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Structured Scientific Abstract

Depression is more common in MS than in many other chronic illnesses with 50-60% of MS patients affected by depression. Supplementation with omega-3 fatty acids has been reported to significantly reduced depression and to have low side effects in subjects with unipolar depression that were on stable doses of anti-depressant medication.  Omega-3 fatty acid supplementation, in the form of fish oil, may offer a safe adjunctive therapy to improve the therapeutic benefits of antidepressants in MS. The primary aim of this pilot study is to determine if fish oil supplementation is an effective and safe adjunctive treatment for mild to moderate depression in people with MS. This will be a 3-month randomized, double blind, placebo controlled pilot trial of fish oil supplementation for the treatment of mild-moderately depression people with MS. Subjects in both the placebo and fish oil group that have responded to treatment (> 50% improvement on either the Montgomery-Asberg Depression Rating Scale (MADRS) or Beck Depression Inventory (BDI)) will have the option to continue on treatment for an additional 3 months to evaluate longer-term effects. Treatment during this continuation phase will remain blinded.  Sixty subjects age 18-65 years old with a definite diagnosis of MS that have been diagnosed with major depressive disorder (MDD), based on the Structured Clinical Interview for DSM-IV (SCID), will be randomized to one of two groups: placebo or 6.0 g/day fish oil supplementation (2.1 g/day EPA, 1.5 g/day DHA). All subjects will maintain stable doses of their pre-study antidepressant and MS disease modifying medications while participating in the study. 

 Our primary objective, Aim 1, is to determine the treatment effect on depression by using the MADRS and BDI.  We will also monitor adverse events by subjects self-report of general health and laboratory tests (metabolic panel, including liver function tests and prothrombin time). We will monitor worsening of depression and suicidal ideation using both depression inventories, BDI and MADRS.  Our secondary objective, Aim 2, is to determine the treatment effect on inflammatory cytokine levels, as fish oils may exert its clinical effect by decreasing peripheral levels of proinflammatory cytokines.  We will measure cytokines released from mitogen stimulated peripheral blood mononuclear cells (PBMCs) by immuno-assay. Compliance will be monitored by pill count and red blood cell fatty acid analysis.  Data collected from this pilot study will be used to aid us in the design of a larger, multi-center clinical trial that could more fully evaluate the effectiveness of this therapy.
A.  SPECIFIC AIMS

Aim 1) To determine if fish oil supplementation is an effective and safe adjunctive treatment for mild to moderate depression in people with MS

A. We hypothesize that 3 months of fish oil supplementation will improve depression scores on the Montgomery-Asberg depression rating scale (MADRS) or Beck Depression Inventory (BDI) more than the placebo treated group. Subjects in both the placebo and fish oil group that have responded to treatment (> 50% improvement on MADRS or BDI) will have the option to continue on treatment for an additional 3 months to evaluate longer-term effects. 

B.  We hypothesize that fish oil at the doses given is safe in MS subjects with mild to moderate depression taking MS disease-modifying drugs and anti-depressants.  We will monitor the following: effects on blood clotting by prothrombin time (PT/INR); metabolic function including liver function by comprehensive metabolic panel; adverse events reporting (includes subject’s report of general health and screening for worsening of depression by BDI and MADRS).  
Aim 2) To determine the effects of fish oil supplementation on pro-inflammatory agents related to depression and MS.

We hypothesize that one mechanism by which fish oil may exert its clinical effect is by decreasing peripheral levels of proinflammatory agents (cytokines). We expect to see a decrease in peripheral levels of inflammatory cytokines in subjects treated with fish oil. 

We will measure the following cytokines release from mitogen stimulated peripheral blood mononuclear cells (PBMC) at 2 baseline time points and then at 1, 3, & 6 months of supplementation:  tumor necrosis factor alpha (TNF-α), interferon gamma (IFN-γ), interleukin 2 (IL-2), interleukin-6 (IL-6), interleukin-4 (IL-4), and interleukin-10 (IL-10).

