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Abstract

Objective: To investigate the preliminary efficacy of a high n-3 plus low n-6 (H3-L6) dietary 

intervention in improving mood stability in Bipolar Disorder (BD) when compared to dietary 

intervention with usual U.S. levels of n-6 and n-3 polyunsaturated fatty acid (PUFA) intakes 

(control diet, CD).
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Methods: This 2-arm, parallel-group, randomized, modified double-blind, controlled 48-week 

study of 12-week intensive diet intervention in subjects with BD was conducted at a single 

suburban-rural site in the mid-Atlantic region. Participants with DSM-IV TR BD I or II 

with hypomanic or depressive symptoms were randomized, stratified on gender (N = 82). 

The intervention included the provision of group-specific study foods and dietary counseling. 

Variability of mood symptoms was measured by a twice-daily, 12-week ecological momentary 

analysis (EMA) paradigm, and group differences were analyzed using multilevel models. 

Circulating n-3 and n-6 fatty acids were measured at baseline and after 4, 8, and 12 weeks of 

diet exposure.

Results: All 82 randomized participants were included in biochemical analyses. Seventy 

participants completed at least 2 EMA surveys and were included in primary EMA analyses. 

Variability in mood, energy, irritability, and pain as measured using EMA was reduced in the 

H3-L6 group compared to the CD group. No significant differences in mean ratings of mood 

symptoms, or any other symptom measures, were detected. The dietary intervention effect on 

target PUFAs significantly differed by the group over time.

Conclusions: A dietary intervention adjunctive to usual care showed preliminary efficacy in 

improving variability in mood symptoms in participants with BD.

Trial Registration: ClinicalTrials.Gov NCT02272010.
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1 | BACKGROUND

Bipolar disorders (BDs) are chronic relapsing, remitting illnesses in which individuals 

experience cyclic and abnormally elevated and/or depressed mood states.1 BDs affect 

about 1–2.4% of the population,2 but are 17th in the causes of years of life lived with 

disability.3 As shown in the BP CHOICE study, the BALANCE study, and others, even 

with pharmacotherapy delivered in optimal conditions, many individuals with BDs remain 

symptomatic and have significant mood variability.4,5 Instability of mood in BDs predicts 

relapse, leads to functional impairment and is a marker of illness severity even between 

major mood episodes.4–8 Because many individuals treated for BDs do not achieve adequate 

control of mood symptoms and experience substantial adverse effects from BD treatments, 

there is a need for the augmentation of pharmacological maintenance treatments for this 

disorder. Dietary modification of food-based essential polyunsaturated fatty acids (PUFAs) 

may offer one avenue for a safe, tolerable, targeted augmentation of therapy in BD.

Polyunsaturated fatty acids (PUFAs) make up approximately 35% of lipids in the brain, 

and n-3 and n-6 PUFAs have been implicated in mood disorders.9 PUFAs are nutritionally 

essential, and serve a critical function to increase fluidity in the cell membranes, serve 

as precursors for autacoids (i.e., oxylipins, endocannabinoids) that modulate synaptic 

neurotransmission, oxidative stress, excitotoxicity, and inflammation, in addition to a critical 

role in generating pain-inducing compounds such as prostaglandin E2 (PGE2).9 While 

epidemiological and ecological studies have reported that higher consumption of seafood 
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rich in the n-3 PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 

was associated with lower prevalence rates of BD,10,11 results of n-3 supplementation 

trials in BD are conflicting.12–18 Because pathways involved in n-3 and n-6 PUFA share 

enzymes, supplementation of n-3 EPA and DHA alone may not be sufficient to affect 

BD symptoms. Lowering the intake of the n-6 PUFA linoleic acid (LA) decreases THE 

metabolic turnover of the n-6 PUFA arachidonic acid (AA) in the brain in animal models,19 

and may augment biochemical changes produced by increases in dietary n-3 PUFA.20 

Post-mortem and clinical studies have suggested altered metabolism of PUFA in BD,21 

and pharmacological studies in rodent models have demonstrated that several effective 

medications for BD decrease metabolism of the n-6 AA.22 Based on these lines of evidence, 

we sought to investigate whether a combined intervention lowering dietary n-6 LA while 

increasing dietary n-3 EPA and DHA may be an effective adjunctive treatment for BD.

