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Background: The association between linoleic acid (LA) intake and mental disorders has not been extensively studied in Middle-Eastern populations. We investigated the association between LA intake and the prevalence of depression, anxiety, and psychological distress in a large group of Iranian adults.

Methods: This cross-sectional study was conducted on 3,362 middle-aged adults. LA intake was determined through a validated dish-based 106-item semiquantitative food frequency questionnaire (FFQ). The validated Hospital Anxiety and Depression Scale (HADS) and General Health Questionnaire (GHQ) were used to define psychological disorders.

Results: The prevalence of depression, anxiety, and psychological distress among the study population was 28.6, 13.6, and 22.6%, respectively. After adjustment for potential confounders, individuals in the top quartile of LA intake had 41% more likely to be depressed compared to those in the bottom quartile (OR = 1.41, 95% CI: 1.02–1.95). Stratified analysis by sex revealed that men in the fourth quartile of LA intake, compared to the first quartile, had 80% higher odds of depression, after considering all potential confounders (OR = 1.80, 95% CI: 1.01–3.19). More consumption of LA was also associated with higher odds of depression in older adults (OR = 2.45, 95% CI: 1.46–4.10) and normal-weight individuals (OR = 1.75, 95% CI: 1.13–2.72). Additionally, higher intake of LA was related to 90% higher odds of psychological distress in older participants (OR = 1.90, 95% CI: 1.08–3.36). No significant relation was found between LA intake and anxiety.

Conclusion: We found that higher intake of LA, as percentage of energy, was positively associated with depression, especially in men, older adults, and normal-weight subjects. Higher intake of LA was also related to higher odds of psychological distress in older individuals. More studies, particularly prospective cohorts, are needed to confirm these findings.
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INTRODUCTION

Common mental disorders such as depression, anxiety, and psychological distress have affected many people worldwide (1). The worldwide outbreak of depression and anxiety has been indicated as approximately 4.7 and 7.3%, respectively (1, 2). Estimates have shown that women, on average, are more likely to experience psychological disorders throughout their lives (3). In 2004, the prevalence rate of depression and anxiety among Iranian adults was reported to be 20.8 and 21.0% (4). Psychological disorders have detrimental consequences on quality of life (5, 6); so, the development of strategies for preventing these mental disorders is essential.

Several factors have been associated with risk of depression and anxiety, but the underlying causes are still unknown. Diverse hereditary and environmental factors, such as coding for serotonergic pathway and dietary intakes, were indicated to be correlated with risk of both depression and anxiety (7). Previous investigations have also shown that body fat distribution is a strong risk factor for anxiety and depression (8, 9). Furthermore, dietary intakes have significant contributions to psychological disorders (10). Prior studies have shown an association between intake of dietary nutrients or food groups with mental disorders (11, 12). Some dietary components, including n-3 and n-6 unsaturated fatty acids, might also be associated with depression and anxiety (13, 14). Intake of linoleic acid (LA) (18:2n-6), a predominant fatty acid of vegetable oils derived from sunflower, corn, and cottonseed (15), could affect mood among American and Austrian populations (16, 17).

Previous in vivo studies have shown that a diet rich in omega-6, such as LA, could increase concentration of pro-inflammatory cytokines and oxidative stress in humans (18, 19). However, randomized clinical trials in adults have not confirmed the increases in inflammatory biomarker levels, after LA consumption (20, 21). On the other hand, adherence to a western dietary pattern might be correlated with a higher outbreak of depression in the Australian women (22), which reinforces the hypothesis that a western diet with a ratio of 10/1 to 20–25/1 omega-6/omega-3 (high omega-6 and low omega-3 fatty acid intake) could lead to increased mood disorders (23). Similarly, a prospective study proposed that dietary intake of LA was positively correlated with depressed mood among the general American population, after considering main confounding factors, including age, sex, sociodemographic characteristics and body mass index (24). Most previous studies have been conducted among western, American, or other developed countries, and the number of studies in developing countries, particularly in Middle-Eastern societies, is limited. Middle-Eastern populations have different dietary intake from western or American nations and high prevalence of psychological disorders. For example, in terms of dietary intakes, Iranian people appear to consume more than 55% of their energy intake from carbohydrates, especially from refined grains (4, 25). Therefore, we investigated the association between linoleic acid intake and psychological disorders in a large population of Iranian adults.



MATERIALS AND METHODS

This cross-sectional study was conducted in the framework of the Study on the Epidemiology of Psychological, Alimentary Health, and Nutrition (SEPAHAN) project (26), which was carried out in a large number of Iranian public adults (age range of 19–70 years) working in fifty different health centers associated with Isfahan University of Medical Science (IUMS) (26). This project consisted of two main steps. In the first step, dietary intake and demographic information questionnaires were distributed among 10,087 subjects; 8,691 of them returned the completed questionnaires (response rate of 86.16%). In the second step, 6,236 participants completed psychological and mental health questionnaires. After merging data of these two steps, complete information was available for 4,669 subjects. In this study, we removed participants with energy intake outside the range of 800–4,200 kcal/d (n = 500), because energy intake outside of this range is unlikely to be true for relatively inactive women and active men (27). We also excluded those with missing data for outcomes of interest, or covariates (n = 807). Finally, data from 3,362 subjects with completed information were included in the current analysis. The project of SEPAHAN was ethically approved by the Bioethics Committee of Isfahan University of Medical Sciences, Isfahan, Iran. Each participant signed the informed written consent.


Assessment of Linoleic Acid Intake

Dietary information was gathered through a validated Willett-format dish-based 106-item semiquantitative food frequency questionnaire (DS-FFQ) that was designed for Iranian adults (28). Detailed information about the design, included foods, and the validity of this questionnaire has been published elsewhere (28). Briefly, the questionnaire contained five categories of foods and dishes: 29 items of mixed cooked or canned dishes, 10 items of grains (different types of bread, cakes, biscuits, and potatoes), 9 items of dairy products (low-fat milk, high-fat milk, yogurt, dough (an Iranian fermented yogurt drink), curd, cheese, butter, and cream), 22 items of fruits and vegetables, and 36 miscellaneous food items and beverages (including sweets, fast foods, nuts, desserts, and beverages). For each food item, a commonly consumed portion size was defined. Participants were asked to report their dietary intake of each food or mixed dish based on six to nine multiple-choice frequency response categories varying from “never or less than once a month” to “12 or more times per day.” For foods consumed infrequently, we omitted the high-frequency categories, while for common foods with high consumption, the number of multiple-choice categories increased to nine. Finally, to convert the food items into grams, we computed the amount of each portion size based on the weight of common portion sizes (29) and then computed the amount of intake by considering the frequency of consumption of each food item. The modified version of Nutritionist IV software for Iranian foods was used to obtain nutrient intakes, including LA intake, for each participant. The findings of the validation study revealed that the applied DS-FFQ could provide reasonably valid measures of long-term dietary intake (30, 31).



Assessment of Psychological Disorders

Anxiety and depression were evaluated by the validated Iranian version of the Hospital Anxiety and Depression Scale (HADS) (32). This scale is a short and useful questionnaire for assessing psychiatric symptoms of depression and anxiety disorders. HADS has 14 questions with a maximum score of 21 for each subscale of anxiety and depression. Each item or question is scored on a four-point scale; higher scores indicate higher level of anxiety and depressive symptoms. Scores of 8 or more on either subscale were defined as psychological disorders, and scores of 0–7 were defined as “normal” in this study. The validated Iranian version of 12-item General Health Questionnaire (GHQ) was used to assess psychological distress (33). GHQ-12 is a brief, simple, easy to complete instrument for measuring current and primary mental health. This questionnaire asks the respondents whether they have recently experienced a particular symptom of psychological distress or a change in their behavior. A four-point scale is used for each object (less than usual, no more than usual, rather more than usual, or much more than usual). There are two most common scoring methods, bimodal (0-0-1-1) and Likert scoring (0-1-2-3), which, respectively, obtain a total score of 12 and 36. Higher scores indicate a greater degree of psychological distress. In this study, we used the bimodal scoring style; a score of 4 or more was described as psychological distress.



