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Abstract

We have shown that bipolar individuals have reduced quality diets, including lower intake of
polyunsaturated fatty acids (PUFA). We have also reported reduced plasma levels of the n-6
PUFA, linoleic acid (LA), and the n-3 PUFA, eicosapentaenoic acid (EPA) in bipolar subjects. In
the current analysis we hypothesized that LA and EPA plasma levels would mediate lower self-
reported mental health and life functioning scores in bipolar subjects. In a cross-sectional study,
we collected a 7-day diet record in bipolar (n=56) and control subjects (n=46) followed by a fasted
blood draw. We used structured equation modeling path analysis to test for mediating effects of
dietary intake and plasma levels of LA and EPA on self-reported mental health questionnaire
scores, including the Life Functioning Questionnaire (LFQ), the Patient Health Questionnaire
(PHQ9), and the Short Form Health Survey (SF12), extracting the mental health component
summary score (SF12-MH). We adjusted for age, gender, psychiatric medication use, body mass
index (BMI), and total caloric intake as covariates with bipolar disorder as the primary predictor.
We found a significant path association from bipolar disorder to lower plasma LA levels (p=0.03)
and significant paths from plasma LA to PHQ9 (p=0.05), LFQ (p=0.01) and SF12-MH (p=0.05)
scores, such that lower plasma LA predicted worse outcomes. We found no significant paths from
plasma EPA levels to any of the outcome measures. These findings suggest that plasma LA levels
partially mediate the effect of bipolar disorder on self-reported measures of mental health and life
functioning.
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Introduction

Several studies have evaluated nutrient intakes as risk factors for mood disorders. Among
the most studied nutrients in the risk of depressive disorders are the dietary polyunsaturated
fatty acids (PUFA), especially the n-3 PUFA. Global studies report that dietary intakes of
the n-3 PUFA, eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA,
22:6n-3), high in fatty fish, are negatively associated with incidence of depression and
bipolar disorder (Abhinav et al., 2007; Hibbeln, Nieminen, Blashalg, Riggs, & Lands, 2006;
Noaghiul & Hibbeln, 2003). Studies of post-mortem brain tissue have found anomalous
PUFA composition in bipolar and depressed subjects. Expression of the rate limiting
enzymes responsible for synthesis of long chain n-6 and n-3 PUFA, including EPA and
DHA, were lower in pre-frontal cortex of subjects with bipolar disorder (Liu & McNamara,
2011), and a related study showed variant PUFA composition in the orbital frontal cortex of
bipolar subjects (McNamara et al., 2008). Furthermore, several studies have shown an
association between n-3 PUFA tissue levels and suicide. In a Belgian study seasonal
variation in n-3 intake associated with the rate of violent suicides (De Vriese, Christophe, &
Maes, 2004); in a Chinese study blood cell levels of EPA were lower in suicide attempters
(Huan et al., 2004); both EPA and arachidonic acid (AA; 20:4n-6) were lower in plasma
from U.S. bipolar subjects with a history of suicide attempt (Evans et al., 2012); and a study
of suicidality in American military personal showed an inverse association between serum
DHA levels and suicide risk (Lewis et al., 2011). However a large Japanese study found that
only very low fish intake in women predicted suicidality (Poudel-Tandukar et al., 2011) and
analysis of existing data for large U.S. cohorts found no associations between fish intake and
completed suicide, thus the data remain equivocal. Supplementation trials of omega-3 PUFA
have improved depression scores in patients with recurrent self-harm (Hallahan, Hibbeln,
Davis, & Garland, 2007), menopausal women with psychological distress (Lucas, Asselin,
Merette, Poulin, & Dodin, 2009), elderly depressed women (Rondanelli et al., 2010), elderly
patients with mild cognitive impairment (Sinn et al., 2012), and children with juvenile
bipolar disorder (Clayton et al., 2009). However, recent meta-analyses have failed to
conclude strong support for use of n-3 PUFA as anti-depressive agents in depression (Bloch
& Hannestad, 2012) or bipolar disorder (Montgomery & Richardson, 2008), citing
methodological heterogeneity and publication bias.