B. BACKGROUND and SIGNIFICANCE

It is estimated that 50-60% of patients with MS are affected with depression [1]. Although antidepressants show great benefit in alleviating depression, 29%-46% of depressed patients show a partial to no response to antidepressant therapy [2]. The treatment strategy for these patients includes increasing medication dose, switching to a different type of antidepressant medication, or augmenting current medication with an additional antidepressant [3]. All of these strategies pose safety concerns which include: lack of safety evidence for these strategies, severe side effects while switching therapies, potential for “serotonin syndrome” when combining two antidepressant agents [3].  Identifying safe and effective adjunctive therapies for depression in MS is warranted given the high prevalence of depression and the high use of anti-depressant medication in this population.  The omega-3 fatty acids have been reported to improve depression when used as an adjunctive therapy in unipolar depression [4-6].  Because an increase in inflammatory mediators have now been associated with depression in MS [7, 8], omega-3 fatty acid supplementation may offer clinical benefit by decreasing peripheral levels of pro-inflammatory mediators. As fish oils possess strong anti-inflammatory properties, its adjunctive value for depression may be of special importance in inflammatory diseases in general. 

Inflammatory cytokines may contribute to depression in MS

Major depression is associated with activation of the inflammatory response system (IRS) that includes increased numbers of leukocytes, activated T-cells and neurophils resulting in an increase in the production PGE2, TNF-(, IFN-(, interleukin-1 beta (IL-1(), interleukin-6 (IL-6), and cytokine receptors for IL-1 (IL-1R) and interleukin-2 (IL-2) [9-18]. Although the mechanisms by which inflammatory mediators induce depression have not been elucidated, it is suggested that they may act by disrupting the hypothalamo-pituitary-adrenocortical (HPA) axis [19] or by indirectly decreasing CNS serotonin levels by catabolizing tryptophan in the periphery [20, 21]. This body of evidence linking major depression to activation of inflammatory response is of particular interest in MS as some of the same pro-inflammatory mediators implicated in major depression are implicated in MS immunopathogenesis. 

There are two reports examining the association between depression, inflammatory cytokines, and MS [7, 8]. The first reported a significant positive correlation between TNF-α (r =.55) and IFN-γ (r =.54) mRNA expression levels and the BDI sum scores in MS patients. The second reported a significant positive correlation between baseline BDI score and IFN-γ production (r =.64) in 14 subjects with relapsing-remitting MS diagnosed with MDD [8].  

Conventional treatments for depression in MS

Conventional treatment for depression in MS includes antidepressant medication, individual psychotherapy, and group psychotherapy. Antidepressant medication is probably the most widely used therapy for depression in MS. Very few studies evaluating the efficacy of antidepressants in MS have screened patients for major depressive disorder using DSM-IV criteria for depression [22]. One comparative study evaluating the effect of antidepressant therapy for MDD in MS reports that treatment significantly reduced depression as measured by the BDI. The study randomized 63 subjects that met criteria for both MS and major depressive disorder to one of three treatment groups: individual cognitive-behavioral therapy, supportive-expressive group therapy, or treatment with sertraline. Clinical outcomes using a 50% reduction from the baseline score of the BDI as a response criterion found that only 24% (n=5) of the sertraline group achieved significant improvements. The authors suggest that although depression in MS is responsive to treatment, it is more difficult to treat than suggested in previous studies (76% of the sertraline group did not achieve significant improvements in depression scores).

Omega-3 fatty acids a safe adjunctive treatment for depression 

· There are three reported double-blind placebo controlled pilot studies evaluating the effects of omega-3 fatty acids in depression. All three studies report a significant improvement depression in subjects treated with omega-3 fatty acids. The first was a study of 20 patients diagnosed with MDD using DSM-IV criteria. Subjects were enrolled if they met criteria for MDD, had a baseline score on the HDRS (17 item) of  > 18, were 18-75 years old, had no alcohol and drug abuse, no psychotic features, and had no comorbid psychiatric diagnosis other than obsessive-compulsive disorder, panic disorder, or dysthymic disorder [5]. Subjects maintained their pre-study doses of antidepressant medication and were randomized to one of two groups: placebo or 2g/day ethyl-eicosapentaenoic acid (E-EPA), a type of omega-3 fatty acid. After 4 weeks there was a significant improvement in mean HDRS scores for the fish oil group compared to the placebo group, E-EPA 11.6 + 6.2, placebo 20.0 + 8.8; (p<0.001).  The second study was a dose-ranging pilot study on the effects of E-EPA for depression [4]. In this study 70 patients were randomized to 1 of 4 treatment groups: placebo, 1g/day E-EPA, 2 g/day E-EPA, 4 g/day E-EPA. Treatment efficacy was assessed by the HDRS (17 item), the Montgomery-Asberg Depression Rating Scale (MADRS), and the BDI at 4, 8, and 12 weeks. All subjects maintained their pre-trial doses of antidepressant medication throughout the trial. By week 12, a significant improvement in depression by all three measures was achieved in the 1g/day group compared to controls and the other two doses. The authors noted that all doses of E-EPA were well tolerated, there were no dropouts in this study, and the most common side effect in the treatment group was mild and transient gastrointestinal upset. The authors conclude that E-EPA at 1 g/day significantly improves depression in people that are currently taking antidepressants. The investigators note that although their study found efficacy at the 1-g/day dose, other patients may require higher doses of E-EPA. 

