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Qbjective — To investigale whether supplementation with fish oil given
tlogether with dietary advice and vitamin supplementation influenced the
clinical outcome in newly diagnosed multiple scierosis (MS) palients.
Material and merhods — Sixicen consecutive, newly diagnosed patients
with multiple sclerosis were recruited to an open intervention study.
They were given dietary advice and supplemented with 0.9 g/day of long-
chain marine fatty acids and vitamins. The patients were followed for 2
years with respect lo dietary habits, blood parameters and neurological
assessment including exacerbation rate. Resufts —~ There was a significant
reduction in the mean annual exacerbation rate and the mean Expanded
Disability Status Scale (EDSS) a3 compared 1o pre-study values, The
plasma total phospholipid n-3 fatty acids increased and n-6 fatty acids
decreased significantly, Conclirsions — The results suggest (hat fish oil
-supplementation given together with vitaming and dietary advice can
improve clinical outcome in patients with newly diagnosed MS.
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Multiple sclerosis (MS8) is an immunologically
mediated diseasc in genetically susceptible indivi-
dualsin response (o environmental factors. Based on
epidemiological dietary studies, salurated fat was
suggested as a risk factor in MS already in the early
19505 (1). This was Jater supported by a Norwegian
study, which showed that inland farming commu-
nities with high consumption of animal fat and dairy
praducts had higher MS incidence rates than the
coastal communities where the consumption of fish
was high (2),

Subsequent epidemiological studies showed that
total fal consumption, animal fat and dairy products
were associated with M8 (3-6), while fish, fruits and
vegetables have shown a negative correlation (7, 8).
Dietary intake of saturated and unsaturated fat js
often inversely correlated, and therclore it was
sugpested in 1956 that a shortage of the essential

fatty acids might be a risk factor in MS (9). Since n-3
fatty acids were not considered essential at that time,
subsequent studics focused on the possible role of
n-6 fatly acids. Reduced levels of linaleic (18:2n-6)
and arachidonic acid (20:4n-6) were found in brain.
scrum, platelets and red cell lipids in MS patients
(10-13), but the resuits have been conflicting (14,
15). More recent analysis of adipose tissue biopsies
showed no difference in the concentration of linoleic
acid between MS patients and controls. In contrast,
the concentration of docosahexaenoic acid (22:6n-3,
DHA) was highly significantly reduced in the
patients (16).

Results from three randomized controlled double
blind trials (17-19) using linoleic acid versus oleic
acid supplementation have been inconclusive. How-
ever, a reanalysis (20) combining data from these
three intervention trials, including only those pat-
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icnts with acute remitting disease, showed a reduc-
tion in both frequency and severity of relapses as
well as a significant decrease in disability amongst
this subgroup of carly cases. The effect of dietary
supplementation with y-linolenic acid (18:3n-6,
evening primrose oil) was also investigated, but no
benefit was revealed (21).

Finally, intervention trials emphasizing low
saturated fat intake and increased intake of cssential
faity acids have tended to show better results in
patients with a high intake of n-3 fatty acids (22-26).

In a pilot study we found that newly diagnosed
MS patients had Jower plasma total lipid concen-
trations of eicosapeniacnoic acid (20:5n-3, EPA)
and DHA, and lower ratio of total n-3/n-0 faity
acids compared to conirols (27). The intake of
vitamnin C was also significantly reduced. It is well
known that DHA and other long chain n-3 fatty
acids are found in the highest concentrations in
retinal cells and in synaptosomes and synaptic
vesicles of brain cells (28). On this background, we
have evajuated the effect of dietary advice supplec-
mented with fish oil and vitamins on the relapse rate
and disease progression in newly diagnosed MS
patients.

Patients and methods
Study dezign

This study was an open, uncontrolled intervention
trial of fish oil and vitamin supplementation in
combination with dietary advice in relapsing—
remitting multiple scierosis (RRMS).

The patients were supplemented once daily at
breakfast with 1 spoon (5 ml) of fish oil (Mwllers
Tran®, Peter Maller AS, Oslo, Norway) containing
0.4 g EPA, 0.5 g DHA, 1.0 mg of vitamin A, 10 g
of vitamin D and 5.5 mg vitamin E. In addition they
receivéd a vitamin B-complex (comaining 2.25 mg
of thiamin, 2.6 mg of riboflavin. 30 mg of niacin,
7 mg of pantothenic acid, 3 mg of pyridoxine,
150 pg of biotin, 100 pg of folic acid, 6 g of
cobalamin) and 200 mg of vitamin C (acid neutral).