Less attention has been given to potential roles of the n-6 PUFA in regulating mood
disorders, although they have been intensively studied in cardiovascular disease (CVD),
which itself is a risk factor for depressive illness (Hare, Toukhsati, Johansson, & Jaarsma,
2014). The western diet is relatively high in the essential n-6, linoleic acid (LA; 18:2n-6),
which comprises approximately 8% of total dietary energy in the United States (Hibbeln et
al., 2006), but its role in health and disease is also controversial. A secondary prevention
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study that replaced saturated fat with LA in an Australian cohort of men with recent
coronary events showed an increase of all-cause and cardiovascular related mortality in the
treatment group (Ramsden et al., 2013b), and a recent review argues that high dietary LA
associates with increased inflammatory markers (Choque, Catheline, Rioux, & Legrand,
2013). Contrarily, two recent reviews by Willett (Willett, 2007) and Czernichow et al.
(Czernichow, Thomas, & Bruckert, 2010) conclude that increased dietary LA associates
with reduced inflammatory markers and reduced CVD risk. These paradoxical studies
further underscore the complexity of dietary PUFA metabolism in risk of disease.

The n-6 PUFA, LA, and the n-3 PUFA, alpha linolenic acid (LNA; 18:3n-3), are essential
fatty acids that we must obtain from the diet, since we cannot synthesize them de novo. The
longer chain n-6 and n-3 fatty acids, respectively, can be synthesized from these essential
PUFA, although there are suggestions that the n-3s, EPA and DHA, are semi-essential as the
rate of conversion from LNA is not efficient in humans (Plourde & Cunnane, 2007). The 18-
carbon essential fatty acids, LA and LNA, compete for desaturation and elongation; and the
20-carbon n-6, dihomogamma linolenic acid (DGLA,; 20:3n-6), the 20-carbon n-6, AA, and
the 20-carbon n-3, EPA, compete as cyclooxygenase substrates for production of series 1,
series 2 and series 3 prostaglandins, respectively, which have opposing inflammatory
activities. PUFA metabolism is also central to production of oxidized metabolites with
peroxisome proliferator activating receptor activity, endocannabinoids and a host of other
bioactive metabolites (figure 1) in a highly complex system controlled by genetic (Tanaka et
al., 2009), dietary (Rodriguez-Cruz, Sanchez Gonzalez, Sanchez Garcia, & Lopez-Alarcon,
2012), and other environmental factors (for a comprehensive review of lipid metabolism and
human health see Leray, 2015 (Leray, 2015)). Furthermore, studies suggest that atypical
antipsychotics (AAP) and mood stabilizer medications, commonly prescribed for treatment
of bipolar disorder, influence PUFA metabolism. Mechanistic studies in rodents show
inhibition of AA turnover and processing in brain phospholipids by the AAP, olanzapine
and clozapine, (Cheon et al., 2011; Kim, Cheon, Modi, Rapoport, & Rao, 2012; Modi et al.,
2013) and common mood stabilizer medications (Rapoport, Basselin, Kim, & Rao, 2009);
and the AAP, risperidone and paliperidone, increase liver biosynthesis and erythrocyte
membrane composition of PUFA (McNamara et al., 2011a). In humans, AAP and mood
stabilizer use by bipolar subjects associates with n-3 and n-6 metabolite levels in plasma
(Evans et al., 2014)

We have recently reported reduced n-6 and n-3 PUFA intake in a cross-sectional study of
individuals with bipolar disorder (Evans et al., 2014). We found significantly reduced
dietary intake of EPA, DHA and AA in bipolar individuals. Furthermore, we found reduced
levels of EPA and LA, as well as several LA metabolites in plasma from bipolar individuals
after correcting for age, gender, dietary intake, BMI, and psychiatric medication use;
suggesting potential dysregulation of LA metabolism in bipolar disorder (Evans et al.,
2014). Taken together the literature on the role of PUFA in regulating mood disorders
suggests that dietary intake as well as factors regulating PUFA metabolism may
independently associate with mood disorders and interact to yield their effects. Thus, studies
would benefit from combining dietary and metabolic studies with clinical psychiatric
outcome measures to understand the complex interactions.
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In the current manuscript we use path analysis to evaluate dietary intake and plasma levels
of LA and EPA, which we have previously reported to be lower in bipolar individuals, as
mediators of the effect of bipolar illness on lower self-reported clinical measures of mental
health and functionality. Specifically, we tested if the path from dietary intake to plasma
levels of these PUFA mediate the effect of bipolar disorder on depression (assayed by the 9-
item Patient Health Questionnaire, PHQ9 (Kroenke, Spitzer, & Williams, 2001)), life
functionality (assayed by the Life Functioning Questionnaire, LFQ (Altshuler, Mintz, &
Leight, 2002)) or self-reported mental health (assayed by the Short Form Healthy Survey,
mental health component summary score, SF12-MH (Ware, Kosinski, & Keller, 1996)).