The third study used methodology similar to the first study except that subject’s received either placebo oil or fish oil (five 1-gram capsules per day containing 2.20 g EPA and 1.10 g docosahexanoic acid (DHA)).  The HDRS was used to assess depression. After 8 weeks of treatment there was a significant difference in mean HDRS, placebo 15.7 + 3.7 and fish oil 8.9 + 3.2 (p<0.001) [6].  

Omega-3 fatty acids possess anti-inflammatory actions

The immunomodulatory effects of omega-3 fatty acids have been well documented in scientific studies. In vitro, animal, and, ex vivo human studies have reported a decrease in mRNA and protein levels of a number of cytokines including TNF-α, IFN-γ, IL-1, IL-2, VCAM-1 [23].  A single published study reported a significant decrease, from baseline, in the levels of IL-1β (p<0.03), TNF-α (p<0.02), IL-2 (p<0.002), and IFN-γ (p<0.01) produced from unstimulated and stimulated PBMC of twenty MS subjects and fifteen healthy controls after three months supplementation with fish oil [24].

Conclusions

Antidepressant medication is a widely used and effective treatment for depression in MS; however, even with treatment many MS patients still experience mild to moderate depression. The same pro-inflammatory cytokines involved in MS disease pathogenesis are now implicated in the pathogenesis of major depressive disorder. Fish oil supplementation is reported in a number of studies, including one MS study, to decrease levels of peripheral pro-inflammatory cytokines and may exert its clinical effect by this mechanism. Fish oil may offer a safe and effective adjunctive therapy for depression in MS patients. 

C. PRELIMINARY STUDIES/PROGRESS REPORT

We have baseline data on depression scores from the BDI from 37 subjects that had participated in a naturopathic treatment pilot study in MS. Of the 37 subjects, 44% (16/37) were on antidepressants and 84% (29/37) were on one of the MS disease modifying medications. Of the 16 subjects taking antidepressants 7 subjects scored > 17 on the BDI. We compared this group with a group of 9 subjects taking anti-depressants that scored <17 on the BDI-21, mean = 6.4, s.d. + 4.2 and found that the group mean scores were significantly different, p=0.002. These results indicate that 44% (7/16) of study subjects on antidepressant therapy are still scoring significantly high on the BDI. 

D. RESEARCH DESIGN and METHODS

Overall study design

Phase I of this study will be a 3-month randomized, double blind, placebo controlled pilot trial. There will be 7 visits over the course of 3-months. Sixty subjects age 18-65 years old with a definite diagnosis of MS [25] that have been diagnosed with MDD, based on the Structured Clinical Interview for DSM-IV (SCID), will be randomized to one of two groups: placebo or 6.0  g/day fish oil supplementation (2.1 g/day EPA, 1.5 g/day DHA). All subjects will maintain stable doses of their pre-study antidepressant and MS disease modifying medications while participating in the study. Subjects in both the placebo and fish oil group that have responded to treatment (> 50% improvement on MADRS or BDI) will have the option to continue on treatment for an additional 3 months to evaluate longer-term effects, Phase II of this study. There will be 3 visits during Phase II and treatment during this phase will remain blinded.  Clinical and biological measures will occur at baseline and 1, 3 & 6 months of supplementation.

Study visits 

Prescreening (phone contact)

All potential subjects will be prescreened by a telephone interview. The potential subject will be asked about whether or not they meet the study inclusion and exclusion criteria.  Those who meet preliminary inclusion by the phone screen will be scheduled for an in-clinic screening visit at OHSU.

Visit 1 (Screen)

The screening visit is to establish eligibility for study participation. This visit and all subsequent visits will take place at the MS Center of Oregon at OHSU or at the General Clinical Research Center (GCRC) at OHSU. Each potential study subject will be consented at this visit after which a family and medical history will be taken. The subject will be screened for major depressive disorder using the SCID, dementia by the MMSE, and for mild to moderate depression using the MADRS. They will then be asked to fill out the BDI. Concomitant medications will also be recorded at the screening visit (See Table 1: Study Schedule: Phase I). 

