZ-012). The funders of this study had no further role in study design, data analysis, and the decision to submit the paper for publication.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.





References

	 Olfson M, Stroup TS, Huang C, Wall MM, Crystal S, Gerhard T. Suicide risk in medicare patients with schizophrenia across the life span. JAMA Psychiatry. (2021) 78:876. doi: 10.1001/jamapsychiatry.2021.0841


	 Ran M-S, Xiao Y, Fazel S, Lee Y, Luo W, Hu S-H, et al. Mortality and suicide in schizophrenia: 21-year follow-up in rural China. BJPsych Open. (2020) 6:e121. doi: 10.1192/bjo.2020.106


	 Díaz-Fernández S, Frías-Ortiz DF, Fernández-Miranda JJ. Suicide attempts in people with schizophrenia before and after participating in an intensive case managed community program: a 20-year follow-up. Psychiatry Res. (2020) 287:112479. doi: 10.1016/j.psychres.2019.112479


	 Saha S, Chant D, McGrath J. A systematic review of mortality in schizophrenia: is the differential mortality gap worsening over time? Arch Gen Psychiatry. (2007) 64:1123. doi: 10.1001/archpsyc.64.10.1123


	 Tahmazov E, Bosse J, Glemain B, Nabbe P, Guillou M, Blachier A, et al. Impact of early intervention for early psychosis on suicidal behavior—a meta‐analysis. Acta Psychiatr Scand. (2025) 151:127–41. doi: 10.1111/acps.13773


	 Hubers AAM, Moaddine S, Peersmann SHM, Stijnen T, Van Duijn E, van der Mast RC, et al. Suicidal ideation and subsequent completed suicide in both psychiatric and non-psychiatric populations: a meta-analysis, Epidemiol. Psychiatr Sci. (2018) 27:186–98. doi: 10.1017/S2045796016001049


	 Ono S, Someya T. Lipid metabolism disturbances during antipsychotic treatment for schizophrenia. In:  Riederer  P, Laux  G, Nagatsu  T, Le  W, Riederer  C, editors. NeuroPsychopharmacotherapy. Springer International Publishing, Cham (2022). p. 987–1004. doi: 10.1007/978-3-030-62059-2_402


	 Fan L, You Y, Fan Y, Xue Y. Association between ApoA1 gene polymorphisms and antipsychotic drug-induced dyslipidemia in schizophrenia. Neuropsychiatr Dis Treat. (2021) 17:1289–97. doi: 10.2147/NDT.S305200


	 Chang S-C, Goh KK, Lu M-L. Metabolic disturbances associated with antipsychotic drug treatment in patients with schizophrenia: state-of-the-art and future perspectives. World J Psychiatry. (2021) 11:696–710. doi: 10.5498/wjp.v11.i10.696


	 McEvoy J, Baillie RA, Zhu H, Buckley P, Keshavan MS, Nasrallah HA, et al. Lipidomics reveals early metabolic changes in subjects with schizophrenia: effects of atypical antipsychotics. PloS One. (2013) 8:e68717. doi: 10.1371/journal.pone.0068717


	 Hsu M-C, Ouyang W-C. Subsequent dyslipidemia and factors associated with mortality in schizophrenia: a population-based study in Taiwan. Health Care (Don Mills). (2021) 9:545. doi: 10.3390/healthcare9050545


	 S. S, Sp L, Sbc O, P W, E S, Hl O, et al. Prevalence and correlates of diabetes mellitus and dyslipidaemia in a long-stay inpatient schizophrenia population in Singapore. Singapore Med J. (2018) 59:465–71. doi: 10.11622/smedj.2018020


	 Lamadé EK, Özer N, Schaupp B, Krumm B, Deuschle M, Häfner S. Association of hypertension, type 2 diabetes mellitus and dyslipidemia with the duration of inpatient treatments and recurrence of schizophrenia. J Psychosom Res. (2023) 172:111436. doi: 10.1016/j.jpsychores.2023.111436


	 Ponirakis G, Ghandi R, Ahmed A, Gad H, Petropoulos IN, Khan A, et al. Abnormal corneal nerve morphology and brain volume in patients with schizophrenia. Sci Rep. (2022) 12:1870. doi: 10.1038/s41598-022-05609-w


	 Khoodoruth MAS, Khoodoruth WNC, Uroos M, Al-Abdulla M, Khan YS, Mohammad F, et al. Diagnostic and mechanistic roles of MicroRNAs in neurodevelopmental & neurodegenerative disorders. Neurobiol Dis. (2024) 202:106717. doi: 10.1016/j.nbd.2024.106717


