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Introduction

Rheumatoid arthritis (RA) is a chronic inflam-

matory, autoimmune disease resulting in joint

inflammation that is manifested by swelling,

pain, functional impairment and muscle wasting

and is associated with increased risk of cardio-

vascular disease (CVD) and osteoporosis. It is

characterized by both localized and systemic

inflammation with elevated plasma concentra-

tions of pro-inflammatory cytokines, such as

interleukin-6 (IL-6), interleukin-1b (IL-1b),

tumour necrosis factor-a (TNF-a), and acute-

phase proteins. RA is thought to result from an

underlying genetic susceptibility, which is mani-

fest in response to an environmental trigger.

However, the exact cause or causes of the disease

are unknown.

Poor nutrient status in diagnosed RA patients

has been reported in observational studies, with

reduced energy intake from carbohydrates, high

consumption of saturated fat and poor intake of

micronutrients relative to nonaffected controls

(Hansen et al., 1996; Morgan et al., 1997; Stone

et al., 1997). This may in part contribute to the

increased risk of CVD observed in patients with
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Abstract

Rheumatoid arthritis (RA) is a debilitating disease and is associated

with increased risk of cardiovascular disease and osteoporosis. Poor

nutrient status in RA patients has been reported and some drug

therapies, such as nonsteroidal anti-inflammatory drugs (NSAIDs),

prescribed to alleviate RA symptoms, may increase the requirement

for some nutrients and reduce their absorption. This paper reviews

the scientific evidence for the role of diet and nutrient supplemen-

tation in the management of RA, by alleviating symptoms, decreasing

progression of the disease or by reducing the reliance on, or com-

bating the side-effects of, NSAIDs. Supplementation with long-chain

n-3 polyunsaturated fatty acids (PUFA) consistently demonstrates an

improvement in symptoms and a reduction in NSAID usage. Evi-

dence relating to other fatty acids, antioxidants, zinc, iron, folate,

other B vitamins, calcium, vitamin D and fluoride are also consid-

ered. The present evidence suggests that RA patients should consume

a balanced diet rich in long-chain n-3 PUFA and antioxidants. More

randomized long-term studies are needed to provide evidence for the

benefits of specific nutritional supplementation and to determine

optimum intake, particularly for n-3 PUFA and antioxidants.



RA. However, it is not clear why people with RA

have poor nutrient status.

Rheumatoid arthritis has a prevalence of about

2% worldwide and is more common in women,

with symptoms typically appearing during middle

age. The associated complications of osteoporosis

and CVD make RA important in public health

terms. Rheumatoid cachexia, characterized by a

decrease in body cell mass, muscle mass and

strength, may be an important contributor to

the risk of developing these complications and

is associated with the elevated production of

the inflammatory cytokines IL-1b and TNF-a
(Roubenoff et al., 1994). Conventional treatments

for RA, including nonsteroidal anti-inflammatory

drugs (NSAIDs), slow-acting anti-rheumatic drugs

and corticosteroids, aim to reduce the patients’

pain and joint inflammation, minimize loss of

function and decrease the progression of joint

damage. However, such treatments are rarely,

totally effective and some pharmacological ther-

apies have the potential to cause side-effects, such

as gastro-intestinal bleeding and bone loss (Sarzi-

Puttini et al., 2000). As a result many RA sufferers

turn to alternative (self-prescribed) therapies

including dietary supplements.

In addition, some drug therapies prescribed to

alleviate symptoms of RA have anti-nutrient

effects by both increasing the requirement of some

nutrients and reducing their absorption. Studies

have suggested that diet may play a role in the

management of RA, particularly in alleviating the

symptoms of the disease and reducing the risk of

complications (Darlington & Ramsey, 1993;

Danao-Camara & Shintani, 1999).

This paper is not a systematic review but

rather provides an overview of the scientific

evidence for the role of many different aspects of

diet and/or nutrient supplementation in the

management of rheumatoid arthritis, by allevi-

ating symptoms, decreasing progression of the

disease or by reducing the reliance on, and

combating the side-effects of, concomitant

medication. Associations between specific nutri-

ents in the diet, both in the form of supplements

and foods were examined and changes in diet

composition, such as elimination diets, were also

considered. It highlights particular nutrients of

interest and may form the basis for subsequent

systematic reviews.

Polyunsaturated fatty acids

There is much interest in the putative role of n-3

polyunsaturated fatty acids (PUFA) to reduce

inflammation and alleviate the symptoms of RA.

