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Abstract
Background
Although dietary omega fatty acids have been recognized for positive effects on mental health, the specific association between omega fatty acids intake and suicidal ideation remains ambiguous. This study aims to explore the potential association between the prevalence of suicidal ideation and dietary omega fatty acids intake in American adults.

Methods
The data of 27,944 American adults collected from National Health and Nutrition Examination Survey (NHANES) were analyzed in this study. To assess the association between dietary omega fatty acids intake and suicidal ideation as measured by Item 9 of PHQ-9, logistic regression, restricted cubic spline regression, and stratified analyses, mediation analyses were employed.

Results
Logistic regression analyses indicate that the intakes of omega-3 and omega-6 fatty acids were inversely associated with the prevalence of suicidal ideation, and dietary omega-6/omega-3 ratio was positively associated with the prevalence of suicidal ideation. Subgroup analyses further revealed a stronger association between suicidal ideation and omega fatty acids intake in individuals with a history of stroke. Furthermore, a saturation effect and non-linear association were identified between omega-3 and omega-6 fatty acids intake and the prevalence of suicidal ideation, characterized by an L-shaped curve with an inflection point at 1.36 g/d, 13.69 g/d, respectively. Notably, C-reactive protein (CRP) partially mediated the association between omega-6, omega-3 fatty acids intake and suicidal ideation by a proportion of 3.8% and 4.0%.

Conclusion
The findings of this study suggest that higher omega-3 and omega-6 fatty acids intake and lower omega-6/omega-3 ratio is associated with a declined prevalence of suicidal ideation.

Clinical trial number
Not applicable.
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Introduction
Globally, suicide represents a major public health issue accounting for over 700,000 deaths annually [1]. In response, World Health Organization (WHO) has enacted a strategic initiative with the objective of declining suicide mortality by 33% across each member state from 2013 to 2030 [2]. According to ideation-to-action models of suicide, suicidal ideation can serve as a pivotal precursor to both suicide attempts and completed suicides [3]. Empirical studies have demonstrated that the probability of committing suicide in the first year following the onset of suicidal ideation is approximately 1.40% in psychiatric patients [4]. Consequently, the identification of modifiable risk factors associated with suicidal ideation is crucial for the effective prevention of suicide. Although existing literature has identified various risk factors, such as personality traits, mood disorders, and sociodemographic characteristics [5, 6], many of which are frequently unmodifiable.
Epidemiologic studies have shown that depression is related to genetic and environmental factors, especially dietary factors [7–9]. Moreover, specific dietary interventions may be employed as routine treatments, potentially exerting beneficial effects on psychiatric conditions [10, 11]. Studies have shown that the consumption of nutrients including polyunsaturated fatty acids (PUFAs), folic acid, vitamin B12, zinc, and vitamin D may mitigate the prevalence of psychiatric disorders such as depression [12–14].
PUFAs are essential lipids that must be acquired from dietary sources [15]. Within this category, omega-6 and omega-3 fatty acids constitute the two primary families of PUFAs, each playing vital roles in neurodevelopment and function, cardiovascular health, immune system enhancement, inflammation modulation, cancer prevention, and mental health maintenance, in other physiological processes [16, 17]. Some studies with limited sample sizes suggest that omega-3 fatty acids intake may reduce the prevalence of suicidal ideation in individuals with depression [18–20]. Nevertheless, the association between dietary intake of omega-3 and omega-6 fatty acids and the prevalence of suicidal ideation in the general population has not been inadequately explored. Furthermore, there is a lack of research that clearly delineates the specific intake levels of omega-3 and omega-6 fatty acids and their association with the prevalence of suicidal ideation.
There is research evidence that suicidal ideation is significantly associated with chronic systemic inflammation [21]. Chronic inflammation can mediate a permanent reorganization of inflammatory neurotransmitter pathways, resulting in the transition from acute to chronic pain and promoting depression, anxiety, and suicidal ideation [22–24]. Furthermore, there is a strong relationship between diet and chronic systemic inflammation; dietary omega-3 fatty acids have been shown to effectively reduce inflammation by decreasing levels of inflammatory biomarkers such as interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), and CRP [25, 26].
Consequently, this study aims to explore the association between dietary omega-3 and omega-6 fatty acids, along with their ratio, and the prevalence of suicidal ideation, utilizing data from NHANES. Additionally, the secondary goal was to analyze whether dietary omega fatty acids intake mediated the intended association through the CRP. The results may provide valuable insights for the clinical management and prevention of suicidal ideation.