To measure mood instability on a daily basis, ecological momentary assessment (EMA) 

paradigms are ideal. EMA is designed to subjectively record mood ratings on a more 

frequent basis and in real time when individuals are going about daily activities, allowing 

for a specific assessment of the variability of mood over time.23 This eliminates the need for 

the participant to recall and integrate mood shifts over time when reporting and provides a 

window into the daily experience of individuals with BD. EMA has been used successfully 

to measure the variability of mood in BD over time and has demonstrated that individuals 

with BD have different daily mood patterns than individuals without BD.24–27 EMA thus 

provides a tool to specifically measure mood instability experienced by participants in daily 

life during an intervention.

We hypothesized that a dietary intervention designed to raise n-3 EPA and DHA and 

lower n-6 LA would reduce day-to-day instability in mood symptoms and reduce general 

psychological distress in individuals with BD. This trial was therefore designed to test the 

effect of a high n-3 EPA +DHA plus low n-6 LA (H3-L6) targeted dietary manipulation on 

the variability of mood in individuals with BD, with mood and related symptoms measured 

in an EMA paradigm. The primary clinical outcome of the trial was variability of mood 

during the time of intensive intervention and general psychosocial distress and functioning. 

The main biochemical endpoints of the trial were to evaluate whether the experimental 

dietary intervention altered n-6 AA, n-3 DHA, and their bioactive metabolites in patients 

with BD. We hypothesized that compared to the control diet, the experimental intervention 

would significantly decrease circulating n-6 AA and increase n-3 DHA, and increase 17-

hydroxy DHA (17-HDHA) and decrease PGE2. Herein, results of EMA-measured BD 

symptoms and blood levels of n-3 and n-6 PUFAs, 17-HDHA, and PGE2 are described 

throughout an intensive 12-week randomized, modified double-blinded H3-L6 dietary 

intervention augmenting usual care.

2 | METHODS

2.1 | Study design

The study was designed to evaluate the therapeutic efficacy of augmentation of usual care 

with either a high n-3 EPA + DHA (1,500 mg per day) plus low n-6 LA (2% energy or en%) 
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diet or a control diet standardized to the usual American distribution of n-3 EPA + DHA 

(150 mg per day) and n-6 LA (7% energy or en%).28

2.2 | Recruitment, screening, eligibility, consent, and enrollment procedures

The study was conducted in accordance with the ethical principles of the Declaration of 

Helsinki and was IRB approved by the Penn State College of Medicine IRB #00268. 

Participants were identified from a registry, clinics, and advertisement. Eligibility was 

evaluated during a screening phone call and confirmed at the screening visit. Subjects 

over age 18, with a history of BD, hypomanic (Clinician-Administered Rating Scale for 

Mania (CARS-M)29 ≥7), or depressive symptoms (Montgomery-Asberg Depression Rating 

Scale (MADRS)30 ≥6) in the past month, and current psychiatric treatment were included. 

Subjects were excluded if they reported hospitalization for BD at the time of the phone call, 

suicidal or homicidal ideation, active substance dependence or eating disorder, pregnancy, 

active treatment for major medical illness, history of specific food allergies such as, but not 

limited to, fish, gluten, or dairy products, and strong aversion to consuming fish. Written 

informed consent was documented at the first screening visit prior to the conduct of the 

research and enrollment.

2.3 | Study visit procedures and randomization

At the screening visit, participants’ demographic and basic health information was 

collected, and a basic physical examination was conducted. During the scheduled in-person 

screening appointment, a clinician confirmed DSM-IV BD based on the Mini International 

Neuropsychiatric Interview (MINI).31 Smartphone devices were provided to participants for 

the collection of daily self-report surveys. Participants were instructed to avoid changes in 

over-the-counter medication and nutritional supplements during the course of this study.

After completion of the 2-week baseline period, participants attended a week 0 

randomization visit. At this visit, mood and related symptoms were rated by clinicians 

and self-report. Subjects were randomized 1:1 to H3-L6 or CD, stratified on self-reported 

gender to minimize any confounding of the results due to potential gender-based difference 

in mood variability. Due to a technical design issue, nine participants utilized slots in the 

randomization allocation sequence that were not intended to be randomized, and thus were 

never distributed a diet allocation. After the randomization procedure was completed, the 

participant met with the dietitian to review the 3-day food record, receive diet education and 

study foods specific to their assigned diet arm, report any adverse events, and complete the 

Credibility and Expectation of Treatment Questionnaire.