Subjects, Materials and Methods

Human Subjects

All subjects in the current study were recruited from the Heinz C. Prechter Longitudinal
Study of Bipolar Disorder at the University of Michigan Depression Center (Langenecker,
Saunders, Kade, Ransom, & Mclnnis, 2010). All individuals were diagnosed using the
Diagnostic Interview for Genetic Studies (DIGS) (Nurnberger et al., 1994) and included in
this current study are bipolar | individuals adhering to the DSM IV diagnostic criteria
(American Psychiatric Association., 2000), with no current substance abuse and healthy
unaffected controls who were willing to complete daily dietary log records for 7 days. All
but two bipolar subjects were euthymic at the time of blood sampling, as determined by the
Young Mania Rating Scale and the Hamilton Depression Scale. Most bipolar subjects were
taking more than one psychiatric medication, which was adjusted for as described in the
Statistical Methods section. All protocols were approved by the Internal Review Board for
Human Studies at the University of Michigan.

Dietary Analysis

One hundred fifty four nutrients were extracted from seven-day diet records using the
Nutrition Data System for Research (NDSR) software, 2011 version. All study subjects met
with a dietician prior to the seven-day recording period for instruction on how to track foods
and estimate portion sizes. Upon returning the food record, all subjects again met with a
dietician who personally curated the seven-day record in the presence of the subject to
clarify any misunderstood or under-detailed entries. For the purpose of the current analysis,
nutrient data were collapsed to represent average daily intake and statistically analyzed as
detailed below. One subject was omitted from the analysis with an excessive average daily
caloric intake of approximately 6,000 kCal that was skewing the regression models and 6
subjects were omitted due to insufficient dietary data (e.g. unrealistically low caloric intake
or missing diet records).

Lipomic Analysis

Total lipids were extracted from 75ul of fasted plasma according to the method of Bligh and
Dyer (Bligh & Dyer, 1959). Heptadecanoic acid internal standards for lipid sub-classes were
added to each sample prior to extraction. After hydrolysis, lipids were methylated and
analyzed on an Omega Wax 250 capillary column (Supelco) using an Agilent 6890 gas
chromatograph. Relative abundance of 22 different naturally occurring fatty acid species
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were done by comparison of retention times with known standards. Fatty acids were

reported as nmol concentration terms and normalized to percent of total for statistical
analysis of each of the 22 species.

Statistical Methods

To improve normality of the data, dietary intakes, including total caloric intake was natural
log transformed, as were plasma LA and EPA levels (as percent total fatty acids).
Psychiatric medication uses were coded as binary variables (taking or not taking),
independently for three major classes of medications: 1) SSRI or SNRI anti-depressants
(duloxetine, fluoxetine, sertraline, escitalopram, desvenlafaxine, venlafaxine), 2) mood
stabilizers or anticonvulsants (lithium, lamotrigine, carbamazepine, topiramate, divalproex,
gabapentin) or 3) atypical antipsychotics (clozapine, olanzapine, aripiprazole, risperidone,
paliperidone, quetiapine, ziprasidone). These classes are abbreviated AD, AE and AAP for
antidepressant use, anti-epileptic/mood stabilizer use and atypical antipsychotic use,
respectively. No other classes of psychiatric medications were represented in more than 2
research subjects.

Data Analyses

Results

SPSS Amos (Version 22, IBM Corp) was used to perform all statistical analyses. Models
were set up to test paths from bipolar disorder to self-reported mental health scores through
serial mediation of dietary LA intake and plasma LA, or dietary EPA intake and plasma
EPA (figure 2). Covariates with bipolar diagnosis included age, gender, psychiatric
medication, total caloric intake, and BMI. Models were designed beginning with all paths.
Psychiatric medications to dietary intake paths were eliminated due to lack of significance
and absence of justification for these relationships. Total caloric intakes to plasma levels of
PUFA were also eliminated due to lack of significance after accounting for dietary intakes.
Finally, direct paths from dietary intake to clinical outcomes were eliminated, as they were
not significant independent of plasma PUFA concentrations. All other paths were left either
due to significance or logical justification. Path analysis results were output as standardized
beta coefficients for each hypothesized path and associated p-values. Models were run
separately for each of the 3 self-reported clinical outcome measures and evaluated for
quality.