The patients were advised 10 reduce the intake of
saturated fat from meat and dairy products, eat fish
for dinner 3—4 times weekly, increase the intake of
vegetables, eat 1-2 fresh [ruits daily. use whole grain
bread products, reduce the intake of sugar and
sugar containing food and beverages, and reduce
the intake of coffee or tea to a couple of cups daily,
They were also advised to aveoid food items, 1o
which they were allergic or intolerant. and to stop
smoking and minimize alcohol consumption. The
patients were given the opportunity to contact the
nutritionist whenever they had questions regarding
the diet,
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The objectives of the study were to evaluate the
efficacy of the intervention on clinical disease
activity as measured by annual exacerbation rate
and progression of disease as measured by the
Extended Disability Status Scale (EDSS) (25). We
also evaluated compliance using a dietary frequency
questionnaire and blood analysis.

Patiants

The patients selected for the study were diagnosed
within the 12 last months at the Department of
Neurology, Haukeland University Hospital,
Bergen. Norway, and had a disease duration =<3
years. Patients should have clinical or laboratory
supported definite relapsing—remitting multiple
sclerosis (RRMS). The paticnts should have had
gtable neurological status the month before inclu-
sion and should not have taken cod liver oil or other
fish oil supplements or high doses of vitamin C
(=100 mg/day) during the Jast 3 months before
inclusion. Other exclusion criteria were previous of
ongoing interferon treatment, IMMUNQSUpPpPressive
treatment during the previous year or steroid
treatment the month before inclusion. Patients
were also excluded if they had changed their dietary
habits after onset of the discase. When clinically
necessary, exacerbations were lo be treated with
corlicosteroids according to standard protocols,

Dictary assessments

The patients were seen by the nutritionist ut
inclusion and again after 1 and 2 years. A dielary
frequency form was filled in by the patients prior to
each visit. This Mform was used to calculate daily or
weekly intakes of nutrients of particular interest for
this study. To evaluate whether their diet was in
accordance with dietary advises, a self-reporiing
4-day weighed dietary record was performed at the
end of each year, In addition smoking habits were
recorded.

Clinical asse58ments

Clinical assessment including EDSS (29) was
performed &t screening, baseline, every 12
months and al any exacerbations. An exacerbation
was defined as the appearance ol new symploms
from the nervous system or worsening of pre-
existing ones lasting for at least 24 h in the absence
of fever in a patient who had been ncurologically
stable or improving for the previous 30 days. The
symptoms should be accompanied by objective
change on neurological examination, worsening of
0.5 points on the EDSS or worsening by 1.0 point
in two of the Functional Systems (FS) or 2.0 point
in one of the FS. Annual exacerbation rates were



Table 1, Annual axacerhation rate and disatility measurad by ENS5 in pationts with
relapsing=remitting multiple stlierasis treated with dier intervention

Annual exacerbation rate

Pre-stury 1.39 {0.17)

During yaar 1 0.08® {.0&}

Ouring year 7 0.08" {0.06)
Expentnd Dizskility Status Seale (ED55)

Pra-gtudy 216 {0.18)

After 2 years 163" (0.70)

Figures ara given as mean (SEM).
* Compared to pre-study exacerbation rate: Pex.00] {Wilgnxan rank Last);
" comparad to ENSS st haseling: P=0,005 (Pairad ttesi.

based on the number of exacerbations during year
1 and 2. The pre-study exacerbation rate was
defined as the total number of exacerbations (onset
episode included) divided by duration of the
disease hefare inclusion.

Blond samples

Fasting venous blood samples were taken prior to
start of the trial, and after I and 2 years. Routine
blood analyses were performed at the Department
of Clinical Biochemistry, Haukeland University
Hospital, using standard methods, The concentra-
tion of total plasma phospholipid fatly acids was
measured according to the method described by
Benaa et al. (30), Serum retinol, tocopherols and
carotenes were measured by HPLC as described by
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Nicrenberg et al. (31). Plasma ascorbic acid was
analyzed by HPLC using clectrochemical detection
(32).