Assessment of Covariates

Data on other variables including age (y), sex (male/female), marital status (married/single/divorced and widowed), level of education (high school diploma or below/above high school diploma), smoking status (non-smoker/ex-smoker/current smoker), the number of family members (≤4/>4 members) and homeownership (yes/no), having diabetes (yes/no), current use of antipsychotic medications (including nortriptyline, amitriptyline or imipramine, fluoxetine, citalopram, fluvoxamine, and sertraline), and dietary supplements (including intake of iron, calcium, vitamins, and other dietary supplements) were also collected by the questionnaire. To obtain information on anthropometric measures including weight and height, a validated self-administered questionnaire was used (34). Body mass index (BMI) was calculated as weight in kilograms divided by the height in meters squared. Participants were classified into two categories based on their BMI: normal weights (<25 kg/m2) and overweight or obese (≥25 kg/m2). We also assessed physical activity of study participants using the validated General Practice Physical Activity Questionnaire (GPPAQ) (35). Participants were classified into different categories according to the type and intensity of their physical activity in their work hours and during their weekends.



Statistical Analysis

In this study, we classified subjects based on the quartiles of linoleic acid intake, as percentage of total energy intake. General characteristics of study subjects across quartiles of linoleic acid intake were expressed as means ± SDs for continuous variables and percentages for categorical variables. To examine the differences across quartiles, we used one-way analysis of variance (ANOVA) for continuous variables and chi-square test for categorical variables. Multivariable-adjusted dietary intakes of macro- and micro-nutrients across quartiles of LA intake were compared using ANCOVA with post hoc Bonferroni correction. We also applied binary logistic regression to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for the presence of psychological disorders across quartiles of LA intake in crude and adjusted models. According to the previous studies (16, 17, 31), variables that could potentially affect the outcome of interest (such as age, sex, energy intake, sociodemographic variables, dietary intake, and BMI) were considered as confounders. Therefore, adjustments for these potential confounders were performed. In the first model, the main confounders, such as age (continuous), sex (male/female), and total energy intake (continuous), were adjusted. Further adjustments were made for sociodemographic variables, including marital status (married/single/divorced and widowed), homeownership (owner/non-owner), diabetes mellitus (yes/no), intake of anti-psychotic medications (yes/no), family size (≤4/>4 members), education (>diploma/diploma or below), dietary supplements use (yes/no), smoking (non-smoker/former smokers and current smokers), and physical activity (<1 h/week/≥1 h/week) in the second model. Additionally, further adjustments were made for dietary intakes, including thiamin, iron, n-3 omega fatty acids in the third model, and BMI (continuous), which was additionally controlled in the last model to obtain an independent relation from obesity. In all models, those in the first quartile of the LA intake were considered as the reference category. The stability of the models was considered to be disturbed by multicollinearity if tolerance was under 0.1. Tolerance is a statistic applied to examine how much the independent variables are linearly related to one another. Tolerance is calculated as 1−R2 for an independent confounder, when it is predicted by the other confounders already included in the analyses. All statistical analyses were done using the Statistical Package for Social Sciences (version 20; SPSS Inc.), and p-value < 0.05 was considered as statistically significant.




RESULTS

A total number of 3,362 individuals with a mean age of 36.3 years and mean BMI of 24.9 kg/m2 were studied. Among participants, 58.3% were women. General characteristics of study participants across quartiles of linoleic acid intake, as percentage of energy intake, are presented in Table 1. Participants with the highest linoleic acid intake, compared to those with the lowest intake, were more likely to be men (44.2 vs. 43.2%, p = 0.03), had lower education levels (81.3 vs. 86.8%, p < 0.001), and dietary supplement intake (26.9 vs. 30%, p = 0.01). No other significant difference was found between individuals in different categories of LA intake. Dietary intakes of study participants across quartiles of linoleic acid intake, as percentage of energy intake, are depicted in Table 2. Relative to the participants in the lowest LA intake quartile, those in the highest quartile had lower intake of energy (2305.6 ± 30.1 vs. 2446.8 ± 29.9 kcal/d, p = 0.01), carbohydrate (253.7 ± 1.3 vs. 338 ± 1.3 g/d, p < 0.001), dietary fiber intake (21.4 ± 0.2 vs. 24.5 ± 0.2 g/d, p < 0.001), vitamin B1 (1.53 ± 0.01 vs. 2.25 ± 0.01 mg/d, p < 0.001), iron (16.67 ± 0.12 vs. 18.81 ± 0.11 mg/d, p < 0.001), whole grains (22.5 ± 2.7 vs. 67.2 ± 2.7 g/d, p < 0.001), refined grains (375.2 ± 6.0 vs. 398.2 ± 6.0 g/d, p = 0.01), and low-fat dairy (250.9 ± 9.2 vs. 419.8 ± 9.2 g/d, p < 0.001). However, relative to individuals in the lowest LA intake quartile, those in the highest quartile had higher intake of protein (91.1 ± 0.5 vs. 84.6 ± 0.5 g/d, p < 0.001), fat (115.1 ± 0.5 vs. 80.8 ± 0.5 g/d, p < 0.001), omega-3 fatty acids (2.18 ± 0.02 vs. 1.43 ± 0.02 g/d, p < 0.001), red meat (48.9 ± 1.3 vs. 104.5 ± 1.3 g/d, p < 0.001), vegetables (217.8 ± 4.2 vs. 254.7 ± 4.3 g/d, p < 0.001), nuts, soy, and legumes (43.3 ± 1.3 vs. 70.1 ± 1.3 g/d, p < 0.001). The mean (±SE) intake of energy was 2,478.1 (±22.40) kcal/d in male participants and 2,307.7 (±18.28) kcal/d in female participants. A small proportion of the study subjects (1.2%; n = 42) was reported energy intake less than 900 kcal/d. About 32.9% (n = 426) of men has reported energy intake less than 2,000 kcal/d and 30.6 (n = 599) of women has reported energy intake less than 1,800 kcal/d.


TABLE 1. General characteristics of study participants across quartiles of linoleic acid intake, as percentage of energy intake (n = 3,362)1.
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TABLE 2. Multivariable-adjusted dietary intakes of study participants across quartiles of linoleic acid intake, as percentage of energy intake (n = 3,362)1.
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The prevalence of depression, anxiety, and psychological distress among the whole study population was 28.6, 13.6, and 22.6%, respectively. The prevalence of these psychological disorders across quartiles of LA intake is shown in Figure 1. Also, individuals in the top category of LA intake, in comparison with those in reference category, had higher prevalence of depression (32.7 vs. 24.3%, p = 0.002). No substantial relation was observed between the prevalence of anxiety and distress across quartiles of LA intake.
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FIGURE 1. The prevalence of anxiety, depression, and psychological distress in study participants across quartiles of linoleic acid intake, as percentage of energy intake.


Multivariable-adjusted odds ratios (ORs) for anxiety, depression, and psychological distress across quartiles of linoleic acid intake, as percentage of energy intake, are provided in Table 3. Participants in the highest quartile of LA intake, compared to the lowest quartile, had higher odds of depression in both crude and all adjusted models; such that after taking all potential confounders into account, those with the highest intake of LA had 41% higher likelihood of being depressed, compared to subjects with the lowest LA intake (OR = 1.41, 95% CI: 1.02–1.95). In the crude model, individuals in the second quartile of LA intake compared with those in the first quartile had a higher probability for anxiety (OR = 1.39, 95% CI: 1.05–1.85); however, after adjustment for potential cofounders, this association disappeared. No considerable relationship was observed between LA intake and psychological distress.