Methods
Research subjects and design
NHANES, administered by National Center for Health Statistics (NCHS) [27], is an extensive study to assess the association between nutrition, disease prevention, and health promotion. This survey is conducted biennially by taking physical examinations, interviews, with a variety of sections encompassing demographic, dietary, laboratory data, and examinations. Further details about the NHANES database can be accessed at http://​www.​cdc.​gov/​nhanes.
In this study, the data from ten cycles of the NHANES dataset during the period from 1999 to 2018 were analyzed through a retrospective analysis. Subjects aged 18 years old or older (n = 59204) were included in this study. And according to the exclusion criteria, subjects lacking the data of suicidal ideation (n = 27880), those without the data of dietary omega fatty acids intake (n = 1016), pregnant females (n = 599), those without the data of body mass index (BMI) and other covariable (n = 1765) were excluded. Consequently, the final samples were comprised of 27,944 subjects, as illustrated in Fig. 1.
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Fig. 1Flowchart of the sample selection from the 1999–2018 NHANES



Assessment of dietary Omega fatty acids intake
Data on the unsaturated fatty acid and total energy intake of the subjects in this study were obtained from the dietary module in the NHANES. Dietary omega fatty acids and total energy intake were assessed on two distinct occasions: The first assessment was conducted in person, while the second was conducted by call. Owing to substantial data deficiencies encountered during the second round of interviews, the analysis in this study exclusively utilized the dietary information collected during the initial session [28].
This study also aims to comprehensively identify the various components of omega-3 and omega-6 fatty acids. The dietary omega-3 fatty acids examined included eicosapentaenoic acid (EPA, 20:5), alpha-linolenic acid (ALA, 18:3), docosahexaenoic acid (DHA, 22:6), and docosapentaenoic acid (DPA, 22:5), as well as additional forms such as stearidonic acid (SDA, 18:4). The dietary omega-6 fatty acids analyzed comprised arachidonic acid (AA, 20:4) and linoleic acid (LA, 18:2) [29].

Assessments on suicidal ideation
Suicidal ideation was assessed by analyzing responses to Item 9 of Patient Health Questionnaire-9 (PHQ-9), a questionnaire which inquires: “How often have you engaged in self-harm or considered that it would be preferable to die over the past two weeks?” Subjects scored from 1 to 3 were classified as experiencing suicidal ideation, whereas those scored zero were classified as not experiencing suicidal ideation [30].

Covariable
Based on previous studies [30] and variables provided by NHANES, covariable of interest including self-reported health information, physical examination results, and sociodemographic variables were identified as potential confounding factors. Trained interviewers collected self-reported health information and sociodemographic variables, including smoking status, past medical history, and alcohol abuse during Mobile Examination Center (MEC) and household interviews. Sociodemographic variables included education level, age, marital status, gender, family poverty income ratio (PIR), and race. Physical examination results, including blood pressure and BMI, were collected by trained health technicians at MEC. Additionally, blood samples were collected at MEC for the assessment of albumin, CRP, creatinine, total cholesterol (TC), and low-density lipoprotein cholesterol (LDL-C). The definitions for diabetes mellitus, hypertension, and hyperlipidemia were consistent with those previously reported [31]. The incidence of cancers, stroke, and coronary heart disease (CHD) was determined through self-reported diagnoses. Alcohol abuse was characterized by the intake at least 12 alcoholic beverages within one year. Smoking was defined by the consumption of a minimum of 100 cigarettes over an individual’s lifetime. According to the 2018 Physical Activity Guidelines from the United States, moderate to vigorous aerobic physical activity (MVPA) has been classified into categorical variables: low (< 150 min per week) and high (≥ 150 min per week) [32].