At week 2, 4, 6, 8, 10, and 12 visits, the participant met with the dietitian to review diet 

adherence and food records, receive dietary counseling, pick up food supplies, and report 

any adverse events. Additionally, at weeks 4, 8, and 12, participants were given a physical 

exam, repeated clinician-rated and self-report questionnaires. Participants were permitted to 

skip one visit and remain in the study. In one instance, a participant missed two consecutive 

study visits and was allowed to remain in the trial because it was confirmed that the 

participant had enough food to remain compliant with the study diet.

Saunders et al. Page 4

Bipolar Disord. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



2.4 | Intervention

2.4.1 | Diet education, counseling, and website—The H3-L6 and control diets 

were adapted from a previously published method shown to achieve n-3 and n-6 targets 

as shown by diet recall and plasma outcome measures.32 Participants randomized to both 

diet groups received equal intensity of interaction with the study team, dietary counseling 

and education materials, and amounts of study food provision.32 Individual diet education 

and counseling sessions were conducted by a registered dietitian, and participants received 

access to a website containing educational material for their assigned diet. Participants 

received food strategically selected and/or formulated to meet target nutrient ranges for the 

assigned diet arm. Specially formulated oils and recipes were prepared by the University 

of North Carolina Health Care, Metabolic and Nutrition Research Core (MNRC), and 

select foods devoid of specific oils were purchased from local grocery stores. The diet 

was designed to be calorically neutral for each participant and to not induce weight loss. 

Further description of the dietary methods and modified blinding procedures are included in 

supplemental materials.

2.5 | Study instruments and data collection

2.5.1 | Ecological Momentary Assessment—Participants were provided with a 

research-programmed Android smartphone at the screening visit and were expected to 

respond to daily notifications programmed on that phone for 14 weeks (2 weeks between the 

baseline visit and week 0 visit plus the 12 weeks during Phase 1). Smartphones were rented 

and programmed prior to the start of the study in 2014 through the Survey Research Center 

at Penn State University Park, Dynamic Real Time Ecological Ambulatory Methodologies 

group (DREAM), an established center with expertise in the use of real time methods for 

capturing data. A Mood and Stress survey was delivered randomly two times per day in 

an EMA paradigm. Participants were asked to rate their levels of mood, energy, speed of 

thoughts, impulsive thoughts and actions, anxiety, irritability, and pain on a visual analog 

scale (0– 100) (see Supplemental Methods).

2.5.2 | Clinician and self-reported questionnaires—Participants completed a 

Credibility and Expectations of Treatment form during week 0 visit after randomization 

and in absence of the research staff. Additional clinician and self-reported questionnaires 

were gathered and results will be reported separately (see supplemental methods).

2.6 | Biochemical samples and processing

Blood samples were collected at week 0, week 4, week 8, week 12, and week 48. 

Participants fasted for at least six hours immediately preceding the visits, and blood was 

drawn into vacutainers containing EDTA and serum separator tubes. After centrifugation 

for 10 minutes, the plasma supernatant was transferred to plastic tubes and maintained 

on dry ice or at −80 degrees Celsius until processing. Plasma was added to butylated 

hydroxytoluene (BHT)/methanol and after addition of internal standard fatty acids were 

extracted according to the method of Folch et al33 and as previously described.34 Lipid 

extracts were then transmethylated in 14% BF3/methanol and methyl esters were extracted 

with hexane and analyzed by gas chromatography-flame ionization detection as previously 

Saunders et al. Page 5

Bipolar Disord. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



described.34 Internal standards were used to calculate tissue fatty acid concentrations. Serum 

samples were collected at weeks 0 and 12. Oxylipins including 17-HDHA and PGE2 were 

extracted from serum following the methods of Yuan et al. as modified by Domenichiello et 

al.35,36

2.7 | Outcome measures

The primary outcome of the study was mood variability as assessed using EMA after 

12 weeks of intensive dietary intervention. Analyses pertaining to general psychological 

distress outcomes will be reported separately. The primary biochemical endpoints of the 

trial were plasma n-6 AA and n-3 DHA, and their oxylipin derivatives. We hypothesized 

that the experimental intervention would significantly alter (1a) n-6 AA and n-3 DHA; 

and (1b) 17-hydroxy DHA and reduce PGE2, compared to the control diet. Plasma PUFAs 

were assayed from blood collected at week 0 visit and weeks 4, 8, and 12 to determine if 

the effect of the dietary intervention on circulating levels of PUFA differed throughout the 

intensive intervention phase of the trial.