Visit 2  (Baseline)

Subjects that meet study inclusion after the screening visit will be scheduled for follow up within 2 weeks. At this visit subjects will receive a brief physical exam and a neurological exam (EDSS) from Dr. Shinto. The subject will be given a MADRS score. A research assistant will administer the MS Functional Composite (MSFC) and record concomitant medications. The subject will fill out study questionnaires which include: BDI, Multiple Sclerosis Quality of Life Inventory (MSQLI), and Food Frequency.  A research assistant will draw blood for cytokine levels, prothrombin time (PT/INR), comprehensive metabolic panel, and RBC fatty acid analysis. 

Visit 3 (day 0) 

This visit will occur one week after baseline. At this visit, subjects will receive study medication for 1 month and be instructed on the dose. 

Visit 4 (week 2)

At this visit subjects will be screened for worsening of depression (>30 on the BDI) and suicidal ideation using question #9 from the BDI. If either of these occurs the subject will be immediately referred for standard care and will be exited from the study.  General health adverse events will also be recorded at this visit. Dr. Shinto will be available by pager 24 hours a day to address patient safety issues. Dr. Hauser will be available to discuss these cases with Dr. Shinto. The subject will be instructed to bring their medication bottle to their next scheduled visit.

Visit 5 (week 4)
All measures except PE/neurological exam/EDSS, the Food Frequency questionnaire, and the MSFC will be assessed at this visit.  A research assistant will draw blood for prothrombin time (PT/INR), comprehensive metabolic panel, cytokine levels, and RBC fatty acid analysis. A research assistant will assess the subject for adverse events and perform a pill count. The subject will also be asked about any changes in medication or doses of medications (prescribed and over the counter). The subject will be instructed to bring their medication bottle to their next scheduled visit.

Visit 6 (week 8)

MADRS and BDI will be administered. A research assistant will assess the subject for adverse events and perform a pill count. The subject will also be asked about any changes in medication

or doses of medications (prescribed and over the counter). The subject will be instructed to bring their medication bottle to their next scheduled visit. 

Visit 7 (week 12)

This visit will assess all of the same measures as Visit 2. In addition, the subject will return all remaining study drug and a pill count will be performed.  If the subject has achieved a 50% improvement on their BDI or MADRS score they may choose to continue on in the study for another 3 months or to exit the study. If the subject chooses to remain in the study, we will review the consent form for Phase II of the study and attain consent before proceeding with Phase II.  After being consented the subject for the subject will receive another month’s supply of study medication and will be instructed to bring this bottle to their next scheduled visit. 

Table 1. Study Schedule: Phase I

	Assessments
	    Visit 1

Screen


	Visit 2

Baseline


	Visit 3

Wk 0
	   Phone

   Wk 1
	Visit 4 

Wk 2
	   Phone

   Wk 3
	Visit 5 

Wk 4
	Visit 6 

Wk 8
	Phone 

Wk 10
	Visit 7

Wk 12

	Family and Medical  Hx
	X
	
	
	
	
	
	
	
	
	

	PE/Neurological exam/EDSS
	
	X
	
	
	
	
	
	
	
	X

	SCID
	X
	
	
	
	
	
	
	
	
	

	BDI
	X
	X
	
	X
	X
	X
	X
	X
	X
	X

	MADRS
	X
	X
	
	
	
	
	X
	X
	
	X

	MMSE
	X
	
	
	
	
	
	
	
	
	

	MSQLI
	
	X
	
	
	
	
	X
	
	
	X

	MSFC
	
	X
	
	
	
	
	
	
	
	X

	Cytokine measurement
	
	X
	
	
	
	
	X
	
	
	X

	Metabolic panel, PT time
	
	X
	
	
	
	
	X
	
	
	X

	RBC fatty acid 
	
	X
	
	
	
	
	X
	
	
	X

	Food freq. survey
	
	X
	
	
	
	
	
	
	
	X

	Concomitant medications
	X
	X
	
	
	
	
	X
	X
	
	X

	Adverse Events
	
	
	X
	X
	X
	X
	X
	X
	X
	X

	Pill Count
	
	
	
	
	
	
	X
	X
	
	X

	Blinding evaluation
	
	
	
	
	
	
	
	
	
	X


Table 2. Study Schedule: Phase II

	Assessments
	Month 4
	Month 5
	Month 6

	
	Phone

wk

14
	Visit  8

wk

16
	phone

wk

18
	Visit  9

wk

20
	phone

wk

22
	Visit  10

wk

24

	Family and Medical History
	
	
	