Boruta algorithm
The outcomes of feature screening utilizing Boruta’s algorithm are presented in Fig. 2. Following 500 iterations, it was identified that the fifteen variables most closely linked with suicidal ideation included gender, age, race, alcohol abuse, BMI, smoking status, CHD, hyperlipidemia, education level, PIR, albumin, marital status, creatinine, dietary omega-3 and omega-6 fatty acids intake and cancers. Despite the omission of certain key characteristics, such as physical activities and stroke due to their low z-values relative to the most strongly associated characteristics, these factors were still incorporated into subsequent analyses based on clinical experience and prior research.
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Fig. 2(A)Feature selection process for suicidal ideation based on Boruta’s algorithm, including dietary omega-3 intake. (B) Feature selection process for suicidal ideation based on Boruta’s algorithm, including diet omega-6 intake



Statistical analysis
Dietary omega-3, omega-6 or omega-6/3 ratio fatty acids intake was stratified into quartiles as follows: Q1: <0.90 g/d, Q2: 0.90–1.45 g/d, Q3: 1.45–2.27 g/d, Q4: >2.27 g/day for omega-3 intake. Q1: <8.61 g/d, Q2: 8.61–13.79 g/d, Q3: 13.79–20.95 g/d, Q4: >20.95 g/day for omega-6 intake. Q1: <7.53, Q2:7.53–9.10, Q3:9.10-11.41, and Q4:>11.41 for omega-6/3 ratio. The normality of continuous variables was assessed by presenting them as either the median with interquartile range or mean ± SD. The association between dietary omega intake and the prevalence of suicidal ideation was examined by ORs and 95% CI derived from multivariable logistic regression models. Boruta algorithm was utilized in this study for variable selection, resulting in the construction of three distinct models: Model 1, unadjusted; Model 2, adjusted for gender and age; and Model 3, comprehensively adjusted for a range of factors, including gender, age, race, alcohol abuse, BMI, total energy intake, smoking status, hypertension, physical activities, CHD, hyperlipidemia, stroke, PIR, education level, marital status, albumin, creatinine and cancers. Heterogeneity between dietary omega intake and the prevalence of suicidal ideation was assessed through interaction and subgroup analyses across various variables. Additionally, the non-linear association between suicidal ideation and dietary omega fatty acids intake was explored through restricted cubic spline (RCS) curves.
Finally, “mediation” package in R 4.2.2. was utilized to perform Mediation analysis assessing the mediating effects of CRP on the associations of dietary omega fatty acids intake with suicidal ideation, adjusted by Model3. The presence of a mediating effect was defined as satisfying all of the following conditions having a significant indirect effect, a significant total effect, and a positive proportion of the mediator effect. Related data were analyzed with Free Statistics software and R software.


Results
Subjects’ characteristics
Table 1 delineates the principal characteristics of the study cohort. Out of 27,944 subjects, 1037 (3.7%) reported experiencing suicidal ideation, at the mean age of 47.8 years old, with females representing 49.6%. Subjects reporting suicidal ideation were more likely to live alone. Moreover, subjects with suicidal ideation demonstrate a lower education level, albumin, and PIR. This group also exhibited a higher prevalence of comorbid conditions, including stroke, diabetes mellitus, CHD, hypertension, and hyperlipidemia, in addition to increased BMI, CRP and omega-6/3 ratio levels. Furthermore, dietary omega-3 and omega-6 fatty acids intake was significantly lower in subjects with suicidal ideation (Fig. 3) (all p < 0.05).
Table 1Characteristics of the study population based on suicidal ideation


	Characteristic
	Total (n = 27944)
	Non-suicidal ideation (n = 26907)
	Suicidal ideation (n = 1037)
	P value

	Age
	47.8 ± 18.6
	47.8 ± 18.7
	47.8 ± 18.0
	0.981

	Gender, %
	 	 	 	< 0.001

	 Male
	14,092 (50.4)
	13,630 (50.7)
	462 (44.6)
	 
	 Female
	13,852 (49.6)
	13,277 (49.3)
	575 (55.4)
	 
	Race, %
	 	 	 	< 0.001

	 Mexican American
	4651 (16.6)
	4446 (16.5)
	205 (19.8)
	 