2.8 | Sample size calculation

The sample size calculation was based on a Monte Carlo simulation-based technique, 

estimating the average reduction in standard deviation (SD) from the baseline 2 week period 

to week 12 (end of Phase I Intensive Intervention) between groups. A 15% drop-out rate was 

assumed prior to week 12. A total of N = 40 participants in each group (80 total) yielded 

80% power to detect an average 10% reduction in SD in the intervention group compared to 

an average 0% reduction in the control group using a two-sided Wilcoxon rank-sum test with 

the significance level of 0.05.

2.9 | Statistical analysis

Descriptive summary statistics for continuous and categorical measures collected from the 

screening and baseline visits are reported to characterize the study sample. Mean and SD 

or (25%, 50%, 75%) quartiles were provided for continuous measures and frequencies 

with percentages (%) for categorical measures are presented by treatment group. Prior 

to analysis, the daily data collected via smartphone were pre-processed and filtered to 

create a comprehensive and cohesive analytical database of usable daily logs. Details 

pertaining to the Mood and Stress phone survey and the Sleep and Diet phone survey 

(used to summarize self-reported dietary intervention compliance) are outlined in more 

detail within the supplemental material. Mood symptoms were assessed under an ecological 

momentary assessment paradigm to assess within-day, within-person variability during the 

duration of the intervention. Group comparisons between the diet groups were performed 

using two-sample t-tests or Wilcoxon rank-sum tests, as appropriate. Within each diet 

group, the pre-versus post-intervention comparisons were conducted using paired t-tests 

or Wilcoxon signed-rank tests, as appropriate. To analyze the variability in the symptom 

responses recorded via EMA, the intraclass correlation coefficient (ICC) for each group 

was calculated to examine the relative magnitude of between-person versus within-person 

variation. Multilevel mixed-effects models were applied to analyze the variation in BD 

symptoms between intervention groups by incorporating potential individual differences 

across groups in within-person variation and a random intercept accounting for between-
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subject heterogeneity in each symptom. The estimates for fixed effects were based on 

maximum likelihood, and for the parameters in residuals and random effects, restricted 

maximum likelihood was applied. p-values corrected for multiple comparisons are provided 

if the adjustment changed the determination of significance; otherwise, only uncorrected 

p-values are reported.

All randomized participants were included in linear mixed-effects models analyzing the 

continuous fatty acid concentration outcomes of interest. Fatty acid concentrations were 

analyzed in ug/ml and reported as a percentage of total fatty acid plasma levels. Of the 

82 randomized participants, 11 had fatty acid concentration data available at week 0 visit 

only, with no follow-up plasma sample data available. The linear mixed-effects models 

assume a first-order autoregressive covariance structure, and include a categorical time (visit 

week number) effect, the dietary intervention group effect, and a term for the group-by-time 

interaction while controlling for gender as the stratified randomization covariate. A random 

intercept term for each participant was used to further account for within-person correlations 

of repeated measures over time. To better meet the normality assumption of the model, a 

natural log transformation was applied to all fatty acid outcome data, therefore geometric 

means and ratios of geometric means are reported as the result of back-transformation (via 

exponentiation) of the resulting estimates.

Analysis of prostaglandin E2 (PGE2) and 17-hydroxytetranenoic (17-HDHA) from weeks 

0 and 12 in units of ng/ml of serum is described in supplemental materials. A generalized 

linear mixed model was used to analyze PGE2 using a binary outcome with correlated errors 

assuming an unstructured covariance structure to account for repeated measurements across 

time (two visits: week 0 and week 12), modeling the probability of a measurable value being 

obtained (above LOQ). The marginal binary correlated errors model included fixed effects 

terms for the dietary intervention group effect, the categorical time (visit week number) 

effect, and a term for the group-by-time interaction while controlling for gender as the 

stratified randomization covariate. All hypothesis tests were two-sided with a significance 

level of 0.05.

Data were analyzed using SAS 9.4 Software with the MIXED Procedure.