Dietary n-6 and n-3 PUFA are modulators of the

lipid content of membrane phospholipids, where

they are able to affect cell function, and precursors

for eicosanoid production. Eicosanoids mediate

inflammation, cytokine synthesis and cell com-

munication (Volker et al., 2000). Metabolism of

n-6 PUFA produces arachidonic acid (AA), lead-

ing to the production of leukotrienes, prostaglan-

dins and thromboxanes of the two and four series,

whereas metabolism of n-3 PUFA produces

docosahexaenoic acid (DHA) and eicosapentae-

noic acid (EPA) which form the respective

eicosanoids of the three and five series.

The major sources of n-6 and n-3 PUFA are

linoleic and a-linolenic acid (ALNA), respectively.

These fatty acids are elongated and desaturated by

the same enzymes leading to a competition

between these fatty acid groups. In recent years

there has been a marked increase in the con-

sumption of n-6 PUFA-rich vegetable oils, such as

sunflower oils and spreads, and the ratio of n-6 to

n-3 has increased dramatically (Simopoulos,

1991). This has shifted the balance of eicosanoids

synthesized to favour those from the AA precursor

that have more pro-inflammatory biological ac-

tions, over those synthesized from DHA and EPA.

DHA and EPA, which are found in fish oil, are able

to decrease the production of AA-derived eicosa-

noids and decrease the production of pro-inflam-

matory cytokines TNF-a, IL-1b and IL-6, decrease

lymphocyte proliferation and reactive oxygen

species (Calder & Zurier, 2001). The exact me-

chanisms through which n-3 PUFA act are still

being debated, but it is clear that these oils do

demonstrate some anti-inflammatory properties.

A large number of studies have examined the

effect of fish oil supplementation in relation to RA.

Review papers conclude that the evidence for

significant clinical improvements on RA and

inflammatory status from fish oils is consistent,
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with a reduction in the number of tender joints

being the most often observed benefit (Ariza-Ariza

et al., 1998; Belch & Muir, 1998; Grimble & Tappia,

1998; Simopoulos, 1999; James et al., 2000; Kre-

mer, 2000; Calder & Zurier, 2001; Darlington &

Stone, 2001). A beneficial clinical effect of dietary

supplementation of fish oil on RA has been

observed in at least 13 double-blind, placebo

controlled studies since 1985 (James et al., 2000;

Calder & Zurier, 2001).

Calder et al. suggested that the effectiveness of

fish oils may have been underestimated as RA

patients in many studies continued with existing

drug therapies in addition to the fish oil supple-

mentation (Calder & Zurier, 2001). Other studies

have suggested that NSAIDs therapy could be

reduced or stopped in some RA patients (Belch

et al., 1988; Skoldstam et al., 1992; Lau et al.,

1993; Geusens et al., 1994; Kremer, 2000). One

study reported a significant reduction in NSAID

usage in patients receiving a fish oil supplement

compared with those taking a placebo, which

persisted throughout the 12-month intervention

period [mean requirement (95% CI for mean)

intervention 40.6 (24.5–56.6)%; placebo 84.1

(62.7–105.5)% P < 0.001] (Lau et al., 1993). In a

review of fish oil supplementation studies, it was

concluded that after 3–4 months of supplementa-

tion patients may be able to reduce their NSAIDs

dose under the supervision of a physician (Kre-

mer, 2000). Further research is required to in-

vestigate these potentially beneficial interactions

between drug therapies and long chain n-3 PUFA

supplementation.

Most studies of n-3 supplementation have not

considered the background dietary intake of n-6

PUFA. In principle, reductions in n-6 would

increase the n-3 to n-6 ratio and may, by modu-

lating the balance of eicosanoids, enhance the ef-

fect of the n-3 supplements (Calder & Zurier,

2001). One study specifically selected RA patients

whose background diet was naturally low

(<10 g day)1) in n-6 fatty acids and provided

either a fish oil supplementation or a control

capsule of 50/50 corn/olive oil (Volker et al.,

2000). Significant improvements in the number of

tender and swollen joints, stiffness, pain and both

the patient’s and physician’s global assessment of

arthritis activity were observed in the fish oil

group after 15 weeks. No significant improve-

ments in any clinical measure were seen in the

control group.

Clinical trials of fish oil supplementation have

predominantly been of short duration and more

studies are required to investigate the safety of

long-term supplementation. There is also a need

for studies to further examine the minimum doses

and duration required to bring about clinical

improvement (Calder & Zurier, 2001) particularly

as suppression of cell-mediated immunity has

been observed with high doses of fish oil in animal

studies (Hinds & Sanders, 1993). One study com-

pared 27 mg kg)1 EPA and 18 mg kg)1 DHA (low

dose) with 54 mg kg)1 EPA and 36 mg kg)1 DHA

(high dose) in RA patients. Both doses were

equally effective in improving symptoms over

24 weeks but the improvements reached statistical

significance sooner with the high dose (12 weeks

versus 18 or 24 weeks) suggesting that high doses

may not confer any additional long-term benefit

(Kremer et al., 1990).