	 Other Hispanic
	2681 (9.6)
	2513 (9.3)
	168 (16.2)
	 
	 Non-Hispanic White
	12,343 (44.2)
	11,943 (44.4)
	400 (38.6)
	 
	 Non-Hispanic Black
	5805 (20.8)
	5611 (20.9)
	194 (18.7)
	 
	 Other Race
	2464 (8.8)
	2394 (8.9)
	70 (6.8)
	 
	Education level, %
	 	 	 	< 0.001

	 Less than high school
	6488 (24.7)
	6106 (24.1)
	382 (39.3)
	 
	 High school or above
	19,812 (75.3)
	19,221 (75.9)
	591 (60.7)
	 
	Marital, %
	 	 	 	< 0.001

	 Married/living with partner
	16,716 (62.5)
	16,213 (62.9)
	503 (50.8)
	 
	 Separated/divorced/widowed
	4943 (18.5)
	4689 (18.2)
	254 (25.6)
	 
	 Never married
	5094 (19.0)
	4860 (18.9)
	234 (23.6)
	 
	MVPA, %
	 	 	 	0.142

	 Low (< 150 min per week)
	23,165 (82.9)
	22,306 (82.9)
	859 (84.3)
	 
	 High (≥ 150 min per week)
	4779 (17.1)
	4601 (17.1)
	178 (15.7)
	 
	Alcohol status, n%
	 	 	 	0.267

	 Current or ever, %
	19,952 (71.4)
	19,238 (71.5)
	714 (69.9)
	 
	 Never
	7992 (28.6)
	7669 (28.5)
	323 (30.1)
	 
	Smoking status, n%
	 	 	 	< 0.001

	 Current or ever, %
	12,630 (45.2)
	12,054 (44.8)
	576 (55.3)
	 
	 Never
	15,314 (54.8)
	14,853 (55.2)
	461 (44.7)
	 
	Hypertension, %
	 	 	 	< 0.001

	 Yes
	9561 (34.2)
	9123 (33.9)
	438 (42.2)
	 
	 No
	18,383 (65.8)
	17,784 (66.1)
	599 (57.8)
	 
	Diabetes, %
	 	 	 	< 0.001

	 Yes
	3880 (13.9)
	3669 (13.6)
	211 (20.3)
	 
	 No
	24,064 (86.1)
	23,238 (86.4)
	826 (79.7)
	 
	Hyperlipidemia, %
	 	 	 	0.002

	 Yes
	19,576 (70.1)
	18,805 (69.9)
	771 (74.3)
	 
	 No
	8368 (29.9)
	8102 (30.1)
	266 (25.7)
	 
	CHD, %
	 	 	 	< 0.001

	 Yes
	1064 (4.1)
	993 (3.9)
	71 (7.3)
	 
	 No
	25,158 (95.9)
	24,260 (96.1)
	898 (92.7)
	 
	Stroke
	 	 	 	< 0.001

	 Yes
	929 (3.5)
	853 (3.4)
	76 (7.8)
	 
	 No
	25,356 (96.5)
	24,460 (96.6)
	896 (92.2)
	 
	Cancer, %
	 	 	 	0.057

	 Yes
	2490 (9.5)
	2381 (9.4)
	109 (11.2)
	 
	 No
	23,802 (90.5)
	22,940 (90.6)
	862 (88.8)
	 
	Body mass index, kg/m2
	29.0 ± 6.9
	29.0 ± 6.9
	29.8 ± 7.8
	< 0.001

	Albumin, g/dl
	42.7 ± 3.3
	42.7 ± 3.3
	42.2 ± 3.7
	< 0.001

	Creatinine, umol/L
	80.3 ± 38.7
	80.3 ± 38.9
	79.2 ± 34.5
	0.354

	PIR
	2.51 ± 1.63
	2.54 ± 1.63
	1.71 ± 1.38
	< 0.001

	CRP
	0.19 (0.07, 0.44)
	0.19 (0.07, 0.44)
	0.21 (0.08, 0.60)
	0.008

	Total energy intake, kcal/d
	2124.7 ± 1004.0
	2127.0 ± 1001.5
	2065.3 ± 1066.9
	0.053