Statistical analysis

The data are expressed as means and standard error
of mean. A i-test was used o test for differences in
plasma phospholipids, serum lipids, vitamins and
minerals. The dietary intake of different food items
and beverages showed a skewed distribution and the
Wilcoxon rank-sum test was employed. P-values
below 0.05 were considered to he statistically

- significant,

Results

Sixteen of 35 screened patients (4 men and 12
women) lulfilled the inclusion criteria, The mean age
at inclusion was 32,0 years (range 22-37 years), and
the mean duration of disease was 1.6 years (range
i—3 years). The mean pre-study annual exacerbation
rate was 1.39 (4:0.17) and the mean EDSS score at
inclusion wag 2.16 (40.19), (Table 1).

The dietary intervention significantly increased
the intake of fish (Table 2), including both fat and
lean fish. At the same time, there was a reduced
intake of food items containing saturaled fat and
sugar. The number of smokers decreased from 7 1o
2 during the study.

Tahte 2, Ditary intake of selected food iems and hevaragas in patients wilh relapsing—remitting rmoltiple sclernsis treated with diet intarvantian

Al baseline

Alter 1 year After 2 years

Fiind Mean SEM fiean 3EM WMaan SEM
Rregkfast and lunch
Bread {s/d) 55 48 LA 05 18 fid
Birtter on bread (g/d) 738 36 156 i1 19,1 34
Weekly nymber of opon.faced sandwichas with:
Figh 7.8 11 14 14 sg° 14
Ham 18 15 41 1.8 B.1 1.0
[ivar paté 48 11 28 0.8 2.2 07
Cheese [whole fat) B4 8 iz 1 a0 1.4
Salade with mayanneiss 38 14 ng* 0.7 n.a" n4
Eqa/waek T8 0.3 1.3 6.3 1.5 02
Yogurt (whale (atl/day 1.0 05 0.2 N1 0.7° 0.2
Dirnar
Fizh dinnerfwoak 18 n3 79 0.3 LRl 03
Meat dinner/weex 18 03 17 N3 28" 03
Potatoes with dinner/weak a1 05 a8 05 48 0.8
Vegetahles with ditngrfwark 4.1 05 50 0.5 5" 0.3
Revorapes
Mifk fwhole fat) igl/d) 0.03 0.03 0.03 t.03 £.01 063
Milk: (madium fat) {gi/g) 1.2 N3 1.3 0.4 1.3 0.4
Milk (g f21) (gl/d) 0.7 0.4 0.8 0.3 n.7 02
Juite (gl 28 o8 41 0.8 24 0.7
Coffee [r/d) 78 07 i3 ik} 1B G4
Saft drinks lglfw) 18 0.6 63" na 0s 03

s/d=slices por day: g/¢ =arams per dey; glid =glesses per day; glfw e glazses per wek: o/t = cups of 15 degilitars per day,

" A0 PO,
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Tabilee 3. Congentration of plasma total phosptiolinid farty acids in patisnts with relapsing—ramitting mubiple sclergsis trartad with diet intorvaniian

At besaling After 1 yaar Aftar 7 years
Mean SEM Mesn SEM Mean SEM
Relpriva cancentrations (weight parcért}
140 0.5 0.63 041 (.04 0230 o0z
160 25.50 0,35 75,50} 0.3 76.88" n.a
18:0 1342 0.24 12,050 0.3 1347 0,18
20 0.71 0.07 0,43 0.03 0,14 0402
220 .58 012 1.05* 0.09 0.46” 0.0%
0 1.3 008 0.647 005 023" 0,06
18:1 0.34 .04 0.36 007 0.36 0.G63
18:1 B2 0,30 800 0.22 7448 a.m
i 018 0.67 049" 0.6 047" iy
21 065 0.02 03" G607 0.04 o.0z
24:1 254 016 1.78° 0,12 056" 0,12
20:3n-9 0.08 0.0z 0.5 001 ifi}s 003
18206 2339 n.84 nare 070 7.78 (.94
MG ' .54 0.04 0.34° 062 027 0.07
20:5n-6 213 .18 2.0 017 1.87° 0,14
20:40-6 B55 0.29 7.97 042 796 .4z
72406 044 non 017 0.07 0.1 06z
22:50-6 012 n.0z 007 0.01 o.ng" 0.04
18:3n-3 n.2d 0.7 016 8,01 .14t 0.07
20:En-3 143 0.19 5.34° 066 547 0467
2550 1.38 0.5 148 0.06 1.44 0.05
22603 5.94 0,38 10.45" n.A44 11.18° nea
Tatal MUFA 1132 034 10,58 024 291" 018
Tatal SAT 43.87 0.30 40.99m a.25 a1.4z° n.78
Total n-3 835 153 17.49 n&s 78,10 i
Total 6 35.77 061 0.4 081 345 118
Absoluta earcentrations fmgs)

