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Background: Omega-3 polyunsaturated fatty acids (n-3 PUFAs) augmentation of antidepressants has shown great potential in the prevention and treatment of major depressive disorders (MDD).

Objective: To investigate the effect of n-3 PUFAs plus venlafaxine in patients with first-diagnosed, drug-naïve depression.

Method: A total of 72 outpatients with first-diagnosed depression were recruited. The daily dose of 2.4 g/day n-3 PUFAs or placebo plus venlafaxine was used for over 12 weeks. The outcomes were assessed by the Hamilton depression scale (HAMD), Hamilton anxiety scale (HAMA), Beck depression inventory (BDI), and Self-rating anxiety scale (SAS).

Results: Both groups exhibited improvement on clinical characteristics at week 4 and week 12 compared with baseline. The rate of responders for anxiety in n-3 PUFAs group (44.44%) was significantly higher than that in placebo group (21.21%) at week 4 (χ2 = 4.182, p = 0.041), while week 12 did not show a difference (χ2 = 0.900, p = 0.343). The rate of responders for depression at both week 4 (χ2 = 0.261, p = 0.609) and week 12 (χ2 = 1.443, p = 0.230) showed no significant difference between two groups. Further analysis found that Childhood Trauma Questionnaire (CTQ) had positive correlation with HAMA (r = 0.301, p = 0.012), SAS (r = 0.246, p = 0.015), HAMD (r = 0.252, p = 0.038) and BDI (r = 0.233, p = 0.022) with Pearson correlation analysis. Social Support Rating Scale (SSRS) had negative correlation with SAS (r = −0.244, p = 0.015) and BDI (r = −0.365, p = 0.000).

Conclusion: This trial found that n-3 PUFAs supplementation in favor of venlafaxine alleviated the anxiety symptoms rather than depressive symptoms at the early stage of treatment (4 weeks) for first-diagnosed, drug-naïve depressed patients. However, the advantage disappeared in long-term treatment. Furthermore, childhood abuse and social support are closely related to the clinical and biological characteristics of depression. Both childhood trauma and lack of social support might be predictors of poor prognosis in depression.

Clinical Trial Registration: [clinicaltrials.gov], identifier [NCT03295708].
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INTRODUCTION

Depression is a common and serious mental disorder affecting more than 264 million people in the world (1). The World Health Organization reported that only 50% of severe cases have received effective treatment in developed countries, and less than 25% in some developing countries due to high prevalence and not recognized by professionals (2). Among them, only 50−70% of the patients respond to a single antidepressant medication (3, 4). These low treatment percentages and low therapeutic efficacy encourage other more acceptable alternatives or augmentation treatments for depression. Nutritional intervention is acceptable while the effective strategy has attracted interest in the prevention or treatment of depression (5, 6). Several clinical studies have shown that Omega-3 polyunsaturated fatty acids (n-3 PUFAs) could promise in alleviating anxiety, depression, and other related symptoms among those with depressive disorder (7, 8). The American Psychiatric Association (APA) practice guideline also recommended n-3 PUFAs as adjunctive therapy for mood disorders, such as depression (9).

N-3 PUFAs, mainly consisting of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) (10, 11), are essential and critical for the maintenance of neuronal membrane structure, modulating inflammatory responses, mediating signal transduction, affecting the release and function of serotonin and dopamine in the nervous system (6, 12–15). Generally speaking, the physiological functions of EPA and DHA are different: EPA mainly plays an anti-inflammatory role in depression, while DHA mainly maintains cell membrane integrity and fluidity (16). These biological actions of n-3 PUFAs may influence the development of mental disorders, such as depression. Some clinical studies confirmed that a higher risk of mood disorder was associated with lower plasma levels of N-3 PUFA (17, 18), therefore, most studies have explored the efficacy of EPA, DHA, or their mixtures in MDD (19, 20). Due to the heterogeneity of these trials, the results are controversial and inconclusive (8, 21). The discrepant findings might be affected by the dosage and proportion of n-3 PUFAs, the treatment duration, and the enrolment of different types of participants (22, 23). EPA-major formulations and a daily dose of over 1.5 g of N-3 PUFA demonstrated clinical benefits in depression (24–27). Furthermore, the severity of clinical symptoms may affect the efficacy of N-3 PUFA. N-3 PUFA may have little or no effect on reducing the risk of depression or anxiety in mentally health participants at baseline (28). Appleton et al. also found that n-3 PUFAs may have a more pronounced effect in patients with more severe depressive symptoms (29). A growing number of clinical and, particularly, basic research has revealed the potential of N-3 PUFA in reducing depressive symptoms and the risk of onset or recurrence in MDD, yet the quality of evidence is too low to draw firm conclusions (28, 30). To summarize, there is insufficient high-quality evidence to assess the efficacy of N-3 PUFA as a treatment for depression, and more appropriate and well-designed studies will be required in the future to strengthen the clinical evidence.

Venlafaxine as the first-line drug for depression was introduced (31). Venlafaxine plus with n-3 PUFAs or placebo was investigated on the first-diagnosed, drug-naïve depressed patients for 12 weeks. Only first-diagnosed, drug-naïve depressed patients who never received any medications and psychotherapies before were recruited. It would be helpful of minimizing the heterogeneity of the participants. Interestingly, the baseline childhood trauma and social support may be the risk factors for depression and also could affect the efficacy of antidepressants during different treatment cycles (32–34). Therefore, the Childhood Trauma Questionnaire (CTQ) and Social Support Rating Scale (SSRS), which can be used for evaluation of childhood trauma and social support, respectively, were also collected. The purpose of this study was to investigate whether n-3 PUFAs could enhance the therapeutic efficacy of venlafaxine to attenuate depressive and anxiety symptoms.



MATERIALS AND METHODS


Subjects

A total of 72 first-diagnosed, drug-naïve depressed patients aged between 18 and 45 years were included in the study from March 1st, 2017, to January 20th, 2020 in the Second Xiangya Hospital of Central South University, China. The participants must meet the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) criteria for current major depression by Structured Clinical Interview for DSM Disorders (SCID) and have a 24 item Hamilton Depression Rating Scale (HAMD) score greater than 20. The diagnoses of one patient were performed by two experienced psychiatrists. Venlafaxine was given as a therapeutic drug. The participants were excluded from the participants if they meet the following criteria: (1) suffering from other serious somatic diseases or comorbidities; (2) had serious nervous system disease; (3) in accordance with diagnostic standards of other mental illnesses; (4) were taking benzodiazepine every day, and need to be treated by electroconvulsive therapy currently or have received electroconvulsive therapy within the previous 6 months; (5) were pregnant women or lactating women; (6) had an apparent suicide attempt or suicidal behavior; (7) were taking omega-3 fatty acids supplements and eating more than 2 fish meals per week; and (8) any condition or medicines that may have an effect on biomarkers (within 1 week of the screening period or during the whole trial period) (35).