Table 1 gives demographic characteristics of the study subjects as well as statistics for
psychiatric medication use, self-report questionnaire scores, dietary intakes and relative
plasma PUFA concentrations (as percent total fatty acids). We have previously detailed
case-control dietary intake and plasma level differences, correcting for relevant covariates
(Evans et al., 2014), so do not discuss that further here. Instead, we focus on associations
with self-reported mental health measures. Using path analysis we tested for mediating
effect of dietary and plasma LA and EPA levels in associations with mental health outcome
measures derived from three self-reported questionnaires from bipolar and healthy control
individuals. The PUFA, LA and EPA, were specifically analyzed because we previously
found them to be decreased in bipolar subjects relative to controls after correcting for age,

J Psychiatr Res. Author manuscript; available in PMC 2016 September 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Evans et al.

Page 6

gender, psychiatric medication use, BMI, and dietary intake (Evans et al., 2014). The models
for the current analyses are given in figure 2.

All models showed good fits with p > 0.1, ChiSg/df < 2.0, CFI > 0.95 and RMSEA < 0.06.
After controlling for age, gender, psychiatric medication use, total caloric intake, and BMI,
plasma LA but not plasma EPA partially mediated the effect of bipolar disorder on
composite mental health and functionality scores from the LFQ, PHQ-9 and SF12-MH
(Table 2). Thus, there were significant paths from bipolar disorder to plasma LA level (p =
0.03) and plasma LA level to mental health measures with poorer outcomes for the LFQ (p =
0.01), the PHQ9 (p = 0.05) and the SF12-MH (p = 0.05). There was also a significant path
from bipolar to plasma EPA levels (p = 0.01), however this did not extend to a significant
association with any mental health outcomes measured. Direct associations between dietary
intake of either LA or EPA are not included in the final model because they decreased the
model fit. However, when tested, neither was significantly associated with any of the mental
health outcomes (all p > 0.05). All tested paths and those found significant are schematically
shown in figure 2 and all tabular results are given in table 2.

Discussion

In the current manuscript we report the testing of a statistical mediation model whereby we
hypothesized that dietary intake of either LA or EPA would mediate the level of plasma LA
or EPA, respectively, which would mediate response to self-reported mental health
questionnaires. We found that plasma levels of both LA and EPA were significantly lower in
bipolar subjects after controlling for age, gender, psychiatric medication use, dietary intake
and BMI (consistent with our previous report (Evans et al., 2014)) and that LA plasma levels
significantly associated with PHQ9, LFQ and SF12-MH scores such that lower LA plasma
levels predicted clinically worse scores. We found no association between plasma EPA and
any of the self-reported measures. Dietary intake of LA strongly predicted LA plasma levels,
whereas dietary intake of EPA moderately predicted EPA plasma levels; and dietary intake
of EPA but not LA was significantly lower in bipolar individuals. However, dietary intake
EPA did not predict the clinical outcome measures. These data suggest that dietary intake of
EPA explains the lower plasma levels of EPA observed in bipolar individuals, but that this
does not associate with the clinical outcomes in the models tested. Conversely, lower plasma
levels of LA in bipolar individuals significantly associate with mental and functional clinical
outcome measures, but are not completely explained by dietary intake; suggesting that
metabolism of LA varies in bipolar individuals and associates with the tested clinical
outcomes. To our knowledge, this is the first report of direct associations between LA
plasma levels and psychiatric clinical outcome measures.

Although higher plasma LA levels associated with better mental health and life functioning
clinical outcome measures, we are cautions to interpret these data in a way to mean that
increasing LA plasma (through increased dietary intake) would be beneficial in this context.
Dietary LA intake did not associate with tested clinical measures and was not lower in
bipolar subjects relative to controls, yet plasma LA levels were lower in bipolar subjects.
These data suggest that metabolism of LA may be variant in bipolar disorder and that
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reduced plasma levels may be a marker of downstream metabolic processes that are
responsible for the association with the clinical outcome measures.