Total MUFA 1367 g2 0 57 854" 6.9
Totsl SAT 5750 8.0 AB3.5" 224 a7 76.7
Tatal (n-3) 1078 B3 198,40 148 187,7" 196
Total [n-6) 4261 23 LRL:3d 174 kR 191

MUFA = monounsaturatad fatty aigs [Includas the sum of 151, 18:1, 200, 721, 28:1), SAT = saturater srids (includes the surn of 140, 18:0, 18, 20:0, 720, 0.

P P<00G1 Y PO € Pea,

The plasma phospholipids concentration of
20:5n-3, 22:6n-3 as well as total n-3 fatty acids
increased significantly (P<0.001) during the first
and second year. At the same time all n-6 faity acids,
with the exception of arachidonje acid, were
significantly reduced (Table 3). These changes
were apparently irrespective of analyzing the
phospholipid fatty acid concentrations in relative
terms (weight percent) or in absolyte terms (mg/],
Table 3). The changes are typical for an increased
intake of fish and of cod ljver oil, and confirm that
the dietary advice 1o increase fish intake as wel)
taking cod liver oil was followed throughout the
study period.

The serum concentration of reting] decreased
afterthe first and second year compared 1o baseline,
while B-carotene and ¢-tocopherols were unchanged
(Table 4). Vitamin Bz was significantly increased
after 2 years. Both Zn?* and Mg*t showed a
statistically significant, but clinically insignificant
decrease during the study period.
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Only 2 patients experienced exacerbations (]
each), giving a mean annual exacerbation rate of
0.06 (P<0.00] compared to pre-study rate). The
mean EDSS score declined to 1.62 after the second
year (P=<0.0] as compared to pre-study seore).
Eleven patients improved, 4 patients  were
unchanged and | patient worsened during the study.

Discussion

The dietary habits were changed towards a reduc-
tion in food items contributing to saturated fat, n-6
fatty acids and sugar, and an increase in food items
contajning long-chain n-3 faity acjds as well as
vegetables. The change in fatty acid intake was
reflected in a significant increase in n-3 fatty aeids
and a reduction in n-4 fatty acids and tatal saturated
fatty acids in the plagma phospholipids,

We observed a significant reduction in the
exacerbation rate during the study period, This
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Tetle 4. Concontration of selectad blond parameters in pationts with rolapsing-remiting muftinte sclersis tregted with dist intarvantion

At basaling Aftar 1 yaar Afrer 7 years

Mean SEM Maan SEM Mean SEM
P-Retinal (praal) 20 a1 17" 01 18" 00
P-f-Caratana (pmol/) 5.3 0.0 0.4 0o 04 01
§-vitamin By, (pmal/l} 260.0 3.4 4477 434 4734 a4
E-Folata (mrmalfl) 474.8 300 a7l mi7 B1Z.9 7
P-vitamin G {pg/mi) 10.4 g 13 04 1257 08
P-ersTocopherol {pemol/) 19.3 1.4 0.3 14 187 15
B-Hamaglobin (q/d)) 141 0.3 3.7 03 137" 6.4
S-Farritin {ug/ A4.5 0.8 G684 9.8 54.1 136
S-lilucese (mmol/N) 54 0.2 a8 02 18 0.2
S-Triglycaridos (mmel/) 1.1 0 1.1 02 18 0.1
S-Lholesterql fmmalfl} 85 04 55 0.3 52 03
E-HDL {mmal/) 1.4 0.t 14 0.1 1.4 0.1
S-LAL (mmalz 36 0.3 26 0.7 34 0.2
Lu?+ (umal/l) 187 05§ .80 24 183 18
Mg [umnl/N ik 0.0 0.8 90 08" 04
nt* (pmott) 145 0.4 139 05 1300 035

P A<05 ® P00 ® Pue0.001. Table 4. Annuat exscerbation rate and disability mnasurad by EDSS in patients with ratapsing—remitting multiple sclerass.