Study Design

The study was designed as a randomized, double-blind, placebo-controlled clinical trial to test the efficiency of n-3 PUFAs as an augmentation therapy to venlafaxine over 12 weeks. After meeting eligibility criteria, participants were randomized to receive either A or B drugs by an independent pharmacist who dispensed either active or placebo capsules according to the random number table generated randomization list. The information on the A and B drugs were sealed in an envelope which was made and kept by another independent pharmacist. The information inside the envelope was not made public until the end of the experiment. All participants, psychiatrists, and the researchers who met with the participants were blinded to group allocation. All participants needed to take venlafaxine (instruction recommend a dosage range of 75-225 mg/day) throughout the trial. The daily dose of n-3 PUFAs was 8 * 1 g capsules (EPA 1440 mg/day, DHA 960 mg/day) per day for 12 weeks based on the reported studies (12, 36, 37). The placebo group was given 8 * 1 g soybean oil placebo capsules daily. Soybean oil placebo capsules contained soybean oil with 1% fish oil so that it was flavored to taste and smell similar to the fish oil capsules. Both fish oil capsules and placebo capsules were supplied by Hunan Kang Q. Y. Bai Biological Technology Co., Ltd.

Following screening and baseline visits, study participants visit at week 4 and week 12. The 12 weeks of treatment length was determined based on previous trials of n-3 PUFAs for the treatment of depression (38–41). During the three follow-up visits (at baseline, week 4 and week 12) and two telephone contacts at the beginning of week 4 and week 12, the investigator encouraged medication adherence. The remaining medications were counted at each post-treatment follow-ups and subtracted from the number provided to determine adherence. Moreover, erythrocyte membrane EPA and DHA levels were obtained at baseline and post-treatment to confirm adherence to the fish oil capsules in the intervention arm. This study was approved by the ethics committee of Second Xiangya Hospital (MDD201610), and written informed consent was obtained from all participants.



Clinical Assessment

The baseline data included related demographics, clinical evaluations of psychiatric symptoms, a comprehensive medical history, a physical measurement of weight and height, and laboratory tests, including levels of EPA, DHA, and n-3 PUFAs. Follow-up visits were conducted at weeks 4 and 12 after the enrollment and drug treatment. The primary outcome was the change in 24 item Hamilton Depression Rating Scale (HAMD), and the secondary outcome was the change in the Hamilton anxiety scale (HAMA). Two self-reported rating scales were also introduced in this study, which was Beck depression inventory (BDI) and the Self-rating anxiety scale (SAS). All four questionnaires were completed by participants at each visit. The change in HAMD and HAMA total score from baseline at week 4 and week 12 were the response criterion. Responders were identified as those with a 50% or greater decrease in HAMD or HAMA score as previously described (42, 43). While remission was defined as the absolute value of HAMD or HAMA score less than 8.

The CTQ score was evaluated because of high internal consistency and strong retest reliability (44, 45). SSRS has good reliability and validity and is an important clinical assessment for depressed patients. CTQ and SSRS were completed at baseline by all participants. The receiver operating curve (ROC) was used to analyze the relationships between therapeutic effect and childhood trauma or social support. The sensitivity and specificity of clinical findings related to CTQ and SSRS were expressed by ROC analysis. The area under the curve (AUC) was calculated for each plot and used to evaluate the value of CTQ and SSRS in predicting the prognosis of depressed patients. Sensitivity and specificity were calculated by the following formulas (46):
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Fatty Acid Determination

Fatty acid determination followed the method from our previous report with a slight modification. Briefly, blood collection was performed in the early morning at baseline, 4 weeks and 12 weeks of antidepressant treatment for participants. The fasting blood samples were drawn into 5-ml vacutainer tubes containing EDTA, and then the blood was centrifuged for 5 min (3000 r/min). The red blood cells in the lower layer were transferred into Eppendorf tubes and stored at −80°C until lipid extraction and GC/MS analysis. To extract lipid, erythrocyte membranes were isolated from 150 μl of red blood cells vortexed with ice water for 3 min. Isopropanol (1.5 ml) and dichloromethane (1 ml) were successively added to the erythrocyte membranes. Then, 1 ml of 0.1 M potassium chloride solution was added to the mixture. The mixture was blended for 3 min, and centrifuged for 5 min (2,000 rpm/min). The upper phase was removed, and we repeated the previous step on the lower layer twice. Subsequently, 10 μl of 100 μM butylated hydroxytoluene was added to the organic layer and the mixture was evaporated to dryness by nitrogen. The residue was taken through the same processing and analysis method as previously reported (11). The concentrations of fatty acids (ng/ml packed red blood cell) were expressed as the mean ± standard deviation (SD).


Statistical Analysis

Continuous variables were expressed as the mean ± standard deviation (SD) and categorical variables were presented as numbers. The difference between the mean values for each variable among the n-3 PUFAs augmentation group and placebo control group were tested for significance using an independent t test or paired t test (continuous variables). Categorical variables analysis was assessed using the χ2 test. The Generalized Estimating Equation analysis was used for rating scales that repeatedly evaluated at each visit. Correlation of the DHA, EPA, total n-3 PUFAs level, and CTQ score with symptomatic index in the depression patients were calculated using Pearson’s correlation, and Bonferroni corrections were utilized to adjust for multiple testing. All statistical analyses were carried out using SPSS statistical software version 24.0. The p-value of 0.05 was used to determine the statistical difference. We calculated the sample size by the non-inferiority test of the comparison of the two groups (a = 0.05, β = 0.02) in PASS 15, and 30% attrition was taken into account. With a sample size of 21 (treatment group) and 27 (control group), the trial will have more than 80% power to detect a difference.





RESULTS


Study Sample

A total of 72 first-diagnosed, drug-naïve depressed patients met all the study’s eligibility criteria and randomly assigned to venlafaxine with n-3 PUFAs augmentation intervention group (n = 36; 50%) or venlafaxine with the placebo group (n = 36; 50%). The baseline characteristics of both groups were no statistical differences (p ≥ 0.05). The detailed data were listed in Table 1. Of the 72 participants, 69 participants completed the 4-week follow-up: 36 participants in the n-3 PUFAs intervention group and 33 participants in the placebo group continued the 4-week trial. Finally, 49 individuals completed the trial at week 12: 21 participants in the n-3 PUFAs group and 27 participants in the placebo group finished the 12-week follow-up. The detailed flow of participants in the trial is shown in Figure 1.


TABLE 1. Baseline characteristics.
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FIGURE 1. Flow of participants in the Trial. Non-compliance includes being unwilling to take medicine and taking medicine irregularly.




Efficacy Outcomes

Results of changes in depression and anxiety questionnaire scores at baseline and after week 4 and week 12 are displayed in Figure 2 and Table 2. The HAMD scores in n-3 PUFAs group and placebo group at week 4 and week 12 were reduced compared with baseline (p < 0.01). The patients who took n-3 PUFAs combined with venlafaxine had lower HAMD scores at week 12 than week 4 (p < 0.01). BDI scores both at week 4 and week 12 (p < 0.01) were lower than baseline in both the n-3 PUFAs group and the placebo group. Lower BDI scores were seen at week 12 than week 4 in the n-3 PUFAs group (p < 0.01) and placebo group (p < 0.05). HAMA anxiety questionnaire scores had a similar decreasing trend to BDI scores. The subjects in n-3 PUFAs and placebo groups get lower HAMA scores at week 4 and week 12 compared with baseline (p < 0.01). N-3 PUFAs group (p < 0.01) and placebo group (p < 0.05) had lower HAMA scores at week 12 than week 4. The patients in the n-3 PUFAs group had lower SAS scores at week 4 and week 12 than baseline (p < 0.01).
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FIGURE 2. The scores on depression and anxiety questionnaires in n-3 PUFAs and placebo group. *significantly different compared with baseline, # significantly different compared with week 4, *p < 0.05, **p < 0.01, # p < 0.05, ## p < 0.01. n-3 PUFAs, Omega-3 polyunsaturated fatty acids; HAMD, Hamilton Depression Scale; BDI, Beck Depression Inventory; HAMA, Hamilton anxiety scale; SAS, Self-rating Anxiety Scale. For n-3 PUFAs group, n = 36, after week 4, n = 36, and after week 12, n = 21. For the placebo group, n = 36, after week 4, n = 33, and after week 12, n = 27.