	 Bartoli F, Crocamo C, Dakanalis A, Riboldi I, Miotto A, Brosio E, et al. Association between total serum cholesterol and suicide attempts in subjects with major depressive disorder: exploring the role of clinical and biochemical confounding factors. Clin Biochem. (2017) 50:274–8. doi: 10.1016/j.clinbiochem.2016.11.035


	 Rybakowski JK. Suicidal behavior in schizophrenia may be related to low lipid levels. Med Sci Monit. (2014) 20:1486–90. doi: 10.12659/MSM.890884


	 Misiak B, Kiejna A, Frydecka D. Higher total cholesterol level is associated with suicidal ideation in first-episode schizophrenia females. Psychiatry Res. (2015) 226:383–8. doi: 10.1016/j.psychres.2014.12.030


	 Ventriglio A, Gentile A, Bonfitto I, Stella E, Mari M, Steardo L, et al. Suicide in the early stage of schizophrenia. Front Psychiatry. (2016) 7:116. doi: 10.3389/fpsyt.2016.00116


	 Li R, Zhang Y, Zhu W, Ding C, Dai W, Su X, et al. Effects of olanzapine treatment on lipid profiles in patients with schizophrenia: a systematic review and meta-analysis. Sci Rep. (2020) 10:17028. doi: 10.1038/s41598-020-73983-4


	 First MB, Yousif LH, Clarke DE, Wang PS, Gogtay N, Appelbaum PS. DSM-5-TR: overview of what’s new and what’s changed. World Psychiatry. (2022) 21:218–9. doi: 10.1002/wps.20989


	 Lim K, Peh O-H, Yang Z, Rekhi G, Rapisarda A, See Y-M, et al. Large-scale evaluation of the positive and negative syndrome scale (PANSS) symptom architecture in schizophrenia. Asian J Psychiatry. (2021) 62:102732. doi: 10.1016/j.ajp.2021.102732


	 Sayed SE, Gomaa S, Alhazmi A, ElKalla I, Khalil D. Metabolic profile in first episode drug naïve patients with psychosis and its relation to cognitive functions and social cognition: a case control study. Sci Rep. (2023) 13:5435. doi: 10.1038/s41598-023-31829-9


	 Pruett BS, Meador-Woodruff JH. Evidence for altered energy metabolism, increased lactate, and decreased pH in schizophrenia brain: a focused review and meta-analysis of human postmortem and magnetic resonance spectroscopy studies. Schizophr Res. (2020) 223:29–42. doi: 10.1016/j.schres.2020.09.003


	 Pillinger T, Beck K, Stubbs B, Howes OD. Cholesterol and triglyceride levels in first-episode psychosis: systematic review and meta-analysis. Br J Psychiatry. (2017) 211:339–49. doi: 10.1192/bjp.bp.117.200907


	 Śmierciak N, Krzyściak W, Szwajca M, Karcz P, Bryll A, Popiela TJ, et al. Benefits and meaning of lipids profile in relation to oxidative balance and brain morphology in schizophrenia. Int J Mol Sci. (2023) 24:11375. doi: 10.3390/ijms241411375


	 Li X, Yuan X, Pang L, Zhang S, Li Y, Huang X, et al. The effect of serum lipids and short-chain fatty acids on cognitive functioning in drug-naïve, first episode schizophrenia patients. Psychiatry Res. (2022) 313:114582. doi: 10.1016/j.psychres.2022.114582


	 Godi SM, Nagaraju S, Padma V. Study of suicidal behavior among admitted first-episode schizophrenia patients from south India. Prim Care Companion CNS Disord. (2023) 25:22m03364. doi: 10.4088/PCC.22m03364


	 Pelizza L, Pellegrini C, Quattrone E, Azzali S, Landi G, Pellegrini P, et al. Suicidal thinking and behavior in first episode schizophrenia: findings from the 24-month follow-up of the “parma early psychosis” program. Arch Suicide Res. (2022) 26:656–76. doi: 10.1080/13811118.2020.1820411


	 Bai W, Liu ZH, Jiang YY, Zhang QE, Rao WW, Cheung T, et al. Worldwide prevalence of suicidal ideation and suicide plan among people with schizophrenia: a meta-analysis and systematic review of epidemiological surveys. Transl Psychiatry. (2021) 11:552. doi: 10.1038/s41398-021-01671-6


	 Ermakov EA, Dmitrieva EM, Parshukova DA, Kazantseva DV, Vasilieva AR, Smirnova LP. Oxidative stress-related mechanisms in schizophrenia pathogenesis and new treatment perspectives. Oxid Med Cell Longevity. (2021) 2021:8881770. doi: 10.1155/2021/8881770