TABLE 3. Multivariable-adjusted odds ratio for anxiety, depression, and psychological distress across quartiles of linoleic acid intake, as percentage of energy intake (n = 3,362)1.
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Multivariable-adjusted ORs for psychological disorders across quartiles of linoleic acid intake, stratified by sex, are shown in Table 4. Men in the fourth quartile of LA intake, compared to the first quartile, had higher odds of depression in both crude model (OR = 1.84, 95% CI: 1.28–2.64) and fully adjusted model (OR = 1.80, 95% CI: 1.01–3.19). No significant relation was observed between LA intake and anxiety or psychological distress in men. In women, participants in the second quartile of LA intake, compared with the first category, had higher odds of anxiety in the crude model (OR = 1.45, 95% CI: 1.03–2.03). Also, women in the top quartile of LA intake, compared with the reference quartile, had higher odds of depression (OR 1.38, 95% CI 1.05–1.81), in crude model. However, no substantial association was observed between LA intake and psychological disorders in women, after adjustment for potential confounders.


TABLE 4. Multivariable-adjusted odds ratio for anxiety, depression, and psychological distress across quartiles of linoleic acid intake, as percentage of energy intake, stratified by gender1.
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Multivariable-adjusted ORs for anxiety, depression, and distress across quartiles of linoleic acid intake, as percentage of energy intake, stratified by age groups are shown in Table 5. Younger participants (≤40 years) with the highest LA intake, compared with the lowest LA intake, had higher odds of depression in the crude model (OR = 1.33, 95% CI: 1.01–1.74), but this relation disappeared after controlling for all potential confounders. Older participants (>40 years) had 88% higher odds of depression in crude model (OR = 1.88, 95% CI: 1.32–2.68). After adjustment for confounding factors, this association was strengthened (OR = 2.45, 95% CI: 1.46–4.10). In addition, older individuals in the top quartile of LA intake, compared to the bottom quartile, had a 90% higher likelihood of having psychological distress (OR = 1.90, 95% CI: 1.08–3.36), after adjustment of all potential confounders.


TABLE 5. Multivariable-adjusted odds ratio for anxiety, depression, and psychological distress across quartiles of linoleic acid intake, as percentage of energy intake, stratified by age groups1.
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Multivariable-adjusted ORs for anxiety, depression, and distress across quartiles of linoleic acid intake, stratified by BMI groups, are shown in Table 6. In normal-weight individuals (BMI < 25), significant associations were observed between LA intake and higher odds of depression in either crude (OR = 1.63, 95% CI: 1.21–2.21) or fully adjusted model (OR = 1.75, 95% CI: 1.13–2.72). Additionally, higher intake of LA in normal-weight subjects was associated with higher likelihood of psychological distress (OR = 1.36, 95% CI: 1.00–1.85), in crude model. After controlling potential confounders, this relation was not significant anymore. Among overweight and obese participants (BMI ≥ 25), a direct significant association was observed between LA intake and odds of depression in the crude model (OR = 1.40, 95% CI: 1.02–1.91); however, after adjustment for potential confounders, no considerable association was observed between LA intake and depression or other psychological disorders.


TABLE 6. Multivariable-adjusted odds ratio for anxiety, depression, and psychological distress across quartiles of linoleic acid intake, as percentage of energy intake, stratified by BMI1.
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DISCUSSION

This cross-sectional study revealed that higher consumption of linoleic acid (as percentage of energy intake) was associated with higher odds of depression in a large group of Iranian population. In addition, the stratified analysis showed significant associations between LA intake and depression in men, individuals older than 40 years, and normal-weight adults. Furthermore, a higher intake of LA was related to increased odds of psychological distress in older individuals. However, we did not find any connection between LA intake and anxiety. To our knowledge, this is one of the first studies in Middle-Eastern region that investigated the relation between LA consumption and mental health.

Psychological disorders appear to have a growing prevalence across several countries worldwide (36), especially among individuals with chronic disorders such as cardiovascular disease and obesity (37, 38). These disorders could exacerbate disabilities and raise mortality rate (39). Furthermore, a meta-analysis found a reciprocal connection between systemic inflammation and mental illnesses (40). So, the strategies to modulate inflammatory pathways in a hope to diminish the occurrence of psychological disorders are needed. Our findings revealed that reduction in LA intake might be an effecting factor in achieving this target.

The present investigation revealed that a diet rich in LA (as the major component of n-6 fatty acids) is associated with increased odds of depression. In a cohort study among 4,856 American adults, dietary intakes of fatty acids were assessed by a 24-h recall (24). In this study, similar to our findings, an increased risk of depression was observed with a higher intake of dietary linoleic fatty acids among male participants, but not in female participants (24). However, another cohort study among 54,632 women indicated that a higher intake of LA, obtained by the use of an FFQ, is associated with an increased risk of depression (16). Furthermore, Li et al. found that a higher dietary intake of LA was associated with an increased odds of severe depression in 2,793 premenopausal women aged 42–52 years (41). The inconsistent results might be explained using different study designs, sample sizes, and tools for evaluating dietary intake as well as mental health. Moreover, previous studies have used different methods to categorize LA intake, as the exposure. Some studies considered the absolute intake of LA (gram/day) (16, 41), whereas others used the nutrient density method or percentage of LA intake from total energy intake, to take the potential confounding effect of energy intake into account (24). These various approaches might lead to different findings, especially when energy intake could be associated with the exposure of interest (42). With regard to serum concentrations, a case–control study among patients with self-harm showed that low levels of both omega-6 and omega-3 PUFA were related to greater depression scores (43). However, another cross-sectional investigation revealed that omega-3 PUFA levels, unlike omega-6 PUFA levels, was inversely associated with depression severity among patients with depressive symptoms (44).

In this study, we observed a significant association between LA intake and depression in normal-weight individuals, but not in overweight or obese individuals. This different association could be explained by the hormonal changes among obese individuals compared to normal-weight subjects (45). Also, it should be kept in mind that overweight or obese individuals mostly tend to underreport their dietary intakes that could consequently affect the diet–disease relation (46, 47). Therefore, the non-significant association among overweight or obese participants in our study might be explained by the possibility of underreporting. Although we used LA consumption, as percentage of energy intake, to categorize the intake and also included energy intake, as a cofounder, in logistic regression models, it is noteworthy that the effect of energy on the associations might not be entirely excluded (42).

Depression is commonly prevalent among middle-aged and older individuals (48), and our findings support a positive relation between dietary LA intake and depression in older individuals (>40 years). A longitudinal study on adults (>30 years) found a modest increase in depressive syndrome with age in both genders (49). The production of pro-inflammatory cytokines might rise with age (50), and the age-associated rise of these cytokines could elevate the risk of psychological distress and depression (51, 52). The connection between age-related disorders and production of pro-inflammatory cytokines could probably indicate the potential significance of these changes (50).

Prior investigations have shown that women were more vulnerable to depression (53, 54). However, we found a direct association between dietary intake of LA and depression only in men. Gonadal hormones have various effects on moods and could be a major cause of the observed gender discrepancy. Higher estrogen concentrations in women could provide protective effects against the development of depressive symptoms following the consumption of unfavorable fatty acids (55, 56). Different mechanisms for sex-steroid hormones effects on mood, psychological condition, and neuropsychiatric and neurodegenerative processes are available that support the hypothesis that estrogen can have neurotrophic, neuroprotective, and psycho-protective properties (57).

Several mechanisms could explain the positive association between increased LA intake and depression. Intake of LA increases the expression of nuclear factor-κB (NF-κB) (58). The transcription of (NF-κB) stimulates the production of pro-inflammatory cytokines (59), such as IL-6. These cytokines have a significant impact on the central nervous system (CNS), causing and reinforcing depressive moods as well as physical symptoms such as exhaustion and lethargy (52). These cytokines could additionally block serotonin production, decrease plasma tryptophan levels, suppress the expression of brain-derived neurotrophic factor (BDNF), and, in turn, increase the chance of depression (60). The peptide BDNF is required for optimal neuronal function and seems to be lowered in depression (60, 61). In addition, inflammatory factors can change the synthesis, processing, and transmission of neurotransmitters (such as serotonin, glutamate, and dopamine) that have a synergistic impact on mood (62).