TABLE 2. The scores on depression and anxiety questionnaires in n-3 PUFAs and placebo group.

[image: Table 2]
The rate of responders and the rate of full remission in n-3 PUFAs and placebo groups are presented in Table 3. The depression rate of responders between n-3 PUFAs and placebo group showed no significant difference at both week 4 (χ2 = 0.261, p = 0.609) and week 12 (χ2 = 1.443, p = 0.230). However, the anxiety rate of responders at week 4 in n-3 PUFAs was significantly higher than in the placebo group (χ2 = 4.182, p = 0.041). The anxiety rate of responders at week 12 had no significant difference between n-3 PUFAs group and the placebo group (χ2 = 0.900, p = 0.343). The depression rate of full remission at week 4 (χ2 = 0.935, p = 0.416), week 12 (χ2 = 0.003, p = 1.000) were no significantly different between n-3 PUFAs group and placebo group. Also, the anxiety rate of full remission at week 4 (χ2 = 3.892, p = 0.115), week 12 (χ2 = 0.597, p = 0.683) showed no significantly difference between groups.


TABLE 3. The number of responders and the full remission in n-3 PUFAs and placebo group.
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Comparisons Between Depressed Patients With Childhood Trauma and Depressed Patients Without Childhood Trauma

The CTQ showed a good internal consistency (Cronbach’s α coefficient = 0.792). The data in Table 4 showed that the first-diagnosed, drug-naïve depressed patients with childhood trauma had higher baseline parameters. Depressed patients with childhood trauma had significantly higher SAS (p < 0.05), BDI (p < 0.05) scores and lower EPA (p < 0.05) levels than patients without childhood trauma.


TABLE 4. Comparisons between depressed patients with Childhood Trauma (MDD + CT) and depressed patients without Childhood Trauma (MDD).

[image: Table 4]


Correlations Between Symptomatic Index, Omega-3 Levels, and Childhood Trauma Questionnaire, Social Support Rating Scale

The data in Table 5 for first-diagnosed, drug-naïve depressed patients were analyzed separately to assess symptomatic index, n-3 PUFAs levels associated with CTQ or SSRS. Pearson correlation showed that CTQ had positive correlation with HAMA (r = 0.301, p = 0.012), SAS (r = 0.246, p = 0.015), HAMD (r = 0.252, p = 0.038) and BDI (r = 0.233, p = 0.022), and negative correlation with EPA level (r = −0.238, p = 0.029). SSRS had negative correlation with SAS (r = −0.244, p = 0.015) and BDI (r = −0.365, p = 0.00). Besides, the Pearson correlation analysis showed a symptomatic index that had no significant correlation with DHA, EPA, n-3 PUFAs levels, the detailed data were presented in Supplementary Table 1. The results indicated that some clinical symptomatic index and EPA levels would be affected by the CTQ score or SSRS score.


TABLE 5. Correlations between symptomatic index and n-3 PUFAs levels, CTQ, SSRS in patients with first-diagnosed drug-naïve depression.
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The Receiver Operating Curve Curve Analysis of Childhood Trauma Questionnaire and Social Support Rating Scale

The ROC curve of CTQ, ROC curve of SSRS, and the combined ROC curve of CTQ and SSRS for the prognosis of depressed patients shown in Figure 3 and the detailed data were provided in Supplementary Tables 2–4. About the SSRS ROC curve to evaluate the responders of HAMD: for n-3 PUFAs group at week 12 the AUC was 0.739 ± 0.107 with 95% credible interval (CI) was 0.530-0.949 (p = 0.062); for placebo group at week 12 the AUC was 0.789 ± 0.093 (95% CI: 0.606-0.971, p = 0.011). The SSRS ROC curve to evaluate the responders of HAMA for placebo subjects at week 4 the AUC was 0.764 ± 0.095 (95% CI: 0.577-0.951, p = 0.063). The CTQ AUC to evaluate the responders of HAMA for placebo subjects at week 12 was 0.714 ± 0.100 (95% CI: 0.518-0.909, p = 0.060).
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FIGURE 3. The ROC curve analysis of CTQ, SSRS, and combined effect for the prognosis of patients. ROC, receiver operating curve; AUC, area under the curve; SD, Standard deviation; CI, confidence interval; SSRS, Social Support Rate Scale; CTQ, Childhood Trauma Questionnaire; HAMA, Hamilton anxiety scale; HAMD, Hamilton Depression Scale; n-3 PUFAs, Omega-3 polyunsaturated fatty acids. The N-3 and P in images represent n-3 PUFAs and placebo group separately.


In view of the combined ROC curve of CTQ and SSRS to evaluate the responders of depressive symptoms, the AUC was 0.726 ± 0.109 (95%CI: 0.514-0.939, p = 0.077) at week 12 in n-3 PUFAs group, 0.723 ± 0.098 (95%CI: 0.530-0.916, p = 0.046) at week 4 in placebo and 0.783 ± 0.092 (95%CI: 0.602-0.965, p = 0.013) at week 12 in placebo group, respectively. The AUC of combined CTQ and SSRS ROC curve to evaluate the responders of anxiety symptoms for placebo group at week 4 was 0.763 ± 0.100 (95%CI: 0.567-0.959, p = 0.065) and at week 12 was 0.728 ± 0.098 (95%CI: 0.535-0.920, p = 0.045).



Adverse Events

Adverse events were assessed at baseline, the 4-week and the 12-week follow-up visits. There were five participants withdrew from the trial because of turning from depression to mania. No adverse events were regarded as serious adverse events related to the study medication.




DISCUSSION

To our best knowledge, this is the first double-blind, placebo-controlled, randomized clinical trial to test the efficacy of n-3 PUFAs as adjunctive therapy combined with venlafaxine in the treatment of first-diagnosed, drug-naïve depressed patients. The results supported that n-3 PUFAs adjuvant therapy is more effective in improving anxiety symptoms than depressive symptoms at an early stage of treatment for depressed patients.