	Omega-3 fatty acids intake, g/d
	1.45 (0.90, 2.27)
	1.46 (0.90, 2.28)
	1.23 (0.74, 2.03)
	< 0.001

	Omega-6 fatty acids intake, g/d
	13.79 (8.61, 20.95)
	13.83 (8.66, 21.01)
	12.30 (7.11, 19.70)
	< 0.001

	Omega-6/3 fatty acids intake ratio
	9.10 (7.53, 11.41)
	9.10 (7.53, 11.40)
	9.28 (7.58, 12.00)
	0.020


Values are mean±SD or number (%). P < 0.05 was deemed significant. CHD, coronary heart disease; PIR, family income-to-poverty ratio; CRP, c-reactive protein; MVPA, moderate to vigorous aerobic physical activity
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Fig. 3Dietary omega intake levels in participants with or without suicidal ideation



Association between suicidal ideation and dietary Omega fatty acids intake
Table 2 illustrates the findings from the logistic regression analysis for the association between dietary omega fatty acids intake and suicidal ideation. When dietary omega-3 and omega-6 fatty acids intake was stratified into quartiles, the fully adjusted model (Model 3) indicates that compared to subjects in the lowest Q1, the risk reduction in Q2, Q3 and Q4 were 25%, 32% and 40% for omega-3 fatty acids intake, and 25%, 25%, 30% for omega-6 fatty acids intake, respectively.
Table 2Associations between dietary Omega fatty acids intake and the prevalence of suicidal ideation


	subgroups
	Model1
	Model2
	Model3

	OR (95%CI)
	P-value
	OR (95%CI)
	P-value
	OR (95%CI)
	P-value

	Omega-3 fatty acids intake
	 	 	 	 	 
	Q1(< 0.90 g/d)
	1(Ref)
	 	1(Ref)
	 	1(Ref)
	 
	Q2
(0.90–1.45 g/d)
	0.71 (0.6 ~ 0.84)
	< 0.001
	0.72 (0.61 ~ 0.85)
	< 0.001
	0.75 (0.63 ~ 0.90)
	0.002

	Q3
(1.45–2.27 g/d)
	0.65 (0.55 ~ 0.77)
	< 0.001
	0.67 (0.56 ~ 0.79)
	< 0.001
	0.68 (0.56 ~ 0.82)
	< 0.001

	Q4 (> 2.27 g/day)
	0.61 (0.51 ~ 0.72)
	< 0.001
	0.63 (0.53 ~ 0.75)
	< 0.001
	0.60 (0.47 ~ 0.75)
	< 0.001

	P for trend
	0.85 (0.80 ~ 0.89)
	< 0.001
	0.86 (0.81 ~ 0.91)
	< 0.001
	0.84 (0.78 ~ 0.91)
	< 0.001

	Omega-6 fatty acids intake
	 	 	 	 	 
	Q1 (< 8.61 g/d)
	1(Ref)
	 	1(Ref)
	 	1(Ref)
	 
	Q2
(8.61–13.79 g/d)
	0.72 (0.61 ~ 0.85)
	< 0.001
	0.72 (0.61 ~ 0.86)
	< 0.001
	0.75 (0.62 ~ 0.89)
	0.002

	Q3
(13.79–20.95 g/d)
	0.69 (0.58 ~ 0.82)
	< 0.001
	0.71 (0.59 ~ 0.84)
	< 0.001
	0.75 (0.62 ~ 0.91)
	0.004

	Q4 (> 20.95 g/day)
	0.67 (0.56 ~ 0.79)
	< 0.001
	0.69 (0.58 ~ 0.83)
	< 0.001
	0.70 (0.55 ~ 0.89)
	0.003

	P for trend
	0.87 (0.83 ~ 0.92)
	< 0.001
	0.89 (0.84 ~ 0.94)
	< 0.001
	0.89 (0.83 ~ 0.96)
	0.003

	Omega-6/3 fatty acids ratio
	 	 	 	 	 	 
	Q1 (< 7.53)
	1(Ref)
	 	1(Ref)
	 	1(Ref)
	 