2.9.1 | Intent-to-treat and missing data—The primary approach for the analyses was 

intent-to-treat; patients were analyzed within their randomized group, regardless of protocol 

violations, dietary intervention compliance, or drop-out. Likelihood-based approaches (i.e., 

mixed-effect models) were employed, assuming missing data were missing-at-random to 

obtain valid inferences. For the primary interest of comparing pre-intervention versus post-

intervention variability between the two diet groups in the EMA analysis, subjects with at 

least 2 usable EMA surveys logged during both the baseline period and the follow-up period 

were included. Demographic variables (age, gender, race, marital status, employment) and 

baseline EMA variability were compared for the included and excluded participants to 

assess for potential bias in the sampling.
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3 | RESULTS

Eighty-two participants were randomized in a gender-stratified protocol to an H3-L6 or 

CD diet. The sample included participants aged 20–75 years (mean 43.5 ± 13.9 years) and 

was 83% female. Sociodemographic and baseline clinical descriptors were similar between 

groups and are shown in Table 1. Biometrics were monitored for safety throughout the trial 

(Supplemental Table 1). Participant flow is described in the CONSORT diagram (Figure 

1). The Expectation and Credibility Questionnaire scores were similar between groups, 

indicating both groups had a similar expectation of improvement. Additional description of 

the clinical features of the sample are presented in Table S2.

For all three descriptive summary methods explored to evaluate self-reported compliance 

to the diet (refer to supplemental material), the H3-L6 diet group reported a compliance 

rate of 86.4% and the CD group reported a compliance rate of 84.4% during the intensive 

intervention phase of the study. The mean and standard deviation of the visual analog 

scale (VAS) for each mood symptom during the pre-intervention baseline and the post-

intervention period are shown in Table 2, where mean levels of mood, energy, speed of 

thoughts, impulsive thoughts, impulsive actions, irritability, and pain did not differ within 

groups pre/post-intervention. Anxiety was reduced in the H3-L6 group (p = 0.02), but 

the mean levels of symptoms did not differ between dietary groups for any of the items 

aggregated post-intervention (Table 2). 70 participants were included for the analysis of 

EMA data. Baseline demographic characteristics and EMA variability did not significantly 

differ between participants that were included in the EMA analysis and those excluded due 

to missing data. Further sensitivity analyses were not explored.

The primary clinical outcome of the trial was the variability of mood during the intensive 

intervention phase. The mean and standard deviation of within-person variability (measured 

using standard deviation) of the VAS score of each item is shown in Table 3, comparing 

the baseline period to the period preceding the last attended Phase 1 study visit. In the 

H3-L6 intervention group, reductions are seen in variability of mood (p < 0.01), energy (p 
= 0.026), speed of thoughts (p = 0.006), anxiety (p = 0.04), and pain (p = 0.002), but not 

for impulsivity of thoughts, impulsivity of actions, or irritability. In the CD group, variability 

of energy (p = 0.022) and impulsivity of actions (p = 0.03) were reduced post-intervention. 

In this analysis comparing only the first and last visit and without accounting for baseline 

symptoms, within-person standard deviation did not significantly differ between groups 

post-intervention.

A multilevel analysis was performed to identify differences in within-person variability 

between groups throughout the 12-week intensive intervention while controlling for baseline 

symptoms and found the H3-L6 intervention group had a significantly lower variability 

in mood, energy, irritability, and pain (all p < 0.001, Table 4). In this analysis, baseline 

symptoms for all items had significant effects on the mean level of post-intervention 

symptoms (p < 0.05). Using multilevel analysis, groups did not differ in mean levels 

of symptoms throughout the 12-week intensive intervention (p > 0.05) (Table 4). The 

effect size as depicted as percent change in within-person variability of the H3-L6 group, 

compared to the CD group, is shown in Figure 2.
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The H3-L6 dietary intervention was designed to lower n-6 LA intake and raise n-3 EPA 

and DHA intake. The effect of the dietary intervention on plasma n-6 LA and n-3 EPA 

and DHA during the intensive intervention phase significantly differed over time (diet group 

by time interaction p < 0.01; Table S3). The n-6 LA geometric mean estimates slightly 

reduce over time in the H3-L6 group compared to the control group, and the n-3 EPA and 

DHA seem to increase more over time in the H3-L6 group compared to the control group 

(Figure 3). Changes in AA, ALA, palmitic, and oleic acid did not differ by group over the 

intensive intervention period (Table S3). 17-hydroxy DHA in serum was below the limit 

of quantification in most samples (see supplemental material and Table S4). The odds of 

a PGE2 value being measurable (above LOQ) did not significantly differ between groups 

at either time point, or across time points (diet group by time interaction p = 0.99; see 

supplemental material and Table S5).