In this study, patients who took co-administration of venlafaxine at recommended dosage with n-3 PUFAs (EPA 1,440 mg/day, DHA 960 mg/day) or placebo had lower anxiety and depression questionnaires scores at each follow-up compared with baseline. These results were consistent with a previous study that reported that venlafaxine effectively reduced symptoms of depression in patients with MDD overall (47). We also observed that n-3 PUFAs supplementation increased the rate of responders for anxiety at week 4 and then the difference disappeared at week 12, which indicated that n-3 PUFAs supplementation could help to alleviate anxiety symptoms at an early stage of treatment for depressed patients. Considering the fact that conventional antidepressants take weeks or even months to have their full therapeutic effects (the effect varies from person to person) (48, 49), this rapid relief effect on anxiety may increase the confidence of patients and further increase treatment compliance. Furthermore, n-3 PUFAs are generally safe and well tolerated than other antipsychotics, and there were no significant differences in adverse events between the n-3 PUFAs and placebo groups in most studies (30, 50, 51). A subgroup meta-analysis based on ten studies revealed a significantly greater association of treatment with reduced anxiety symptoms in patients receiving at least 2,000 mg/d n-3 PUFAs treatment than in those not receiving it (52).

In our research, n-3 PUFAs supplementation with 2,400 mg/d improve anxiety symptoms faster and may have potential anxiolytic benefits. The potential anxiolytic benefits have been discovered over the past decade (53), and several possible explanations have been proposed. One of the explanations is that the deficiency of n-3 PUFAs and their derivatives in neuronal membranes might induce various behavioral and neuropsychiatric disorders, including anxiety-related behaviors (52). N-3 PUFAs supplementation will change the fatty acid composition of the cell membrane and increase the fluidity of the cell membrane. All of these changes would be beneficial for the relief of anxiety symptoms. Besides, inflammation was consistently found to induce psychotic symptoms, including anxiety (54). And n-3 PUFAs have anti-inflammatory effects which restrain the production of proinflammatory cytokine (55). N-3 PUFAs may help to improve anxiety by regulating the inflammatory factors. Furthermore, proinflammatory cytokines promote the secretion of corticotropin-releasing hormone (CRH), which is the main pathway of the hormonal stress response. CRH also stimulates the amygdala, which is a key brain area for fear and anxiety (56, 57).

An increasing number of dietary or nutrient-based interventions are investigated to be effective in preventing and managing psychiatric disorders (58). However, our research found that supplementation of n-3 PUFAs does not effectively improve depressive symptoms, which is consistent with previously reported studies (59, 60). One possible explanation is that the antidepressant effect of venlafaxine was too strong. So that the relatively weaker effect from n-3 PUFAs could hardly be discovered. Second, n-3 PUFAs supplementation might be much more effective among those with lower n-3 PUFAs levels. Thirdly, CTQ and SSRS might affect the prognostic outcomes of depression. Peng et al. found that mental disorders were associated with higher CTQ scores and lower SSRS scores (34). Childhood experiences, characters, and childhood trauma have all been shown to correlate with the occurrence of anxiety and depressive disorder (61). Moreover, childhood trauma would increase the persistence of comorbidity and chronic disease in patients with anxiety and/or depressive disorders (62) and contribute to the severity of psychopathology (63, 64). The depressed patients who experienced childhood trauma had a poorer clinical course and therapeutic outcomes (65, 66). It was also reported that social support was associated with prognostic outcomes independent of treatment type (67). The interpersonal behaviors of depressed patients usually cause rejection by others, and these rejection experiences in turn increase the severity of depression (68). Patients with mental disorders as lack of security are more likely to experience unsatisfactory social interactions and reduce perceived social support, which in turn will aggravate depression symptoms (68, 69).

Moreover, to confirm this possibility, we explored the relationships between these factors to understand their effect on depressive symptoms. The symptomatic index parameter like SAS, BDI, and EPA levels had significant differences between depressed patients with childhood trauma and patients without childhood trauma. Meanwhile, there were positive correlations between SAS and CTQ score, BDI and CTQ score, negative correlations between SAS and SSRS, BDI and SSRS. These results suggested that Childhood trauma and SSRS have an influence on anxiety, and depression. Besides, the results of ROC found that the combined ROC curve of CTQ and SSRS was more suitable for depressed patients without n-3 PUFAs supplementation to analyze prognostic outcomes, and suggested that the combined influence of CTQ and SSRS should be one of the factors affecting prognostic outcomes for depressed patients without n-3 PUFAs supplementation. These findings supported our previous hypothesis that the combined influence of CTQ and SSRS might be one of the reasons why supplementation with n-3 PUFAs is not effective in improving depressive symptoms. Based on the present results, it was more suitable for depressed patients without n-3 PUFAs supplementation to analyze prognostic outcomes with the combined effect of SSRS and CTQ.

Significantly negative correlations between CTQ score and EPA level at baseline, rather than DHA level, in first-diagnosed, drug-naïve depressed patients were discovered. Childhood trauma has a certain impact on the EPA level of depressed patients. There is growing evidence to support the link between depression and childhood trauma, like the existence of some biological markers that could explain the link including brain-derived neurotrophic factors and other inflammatory markers (70). Similarly, the connection between depression and EPA is also related to biomarkers (71, 72). Which suggested that EPA has a correlation with CTQ score and might be medicated through the effects of some biomarkers.



CONCLUSION

The study found that n-3 PUFAs supplementation in favor of venlafaxine alleviated the anxiety symptoms rather than depressive symptoms at the early stage of treatment for first-diagnosed, drug-naïve depressed patients. However, the advantage disappeared in the long-term treatment. Furthermore, childhood abuse and social support are closely related to the clinical and biological characteristics of depression. Both childhood trauma and lack of social support might be predictors of poor prognosis in depression.



LIMITATIONS

Due to withdrawal and non-compliance, and the influence of COVID-19, the follow-up rate was relatively low. The findings cannot be expanded to patients experiencing multiple depressive episodes or who have already received medication. While a placebo for n-3 PUFA was used, there was no placebo comparison for the antidepressant for both groups taking therapeutic doses of venlafaxine. For this case, it is impossible to distinguish the separate treatment efficacy from venlafaxine, placebo, and n-3 PUFAs alone. Furthermore, it is possible that the treatment efficacy of n-3 PUFAs on clinical characteristics may have been overshadowed by venlafaxine.



DATA AVAILABILITY STATEMENT

The original contributions presented in this study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of Second Xiangya Hospital. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

MT and HT designed the experiments. RY, LW, and MT analyzed and interpreted the data and wrote the manuscript. MT, RY, LW, KJ, SC, and CW performed the experiments and collected the data. MT, JC, LW, and JG amended the manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported by the National Natural Science Foundation of China (No.81803233), the Science Foundation of Xiangya Hospital for Young Scholar (No.2017Q13), the Natural Science Foundation of Hunan Province (No.2018JJ3834), Key-Area Research and Development Program of Guangdong Province (2018B030334001), and Key Research Project of Ningxia Hui Autonomous Region in 2021 (Major Project) (2021BEG01001).