	Q2 (7.53–9.10)
	0.98 (0.82 ~ 1.18)
	0.854
	0.99 (0.83 ~ 1.19)
	0.912
	0.99 (0.82 ~ 1.20)
	0.918

	Q3 (9.10-11.41)
	1.00 (0.83 ~ 1.19)
	0.963
	1.00 (0.84 ~ 1.20)
	0.972
	1.01 (0.84 ~ 1.22)
	0.884

	Q4 (> 11.41)
	1.21 (1.02 ~ 1.44)
	0.029
	1.22 (1.03 ~ 1.46)
	0.021
	1.25 (1.04 ~ 1.50)
	0.017

	P for trend
	1.06 (1.01 ~ 1.12)
	0.03
	1.07 (1.01 ~ 1.13)
	0.022
	1.07 (1.01 ~ 1.14)
	0.017


Model 1: None covariable were adjusted
Model 2: gender and age were adjusted
Model 3, gender, age, race, drinking, BMI, total energy intake, smoking, hypertension, physical activities, CHD, hyperlipidemia, stroke, PIR, education level, marital status, albumin, creatinine and cancer were adjusted



The omega-6/3 ratio was further categorized into quartiles. In the fully adjusted Model 3, individuals in the fourth quartile (Q4) exhibited a 25% increase in the prevalence of suicidal ideation compared to those in the first quartile (Q1), as shown in Table 2.

Non-linear association between dietary omega-3 and omega-6 fatty acids intake and suicidal ideation
After controlling for all variables, a non-linear association between dietary omega-3 and omega-6 fatty acids intake and suicidal ideation was identified, as depicted in Fig. 4A-B. Specifically, an L-shaped association was observed, with an inflection point at 1.36 g/d for omega-3 fatty acids intake, and 13.69 g/d for omega-6 fatty acids intake, respectively. Below this threshold, dietary omega-3 and omega-6 fatty acids intake demonstrates a significant effect value of 0.54, 0.94, respectively, whereas above this level, the effect value was not statistically significant (see Table 3). In addition, RCS analyses demonstrate a linear association between omega-6/3 ratio and suicidal ideation (as shown in Fig. 4C).
[image: ]
Fig. 4Restricted cubic spline fitting for the association between suicidal ideation and (A)dietary omega-3 intake, (B) dietary omega-6 intake, (C) dietary omega-6/3 ratio


Table 3Threshold effect analysis of dietary Omega fatty acids intake and suicidal ideation using the two-piecewise linear regression model


	dietary omega intake
	Adjusted OR (95% CI)
	P value

	Omega-3 fatty acids intake
	 	 
	Inflection point
	1.36 g/d
	 
	Omega-3 intake < 1.36 g/d
	0.54 (0.39, 0.74)
	< 0.001

	Omega-3 intake > 1.36 g/d
	0.98 (0.89, 1.08)
	0.630

	Log likelihood ratio
	 	0.001

	Omega-6 fatty acids intake
	 	 
	Inflection point
	13.69 g/d
	 
	Omega-6 intake < 13.69 g/d
	0.94 (0.91, 0.97)
	< 0.001

	Omega-6 intake > 13.69 g/d
	1.00 (0.99, 1.01)
	0.986

	Log likelihood ratio
	 	< 0.001


Gender, age, race, drinking, BMI, total energy intake, smoking, hypertension, physical activities, CHD, hyperlipidemia, stroke, PIR, education level, marital status, albumin, creatinine and cancer were adjusted




Subgroup analyses
A stratified multivariate logistic regression analysis was conducted to explore the association between dietary omega fatty acids intake and suicidal ideation among various subgroups (Fig. 5). The interaction test revealed no statistically significant differences in the association between suicidal ideation and dietary omega fatty acids intake with respect to gender, age, diabetes mellitus, BMI, hypertension, CHD, hyperlipidemia, and cancers. Additionally, the association between dietary omega-3 and omega-6 fatty acids intake and suicidal ideation was more pronounced in subjects with a history of stroke.
[image: ]
Fig. 5Association between suicidal ideation and (A)dietary omega-3 intake, (B) dietary omega-6 intake, (C) dietary omega-6/3 ratio in various subgroups