reduction was still significant afier exclusion of the
onset-attack from the pre-study exacerbation rate
(data not shown). Further, the magnitude of (he
reduction was higher than expected from natural
history studies (33-35). We also observed a sig-
nificant reduction in EDSS. Alithough all patients
were neurologically stable during the month before
inclusion, it is still possible that some patients were
in a plateau phase of a remission at inclusion and
therefore experienced a spontaneous improvement.
However, this is probably not true for the whole
group. As many as 11 patients (69%) impraved in
EDSS scores during the observation period which is
higher than found in a2 recent immunoglobulin
treatment study where 31% of the patients in the
treatment group showed improved EIDSS scores
(36), Some of this difference may be related 1o a
iower EDSS score (2.2 versus 3.3) and a shorler pre-
study disease duration (1.6 versus 6.8 years) at
inclusion time in the present study. There is also
some limitation related to the design of the present
study, since it is open and uncontrolled. However,
we still think the results indicate a beneficial effect of
the intervention.

Dietary studies with increased n-3 fatty acid
intake in the form of cod liver oil, fish oil and/or
increased fish intake (22-26), have all shown a trend
towards reduced rate and severity of exacerbations,
but EIDSS scores however, were not improved in
these studies. In contrast o our study, these
previous intervention trials advised the paticnts
also to increase their intake of n-6 fatty acids, which
may reduce the effect of n-3 therapy. The western
diet tends to supply an abundance of n-6 fatty acids.

Based on this knowlcdge, combined with the resuits
from our previous pilot study (27), we did not
encourage increased intake of n-6 fatty acids, and
the patients were recommended o substitute
vegetable oils for olive ail.

The n-3 fatty acids may be beneficial in MS
through immune modulation. Duc 10 the competi-
tion between n-3 and n-6 fatty acids, an increased
intake of n-3 fatty acid will reduce the synthesis of
pro-inflammatory leukotrienc B, and prostaglandin
E» (37, 38) and concomitantly increase the synthesis
of the Jess inflammatory leukotriene B: and
prostaglandin Ez (39). This will also effect the
synthesis of cytokines (40-46). Recently, n-3
supplementation in M$ patients have been shown
to reduce the levels of several pro-inflammatory
cytokines as well as the production of the pro-
inflammatory eicosanoids, prostaglandin E; and
leukotriene By (47).

Children with Zellweger Syndrome have extre-
mely low values of DHA because of deficient
synthesis of DHA from EPA due to congenital
peroxisomal disorders. Dictary supplementation
with pure TDHA in these patients normalized
DHA concentrations in plasma and erythrocyte
lipids, improved CNS function, and MRI showed
clear evidence of re-myelination in the brain (48).
Since myelin lipids are not particularly rich in
DHA, this effect on myelin might be reached via the
myelin-producing cell, the oligodendrocyle, which
contains phospholipids rich in DHA (49, 50). MS
patients have a normal capability of converting
EPA inte DHA, and supplementing with fish o1l
containing both EPA and DHA c¢ould result in
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improved re-myelination, thereby contributing to
the improved EDSS score in our (yial.

The high content of polyunsaturated fatty acids
in the CNS makes it suseeptille to atiack fram free
radicals. During inflammation the free radical
formation and antioxidam protection may be
imbalanced. Vitamin C ig a water soluble fiee
radical scavenger and therefore important in
protecting against free radicals (51). To enhance
antioxidant protection, we therefore supplemenied
the patients with 200 mg vitamin C dajly, Plasma
vitamin vajues were at baseline below reference
vafues but showed a significant increase at the end
of the trial. Optimal antioxidant protection cam-
bined with increased intake of n-3 fatty acids may
be important for the clinical improvement observed
in our patients. However, finding the optimal
balance between ogidizable long-chain n-3 fatty
acids and antioxidant vitamins ig difficult, especially
since vitamin C at higher daily doses, has been
reported to act as a pro-gxidant undey special
conditions (52).

Only 2 of the 16 paticnts experienced a relapse
each during the 2-vear study period. These patients
were the only regular smokers (~20 cigarettes/day),
and during the study it was revealed that one of
them also had hemochromatosis, Smoking resuits in
increased production of free radieals {51). and
ferrous iron is a potent calalyst for free radical
production and lipid peroxidation, Qur ehservation
of relapses in smokers might be a coincidence, but
could also reflect a connection between oxjdative
stress and disease activity.

The results from this study suggest thai dietary
advice and supplementation of n-3 fatty acids and
Vitamins can reduce the exacerbation rate and
improve function in newly diagnosed MS patients.
Further controlled studies are needed 1o determine
more definitively the role of diet in the treatment of
MS.
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