ACKNOWLEDGMENTS

We would like to thank all the participants and the investigators, who helped to obtain the written informed consent or explain the questionnaires about the conduct of this research.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2022.876152/full#supplementary-material



REFERENCES

1. Pan YC, Chiu YC, Lin YH. Development of the problematic mobile gaming questionnaire and prevalence of mobile gaming addiction among adolescents in Taiwan. Cyberpsychol Behav Soc Netw. (2019) 22:662–9. doi: 10.1089/cyber.2019.0085

2. Demyttenaere K, Bruffaerts R, Posada-Villa J, Gasquet I, Kovess V, Lepine JP, et al. Prevalence, severity, and unmet need for treatment of mental disorders in the world health organization world mental health surveys. JAMA. (2004) 291:2581–90. doi: 10.1001/jama.291.21.2581

3. Engelmann J, Wagner S, Solheid A, Herzog DP, Dreimuller N, Muller MB, et al. Tolerability of high-dose venlafaxine after switch from escitalopram in nonresponding patients with major depressive disorder. J Clin Psychopharmacol. (2021) 41:62–6. doi: 10.1097/JCP.0000000000001312

4. Gertsik L, Poland RE, Bresee C, Rapaport MH. Omega-3 fatty acid augmentation of citalopram treatment for patients with major depressive disorder. J Clin Psychopharmacol. (2012) 32:61–4. doi: 10.1097/JCP.0b013e31823f3b5f

5. Urech C, Eussen S, Alder J, Stahl B, Boehm G, Bitzer J, et al. Levels of n-3 and n-6 fatty acids in maternal erythrocytes during pregnancy and in human milk and its association with perinatal mental health. Nutrients. (2021) 12:2773. doi: 10.3390/nu12092773

6. Chong MF, Ong YL, Calder PC, Colega M, Wong JX, Tan CS, et al. Long-chain polyunsaturated fatty acid status during pregnancy and maternal mental health in pregnancy and the postpartum period: results from the GUSTO study. J Clin Psychiatry. (2015) 76:e848–56. doi: 10.4088/JCP.14m09191

7. Ginty AT, Conklin SM. Short-term supplementation of acute long-chain omega-3 polyunsaturated fatty acids may alter depression status and decrease symptomology among young adults with depression: a preliminary randomized and placebo controlled trial. Psychiatry Res. (2015) 229:485–9. doi: 10.1016/j.psychres.2015.05.072

8. Carney RM, Freedland KE, Rubin EH, Rich MW, Steinmeyer BC, Harris WS. Omega-3 augmentation of sertraline in treatment of depression in patients with coronary heart disease: a randomized controlled trial. JAMA. (2009) 302:1651–7. doi: 10.1001/jama.2009.1487

9. American Psychiatric Association [APA]. Practice guideline for the treatment of patients with major depressive disorder (revision). Am J Psychiatry. (2000) 157:49.

10. Su KP, Lai HC, Yang HT, Su WP, Peng CY, Chang JP, et al. Omega-3 fatty acids in the prevention of interferon-alpha-induced depression: results from a randomized, controlled trial. Biol Psychiatry. (2014) 76:559–66. doi: 10.1016/j.biopsych.2014.01.008

11. Tang M, Zhang M, Wang L, Li H, Cai H, Dang R, et al. Maternal dietary of n-3 polyunsaturated fatty acids affects the neurogenesis and neurochemical in female rat at weaning. Prostaglandins Leukot Essent Fatty Acids. (2018) 128:11–20. doi: 10.1016/j.plefa.2017.11.001

12. Duffy SL, Lagopoulos J, Cockayne N, Lewis SJ, Hickie IB, Hermens DF, et al. The effect of 12-wk omega-3 fatty acid supplementation on in vivo thalamus glutathione concentration in patients “at risk” for major depression. Nutrition. (2015) 31:1247–54. doi: 10.1016/j.nut.2015.04.019

13. Tang M, Zhang M, Cai H, Li H, Jiang P, Dang R, et al. Maternal diet of polyunsaturated fatty acid altered the cell proliferation in the dentate gyrus of hippocampus and influenced glutamatergic and serotoninergic systems of neonatal female rats. Lipids Health Dis. (2016) 15:71. doi: 10.1186/s12944-016-0236-1

14. Tang M, Dang R, Liu S, Zhang M, Zheng Y, Yang R, et al. Omega-3 fatty acids-supplementary in gestation alleviates neuroinflammation and modulates neurochemistry in rats. Lipids Health Dis. (2018) 17:247. doi: 10.1186/s12944-018-0894-2

15. Yang R, Zhang MQ, Xue Y, Yang R, Tang MM. Dietary of n-3 polyunsaturated fatty acids influence neurotransmitter systems of rats exposed to unpredictable chronic mild stress. Behav Brain Res. (2019) 376:112172. doi: 10.1016/j.bbr.2019.112172

16. Su K, Yang H, Chang J, Shih Y, Guu T, Kumaran S, et al. Eicosapentaenoic and docosahexaenoic acids have different effects on peripheral phospholipase A2 gene expressions in acute depressed patients. Prog Neuropsychopharmacol Biol Psychiatry. (2018) 80:227–33. doi: 10.1016/j.pnpbp.2017.06.020

17. Chang J, Chang S, Yang H, Palani M, Chen C, Su K. Polyunsaturated fatty acids (PUFAs) levels in patients with cardiovascular diseases (CVDs) with and without depression. Brain Behav Immun. (2015) 44:28–31. doi: 10.1016/j.bbi.2014.11.005

18. Mamalakis G, Kalogeropoulos N, Andrikopoulos N, Hatzis C, Kromhout D, Moschandreas J, et al. Depression and long chain n-3 fatty acids in adipose tissue in adults from Crete. Eur J Clin Nutr. (2006) 60:882–8. doi: 10.1038/sj.ejcn.1602394

19. Mischoulon D, Papakostas GI, Dording CM, Farabaugh AH, Sonawalla SB, Agoston AM, et al. A double-blind, randomized controlled trial of ethyl-eicosapentaenoate for major depressive disorder. J Clin Psychiatry. (2009) 70:1636–44. doi: 10.4088/JCP.08m04603

20. Lin PY, Su KP. A meta-analytic review of double-blind, placebo-controlled trials of antidepressant efficacy of omega-3 fatty acids. J Clin Psychiatry. (2007) 68:1056–61. doi: 10.4088/jcp.v68n0712

21. Mozurkewich EL, Clinton CM, Chilimigras JL, Hamilton SE, Allbaugh LJ, Berman DR, et al. The Mothers, Omega-3, and mental health study: a double-blind, randomized controlled trial. Am J Obstet Gynecol. (2013) 208:313.e1–9. doi: 10.1016/j.ajog.2013.01.038

22. Liao Y, Xie B, Zhang H, He Q, Guo L, Subramanieapillai M, et al. Efficacy of omega-3 PUFAs in depression: a meta-analysis. Transl Psychiatry. (2019) 9:190.