There are several strengths in our study. Our findings can be extrapolated to other populations, because we studied a large sample size with a wide variety of demographic features. Also, we used the validated questionnaires to assess dietary intake, sociodemographic variables, and psychological disorders. Finally, the effects of several potential confounders including the main confounders (age, sex, and energy intake), sociodemographic variables, dietary intakes, and BMI were considered in the analysis to obtain an independent relation from these key confounders. However, some limitations must be kept in mind when interpreting our findings. The major limitation of our study was its cross-sectional nature that made it impossible to deduce a causal relationship between LA intake and psychological disorders. Further studies, especially with prospective design, are required to affirm our findings. Another possible limitation was inevitable recall bias, due to assessing dietary intake through a self-reporting FFQ. We additionally evaluated mental health by the use of the self-administered questionnaires, which could lead to misclassification of the study participants. Furthermore, since a small number of participants were lean (n = 114), we categorized them in the normal-weight group, instead of classifying them as a separate group. Despite adjusting for a wide range of potential confounders, the effect of residual confounding cannot be excluded. Finally, the population of this study were the non-academic staff from a medical university, including crews, employees, and managers. Although the socioeconomic status of the study population was representative of the general Iranian population, one should be cautious about extrapolating of the findings to other populations.



CONCLUSION

This study indicated that higher intake of LA, as percentage of energy, was positively associated with depression in Iranian adults. More consumption of LA was associated with higher odds of depression in men as well as older and normal-weight subjects. Higher intake of LA was also related to a higher chance of psychological distress in older individuals. No significant relation between LA intake and anxiety was found. More studies, particularly prospective cohorts, are needed to confirm these findings.



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 project of SEPAHAN was ethically approved by the Bioethics Committee of Isfahan University of Medical Sciences, Isfahan, Iran. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

SM, AK, PS, HA, AE, and PA contributed to the conception, design, data collection, data interpretation, and manuscript drafting, approved the final version of the manuscript, and agreed for all aspects of the work. All authors contributed to the article and approved the submitted version.



FUNDING

The financial support for conception, design, data analysis, and manuscript drafting comes from the Food Security Research Center, Isfahan University of Medical Sciences, Isfahan, Iran.



ACKNOWLEDGMENTS

We wish to thank all the staff of Isfahan University of Medical Sciences who kindly participated in our study.


ABBREVIATIONS

LA, linoleic acid; BMI, body mass index; OR, odds ratio; 95% CI, 95% confidence interval; SEPAHAN, Study on the Epidemiology of Psychological Alimentary Health and Nutrition; IUMS, Isfahan University of Medical Sciences; ANOVA, analysis of variance; ANCOVA, analysis of covariance; SPSS, Statistical Package for the Social Sciences; SD, standard deviation; SE, standard error.


REFERENCES

1. Baxter AJ, Scott K, Vos T, Whiteford H. Global prevalence of anxiety disorders: a systematic review and meta-regression. Psychol Med. (2013) 43:897. doi: 10.1017/S003329171200147X

2. Ferrari A, Somerville A, Baxter A, Norman R, Patten S, Vos T, et al. Global variation in the prevalence and incidence of major depressive disorder: a systematic review of the epidemiological literature. Psychol Med. (2013) 43:471. doi: 10.1017/S0033291712001511

3. Steel Z, Marnane C, Iranpour C, Chey T, Jackson JW, Patel V, et al. The global prevalence of common mental disorders: a systematic review and meta-analysis 1980–2013. Int J Epidemiol. (2014) 43:476–93. doi: 10.1093/ije/dyu038

4. Noorbala AA, Yazdi SB, Yasamy M, Mohammad K. Mental health survey of the adult population in Iran. Br J Psychiatry. (2004) 184:70–3. doi: 10.1192/bjp.184.1.70

5. Wunner C, Reichhart C, Strauss B, Söllner W. Effects of psychosomatic treatment for the elderly on cognition and quality of life: naturalistic study at the psychosomatic day care hospital for the elderly in nuremberg. Z Gerontol Geriatr. (2016) 51:314–21. doi: 10.1007/s00391-016-1152-8

6. Zboralski K, Florkowski A, Talarowska-Bogusz M, Macander M, Gałecki P. Quality of life and emotional functioning in selected psychosomatic diseases Jakość życia i funkcjonowanie emocjonalne w wybranych schorzeniach psychosomatycznych. Postepy Hig Med Dosw. (2008) 62:36–41.

7. Saveanu RV, Nemeroff CB. Etiology of depression: genetic and environmental factors. Psychiatr Clin. (2012) 35:51–71. doi: 10.1016/j.psc.2011.12.001

8. Moreira RO, Marca K, Appolinario J, Coutinho W. Increased waist circumference is associated with an increased prevalence of mood disorders and depressive symptoms in obese women. Eat Weight Disord. (2007) 12:35–40. doi: 10.1007/BF03327770

9. Whitaker BN, Fisher PL, Jambhekar S, Com G, Razzaq S, Thompson JE, et al. Impact of degree of obesity on sleep, quality of life, and depression in youth. J Pediatr Health Care. (2018) 32:e37–44. doi: 10.1016/j.pedhc.2017.09.008

10. Jacka FN, Pasco JA, Mykletun A, Williams LJ, Hodge AM, O’Reilly SL, et al. Association of western and traditional diets with depression and anxiety in women. Am J Psychiatry. (2010) 167:305–11. doi: 10.1176/appi.ajp.2009.09060881

11. Jacka FN, Mykletun A, Berk M, Bjelland I, Tell GS. The association between habitual diet quality and the common mental disorders in community-dwelling adults: the hordaland health study. Psychosom Med. (2011) 73:483–90. doi: 10.1097/PSY.0b013e318222831a

12. Oellingrath IM, Svendsen MV, Hestetun I. Eating patterns and mental health problems in early adolescence–a cross-sectional study of 12–13-year-old norwegian schoolchildren. Public Health Nutr. (2014) 17:2554–62. doi: 10.1017/S1368980013002747

13. Daley C, Patterson A, Sibbritt D, MacDonald-Wicks L. Unsaturated fat intakes and mental health outcomes in young women from the Australian longitudinal study on women’s heath. Public Health Nutr. (2015) 18:546–53. doi: 10.1017/S1368980014000561

14. Grosso G, Pajak A, Marventano S, Castellano S, Galvano F, Bucolo C, et al. Role of omega-3 fatty acids in the treatment of depressive disorders: a comprehensive meta-analysis of randomized clinical trials. PLoS One. (2014) 9:e96905. doi: 10.1371/journal.pone.0096905

15. Kris-Etherton PM, Taylor DS, Yu-Poth S, Huth P, Moriarty K, Fishell V, et al. Polyunsaturated fatty acids in the food chain in the United States. Am J Clin Nutr. (2000) 71:179S–88S. doi: 10.1093/ajcn/71.1.179S

16. Lucas M, Mirzaei F, O’Reilly EJ, Pan A, Willett WC, Kawachi I, et al. Dietary intake of n- 3 and n- 6 fatty acids and the risk of clinical depression in women: a 10-y prospective follow-up study. Am J Clin Nutr. (2011) 93:1337–43. doi: 10.3945/ajcn.111.011817

17. Berger M, Smesny S, Kim S, Davey C, Rice S, Sarnyai Z, et al. Omega-6 to omega-3 polyunsaturated fatty acid ratio and subsequent mood disorders in young people with at-risk mental states: a 7-year longitudinal study. Transl Psychiatry. (2017) 7:e1220. doi: 10.1038/tp.2017.190

18. Innis SM. Dietary lipids in early development: relevance to obesity, immune and inflammatory disorders. Curr Opin Endocrinol Diabetes Obes. (2007) 14:359–64. doi: 10.1097/MED.0b013e3282be90b9

19. Turpeinen A, Basu S, Mutanen M. A high linoleic acid diet increases oxidative stress in vivo and affects nitric oxide metabolism in humans. Prostaglandins Leukot Essent Fatty Acids. (1998) 59:229–33. doi: 10.1016/s0952-3278(98)90067-9