	
	
	

	PE/Neurological exam/EDSS
	
	
	
	
	
	X

	SCID
	
	
	
	
	
	X

	MADRS
	
	X
	
	X
	
	X

	BDI
	X
	X
	X
	X
	X
	X

	MSQLI
	
	
	
	
	
	X

	MSFC
	
	
	
	
	
	X

	Cytokine measurement
	
	
	
	
	
	X

	Metabolic panel, PT
	
	
	
	
	
	X

	RBC fatty acid
	
	
	
	
	
	X

	Food freq. survey
	
	
	
	
	
	X

	Concomitant medications
	
	X
	
	X
	
	X

	Adverse Events
	X
	X
	X
	X
	X
	X

	Pill Count
	
	X
	
	X
	
	X

	Blinding evaluation
	
	
	
	
	
	X


Phase II: Visits 8(week 16)  and Visit 9 (week 20)

Subjects will be come into the clinic to be assessed for MADRS and BDI.  A research assistant will assess the subject for adverse events and perform a pill count. The subject will also be asked about any changes in medication or doses of medications (prescribed and over the counter).  (See Table 2: Study Schedule: Phase II)

Phase II: Visit 10 (week 24)

The subject will be re-screened for MDD using the SCID and attain a MADRS score. Dr. Shinto will perform a brief PE and a neurological exam (EDSS). A research assistant will administer the MSFC and record concomitant medications. The subject will fill out study questionnaires, which include: BDI, MSQLI, Food Frequency. A research assistant will draw blood for comprehensive metabolic function, PT/INR, cytokine levels, and RBC fatty acid analysis. Adverse events, pill count, and concomitant medications will be recorded at this visit.  A short questionnaire that assesses subject blinding will be administered at this visit.

Study dose

We are using doses and ratios of EPA and DHA similar to those reported to improve depression in people on stable doses of antidepressant medication [6]. The subjects randomized to the fish oil group will receive 6.0 grams of fish oil per day providing 2.1 g/day of EPA and 1.5g/day of DHA. Subjects will take 3 capsules twice a day with meals. The placebo capsules will contain soybean oil with 1% fish oil so that it will be flavored to taste and smell similar to the fish oil capsules. The placebo group will receive 6 placebo capsules per day and will take 3 capsules twice a day with meals. 

Product quality control

Nordic Naturals will supply the fish oil supplement. This company follows the FDA guidelines for Good Manufacturing Procedures and verifies product quality and label claim by in-house and outside lab analysis. The fish oil capsules are tested for contaminants (e.g. heavy metals), lipid oxidation, and for omega-3 fatty acid content. 

Analysis of outcome variables

The major outcome measures in this study are the 3-month change in MADRS and IFN-(. Initially we will compare the difference in MADRS scores, BDI scores, and IFN-( levels between the fish oil and placebo groups using a two-sample t-test.  In a more exploratory analysis, we will then assess whether the change in IFN-( levels is correlated with the change in MADRS.  To do this we will build a multiple regression model, where the predictors are the baseline MADRS or BDI and IFN-( levels and the change in IFN-( levels.  We will additionally assess whether there is an interaction between baseline IFN-( and fish oil supplementation by extending the above regression to include the interactions terms with fish oil.  In order to control for potential confounders (specifically age, gender, education level, disability, and fatigue), variable selection schemes (all possible regressions using maximum R2 and backwards elimination of variable) will be used to determine if any of these potential confounders predict the dependent variable.  If so, these potential confounders will be included in the regression models as covariates.  

Statistical Analysis Statistical power and sample size

The study that used 2g/day of E-EPA reported a 9.3-unit difference between baseline and 4-week differences in placebo and active groups for the HDRS, this difference was statistically significant (p < 0.001) [5]. The standard deviation for the groups was 7.4  (the larger of the standard deviations).  A sample size of 11 subjects per group provides 80% power with an alpha= 0.05, to detect the above difference in HDRS between the treatment and placebo group.  A sample size of 18 subjects per group will provide power greater than 95% with an alpha= 0.05, to detect a difference of 500 units for IFN-( levels between baseline and post-treatment levels.  This assumes a standard deviation of 400 units and is based on the results of a study that reported a decrease in IFN-( levels in MS patients with MDD from baseline values after 16-wks of either therapy based or medication based treatments for depression [8]. Assuming a dropout rate of 20% the sample size of 60 subjects, or 30 per group is also more than adequate to detect a treatment difference in IFN-( levels produced from PBMC. The additional sample will provide additional power for the exploratory analyses using the regression analysis. We are using the MADRS as the primary outcome measure as it is highly correlated with the HDRS [26-28] and will be more sensitive to treatment change in patients with MS than the HDRS. As we expect MADRS scores to have a greater change with treatment than the HDRS, we are well powered with 60 subjects.