23. Bot M, Pouwer F, Assies J, Jansen E, Diamant M, Snoek F, et al. Eicosapentaenoic acid as an add-on to antidepressant medication for co-morbid major depression in patients with diabetes mellitus: a randomized, double-blind placebo-controlled study. J Affect Disord. (2010) 126:282–6. doi: 10.1016/j.jad.2010.04.008

24. Martins JG, Bentsen H, Puri BK. Eicosapentaenoic acid appears to be the key omega-3 fatty acid component associated with efficacy in major depressive disorder: a critique of Bloch and Hannestad and updated meta-analysis. Mol Psychiatry. (2012) 17:1144–9. doi: 10.1038/mp.2012.25

25. Hallahan B, Ryan T, Hibbeln JR, Murray IT, Glynn S, Ramsden CE, et al. Efficacy of omega-3 highly unsaturated fatty acids in the treatment of depression. Br J Psychiatry. (2016) 209:192–201. doi: 10.1192/bjp.bp.114.160242

26. Bai ZG, Bo A, Wu SJ, Gai QY, Chi I. Omega-3 polyunsaturated fatty acids and reduction of depressive symptoms in older adults: a systematic review and meta-analysis. J Affect Disord. (2018) 241:241–8. doi: 10.1016/j.jad.2018.07.057

27. Martins JG. EPA but not DHA appears to be responsible for the efficacy of omega-3 long chain polyunsaturated fatty acid supplementation in depression: evidence from a meta-analysis of randomized controlled trials. J Am Coll Nutr. (2009) 28:525–42. doi: 10.1080/07315724.2009.10719785

28. Deane KHO, Jimoh OF, Biswas P, O’Brien A, Hanson S, Abdelhamid AS, et al. Omega-3 and polyunsaturated fat for prevention of depression and anxiety symptoms: systematic review and meta-analysis of randomised trials. Br J Psychiatry. (2021) 218:135–42. doi: 10.1192/bjp.2019.234

29. Appleton KM, Rogers PJ, Ness AR. Updated systematic review and meta-analysis of the effects of n-3 long-chain polyunsaturated fatty acids on depressed mood. Am J Clin Nutr. (2010) 91:757–70. doi: 10.3945/ajcn.2009.28313

30. Appleton KM, Voyias PD, Sallis HM, Dawson S, Ness AR, Churchill R, et al. Omega-3 fatty acids for depression in adults. Cochrane Database Syst Rev. (2021) 11:CD004692.

31. Arakawa R, Stenkrona P, Takano A, Svensson J, Andersson M, Nag S, et al. Venlafaxine ER blocks the norepinephrine transporter in the brain of patients with major depressive disorder: a PET study using [18F]FMeNER-D2. Int J Neuropsychopharmacol. (2019) 22:278–85. doi: 10.1093/ijnp/pyz003

32. Ju Y, Wang M, Lu X, Sun J, Dong Q, Zhang L, et al. The effects of childhood trauma on the onset, severity and improvement of depression: the role of dysfunctional attitudes and cortisol levels. J Affect Disord. (2020) 276:402–10. doi: 10.1016/j.jad.2020.07.023

33. Zhu T, Xue J, Chen S. Social support and depression related to older adults’ hypertension control in rural China. Am J Geriatr Psychiatry. (2019) 27:1268–76. doi: 10.1016/j.jagp.2019.04.014

34. Xie P, Wu K, Zheng Y, Guo Y, Yang Y, He J, et al. Prevalence of childhood trauma and correlations between childhood trauma, suicidal ideation, and social support in patients with depression, bipolar disorder, and schizophrenia in southern China. J Affect Disord. (2018) 228:41–8. doi: 10.1016/j.jad.2017.11.011

35. Wang L, Xue Y, Cao S, Xie Y, Wu C, Ruffaner-Hanson CD, et al. Sex differences in the cognitive function of first-diagnosed, drug-naive depressed patients: an observational case-control study. J Affect Disord. (2020) 276:461–6. doi: 10.1016/j.jad.2020.07.114

36. Hallahan B, Hibbeln JR, Davis JM, Garland MR. Omega-3 fatty acid supplementation in patients with recurrent self-harm. Single-centre double-blind randomised controlled trial. Br J Psychiatry. (2007) 190:118–22. doi: 10.1192/bjp.bp.106.022707

37. Nemets B, Stahl Z, Belmaker RH. Addition of omega-3 fatty acid to maintenance medication treatment for recurrent unipolar depressive disorder. Am J Psychiatry. (2002) 159:477–9. doi: 10.1176/appi.ajp.159.3.477

38. Bot M, Pouwer F, Assies J, Jansen EH, Beekman AT, de Jonge P. Supplementation with eicosapentaenoic omega-3 fatty acid does not influence serum brain-derived neurotrophic factor in diabetes mellitus patients with major depression: a randomized controlled pilot study. Neuropsychobiology. (2011) 63:219–23. doi: 10.1159/000321804

39. Peet M, Horrobin DF. A dose-ranging study of the effects of ethyl-eicosapentaenoate in patients with ongoing depression despite apparently adequate treatment with standard drugs. Arch Gen Psychiatry. (2002) 59:913–9. doi: 10.1001/archpsyc.59.10.913

40. Jahangard L, Sadeghi A, Ahmadpanah M, Holsboer-Trachsler E, Sadeghi Bahmani D, Haghighi M, et al. Influence of adjuvant omega-3-polyunsaturated fatty acids on depression, sleep, and emotion regulation among outpatients with major depressive disorders - results from a double-blind, randomized and placebo-controlled clinical trial. J Psychiatr Res. (2018) 107:48–56. doi: 10.1016/j.jpsychires.2018.09.016

41. Mazereeuw G, Herrmann N, Oh PI, Ma DW, Wang CT, Kiss A, et al. Omega-3 fatty acids, depressive symptoms, and cognitive performance in patients with coronary artery disease: analyses from a randomized, double-blind, placebo-controlled trial. J Clin Psychopharmacol. (2016) 36:436–44. doi: 10.1097/JCP.0000000000000565

42. Hanus M, Lafon J, Mathieu M. Double-blind, randomised, placebo-controlled study to evaluate the efficacy and safety of a fixed combination containing two plant extracts (Crataegus oxyacantha and Eschscholtzia californica) and magnesium in mild-to-moderate anxiety disorders. Curr Med Res Opin. (2004) 20:63–71. doi: 10.1185/030079903125002603

43. Uher R, Muthen B, Souery D, Mors O, Jaracz J, Placentino A, et al. Trajectories of change in depression severity during treatment with antidepressants. Psychol Med. (2010) 40:1367–77. doi: 10.1017/S0033291709991528

44. Hung CI, Liu CY, Yang CH, Wang SJ. The impacts of migraine among outpatients with major depressive disorder at a two-year follow-up. PLoS One. (2015) 10:e0128087. doi: 10.1371/journal.pone.0128087

45. Scher CD, Stein MB, Asmundson GJ, McCreary DR, Forde DR. The childhood trauma questionnaire in a community sample: psychometric properties and normative data. J Trauma Stress. (2001) 14:843–57. doi: 10.1023/A:1013058625719

46. Alkan Ozdemir S, Arun Ozer E, Ilhan O, Sutcuoglu S. Can neutrophil to lymphocyte ratio predict late-onset sepsis in preterm infants? J Clin Lab Anal. (2018) 32:e22338. doi: 10.1002/jcla.22338

47. Thase M, Asami Y, Wajsbrot D, Dorries K, Boucher M, Pappadopulos E. A meta-analysis of the efficacy of venlafaxine extended release 75-225 mg/day for the treatment of major depressive disorder. Curr Med Res Opin. (2017) 33:317–26. doi: 10.1080/03007995.2016.1255185

48. Katz M, Tekell J, Bowden C, Brannan S, Houston J, Berman N, et al. Onset and early behavioral effects of pharmacologically different antidepressants and placebo in depression. Neuropsychopharmacology. (2004) 29:566–79. doi: 10.1038/sj.npp.1300341

49. Rush A, Trivedi M, Wisniewski S, Nierenberg A, Stewart J, Warden D, et al. Acute and longer-term outcomes in depressed outpatients requiring one or several treatment steps: a STAR*D report. Am J Psychiatry. (2006) 163:1905–17. doi: 10.1176/ajp.2006.163.11.1905

50. Guu T, Mischoulon D, Sarris J, Hibbeln J, McNamara R, Hamazaki K, et al. International society for nutritional psychiatry research practice guidelines for omega-3 fatty acids in the treatment of major depressive disorder. Psychother Psychosom. (2019) 88:263–73.