20. Hussein N, Ah-Sing E, Wilkinson P, Leach C, Griffin BA, Millward DJ. Long-chain conversion of [13C] linoleic acid and α-linolenic acid in response to marked changes in their dietary intake in men. J Lipid Res. (2005) 46:269–80. doi: 10.1194/jlr.m400225-jlr200

21. Johnson GH, Fritsche K. Effect of dietary linoleic acid on markers of inflammation in healthy persons: a systematic review of randomized controlled trials. J Acad Nutr Diet. (2012) 112:1029–1041. doi: 10.1016/j.jand.2012.03.029

22. Jacka FN, Pasco JA, Williams LJ, Meyer BJ, Digger R, Berk M. Dietary intake of fish and PUFA, and clinical depressive and anxiety disorders in women. Br J Nutr. (2013) 109:2059–66. doi: 10.1017/S0007114512004102

23. Simopoulos AP. Evolutionary aspects of diet: the omega-6/omega-3 ratio and the brain. Mol Neurobiol. (2011) 44:203–15. doi: 10.1007/s12035-010-8162-0

24. Wolfe AR, Ogbonna EM, Lim S, Li Y, Zhang J. Dietary linoleic and oleic fatty acids in relation to severe depressed mood: 10 years follow-up of a national cohort. Prog Neuropsychopharmacol Biol Psychiatry. (2009) 33:972–7. doi: 10.1016/j.pnpbp.2009.05.002

25. Bahreinian M, Esmaillzadeh A. Opinion: quantity and quality of carbohydrate intake in Iran: a target for nutritional intervention. Arch Iran Med. (2012) 15:648–9.

26. Adibi P, Keshteli AH, Esmaillzadeh A, Afshar H, Roohafza H, Bagherian-Sararoudi R, et al. The study on the epidemiology of psychological, alimentary health and nutrition (SEPAHAN): overview of methodology. J Res Med Sci. (2012) 17:S292–8.

27. Willett WC. Nutritional Epidemiology. 3rd ed. New York, NY: Oxford University Press (2012). p. 1–10.

28. Keshteli AH, Esmaillzadeh A, Rajaie S, Askari G, Feinle-Bisset C, Adibi P. A dish-based semi-quantitative food frequency questionnaire for assessment of dietary intakes in epidemiologic studies in Iran: design and development. Int J Prev Med. (2014) 5:29.

29. Ghaffarpour M, Houshiar-Rad A, Kianfar H. The manual for Household Measures, Cooking Yields Factors and Edible Portion of Foods. Tehran: Nashre Olume Keshavarzy (1999). p. 42–58.

30. Haghighatdoost F, Azadbakht L, Keshteli AH, Feinle-Bisset C, Daghaghzadeh H, Afshar H, et al. Glycemic index, glycemic load, and common psychological disorders. Am J Clin Nutr. (2016) 103:201–9. doi: 10.3945/ajcn.114.105445

31. Saneei P, Hajishafiee M, Keshteli AH, Afshar H, Esmaillzadeh A, Adibi P. Adherence to Alternative healthy eating index in relation to depression and anxiety in Iranian adults. Br J Nutr. (2016) 116:335–42. doi: 10.1017/S0007114516001926

32. Montazeri A, Vahdaninia M, Ebrahimi M, Jarvandi S. The hospital anxiety and depression scale (HADS): translation and validation study of the Iranian version. Health Qual Life Outcomes. (2003) 1:1–5. doi: 10.1186/1477-7525-1-14

33. Montazeri A, Harirchi AM, Shariati M, Garmaroudi G, Ebadi M, Fateh A. The 12-item general health questionnaire (GHQ-12): translation and validation study of the Iranian version. Health Qual Life Outcomes. (2003) 1:1–4. doi: 10.1186/1477-7525-1-66

34. Aminianfar S, Saneei P, Nouri M, Shafiei R, Hassanzadeh-Keshteli A, Esmaillzadeh A, et al. Validation study of self-reported anthropometric indices among the staff of the Isfahan university of medical sciences, Isfahan, Iran. J Isfahan Med Sch. (2015) 33:1318–27.

35. Promoting N. Creating Built or Natural Environments that Encourage and Support Physcial Activity: SCOPE. London: National Institute for Health and Clinical Excellence (2006).

36. Murphy JM, Horton NJ, Laird NM, Monson RR, Sobol AM, Leighton AH. Anxiety and depression: a 40-year perspective on relationships regarding prevalence, distribution, and comorbidity. Acta Psychiatr Scand. (2004) 109:355–75. doi: 10.1111/j.1600-0447.2003.00286.x

37. Markowitz S, Friedman MA, Arent SM. Understanding the relation between obesity and depression: causal mechanisms and implications for treatment. Clin Psychol. (2008) 15:1–20. doi: 10.1111/j.1468-2850.2008.00106.x

38. Van der Kooy K, van Hout H, Marwijk H, Marten H, Stehouwer C, Beekman A. Depression and the risk for cardiovascular diseases: systematic review and meta analysis. Int J Geriatr Psychiatry. (2007) 22:613–26. doi: 10.1002/gps.1723

39. Alexopoulos GS. Depression in the elderly. Lancet. (2005) 365:1961–70.

40. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive protein, IL-1, and IL-6: a meta-analysis. Psychosom Med. (2009) 71:171–86. doi: 10.1097/PSY.0b013e3181907c1b

41. Li D, Tong Y, Li Y. Associations between dietary oleic acid and linoleic acid and depressive symptoms in perimenopausal women: the study of women’s health across the nation. Nutrition. (2020) 71:110602. doi: 10.1016/j.nut.2019.110602

42. Rhee JJ, Cho E, Willett WC. Energy adjustment of nutrient intakes is preferable to adjustment using body weight and physical activity in epidemiological analyses. Public Health Nutr. (2014) 17:1054–60. doi: 10.1017/S1368980013001390

43. Garland MR, Hallahan B, McNamara M, Carney PA, Grimes H, Hibbeln JR, et al. Lipids and essential fatty acids in patients presenting with self-harm. Br J Psychiatry. (2007) 190:112–7. doi: 10.1192/bjp.bp.105.019562

44. Thesing CS, Bot M, Milaneschi Y, Giltay EJ, Penninx BW. Omega-3 and omega-6 fatty acid levels in depressive and anxiety disorders. Psychoneuroendocrinology. (2018) 87:53–62. doi: 10.1016/j.psyneuen.2017.10.005

45. McElroy SL, Kotwal R, Malhotra S, Nelson EB, Keck PE, Nemeroff CB. Are mood disorders and obesity related? A review for the mental health professional. J Clin Psychiatry. (2004) 65:634–51. doi: 10.4088/jcp.v65n0507

46. Johnson RK, Goran MI, Poehlman ET. Correlates of over-and underreporting of energy intake in healthy older men and women. Am J Clin Nutr. (1994) 59:1286–90. doi: 10.1093/ajcn/59.6.1286

47. Voss S, Kroke A, Klipstein-Grobusch K, Boeing H. Obesity as a major determinant of underreporting in a self-administered food frequency questionnaire: results from the EPIC-potsdam study. Z Ernahrungswiss. (1997) 36:229–36. doi: 10.1007/BF01623369

48. Beekman AT, Geerlings SW, Deeg DJ, Smit JH, Schoevers RS, De Beurs E, et al. The natural history of late-life depression: a 6-year prospective study in the community. Arch Gen Psychiatry. (2002) 59:605–11. doi: 10.1001/archpsyc.59.7.605

49. Fiske A, Gatz M, Pedersen NL. Depressive symptoms and aging: the effects of illness and non-health-related events. J Gerontol B Psychol Sci Soc Sci. (2003) 58:320–8. doi: 10.1093/geronb/58.6.p320