During the trial, four instances were investigated as adverse events. Two were determined 

to not be related to the intervention, and one reported nausea from study bread, and one 

reported reaction to sucralose in study food.

4 | DISCUSSION

In this randomized, controlled trial, a dietary intervention designed to lower n-6 LA and 

increase n-3 EPA and DHA PUFA levels were associated with significant reductions in 

variability of mood, energy, irritability, and pain in patients with symptomatic BD during 

a 12-week period. The H3-L6 intervention was successful in reducing circulating LA and 

raising DHA and EPA, though the AA concentration did not differ between groups. In 

this trial, both arms received equally intensive interventions, including nutritional education 

to make alterations in dietary intake, and both interventions were perceived to be equally 

credible.

Dietary trials are difficult to conduct due to challenges in affecting dietary intake through 

behavior change,37 and can be designed using a change in whole food intake or nutritional 

supplementation through other means. The recent SMILES trial, which was designed as a 

single-blind RCT of a Mediterranean diet intervention delivered through dietary counseling 

compared to a social support condition for moderate to severe depression,38 reported 

improvement in depression in the dietary intervention group. Prior trials in BD targeting 

n-3 PUFA have used supplements to make specific changes in nutrients. An initial clinical 

trial for use of n-3 fish oil (EPA + DHA) supplementation in the depressive episode of 

BD for adult patients showed promising results14; however, subsequent studies failed to 

replicate these findings,15–17,39–41 Studies of youth with BD spectrum have shown more 

mixed results with some studies finding promising improvements.41–45

The trial described here altered n-3 EPA and DHA through dietary intervention rather than 

nutritional supplementation and added dietary reduction of n-6 LA to the intervention. We 

hypothesized that diet-induced reduction of the abundance and/or metabolism of n-6 AA is 

a key mechanism underlying the effects of the H3-L6 intervention on mood variability. Anti-

manic drugs are reported to reduce the brain turnover of n-6 AA to downstream metabolites, 

some of which stimulate inflammatory cytokine release,46 without increasing turnover 
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of n-3 docosahexaenoic acid (DHA),46–51 suggesting that reduction of the abundance or 

metabolism of AA may play a key role in BD treatment. Putative mechanisms of mood 

stabilization may include mediation of neuroinflammatory processes by the PUFAs or 

their derivatives that may lead to neurotoxicity and chronicity of illness in BD.22,52–54 

AA and DHA serve key physiological functions in the nervous system by increasing 

membrane fluidity in the cell membranes and serving as precursors for autacoids (i.e., 

oxylipins, endocannabinoids)55,56 that regulate synaptic neurotransmission, oxidative stress, 

excitotoxicity, and neuroinflammation, but concentrations may not be elevated in the post-

mortem brains of people with BD,57–59 indicating that potential effects of these fatty acids 

in BD are due to changes in their metabolism.21 AA is metabolized by the cyclooxegnase 

(COX) enzymes into prostanoids, including thromboxane and prostaglandins. Efficacy of 

reducing brain n-6 AA metabolism and increasing n-3 EPA and DHA metabolism in BD 

also would be consistent with reported adjunctive effects of COX inhibitors, including 

aspirin (COX-1 and COX-2 inhibitor and acetylator) and celexcoxib (COX-2 inhibitor) in 

BD.60,61 Several clinical studies have reported differences in levels of AA and plasma ratios 

of n-6 to n-3 fatty acids in BD patients compared to healthy controls, and, in some cases, 

PUFA markers related to symptom severity.62–68 Differences in the ratio of unesterified to 

esterified circulating EPA have been found between BD and control groups, while several 

groups have found reduced levels of DHA.62,64,68,69 While the H3-L6 group did not show a 

difference in concentration of circulating AA during the intervention, there was a group-by-

time interaction observed for LA.

Lowering dietary n-6 LA has been proposed as a key component to efficacy of a similar 

dietary H3-L6 intervention in migraine headache.22,32,70,71 The prevalence of migraine 

headache in BD is 30%, twice as high as in the general population, and both conditions 

can respond to similar medications, such as valproic acid.4,72,73 In this study, we included 

a measurement of pain to understand if the pain was affected by the H3-L6 intervention in 

those with BD and pain. The variability of pain was reduced, and further investigation is 

needed to determine if this improved pain overall and improved mood in those with pain.