Randomization 

After study eligibility is established subjects will be randomized to placebo or fish oil supplementation by using a computer-generated scheme. Because of sample size limitations we will only stratify on one parameter prior to randomization, which will be the BDI score at screening.  Subjects will be stratified into two categories “mildly depressed” with BDI scores 10-17 and “moderately depressed” with BDI scores 18-30. This will insure that each group will contain equal numbers of mild and moderately depressed subjects. The data management coordinator that is in charge of labeling medication will maintain the randomization list.

Compliance and Adverse Events

Compliance will be measured by pill count and RBC fatty acid analysis. Refer to section E. Human Subjects, “protection against risks”, p. 14 for monitoring of adverse events.

Blinding, Data Collection and Management
Refer to section E. Human Subjects, “sources of material”, p. 13.

Assessments

Beck Depression Inventory (BDI)

The BDI is a 21-item self-report measure of depression [30] and is commonly used in MS studies [7, 8, 22, 31, 32]. It is an easily administered measure for depression that is not clinician-dependent. We will examine how well the BDI scores correlate with clinician rated scores of depression ( MADRS).

Structured Clinical Interview for DSM-IV (SCID)

The SCID is a semi-structured interview that can be administered by a well-trained clinician or research associate. It is designed to assess major Axis I disorders [31] and will be used to assess MDD at screening and after 3 months and 6 months on supplementation.
The Montgomery-Asberg Depression Rating Scale (MADRS)

The MADRS is a structured interview assessment of depression, designed to be especially sensitive to changes in patients’ depression symptoms after antidepressant therapy [48]. The MADRS scale is more oriented towards psychic rather than somatic symptoms of depression [47].
Expanded Disability Status Scale (EDSS)

The EDSS is an ordinal scale giving a measure of neurological impairment on a scale between 0 (normal) to 10.0 (dead). Patients with scores in the .5-4.0 range have mild disability and are able to walk at least 500 meters without aid or rest. Patients with scores of > 7.5 are cannot walk and have upper extremity dysfunction [32]. 

Multiple Sclerosis Functional Composite (MSFC)

The MSFC includes measurements of ambulation (timed 25 foot walk), upper extremity function (nine hole peg test) and cognitive performance (PASAT III) [33]. It is an objective measure of disability and is often used in MS studies along with the EDSS to evaluate treatment effect on disability.

Mini-Mental State Exam (MMSE)

The MMSE is among the most widely used screening instruments for cognitive impairment indicative of dementia[34]. This 30-point scale is helpful for comparing across diverse studies as it has become a common way of assessing severity of dementia among clinicians. Any subject that scores 24 or less on the MMSE indicates a mild to severe forms of dementia. As dementia can significantly affect depression scores we will screen for and exclude subjects with dementia.

Multiple Sclerosis Quality of Life Inventory (MSQLI)

The MSQLI is a modular MS-specific HRQL instrument consisting of the SF-36 and supplemented by nine symptom specific measures (fatigue, pain, bladder function, bowel function, emotional status, perceived cognitive function, visual function, sexual satisfaction, and social relationships). The reliability and construct validity of this measure has been evaluated by a field test of MS patients with a broad range of disability (EDSS 0-8.5), and its content has been validated by MS specialists (neurologists and allied health professionals), HRQL experts, patients and caregivers [35]. A modified version of the FIS is incorporated into the MSQLI. The FIS is a well-validated measure of fatigue[36, 37].

Block Food Frequency Questionnaire

The Block food frequency questionnaire [38]. This 147-item instrument is based on extensive population surveys validated by food records. 

RBC fatty acid

RBC analysis is a quantitative measure of the incorporation of fatty acids into cell membranes. This assay will be performed in the Lipid laboratory at OHSU. These methods have been validated and previously published [39, 40]. 

Peripheral Blood Mononuclear Cell (PBMC) Separation

PBMC will be isolated from heparinized blood within 4 hours of blood draw (Ficoll Hypaque; Pharmacia Biotech, Uppsala, Sweden).  This method of separation has been described in previously published reports [41, 42]. Separated PBMCs will be stored at –80(C for cytokine measurement.  PMBCs will also be frozen and stored for future testing of gene expression by microarray assay.