50. Ershler WB, Keller ET. Age-associated increased interleukin-6 gene expression, late-life diseases, and frailty. Ann Rev Med. (2000) 51:245–70. doi: 10.1146/annurev.med.51.1.245

51. Kiecolt-Glaser JK, Loving TJ, Stowell JR, Malarkey WB, Lemeshow S, Dickinson SL, et al. Hostile marital interactions, proinflammatory cytokine production, and wound healing. Arch Gen. Psychiatry. (2005) 62:1377–84. doi: 10.1001/archpsyc.62.12.1377

52. Raison CL, Capuron L, Miller AH. Cytokines sing the blues: inflammation and the pathogenesis of depression. Trends Immunol. (2006) 27:24–31. doi: 10.1016/j.it.2005.11.006

53. Cyranowski JM, Frank E, Young E, Shear MK. Adolescent onset of the gender difference in lifetime rates of major depression: a theoretical model. Arch Gen. Psychiatry. (2000) 57:21–7. doi: 10.1001/archpsyc.57.1.21

54. Ford DE, Erlinger TP. Depression and C-reactive protein in US adults: data from the third national health and nutrition examination survey. Arch Intern Med. (2004) 164:1010–4. doi: 10.1001/archinte.164.9.1010

55. Cheslack-Postava K, Keyes KM, Lowe SR, Koenen KC. Oral contraceptive use and psychiatric disorders in a nationally representative sample of women. Arch Women Ment Health. (2015) 18:103–11. doi: 10.1007/s00737-014-0453-4

56. Gillies GE, McArthur S. Estrogen actions in the brain and the basis for differential action in men and women: a case for sex-specific medicines. Pharmacol Rev. (2010) 62:155–98. doi: 10.1124/pr.109.002071

57. Pinares-Garcia P, Stratikopoulos M, Zagato A, Loke H, Lee J. Sex: a significant risk factor for neurodevelopmental and neurodegenerative disorders. Brain Sci. (2018) 8:154. doi: 10.3390/brainsci8080154

58. Young VM, Toborek M, Yang F, McClain CJ, Hennig B. Effect of linoleic acid on endothelial cell inflammatory mediators. Metabolism. (1998) 47:566–72. doi: 10.1016/s0026-0495(98)90241-4

59. Bierhaus A, Wolf J, Andrassy M, Rohleder N, Humpert PM, Petrov D, et al. A mechanism converting psychosocial stress into mononuclear cell activation. Proc Natl Acad Sci USA. (2003) 100:1920–5. doi: 10.1073/pnas.0438019100

60. Zhang JC, Yao W, Hashimoto K. Brain-derived neurotrophic factor (BDNF)-TrkB signaling in inflammation-related depression and potential therapeutic targets. Curr Neuropharmacol. (2016) 14:721–31. doi: 10.2174/1570159x14666160119094646

61. Karege F, Vaudan G, Schwald M, Perroud N, La Harpe R. Neurotrophin levels in postmortem brains of suicide victims and the effects of antemortem diagnosis and psychotropic drugs. Mol Brain Res. (2005) 136:29–37. doi: 10.1016/j.molbrainres.2004.12.020

62. Capuron L, Miller AH. Immune system to brain signaling: neuropsychopharmacological implications. Pharmacol Ther. (2011) 130:226–38. doi: 10.1016/j.pharmthera.2011.01.014


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.

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 © 2022 Mohammadi, Keshteli, Saneei, Afshar, Esmaillzadeh and Adibi. 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.


OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Relationship Between Linoleic Acid Intake and Psychological Disorders in Adults



		INTRODUCTION



		MATERIALS AND METHODS



		Assessment of Linoleic Acid Intake



		Assessment of Psychological Disorders



		Assessment of Covariates



		Statistical Analysis







		RESULTS



		DISCUSSION



		CONCLUSION



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		REFERENCES

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

The Relationship Between
Linoleic Acid Intake
and Psychological Disorders
in Adults








OPS/images/fnut-09-841282-t001.jpg
Quartiles of linoleic acid intake p?

Q1(<8.72% of E) (M = 840) Qg2(8.72-10-01% of E) (M = 841) Q3(10-01-11-47% of E) (M = 841)  Qa(> 11.47% of E) (N = 840)

Age (y) 36.8+8 36+7.5 36.1+8 36.3+£7.9 0.22
Weight (kg) 68.8+12.7 68.5 + 12.6 68.4 + 141 68.9+ 13.2 0.86
Body mass index (kg/m?) 2495+ 3.74 2497 + 3.85 2464 £3.76 25.05 +3.93 0.16
Female (%) 56.8 62.4 58.0 55.8 0.03
Married (%) 78.2 79.4 81.6 80.8 0.32
Education (>diploma) (%) 86.8 88.5 87.3 81.3 <0.001
Family size (>4) (%) 12.7 10.8 124 14.9 0.10
House possession (%) 60.0 59.6 55.5 58.0 0.37
Diabetes (%) 1.4 1.4 1.8 2.5 0.30
Anti-psychotic medications® (%) 4.4 6.2 586 6.1 0.36
Dietary supplements use? (%) 30.0 34.4 28.8 26.9 0.01
Smokers (%) 13.0 12.6 13.9 15.7 0.25
Physically active (>1 h/wk) (%) 13.2 121 125 14.9 0.35
Overweight/Obese (BMI > 25) (%) 46.2 44.5 42.6 46.0 0.42

1Al values are means =+ standard deviation (SD), unless indicated.

20btained from ANOVA for continuous variables and chi-square test for categorical variables.

3 Anti-psychotic medications included the intake of nortriptyline, amitriptyline or imipramine, fluoxetine, citalopram, fluvoxamine, and sertraline.
“Dietary supplements included the intake of iron, calcium, vitamins, and other dietary supplements.
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Q1(<8.72% of E) (n = 840)

Q2(8.72-10-01% of E) (1 = 841)

Q3(10-01-11-47% of E) (N = 841)

Qu4(>11-47% of ) (n = 840)

Energy (Kcal/d)

Proteins (g/d)

Fats (g/d)

Carbohydrates (g/d)
Dietary fiber (g/d)
Omega-3 fatty acids (g/d)
Vitamin B4 (mg/d)

Iron (mg/d)

Red meat (g/d)

Whole grains (g/d)
Refined grains (g/d)

Fruit (9/d)

Vegetables (g/d)

Nuts, soy, and legumes (g/d)
Low-fat dairy (g/d)
High-fat dairy (g/d)

2446.8 £ 29.9
84.6 £ 0.5
80.8 £0.5
338+ 1.3
24.5+0.2
1.43 £0.02
2.25 + 0.01

18.81 £ 0.11
48.9+1.3
67.2 2.7

398.2 £ 6.0
385.8 + 8.1
2178+ 4.2
43.3+1.3
419.8 £9.2
149+0.6

23941 £29.4
87.2+ 0.5
94.6 +£ 0.5
304.1+1.3
22.6+0.2
1.61 £0.02
1.92 £0.01
17.86 £ 0.11
70.56+1.2
46.3+27
407.0+ 6.0
339.5 £8.0
2345+ 4.2
53.9+ 1.3
350.6 £9.0
16.3+0.6

2382.4 £ 30.0
90.2+ 0.5
104.3 £0.5
279 +£1.3
221 +0.2
1.77 £0.02
1.69 £ 0.01

1712 £0.11

91+13
349427
390.4 + 6.0
298.6 + 8.1
250.6 +£4.3
61.2+1.3
313.2+9.2
149 +£0.6

2305.6 + 30.1
91.1+05
1161 £ 0.5
263.7+1.3
21.4+02
2.18 +£0.02
1.63 £ 0.01
16.67 £0.12
1045 +£1.3
228:+2.7
375.2+ 6.0
245.3 + 8.1
2547+ 4.3
70.1+1.3
2509 +9.2
13.68 £ 0.6

1Al values are means =+ standard error (SE); energy intake is adjusted for age and gender; all other values are adjusted for age, gender, and energy intake.

2Obtained from ANCOVA.