Dietary LA is a direct or indirect source of a plethora of bioactive metabolites, including
pro- and anti-inflammatory prostaglandins, endocannabinoids, and oxidized linoleic acid
metabolites (OXLAMSs) with endothelial function (figure 1). Reduced plasma LA in bipolar
subjects after adjusting for dietary intake may be indicative of increased activity of any of
these or other LA metabolic pathways, potentially compensating for the observed reduced
intake of AA. In this scenario, increasing dietary LA to increase plasma levels may further
drive variant metabolism and have unintended clinical consequences. Whereas, increasing
dietary n-3s could compete for enzymatic processing and biosynthesis of downstream
metabolites (see figure 1) and normalize the activity of LA metabolism. This hypothesis
requires further testing of controlled dietary n-3 and n-6 intake studies coupled with
systematic analysis of the various metabolic fates of PUFA and their associations with
mental health clinical endpoints.

The benefit of decreased dietary LA intake with increased dietary n-3 has been shown in
chronic headache suffers for both reduction of headache symptoms (Ramsden et al., 2013a),
which are comorbid in bipolar disorder (Saunders et al., 2014) and reduction of metabolic
endophenotypes, specifically LA-derived OXLAMS (Ramsden et al., 2012). The study
controlled dietary intake of LA at a target of 2% total energy (relative to approximately 8%
total energy in the average western diet), with or without n-3 supplementation (Maclntosh et
al., 2013). A low n-6 diet without supplementation of n-3 lowered LA and increased n-3
PUFA but had no effect on AA levels. However, adding n-3 PUFA supplementation to the
low LA diet effectively lowered AA as well (Taha et al., 2014). Another study showed
increased EPA in low-compared to high-LA diets, with constant LNA intake (Liou, King,
Zibrik, & Innis, 2007). These studies highlight the cross-influence that manipulating n-3 and
n-6 PUFA intake levels have on biosynthesis of each other. Thus, diets low in the n-6, LA,
increased the n-3 EPA, even under constant n-3 intake; and diets supplementing n-3s were
able to reduce the n-6, AA, under low n-6 intake conditions. Other studies have shown that
tissue AA levels are fairly resilient to dietary manipulation and are largely controlled
genetically (Baylin, Ruiz-Narvaez, Kraft, & Campos, 2007) and it make take both reduced
n-6 intake and increased in n-3 intake to effect a change, as seen in headache study above. In
our subjects we have similar dietary intake of LA but reduced plasma LA levels and reduced
intake of AA but similar plasma AA levels in bipolar subjects. This might be explained by
increased use of LA to maintain AA levels in conditions of reduced AA intake. Furthermore,
couple this with reduced EPA intake by bipolar subjects, which could relieve competition
with AA for the production of inflammatory metabolites, and this may tip the scales toward
inflammation, providing a possible explanation for the association of low LA levels with
worse clinical outcomes.

In summary, we showed for the first time that low plasma LA associates with higher self-
reported depression scores, lower self reported mental health scores and reduced self
reported life functioning. However, a few limitations to this study warrant caution in the
interpretation of these results. Reduced LA plasma levels in bipolar subjects with similar
dietary intakes to controls suggests variant metabolism of LA, but we have not identified the
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metabolic pathway that explains the different plasma levels. We are currently pursuing
cytokine profiles in the same samples and intend to collect urinary samples for prostaglandin
metabolite profiling in future studies, to better understand inflammatory signatures that may
mediate the effect of low plasma LA on clinical outcomes. Also, we only assayed total fatty
acids in plasma so cannot comment on the potential important distribution of free to
esterified species or phospholipid composition, however we have assays in progress to
examine these profiles. The complexity of PUFA metabolism, interactions and competition
between n-3 and n-6 species and the mechanism by which these may influence mental health
requires continued study.
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Schematic of PUFA metabolism showing several metabolic fates of the essential n-6 fatty
acid, LA and the essential n-3 fatty acid, LNA. Metabolism of LA leads to bioactive
metabolites with immune, endothelial, and energy homeostasis functions. Abbreviations:
OXLAMS, oxidized linoleic acid metabolites; LOX, lipoxygenase; LA, linoleic acid; EDA,
eicosadienoic acid; GLA, gamma-linolenic acid; DGLA, dihomo-gamma-linolenic acid;
PGs, prostaglandins; COX, cyclooxygenase; AA, arachidonic acid; DAG, diacyl glycerol;
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eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid.
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SF12-MH,
PHQ9,
or LFQ

Figure 2.
Schematic of Path Analysis models. The left row of variates gives all the co-variates in the

models and shows the allowed associations with the serial mediators on a path toward the
clinical outcome measures on the far right. Three separate models were run; one for each of
the self-reported scores shown. Table 2 gives the standardized beta coefficients and
significance level for each of the associations schematically shown in the figure.
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Subject Descriptives.