51. Chang C, Tseng P, Chen N, Lin P, Lin P, Chang J, et al. Safety and tolerability of prescription omega-3 fatty acids: a systematic review and meta-analysis of randomized controlled trials. Prostaglandins Leukot Essent Fatty Acids. (2018) 129:1–12. doi: 10.1016/j.plefa.2018.01.001

52. Kawamura T, Makuuchi R, Tokunaga M, Tanizawa Y, Bando E, Yasui H, et al. Long-term outcomes of gastric cancer patients with preoperative sarcopenia. Ann Surg Oncol. (2018) 25:1625–32. doi: 10.1245/s10434-018-6452-3

53. Liu JJ, Galfalvy HC, Cooper TB, Oquendo MA, Grunebaum MF, Mann JJ, et al. Omega-3 polyunsaturated fatty acid (PUFA) status in major depressive disorder with comorbid anxiety disorders. J Clin Psychiatry. (2013) 74:732–8. doi: 10.4088/JCP.12m07970

54. Vogelzangs N, Beekman AT, de Jonge P, Penninx BW. Anxiety disorders and inflammation in a large adult cohort. Transl Psychiatry. (2013) 3:e249. doi: 10.1038/tp.2013.27

55. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A, Lauretani F, et al. Relationship of plasma polyunsaturated fatty acids to circulating inflammatory markers. J Clin Endocrinol Metab. (2006) 91:439–46. doi: 10.1210/jc.2005-1303

56. 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

57. Kiecolt-Glaser JK, Belury MA, Andridge R, Malarkey WB, Glaser R. Omega-3 supplementation lowers inflammation and anxiety in medical students: a randomized controlled trial. Brain Behav Immun. (2011) 25:1725–34. doi: 10.1016/j.bbi.2011.07.229

58. Sarris J. Nutritional psychiatry: from concept to the clinic. Drugs. (2019) 79:929–34. doi: 10.1007/s40265-019-01134-9

59. Thesing CS, Bot M, Milaneschi Y, Giltay EJ, Penninx B. Bidirectional longitudinal associations of omega-3 polyunsaturated fatty acid plasma levels with depressive disorders. J Psychiatr Res. (2020) 124:1–8.

60. Thesing CS, Milaneschi Y, Bot M, Brouwer IA, Owens M, Hegerl U, et al. Supplementation-induced increase in circulating omega-3 serum levels is not associated with a reduction in depressive symptoms: results from the MooDFOOD depression prevention trial. Depress Anxiety. (2020) 37:1079–88. doi: 10.1002/da.23092

61. Coryell WH, Langbehn DR, Norris AW, Yao JR, Dindo LN, Calarge CA. Polyunsaturated fatty acid composition and childhood adversity: independent correlates of depressive symptom persistence. Psychiatry Res. (2017) 256:305–11. doi: 10.1016/j.psychres.2017.06.036

62. Hovens JG, Giltay EJ, Wiersma JE, Spinhoven P, Penninx BW, Zitman FG. Impact of childhood life events and trauma on the course of depressive and anxiety disorders. Acta Psychiatr Scand. (2012) 126:198–207. doi: 10.1111/j.1600-0447.2011.01828.x

63. Wiersma JE, Hovens JG, van Oppen P, Giltay EJ, van Schaik DJ, Beekman AT, et al. The importance of childhood trauma and childhood life events for chronicity of depression in adults. J Clin Psychiatry. (2009) 70:983–9. doi: 10.4088/jcp.08m04521

64. Hovens JG, Wiersma JE, Giltay EJ, van Oppen P, Spinhoven P, Penninx BW, et al. Childhood life events and childhood trauma in adult patients with depressive, anxiety and comorbid disorders vs. controls. Acta Psychiatr Scand. (2010) 122:66–74. doi: 10.1111/j.1600-0447.2009.01491.x

65. Tunnard C, Rane LJ, Wooderson SC, Markopoulou K, Poon L, Fekadu A, et al. The impact of childhood adversity on suicidality and clinical course in treatment-resistant depression. J Affect Disord. (2014) 15:122–30. doi: 10.1016/j.jad.2013.06.037

66. Kim SW, Kang HJ, Kim SY, Kim JM, Yoon JS, Jung SW, et al. Impact of childhood adversity on the course and suicidality of depressive disorders: the CRESCEND study. Depress Anxiety. (2013) 30:965–74. doi: 10.1002/da.22088

67. Buckman JEJ, Saunders R, O’Driscoll C, Cohen ZD, Stott J, Ambler G, et al. Is social support pre-treatment associated with prognosis for adults with depression in primary care? Acta Psychiatr Scand. (2021) 143:392–405. doi: 10.1111/acps.13285

68. Struck N, Krug A, Feldmann M, Yuksel D, Stein F, Schmitt S, et al. Attachment and social support mediate the association between childhood maltreatment and depressive symptoms. J Affect Disord. (2020) 273:310–7. doi: 10.1016/j.jad.2020.04.041

69. Hankin BL, Kassel JD, Abela JR. Adult attachment dimensions and specificity of emotional distress symptoms: prospective investigations of cognitive risk and interpersonal stress generation as mediating mechanisms. Pers Soc Psychol Bull. (2005) 31:136–51.

70. Stanton KJ, Denietolis B, Goodwin BJ, Dvir Y. Childhood trauma and psychosis: an updated review. Child Adolesc Psychiatr Clin N Am. (2020) 29:115–29.

71. Adibhatla RM, Hatcher JF, Larsen EC, Chen X, Sun D, Tsao FH. CDP-choline significantly restores phosphatidylcholine levels by differentially affecting phospholipase A2 and CTP: phosphocholine cytidylyltransferase after stroke. J Biol Chem. (2006) 281:6718–25.

72. Farooqui AA, Horrocks LA, Farooqui T. Modulation of inflammation in brain: a matter of fat. J Neurochem. (2007) 101:577–99.


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 Yang, Wang, Jin, Cao, Wu, Guo, Chen, Tang and Tang. 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/fnut-09-876152-t004.jpg
MDD MDD + CT T P-value
(n =20) (n =50)
HAMA 21.12(6.09) 24.19(6.40) 1.87 0.07
SAS 42.82(9.79) 46.90(7.67) 2.11 0.03
HAMD 29.04(5.09) 20.34(7.49) —-0.18 0.86
BDI 24.38(8.85) 30.35(9.05) 2.49 0.02
EPA 0.07(0.04) 0.05(0.03) 2.26 0.03
DHA 0.79(0.53) 0.85(0.59) —0.47 0.64
Total n-3 PUFAs 1.40(0.83) 1.43(0.90) —0.15 0.88

Data were presented as MEAN(SD). HAMA, Hamilton anxiety scale; SAS,
Self-rating Anxiety Scale; HAMD, Hamilton Depression Scale; BDI, Beck
Depression Inventory; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid;
n-3 PUFAs, Omega-3 polyunsaturated fatty acids. The bold values represent the

positive results.