0.01
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

0.01
<0.001
<0.001
<0.001
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Quartiles of linoleic acid intake P trena?

Q1(<g.72% of E) (1 =840)  Q2(8.72-10-01% of E) (M =841)  Q3(10.01-11-47% of E) (1 =841)  Qa(>11.47% of ) (N = 840)

Anxiety

Crude 1.00 1.39 (1.05—1.85) 1.16 (0.87—1.56) 1.25(0.93-1.67) 0.33
Model 1 1.00 1.30 (0.96—1.76) 1.17 (0.86—1.60) 1.20 (0.88—1.64) 0.40
Model 2 1.00 1.23(0.90-1.67) 1.09 (0.79—1.50) 1.07 (0.78—1.48) 0.90
Model 3 1.00 1.23(0.88—1.71) 1.11 (0.77—1.60) 1.13(0.74—1.71) 0.78
Model 4 1.00 1.25(0.89—1.76) 1.14 (0.78-1.67) 1.18(0.77—1.81) 0.63
Depression

Crude 1.00 1.29 (1.04—1.61) 1.21(0.97—1.51) 1.52 (1.22—1.88) 0.01
Model 1 1.00 1.28 (1.02—1.62) 1.21 (0.96—1.53) 1.44 (1.14-1.82) 0.01
Model 2 1.00 1.26 (0.99—1.59) 1.17 (0.92—1.49) 1.36 (1.07-1.72) 0.03
Model 3 1.00 1.26 (0.98—1.62) 1.20 (0.90—1.58) 1.47 (1.07-2.02) 0.04
Model 4 1.00 1.23(0.95—1.60) 1.17 (0.88—1.56) 1.41(1.02—1.95) 0.07
Psychological distress

Crude 1.00 1.15(0.91-1.44) 1.08 (0.85—1.36) 1.19 (0.94—1.49) 0.22
Model 1 1.00 1.12 (0.88—1.43) 1.12 (0.88—1.44) 1.13(0.88—1.45) 0.35
Model 2 1.00 1.09 (0.85—1.40) 1.08 (0.84—1.39) 1.06 (0.82—1.37) 0.67
Model 3 1.00 1.12 (0.86—1.46) 1.14 (0.85—1.53) 1.156(0.83—1.61) 0.43
Model 4 1.00 1.11 (0.85—1.46) 1.17 (0.86—1.59) 1.21 (0.86—-1.71) 0.28

1 All values are odds ratios and 95% confidence intervals. Model 1: Adjusted for age, gender; and energy intake. Model 2: Further adjustment for physical activity, smoking,
marital status, education, family size, house possession, diabetes, intake of anti-psychotic medications, and dietary supplements. Model 3: More adjustments for dietary
intakes of omega-3, thiamin, and iron. Model 4: Further adjustment for BMI.

20btained by the use of quartile of linoleic acid intake as assn ordinal variable in the model.
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2
P trend

Qq Qz Q3 Q4
Men (n = 1403)
Anxiety
Crude 1.00 1.08 (0.62—1.88) 0.97 (0.56—1.69) 1.27 (0.76—-2.14) 0.43
Model 1 1.00 1.28 (0.70—2.34) 0.96 (0.51—1.81) 1.08 (0.58—1.99) 0.96
Model 2 1.00 1.23(0.66—2.30) 0.89 (0.46—1.71) 1.04 (0.55—1.95) 0.84
Model 3 1.00 1.05 (0.54—-2.03) 0.69 (0.33—1.44) 0.79 (0.35—-1.78) 0.40
Model 4 1.00 1.07 (0.565—-2.10) 0.75 (0.35—1.59) 0.82 (0.35—1.90) 0.48
Depression
Crude 1.00 1.28 (0.84—1.85) 1.08 (0.73—1.59) 1.84 (1.28—-2.64) 0.01
Model 1 1.00 1.40 (0.91-2.15) 1.08 (0.70—1.68) 1.72(1.14-2.58) 0.03
Model 2 1.00 1.39 (0.90—-2.16) 1.06 (0.68—1.65) 1.70 (1.12—2.59) 0.04
Model 3 1.00 1.40 (0.88—2.23) 1.06 (0.63—1.79) 1.89 (1.08—-3.31) 0.07
Model 4 1.00 1.35(0.84-2.18) 1.02 (0.60—1.74) 1.80 (1.01-3.19) 0.11
Psychological distress
Crude 1.00 1.10 (0.73—1.66) 1.01(0.67—1.52) 1.25(0.85—-1.84) 0.33
Model 1 1.00 1.20 (0.77—-1.85) 1.07 (0.69—1.67) 1.07 (0.69—1.66) 0.89
Model 2 1.00 1.14 (0.72—1.79) 1.03 (0.66—1.63) 0.99 (0.66—1.57) 0.90
Model 3 1.00 1.14 (0.70—1.85) 1.04 (0.61-1.77) 1.06 (0.58—1.93) 0.94
Model 4 1.00 1.21(0.73—1.99) 1.12 (0.65—1.96) 1.18 (0.63—-2.19) 0.70
Women (n = 1959)
Anxiety
Crude 1.00 1.45 (1.03-2.03) 1.24 (0.88—1.77) 1.25(0.88—1.78) 0.42
Model 1 1.00 1.33(0.94-1.89) 1.27 (0.88—1.82) 1.25(0.87—1.79) 0.33
Model 2 1.00 1.27 (0.89—-1.82) 1.17 (0.81-1.70) 1.09 (0.75—1.59) 0.82
Model 3 1.00 1.33(0.90—1.96) 1.29 (0.84—2.00) 1.28 (0.78—-2.10) 0.45
Model 4 1.00 1.35(0.91-2.10) 1.31(0.84—-2.04) 1.34 (0.81-2.22) 0.37
Depression
Crude 1.00 1.24 (0.95-1.62) 1.28 (0.98—1.68) 1.38 (1.05—-1.81) 0.03
Model 1 1.00 1.25(0.94—1.64) 1.28 (0.97—1.70) 1.32 (0.99—-1.75) 0.07
Model 2 1.00 1.24 (0.93—1.64) 1.25(0.93—-1.67) 1.24 (0.93-1.67) 017
Model 3 1.00 1.25(0.92—1.69) 1.28 (0.91-1.80) 1.35(0.91-1.99) 0.16
Model 4 1.00 1.22 (0.89—1.66) 1.26 (0.89—-1.78) 1.31(0.88—1.94) 0.22
Psychological distress
Crude 1.00 1.11(0.84—1.48) 1.10(0.83—1.47) 1.16 (0.87—1.55) 0.34
Model 1 1.00 1.10(0.82—1.48) 1.16 (0.86—1.56) 1.17 (0.86—1.57) 0.29
Model 2 1.00 1.08 (0.80—1.46) 1.11(0.82—1.51) 1.09 (0.80—1.49) 0.55
Model 3 1.00 1.12(0.81-1.55) 1.19(0.83—-1.71) 1.20 (0.80—1.81) 0.37
Model 4 1.00 1.08 (0.77—1.50) 1.18(0.82—1.71) 1.22 (0.80—1.85) 0.31

1 All values are odds ratios and 95% confidence intervals. Model 1: Adjusted for age and energy intake. Model 2: Further adjustment for physical activity, smoking, marital
status, education, family size, house possession, diabetes, intake of anti-psychotic medications, and dietary supplements. Model 3: More adjustments for dietary intakes
of omega-3, thiamin, and iron. Model 4: Further adjustment for BMI.