Bipolar (n=56) Control (n=46) p-value
Female (%) 714 50 0.039
Ageinyrs(sd) 44.2(12.3) 43.0 (15.4) 0.656
BMI (sd) 30.0(7.2) 26.2 (4.7) <0.001
AD (% users) 429 0 -
AE (% users) 62.5 0 -
AAP (% users) 48.2 0 -
LFQ (sd) 20.6 (8.9) 14.9 (5.1) <0.001
PHQ?9 (sd) 7.16 (6.05) 1.13 (1.86) <0.001
SF12-MH (sd)  30.4 (12.4) 44.2 (8.1) <0.001
Plasma PUFA as % total fatty acids, mean (sd)
LA 31.4 (4.54) 33.5(4.57) 0.027
DGLA 1.98 (0.46) 1.72 (0.48) 0.003
AA 8.67 (2.23) 8.74 (2.30) 0.908
ALA 0.52 (0.22) 0.53(0.21) 0.719
EPA 0.34(0.37) 0.45 (0.39) 0.066
DHA 1.23(0.87) 1.45 (0.99) 0.254
Dietary intakes as % total energy, mean (sd)
total Protein 15.6 (3.0) 16.5(2.8) 0.144
total Carb 49.2 (8.3) 47.2(9.0) 0.390
total Fat 35.7 (6.9) 35.4(7.1) 0.769
SFA 11.4 (3.2) 11.5 (2.9) 0.368
MUFA 12.7 (2.7) 12.6 (3.2) 0.783
PUFA 8.65 (2.31) 8.22 (1.95) 0.749
LA 7.66 (2.13) 7.19 (1.77) 0.609
AA 0.05 (0.03) 0.07 (0.04) 0.021
ALA 0.84 (0.32) 0.76 (0.32) 0.662
EPA 0.01 (0.02) 0.04 (0.05) 0.007
DHA 0.03 (0.05) 0.09 (0.13) 0.007
Alcohol 2.15 (4.46) 2.87 (4.64) 0.925
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Path analysis standardized regression coefficients and significance levels

Dependent Independent std B p

LA (Intake) < BP 0.03 0.69
LA (Intake) <---  Age 0.03 0.59
LA (Intake) <---  Female 0.14 0.06
LA (Intake) < kCal 0.81 xxx
EPA (Intake) < BP -034 wwx
EPA (Intake) < Age 0.26 0.00
EPA (Intake)  <--- Female -0.01 0.94
EPA (Intake) < kCal 0.16 0.10
LA (Plasma) <--- LA (Intake) 042  ***
LA (Plasma) <--- BP -0.31 0.03
LA (Plasma) <---  Age -0.24 0.01
LA (Plasma) <---  Female 0.10 0.29
LA (Plasma) <--- AD 0.15 0.15
LA (Plasma)  <-- AAP 0.23 0.03
LA (Plasma)  <- AE -017 0.5
LA (Plasma) <---  BMI -0.19 0.04
EPA (Plasma) <--- EP (Intake) 0.18 0.07
EPA (Plasma) < BP -040 0.01
EPA (Plasma) <-- Age 0.07 048
EPA (Plasma) <--- Female 0.16 0.09
EPA (Plasma) <-—- AD 011 032
EPA (Plasma) <--- AAP 0.26 0.02
EPA (Plasma) <-—- AE 0.10 0.44
EPA (Plasma) < BMI -0.08 0.5
LFQ < LA (Plasma) -0.25 0.01
LFQ < EPA(Plasma) -0.08 0.42
LFQ <- BP 0.28 0.06
LFQ <--- Age -0.09 0.37
LFQ <---  Female 0.13 0.17
LFQ < BMI 0.01 0.92
PHQ9 <~ LA (Plasma) -0.16 0.05
PHQ9 <---  EPA (Plasma) 0.00 0.98
PHQ9 <--- BP 035 0.01
PHQ9 < Age -0.12 0.16
PHQ9 <---  Female 0.02 0.80
PHQ9 <---  BMI 0.17 0.05
SF12-MH <--- LA (Plasma) 0.17 0.05
SF12-MH <---  EPA (Plasma)  0.00 0.99
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Dependent Independent std B p
SF12-MH <-- BP -0.42 0.00
SF12-MH <--- Age 0.16 0.07
SF12-MH <--- Female -0.09 031
SF12-MH <--- BMI -0.01 0.88
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