Mediation analysis
The mediation model and its associated pathways are depicted in Fig. 6. The analysis revealed a significant indirect effect of dietary omega-3 and omega-6 fatty acids intake on suicidal ideation, mediated by CRP. These findings indicate that CRP partially mediates the association between dietary omega-3 and omega-6 fatty acids intake and suicidal ideation, explaining approximately 4.0% and 3.8% of the total effect, respectively.
[image: ]
Fig. 6Mediated analysis model path diagram. Notes: dietary omega-3, omega-6 intake was defined as the independent variable; suicidal ideation as the dependent variable; and CRP as the mediating variable




Discussion
In this cross-sectional study comprising 27,944 subjects, it was observed that the intake of omega-3 and omega-6 fatty acids was inversely associated with the prevalence of suicidal ideation, whereas dietary omega-6/3 ratio exhibited a positive association with this risk. The association between dietary omega-3 and omega-6 consumption and the prevalence of suicidal ideation was characterized by an L-shaped curve, with identified thresholds at 1.36 g/d and 13.69 g/d, respectively. This association was particularly pronounced among individuals with a history of stroke. Additionally, mediation analysis reveals that CRP partially mediated the association between dietary omega-3 and omega-6 fatty acids intake and suicidal ideation.
To the best of our knowledge, this study represents the first exploration into the association between dietary intake of omega fatty acids and the prevalence of suicidal ideation in the general population. Omega-3 fatty acids are regarded as essential nutrients and are predominantly acquired from external sources, such as seafood, due to the limited efficiency of endogenous synthesis from precursors [33]. The significant antioxidant and anti-inflammatory properties of omega-3 fatty acids have been shown to confer beneficial effects in various chronic inflammatory conditions, including diabetes mellitus, CVD, hypertension, cancers, and even rheumatoid arthritis [34]. In particular, several studies have identified an association between omega-3 deficiency and conditions such as catatonia and benign depression, with omega-3 supplementation reportedly alleviating symptoms of depression, irritability, and anxiety [35–37]. In the elderly population, omega-3 supplementation has been demonstrated to be an effective and low-cost preventive strategy against depression [38]. The research of Chika Horikawa et al. [39] further supports the protective effect of omega-3 fatty acids on depression, as evidenced through an established cohort study. Additionally, a recent meta-analysis [40] explored the dose-response association between omega-3 fatty acids and depression, revealing a reverse J-shaped effect.
Omega-6 fatty acids have traditionally been associated with pro-inflammatory effects, and diets high in omega-6 have been thought to counteract the anti-inflammatory benefits of omega-3 fatty acids [41]. However, recent evidence suggests that increased omega-6 fatty acids intake, such as LA, does not necessarily elevate inflammatory markers and may even contribute to reduced inflammation [41, 42]. Given that inflammation is implicated in the pathogenesis of depression [43], these findings are particularly relevant. Thesing et al. found an inverse association between omega-6 fatty acids intake and the prevalence of depression [44]. Similarly, Shi et al. found that infertile female consuming moderate amounts of omega-6 fatty acids exhibited a reduced prevalence of depressive symptoms [45]. These studies align with the findings of this study, which, for the first time, suggest that a moderate intake of omega-6 fatty acids (less than 13.69 g/d) may be advantageous in mitigating the prevalence of suicidal ideation.
These findings indicate a positive association between omega-6/3 ratio and the prevalence of suicidal ideation, aligning with several studies suggesting that a lower omega-6/3 intake ratio may enhance health outcomes and mitigate the prevalence of various chronic diseases [46, 47]. Although the mechanisms between omega-6/3 ratio and the increased the prevalence of suicidal ideation are not fully understood, several possibilities have been proposed. Primarily, a high omega-6/3 ratio promotes the production of arachidonic acid (AA) derived from omega-6 eicosanoids, and AA has been shown to increase the production of proinflammatory factors, which may increase the incidence of suicidal ideation [48]. Another possible mechanism is that a high omega-6/3 ratio is related to catecholaminergic or serotonergic neurotransmission [49], which may also contribute to an increased risk of suicidal ideation. Serotonin primarily influences mood, while catecholamines are involved in motivational aspects; deficiencies in catecholamines can lead to symptoms such as apathy, asthenia, abulia, and anhedonia [36].