	 Sen P, Adewusi D, Blakemore AI, Kumari V. How do lipids influence risk of violence, self-harm and suicidality in people with psychosis? A systematic review. Aust N Z J Psychiatry. (2022) 56:451–88. doi: 10.1177/00048674211025608


	 Mensi R, Messaoud A, Mhallah A, Azizi I, Salah WH, Douki W, et al. The association between altered lipid profile and suicide attempt among Tunisian patients with schizophrenia. Ann Gen Psychiatry. (2016) 15:36. doi: 10.1186/s12991-016-0123-1


	 Choi W, Kang H-J, Kim J-W, Kim HK, Kang H-C, Lee J-Y, et al. Age-specific associations between serum cholesterol levels and suicidal behaviors in patients with depressive disorders: a naturalistic prospective observational cohort study. Front Psychiatry. (2023) 14:1095579. doi: 10.3389/fpsyt.2023.1095579


	 Aguglia A, Albert U, Maina G. Serum lipids and lifetime suicide attempts in patients with obsessive-compulsive disorder. J Obs.-Compuls Relat Disord. (2017) 15:1–6. doi: 10.1016/j.jocrd.2017.07.003


	 Vuksan-Ćusa B, Marčinko D, Nađ S, Jakovljević M. Differences in cholesterol and metabolic syndrome between bipolar disorder men with and without suicide attempts. Prog Neuro-Psychopharmacol Biol Psychiatry. (2009) 33:109–12. doi: 10.1016/j.pnpbp.2008.10.017


	 Zhang J, McKeown RE, Hussey JR, Thompson SJ, Woods JR, Ainsworth BE. Low HDL cholesterol is associated with suicide attempt among young healthy women: the third national health and nutrition examination survey. J Affect Disord. (2005) 89:25–33. doi: 10.1016/j.jad.2005.05.021


	 Khoodoruth MAS, Hussain T, Ouanes S, Khoodoruth NWC, Hmissi A, Lachica SL, et al. Peripheral inflammatory and metabolic markers as potential biomarkers in treatment-resistant schizophrenia: insights from a qatari cohort. Psychiatry Res. (2025) 344:116307. doi: 10.1016/j.psychres.2024.116307


	 Elbakary N, Al-Khuzaei N, Hussain T, Karawia A, Smida M, Abu-Rahma N, et al. Inflammatory biomarkers as predictors for unlocking antidepressant efficacy: assessing predictive value and risk stratification in major depressive disorder in a prospective longitudinal study. J Affect Disord. (2025) 119545. doi: 10.1016/j.jad.2025.119545


	 Kavoor AR, Mitra S, Kumar S, Sisodia A, Jain R. Lipids, aggression, suicidality and impulsivity in drug-naïve/drug-free patients of schizophrenia. Asian J Psychiatry. (2017) 27:129–36. doi: 10.1016/j.ajp.2017.03.002


	 Ayesa-Arriola R, Canal Rivero M, Delgado-Alvarado M, Setién-Suero E, González-Gómez J, Labad J, et al. Low-density lipoprotein cholesterol and suicidal behaviour in a large sample of first-episode psychosis patients. World J Biol Psychiatry. (2018) 19:S158–61. doi: 10.1080/15622975.2017.1414305


	 Nath S, Kalita KN, Baruah A, Saraf AS, Mukherjee D, Singh PK. Suicidal ideation in schizophrenia: a cross-sectional study in a tertiary mental hospital in north-east India. Indian J Psychiatry. (2021) 63:179–83. doi: 10.4103/psychiatry.IndianJPsychiatry_130_19


	 Yates K, Lång U, Cederlöf M, Boland F, Taylor P, Cannon M, et al. Association of psychotic experiences with subsequent risk of suicidal ideation, suicide attempts, and suicide deaths: a systematic review and meta-analysis of longitudinal population studies. JAMA Psychiatry. (2019) 76:180. doi: 10.1001/jamapsychiatry.2018.3514


	 Honings STH. Exploring psychosis and multidirectional violence: a prospective study in the general population. [PhD dissertation]. (Maastricht (Netherlands): Maastricht University).  (2017). doi: 10.26481/dis.20171222sh







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Wang, Li, Zhang and Lang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-16-1701333-g001.jpg
Sensitivity
04

1.0

0.8

0.6

0.2

0.0

ROC Curve

TC

—— Positive symptoms
—— Depressive symptoms
— Combination

T

\
0.0

|
0.2

I I I
04 06 08 10

1 - Specificity






OEBPS/Images/fpsyt.2025.1701333_cover.jpg
& frontiers | Frontiers in Psychiatry

Study on the correlation between serum
total cholesterol levels and suicidal ideation
in patients with first-episode drug-naive
schizophrenia: a cross-sectional study