Based on the putative clinical and neuroinflammatory links between BD and migraines, 

lowering dietary n-6 LA in addition to increasing dietary n-3 EPA + DHA is a promising 

adjunctive treatment for BD.

The present trial differs from previous trials in the design of measurement of mood outcome. 

While prior trials were designed to improve an acute mood episode, this trial was designed 

to measure the change in the daily variability in mood using an ecological momentary 

assessment paradigm. This design was selected for two reasons. Since mood instability 

has been shown to have long-term effects in increasing risk for relapse of a major mood 

episode and impact functioning, improvement in mood variability is an important treatment 

target.74–76 Including participants with milder mood symptoms but not in a major mood 

episode improved feasibility of completing the dietary intervention with fidelity and this 

design simulates the setting and stage of illness in which a dietary intervention would most 

likely be included in treatment.
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The results of this trial suggest that a combined dietary intervention of increasing n-3 EPA 

+ DHA while lowering n-6 LA can decrease instability of mood, energy, irritability, and 

pain compared to usual U.S. levels of n-6 LA and n-3 EPA + DHA. Additional questions to 

explore include the determination of the key components of the diet that drove the changes 

in circulating n-3 EPA and DHA and n-6 LA, and further exploration of whether changes in 

biological pathways downstream of these PUFAs were associated with the observed effect 

on mood.

Strengths and Limitations: A strength of this trial is in the use of two dietary-driven 

interventions delivered by dietitians with equal interaction in both groups including dietary 

counseling and provision of whole foods. Many dietary trials approach control conditions 

without using an intervention by advising participants to continue on habitual diet. Both 

interventions were considered credible, which is important in the interpretation of results in 

such an intervention. Additionally, the use of EMA is a strength of the trial’s data collection 

mechanisms, allowing for the collection of rich and more frequently assessed data points to 

more accurately detect and analyze the sensitive variability of mood over a time course that 

is not frequently studied in treatment trials. While it has been hypothesized that electronic 

monitoring alone may improve mood, recent trials have not shown that to be the case.77 In 

this study, both groups received electronic monitoring equally, and improvement in mean 

mood symptoms was not observed in either intervention group.

The sample size of this trial is a limitation of our findings, and results will need to be 

replicated in a larger trial. The sample was predominantly female, and the study was not 

powered to stratify analyses by gender. Due to the complexity of the biological cascades, 

study results do not prove that changes in the n-3 or n-6 intake are responsible for the 

improvement in mood through direct or indirect impacts. Generalizability may be limited 

outside of an ambulatory clinical population of patients willing to enter a clinical trial with 

a diet intervention. While we have shown that there was no expectation bias in the H3-L6 

intervention group, an important caveat is that every participant was willing to change their 

dietary practices upon enrollment into the trial. Further study of the key changes that drove 

the results will determine if an intervention can be tailored to improve ease of use.

Increasing N-3 EPA + DHA while decreasing n-6 LA through a food-based intervention 

decreased day-to-day variability in mood, energy, and irritability. Larger future trials are 

needed to explore whether the preliminary therapeutic efficacy observed is reproducible, to 

optimize the intervention, and to investigate underlying mechanisms.
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FIGURE 1. 
CONSORT study diagram
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FIGURE 2. 
Percent change in outcome variability in H3-L6 group, compared to control diet group. 

*p<0.004. Calculated as 1-eβ, where β is reported in Table 4 as the estimate of the diet 

intervention effect on within-person variability for each outcome measure
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FIGURE 3. 
Plotted mixed model geometric mean estimates for eicosapentaenoic acid, docasahexaenoic 

acid, arachidonic acid, and linoleic acid concentrations as percent of total fatty acid 

concentration over the duration of Phase 1 intensive dietary intervention with corresponding 

95% confidence intervals, adjusted for gender. Perc, percent; FA, fatty acid. X-axis table 

delineates the number of samples analyzed at each time point by diet group (study week visit 

number), where week 0 represents the Baseline visit (participants were randomized to their 

dietary intervention group at week 0) and week 12 was the last Phase 1 study visit for the 

intensive dietary intervention phase
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