Stimulation of PBMC

PBMC will be stimulated with a mitogen (Concanavalin A). One ml of freshly isolated PBMC suspension will be added to each well. Cells will be cultured for 48 hours at 37(C and 7% CO2, after which time cultures will be clarified by centrifugation and supernatants were aliquoted and frozen at –80(C until used for cytometric bead array analyses.

Cytokine measurement

Cytokine levels from unstimulated and stimulated PBMC will be measured using the Cytometric Bead Assay (CBA, BD Biosciences, Pharmigen). The company reports good intra- and inter- assay reproducibility for all cytokines measured: Intra-assay %CV < 5.0; Inter-assay % CV (< 80 pg/ml) < 11.0; Inter-assay %CV (625-2500 pg/ml) < 6%. The CBA kit was chosen to measure cytokines because it a reliable, precise, and economical method for measuring an array of human cytokines in a single sample. 

Other laboratory tests

Comprehensive metabolic panel that includes liver function tests and prothrombin time will be determined in the laboratory at OHSU. We will use these measures along with reports of adverse events to monitor treatment safety. Matrixmetalloproteinase-9 levels from stimulated PBMC will be measured by ELISA, as they mediators of the inflammatory process by allowing inflammatory cells into cross the blood brain barrier.

E. HUMAN SUBJECTS

a) Human Subjects Involvement and Characteristics

A total of 60 subjects will be enrolled in this trial.  We will select subjects with relapsing remitting MS that have mild to moderate depression.  Women and members of minority groups will be included.

Inclusion Criteria

-Definite MS by McDonald criteria [25]
-Relapsing remitting course of MS

-Meets DSM-IV criteria based on SCID for Axis I disorders [31]
-Age 18 or older

- Scores between 11-30 on the MADRS (indicating mild to moderate depression) [26]
-Scores 25 or greater on the MMSE

-no essential fatty acid supplementation and < 6 oz per week of fish in diet at least 1 month prior to enrollment

-on stable dose of anti-depressant medication (no change in medication or dose at least 3 months prior to enrollment)

-on stable dose of interferon beta or glatiramer acetate (no change in MS disease modifying medication at least 6 months prior to enrollment)

-Able to understand and sign consent

Exclusion Criteria

-Severe depression with suicidal ideation and plan as determined by SCID >20 and MADRS > 30

-Serious psychological disorders (e.g. psychotic disorders, bipolar disorder)

-Taking 2 or more antidepressants

-Plans to change antidepressant therapy within 3 months of enrollment

-Serious medical conditions such as congestive heart failure, cancer, liver disease, kidney failure.

-Current or past history of clinically significant ventricular arrythmias: includes patients that are receiving implantable cardioverter defibrillator (ICD) for sustained ventricular tachycardia (VT) or ventricular fibrillation (VF), or patients that had received an ICD or ICD therapy for an episode of VT/VF within the past 6 months, or subjects currently taking anti-arrythmia medications for VT/VF (e.g. Quinidine, Amiodarone).
-MS exacerbation or corticosteroid treatment 1 month prior to enrollment

-Pregnancy (pregnancy might alter results on outcome measures)

-Enrolled in another study

Because of the short duration of this study, subject participation will be stopped for the following reasons: MS exacerbation, change in MS disease modifying medication, and change or increase in antidepressant medication.  
b) Rationale for inclusion of vulnerable populations:

NA. While MS patients are considered ill they are not considered a vulnerable population.


c) Sources of Materials:

This is a double-blind placebo controlled study.  The study investigators, research associates involved in subject assessment, and subjects will have no knowledge of study assignment. Data analysis will be performed blinded to treatment status. The General Clinical Research Center (GCRC) at OHSU houses a biostatistics resource center that will create the randomization scheme and will ensure blinding of all study medications and data records. Study medication will be handled, labeled, and distributed by pharmacists in the Investigational Drug Service who are not involved in either the outcome assessments or data analysis. We will also evaluate the effectiveness of our blinding by giving both study evaluators and subjects a short questionnaire asking about knowledge of group assignment. If a subject reports serious side effects related to the study medication and information on group assignment is believed to be necessary for the subject’s safety and well being, the blind will be broken for that subject.  The randomization code will otherwise be broken only after data analysis or if there are numerous reports of serious adverse events before the end of the study. To insure confidentiality, all data sources will be coded with a unique identification number that has no personal identifying information.  All study files will be stored in locked cabinets in the trial coordinator’s office.  Computer data will be protected with passwords known only to the appropriate staff.  All data obtained from this study will be used for research purposes only.