OPS/images/fnut-09-876152-t005.jpg
cTQ SSRS

HAMA 0.301 (0.012) 0.043 (0.671)
SAS 0.246 (0.015) —0.244 (0.015)
HAMD 0.252 (0.038) —0.139 (0.169)
BDI 0.233 (0.022) —0.365 (0.000)
EPA —0.238 (0.029) 0.130 (0.232)
DHA —0.114 (0.295) 0.037 (0.734)
Total n-3 PUFAs —0.144 (0.185) 0.054 (0.620)

HAMA, Hamilton anxiety scale; SAS, Self-rating Anxiety Scale; HAMD, Hamilton
Depression Scale; BDI, Beck Depression Inventory; EFPA, eicosapentaenoic acid;
DHA, docosahexaenoic acid; n-3 PUFAs, Omega-3 polyunsaturated fatty acids.
The bold values represent the positive results.





OPS/images/fnut-09-876152-t002.jpg
Baseline Week 4 Week 12 Group Time Group * Time

Wald x 2 Wald x 2 Wald x 2
(P-value) (P-value) (P-value)
HAMD
n-3 PUFAs 29.50 (27.11,31.89) 18.76 (15.71,21.81) A 15.70 (12.87,18.53) B 0.023 (0.880) 180.9 (0.000) 0.985 (0.611)
Placebo 29.97 (27.97,31.97) 19.31 (16.69,21.92) A 14.05 (11.07,17.02) BC
BDI
n-3 PUFAs 29.67 (26.74,32.60) 20.64 (16.83,24.44) A 15.30 (10.99,19.60) B¢ 2.182 (0.140) 110.4 (0.000) 0.992 (0.609)
Placebo 28.42 (25.27,31.56) 17.86 (14.70,21.02) A 10.91 (7.60,14.22) BC
HAMA
n-3 PUFAs 23.61 (21.51,25.71) 17.70 (14.36,21.03) A 12.78 (10.38,15.18) B 3.406 (0.065) 156.6 (0.000) 1.282 (0.527)
Placebo 22.44 (20.44,24.45) 14.31 (12.17,16.44) A 10.36 (8.38,12.35) B.C
SAS
n-3 PUFAs 45.92 (43.60,48.23) 40.85 (37.79,43.91) A 38.15 (35.08,41.22) B 1.185 (0.276) 66.5 (0.000) 0.400 (0.819)
Placebo 44.92 (42.35,47.48) 39.11(36.82,41.41) A 35.77 (32.53,39.02) B

n-8 PUFAs, Omega-3 polyunsaturated fatty acids; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; HAMA, Hamilton anxiety scale; SAS, Self-rating Anxiety
Scale; HAMD, Hamilton Depression Scale; BDI, Beck Depression Inventory. The rating scale scores were expressed as Mean (95% Wald confidence interval).
*Significantly difference compared Placebo and n-3 PUFAs groups; “p < 0.05; **p < 0.01.

A (a) Significantly difference compared baseline with week 4;a:p < 0.05;A:p < 0.01.

B (b) Significantly difference compared baseline with week 12;b:p < 0.05;B:p < 0.01.

C (c) Significantly difference compared week 4 with week 12;c:p < 0.05;C:p < 0.01.





OPS/images/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Omega-3 Polyunsaturated Fatty Acids Supplementation Alleviate Anxiety Rather Than Depressive Symptoms Among First-Diagnosed, Drug-Naïve Major Depressive Disorder Patients: A Randomized Clinical Trial



		INTRODUCTION



		MATERIALS AND METHODS



		Subjects



		Study Design



		Clinical Assessment



		Fatty Acid Determination



		Statistical Analysis











		RESULTS



		Study Sample



		Efficacy Outcomes



		Comparisons Between Depressed Patients With Childhood Trauma and Depressed Patients Without Childhood Trauma



		Correlations Between Symptomatic Index, Omega-3 Levels, and Childhood Trauma Questionnaire, Social Support Rating Scale



		The Receiver Operating Curve Curve Analysis of Childhood Trauma Questionnaire and Social Support Rating Scale



		Adverse Events







		DISCUSSION



		CONCLUSION



		LIMITATIONS



		DATA AVAILABILITY STATEMENT



		ETHICS STATEMENT



		AUTHOR CONTRIBUTIONS



		FUNDING



		ACKNOWLEDGMENTS



		SUPPLEMENTARY MATERIAL



		REFERENCES

















OPS/images/fnut-09-876152-t003.jpg
Parameter n-3 PUFAs Placebo X2 P-value
Responders Non-responders Responders Non-responders

The number of responders

Depression

Week 4 1 25 12 21 0.261 0.609

Week 12 13 8 12 15 1.443 0.230

Anxiety

Week 4 16 20 7 26 4182 0.041

Week 12 13 8 13 14 0.900 0.343

The number of participants who reach remission

Depression

Week 4 2 34 4 29 0.935 0.416

Week 12 3 18 4 23 0.003 1.000

Anxiety

Week 4 6 30 3 30 0.871 0.351

Week 12 2 18 4 23 0.003 0.959

n-8 PUFAs, Omega-3 polyunsaturated fatty acids. The bold values represent the positive results.
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Age (y), mean (SD) 26.33(8.07) 27.118.14) —0.407 0.685
Males/females 15/21 11/25 0.963 0.326
BMI (kg/m?) 20.58 (3.02) 21.83(2.88) 0.006 0.937
Education (years) 14.42 (2.94) 13.26 (3.21) 1.566 0.122
Source of participants 0.229 0.633
Urban 22 (52.38%) 20 (47.62%)

Rural 14 (46.67%) 16 (53.33%)

Baseline DHA levels (umol/L), mean (SD) 0.76 (0.43) 0.81(0.54) —0.478 0.634
Baseline EPA levels (umol/L), mean (SD) 0.05 (0.03) 0.06 (0.03) —0.506 0.615
Baseline Omega-3 fatty acids (umol/L), mean (SD) 1.29 (0.71) 1.41(0.83) —0.668 0.507
Baseline CTQ score, mean (SD) 52.61 (15.70) 52.17 (13.88) 0.125 0.901
Emotional abuse, mean (SD) 9.89 (4.52) 9.14 3.77) 0.761 0.449
Physical abuse, mean (SD) 7.00 (3.14) 6.71 (2.47) 0.427 0.671
Sexual abuse, mean (SD) 6.05 (1.70) 6.29 (2.05) —-0.523 0.603
Emotional neglect, mean (SD) 13.65 (5.34) 12.80 (5.17) —0.684 0.496
Physical neglect, mean (SD) 10.27 (3.13) 10.54 (4.08) -0.319 0.751
SSRS, mean (SD) 28.11(8.09) 28.83 (5.41) —0.445 0.657
Subjective support 15.95 (4.95) 15.86 (4.29) 0.078 0.938
Objective support 7.22(1.87) 7.22 (3.45) —0.009 0.993

n-8 PUFAs, Omega-3 polyunsaturated fatty acids; BMI, Body Mass Index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; CTQ, Childhood Trauma

Questionnaire; SSRS, Social Support Rate Scale.
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