20btained by the use of quartile of linoleic acid intake as an ordinal variable in the model.
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Qq Qz Q3 Q4
Age <40 (n = 2124)
Anxiety
Crude 1.00 1.39 (0.99—-1.95) 1.11(0.78—1.59) 1.23(0.86—1.75) 0.54
Model 1 1.00 1.34 (0.95—-1.89) 1.11(0.77-1.58) 1.23(0.86—1.76) 0.51
Model 2 1.00 1.26 (0.89—-1.79) 1.02 (0.71-1.48) 1.09 (0.76—1.58) 0.98
Model 3 1.00 1.29 (0.89—-1.88) 1.07 (0.70—1.64) 1.22 (0.76—1.96) 069
Model 4 1.00 1.29 (0.88—1.90) 1.05 (0.68—1.62) 1.18(0.73-1.92) 0.81
Depression
Crude 1.00 1.24 (0.95—-1.63) 1.20(0.91-1.57) 1.33(1.01-1.74) 0.07
Model 1 1.00 1.20 (0.91-1.58) 1.19 (0.90—1.58) 1.34 (1.02-1.77) 0.05
Model 2 1.00 1.15(0.87-1.52) 1.13(0.85-1.51) 1.22(0.92-1.62) 0.21
Model 3 1.00 1.17 (0.87-1.57) 1.17 (0.84—1.63) 1.31(0.90—1.89) 0.20
Model 4 1.00 1.17 (0.86—1.58) 1.16 (0.82—1.62) 1.26 (0.86—1.84) 0.29
Psychological distress
Crude 1.00 1.04 (0.79—-1.38) 1.10(0.83—1.46) 1.16 (0.87—1.54) 0.28
Model 1 1.00 1.02 (0.76—1.35) 1.10(0.82—1.46) 1.18(0.88—1.57) 0.22
Model 2 1.00 0.97 (0.72—1.29) 1.05(0.79—-1.41) 1.08 (0.80—1.45) 0.50
Model 3 1.00 0.96 (0.71-1.32) 1.06 (0.75—1.49) 1.08 (0.74—1.60) 0.57
Age > 40 (n = 1238)
Anxiety
Crude 1.00 1.28 (0.75-2.17) 1.25(0.74-2.10) 1.26 (0.76—2.11) 0.41
Model 1 1.00 1.26 (0.74—2.14) 1.25(0.74-2.10) 1.25(0.75-2.10) 0.42
Model 2 1.00 1.24 (0.72-2.14) 1.27 (0.74-2.16) 1.14 (0.69—1.95) 0.63
Model 3 1.00 1.26 (0.71-2.25) 1.32(0.71-2.45) 1.26 (0.63-2.55) 0.53
Model 4 1.00 1.32(0.72—-2.43) 1.48 (0.77—-2.85) 1.49 (0.71-3.13) 0.29
Depression
Crude 1.00 1.34 (0.92—1.96) 1.23(0.85—-1.78) 1.88(1.32—-2.68) 0.01
Model 1 1.00 1.32 (0.90—1.94) 1.24 (0.85—-1.80) 1.93 (1.35-2.76) 0.01
Model 2 1.00 1.31(0.89—-1.94) 1.23(0.84—1.81) 1.84 (1.28—2.66) 0.01
Model 3 1.00 1.43 (0.94-2.15) 1.43(0.91-2.23) 2.57 (1.56—4.21) <0.001
Model 4 1.00 1.40 (0.91-2.15) 1.37 (0.86—-2.18) 2.45 (1.46—4.10) 0.01
Psychological distress
Crude 1.00 1.32(0.88—1.97) 0.99 (0.66—1.49) 1.22 (0.83—-1.80) 0.59
Model 1 1.00 1.30(0.87—1.95) 0.99 (0.66—1.50) 1.24 (0.84—1.84) 0.53
Model 2 1.00 1.31(0.87-1.97) 0.98 (0.64—1.48) 1.21(0.81-1.81) 0.64
Model 3 1.00 1.48 (0.96—2.29) 1.20 (0.74—1.96) 1.67 (0.97-2.87) 0.14
Model 4 1.00 1.54 (0.97—-2.44) 1.29 (0.77-2.15) 1.90 (1.08—3.36) 0.07

1Al values are odds ratios and 95% confidence intervals. Model 1: Adjusted for sex and energy intake. Model 2: Further adjustment for physical activity, smoking, marital
status, education, family size, house possession, diabetes, intake of anti-psychotic medications, and dietary supplements. Model 3: More adjustments for dietary intakes
of omega-3, thiamin, and iron. Model 4: Further adjustment for BMI.

20btained by the use of quartile of linoleic acid intake as an ordinal variable in the model.
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BMI < 25 (n = 1856)
Anxiety
Crude 1.00 1.72 (1.156-2.56) 1.38(0.92—-2.08) 1.32 (0.87—-2.00) 0.45
Model 1 1.00 1.60 (1.04—2.44) 1.49 (0.97-2.29) 1.27 (0.81-1.99) 0.43
Model 2 1.00 1.50 (0.97-2.31) 1.34 (0.86—2.08) 1.10 (0.69—-1.73) 0.93
Model 3 1.00 1.46 (0.92—2.30) 1.30(0.79-2.16) 1.03 (0.57—1.88) 0.88
Depression
Crude 1.00 1.68(1.17-2.13) 1.36(1.01-1.84) 1.63(1.21-2.21) 0.01
Model 1 1.00 1.66 (1.20—2.29) 1.46 (1.05-2.02) 1.62(1.17-2.25) 0.02
Model 2 1.00 1.63(1.18-2.26) 1.41(1.01-1.97) 1.55(1.11-2.16) 0.04
Model 3 1.00 1.66 (1.18—2.35) 1.51(1.03-2.22) 1.75(1.13-2.72) 0.04
Psychological distress
Crude 1.00 1.31(0.96—-1.78) 1.10 (0.80—1.51) 1.36 (1.00—1.85) 0.14
Model 1 1.00 0.92 (0.64—1.33) 1.05(0.73—1.51) 0.95 (0.66—1.37) 017
Model 2 1.00 1.28 (0.91-1.80) 1.17 (0.83—1.65) 1.26 (0.89—-1.78) 0.30
Model 3 1.00 1.29 (0.90—1.85) 1.22 (0.82—1.81) 1.36 (0.86—2.15) 0.28
BMI > 25 (n = 1506)
Anxiety
Crude 1.00 1.11(0.73-1.68) 0.98 (0.64—1.50) 1.19(0.79-1.78) 0.54
Model 1 1.00 1.05 (0.68—1.62) 0.90 (0.56—1.42) 1.14(0.74-1.76) 0.71
Model 2 1.00 0.99 (0.63—1.56) 0.84 (0.52—1.36) 1.03 (0.65—1.62) 0.95
Model 3 1.00 1.01 (0.62—1.65) 0.87 (0.50—1.52) 1.17 (0.64-2.12) 0.70
Depression
Crude 1.00 1.02 (0.73—1.41) 1.07 (0.77—1.48) 1.40(1.02-1.91) 0.03
Model 1 1.00 0.96 (0.68—1.36) 1.00 (0.71-1.42) 1.28 (0.92—1.80) 0.14
Model 2 1.00 0.93 (0.65—-1.32) 0.97 (0.67—1.38) 1.19(0.84—1.69) 0.30
Model 3 1.00 0.90 (0.62—1.31) 0.91 (0.60—1.38) 1.19(0.75—-1.88) 0.42
Psychological distress
Crude 1.00 0.97 (0.68—1.37) 1.06 (0.75—1.50) 1.00 (0.71-1.42) 0.85
Model 1 1.00 0.92 (0.64—1.33) 1.05(0.73—1.51) 0.95 (0.66—1.37) 0.96
Model 2 1.00 0.88 (0.61—1.28) 1.00 (0.69—1.47) 0.89 (0.61—1.31) 0.73
Model 3 1.00 0.92 (0.62—1.38) 1.08 (0.69—1.69) 0.97 (0.58—1.60) 0.93

1 All values are odds ratios and 95% confidence intervals. Model 1: Adjusted for age, gender; and energy intake. Model 2: Further adjustment for physical activity, smoking,
marital status, education, family size, house possession, diabetes, intake of anti-psychotic medications, and dietary supplements. Model 3: More adjustments for dietary
intakes of omega-3, thiamin, and iron.

20btained by the use of quartile of linoleic acid intake as an ordinal variable in the model.