Data will be collected at eight points during the course of the study.

d) Potential Risks: 

The risks to subjects participating in this study are minimal. The risks may include mild anxiety from filling out questionnaires, and mild side effects from fish oil or placebo capsules. Subjects may feel some pain when blood is drawn. There is a small chance the needle will cause bleeding, a bruise, or an infection. There have been few reports of adverse events in people taking up to 15 grams of fish oil per day [45]; we do not anticipate serious adverse events from fish oil supplementation using a dose of 6.0 grams per day. Because fish oil does have antiplatelet and antithromboxane A2  levels, there is a concern about increase bleeding time and interactions with blood thinning medications (e.g. warfarin).  However, a study evaluating the effects of 1 year of fish oil supplementation on patients undergoing artery bypass reported no increase in bleeding during surgery in patients given fish oil plus aspirin or given fish oil plus warfarin compared to patients given those therapies alone [46].  In one double-blind, placebo-controlled trial of people with current or past history of ventricular tachycardia or ventricular fibrillation receiving implantable cardioverter defibrillator (ICD) or patients that had received an ICD or ICD therapy for an episode of VT/VF, it was reported that the group receiving fish oil at 1.8 grams/day had an increase risk of VT or VF compared to those receiving placebo [49].  Because of this potential risk, we are excluding patients with this condition and patients taking anti-arrhythmia medication from the study.

e) Recruitment and Informed Consent:

Recruitment will occur after the Institutional Review Board at OHSU approves the study.  

Subjects with MS will be recruited from the greater Portland metropolitan area in the form of mailings to MS Center of Oregon patients, mailings to neurologists, advertisements on the MS Center of Oregon website and in the newsletter of the Oregon chapter of the National MS Society (NMSS). The Oregon Chapter of the NMSS has a statewide mailing list of over 5,000 members and has assisted the MS Center in recruitment for both CAM and conventional intervention studies. Consent will be obtained during the screening visit, which will occur at the MS Center of Oregon. Dr. Shinto or a research assistant will go over the entire consent form with the potential subject and will be available to answer any questions. Dr. Shinto or the research assistant will then ask the potential subject if they understand the purpose of the study and the risks and benefits associated with the study. The potential subject will have the opportunity to take the informed consent home to review.  No testing or examinations will be performed before the consent form is understood and signed. A second informed consent will be obtained in the same fashion from subjects who qualify and are willing to participate in the continuation phase of the study.
f) Protection against risk:

The Data Safety and Monitoring Board of ORCCAMIND will monitor this study to ensure the safety of subjects. We will monitor adverse events by laboratory tests, which include prothrombin time (PT/INR) and comprehensive metabolic panel. For the first month of the study general health events, worsening of depression (>30 on BDI), and suicidal ideation (question # 9 on BDI) will be monitored weekly (2 x by phone and 1x in-clinic) for all subjects. If either of these occurs the subject will be immediately referred for standard care and will be exited from the study.  Dr. Shinto will be available by pager 24 hours a day to address patient safety issues. Dr. Hauser will be available to discuss these cases with Dr. Shinto. After the first month, subjects will be monitored every other week for general health events, worsening of depression (>30 on BDI), and suicidal ideation (question # 9 on BDI)  (1 x by phone and 1x in-clinic).  The same procedures described for month-1 will apply for all subjects throughout the study period. Subjects that have an acute MS exacerbation during the study will be referred to their neurologist for care.

g) Potential Benefits of the Proposed Research to the Subjects and Others:

Identifying safe and effective therapies that can decrease depression for those that are not responding well to antidepressant medication is of potential benefit for people with MS. In addition, fish oils have anti-inflammatory properties that may also have potential benefits for MS, which is an inflammatory condition of the CNS.  Fish oils have also been reported to decrease triglyceride levels, so this therapy may be very beneficial to subjects that are at risk for cardiovascular disease.

h) Importance of Knowledge to be Gained: 

Complementary and alternative medicine (CAM) use is high in people with MS, yet there is little scientific evidence on the safety and effectiveness of CAM in this population.  This is a pilot study aimed at collecting preliminary data on the safety and effectiveness of fish oil as an adjunct therapy for depression in MS. Data collected from this study will aid in the construction of a larger double-blind placebo controlled trial designed so we can better evaluate the effects of fish oil supplementation in depression and better understand the mechanism by which fish oil may exert its clinical effects.  
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