The findings of this study provide further clarification on the L-shaped association between dietary omega fatty acids intake and the prevalence of suicidal ideation in American adults, indicating that the consumption of increased omega fatty acids may function as a non-pharmacological preventive measure. Additionally, combined with our findings, it appears that the potential therapeutic value of exceeding the threshold of omega-3, and omega-6 fatty acids intake may be limited. For individuals at risk, it is advisable to meet the recommended daily omega-3 or omega-6 fatty acids intake of 1.36 g/d and 13.69 g/d, respectively. Considering individual differences and dietary patterns, it is necessary to conduct additional research to explore the optimal level of omega fatty acids intake.
The results of this study suggest that CRP may partially mediate the association between dietary omega fatty acids intake and suicidal ideation, highlighting the importance of monitoring inflammation levels in individuals with lower omega consumption. Omega-3 and omega-6 fatty acids is known for its potent anti-inflammatory properties, and its higher intake has been associated with declined levels of inflammatory markers [42]. Consequently, increasing dietary omega fatty acids intake may attenuate the inflammatory response by reducing CRP levels, thereby potentially reducing the prevalence of suicidal ideation. Hence, it is plausible to hypothesize that in patients experiencing suicidal ideation, the concurrent use of anti-inflammatory medications and omega fatty acids derived from natural food sources could synergistically enhance the therapeutic outcomes.
The inverse association between omega fatty acids intake and suicidal ideation may be attributed to several mechanisms potentially influencing the pathology of suicidal ideation. Omega fatty acids, especially DHA and EPA, significantly influence the fluidity and signaling functions of cell membranes [50, 51]. The presence of these fatty acids improves the structure and function of neuronal membranes, thereby affecting neurotransmitter release and neural signaling. Omega fatty acids deficiency has been documented to be linked with impairments in dopamine, serotonin, and norepinephrine neurotransmission, which are associated with emotional disorders, including suicidal ideation [52]. Moreover, a substantial body of research indicates that individuals with psychiatric disorders tend to exhibit elevated levels of oxidative stress and inflammation, coupled with a comparatively low intake of dietary antioxidants [53, 54]. A cross-sectional study involving 364 patients undergoing secondary prevention for CVD demonstrates an inverse association between increased dietary intake of omega-3 and omega-6 fatty acids and the levels of IL-1β, CRP, IL-12, and IL-10 [55]. Omega-3 and omega-6 fatty acids, acting as signaling molecules, can activate peroxisome proliferator-activated receptors, which in turn regulate various processes including inflammatory responses, oxidative stress, lipogenesis, and glucose and lipid metabolism [56]. This comprehensive effect may potentially contribute to a declined risk of suicidal ideation.
Study strengths and limitations
This study exhibits several notable strengths. Firstly, a nationally representative and substantial sample of American adults was employed. Secondly, the study concurrently examined the association between omega-3 and omega-6 fatty acids intake, as well as omega-6/3 ratio, with the prevalence of suicidal ideation, while also exploring the dose–response association. However, the study has its limitations: (1) The cross-sectional design limits the ability to establish causality, as it captures associations at a single point in time. This limitation renders the causal relationship between dietary omega fatty acid intake and suicidal ideation indeterminate. (2) The assessment on suicidal ideation predominantly relied on questionnaires, which may introduce measurement errors. (3) It is crucial to recognize that variables such as treatment modalities for individuals experiencing suicidal ideation, as well as the presence of food allergies or gastrointestinal disorders, may significantly influence the findings of this study. Future studies should systematically integrate these factors and their potential confounding effects to enhance the understanding of the association between suicidal ideation and dietary omega fatty acids intake.


Conclusion
This study demonstrates an inverse association between the intake of omega-3 and omega-6 fatty acids and the prevalence of suicidal ideation, while a positive association was observed with omega-6/3 ratio and the prevalence of suicidal ideation. These findings imply that adequate omega fatty acid intake, particularly omega-3, may contribute to the prevention of suicidal ideation. However, further research is necessary to validate these results and to explore the underlying mechanisms linking dietary omega fatty acid consumption with suicidal ideation.
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