Case–control studies that have examined the

effect of fish in the diet on the risk of developing

RA have been ambivalent (Linos et al., 1991;

Shapiro et al., 1996; Linos et al., 1999) and no

studies have specifically assessed the effect of

dietary fish on RA symptoms. Studies in healthy

individuals have demonstrated that dietary sources

of n-3 PUFA can increase n-3 fatty acid tissue

concentrations to levels observed with fish oil

capsules and can modestly suppress some

inflammatory eicosanoids and cytokines (Fahrer

et al., 1991; Mantzioris et al., 2000). However,

compared with fish oil capsules, which contain

concentrated high doses of n-3 oils, fish, even oily

fish, contain less long chain n-3 and are rarely

consumed on a daily basis. Further research is

needed to establish recommended dietary intakes

of n-3 PUFA from foods for patients with RA to

confer clinical benefit. At present, the evidence

suggests that an increase in long chain n-3 PUFA

is associated with beneficial effects for patients

with RA. In addition, increases in n-3 PUFA are

associated with reduced risk of CVD and other

health benefits. There is therefore sufficient evi-

dence to promote fish consumption for patients
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with RA in line with general healthy eating recom-

mendations (at least two servings per week, with

one or more of the servings as oily fish). Patients

who do not consume fish regularly may consider

modest fish oil supplements, but, until long-term

supplementation trials have been undertaken and

further evidence on optimal doses are available,

caution should be exercised in the use of concen-

trated high dose fish oil supplements.

There is little evidence of the relative efficacy of

plant sources of n-3 PUFA in the form of ALNA,

such as leafy green vegetables, flaxseeds, rape-

seeds and canola oils. One study has demonstrated

that 18 g of ALNA/day for 8 weeks significantly

decreased the stimulation and proliferation of

lymphocytes in healthy adults (Kelley et al., 1991).

However, this dose was greatly in excess of current

average intakes (1–2 g day)1 in UK adults) (Brit-

ish Nutrition Foundation, 1999) and would be very

difficult for most individuals to achieve through

dietary change. Only one randomized trial has

investigated the effects of modest levels of ALNA

(2 g day)1) alone in healthy subjects with a

12-week supplementation of flax seed oil (Thies

et al., 2001). This study reported no change in

markers of inflammation or immune response. As

the conversion of plant sources of n-3 to EPA is

relatively inefficient, it is likely that large doses

would be required to effect immunological

responses (Calder & Zurier, 2001). No studies

examining the effects of ALNA in RA patients were

identified.

Many plant oils are rich in n-6 linoleic acid.

Metabolism of this acid produces c-linolenic acid

(GLA), which is converted to dihomo-c-linolenic

acid (DGLA) and AA. In human inflammatory

cells, GLA is readily converted to DGLA and

accumulates in these cells that do not contain the

necessary enzymes for the subsequent conversion

to AA (Barham et al., 2000). Thus increased diet-

ary GLA reduces the synthesis of potent mediators

of inflammation from AA and increases anti-

inflammatory action through some of the DGLA-

derived eicosanoids (Calder & Zurier, 2001). A

number of studies have examined whether certain

plant seed oils that contain relatively large

amounts of GLA may have anti-inflammatory

actions, notably those extracted from the seeds of

evening primrose oil (EPO), blackcurrants and

borage plants.

A randomized control trial using GLA-rich

borage seed oil (BSO) reported a reduction in

signs and symptoms of disease activity in RA

patients after a 24-week intervention (Leventhal

et al., 1993). However, this was a small study

(n ¼ 37) and the dose of GLA was relatively high

(1.4 g day)1 GLA). The authors concluded that

further controlled trials were required. The bio-

logical mechanism for this effect is supported by

an uncontrolled human study, in which similarly

high doses of BSO (1.1 g day)1 GLA) were given to

both healthy subjects and patients with RA over

12 weeks (Pullman-Mooar et al., 1990). Significant

increases in DGLA were observed in circulating

mononuclear cells, with increases in the ratios of

DGLA to AA and reductions in the associated pro-

inflammatory two-series prostaglandins and four-

series leukotrienes. Similar beneficial effects on

RA have been reported following a supplementa-

tion with blackcurrant seed oil, containing

525 mg day)1 GLA (Watson et al., 1993). Two

trials examining whether EPO supplements could

reduce the clinical symptoms of RA and the dos-

age of NSAIDs used by patients with RA found

mild improvements in symptoms and reduction in

NSAIDs (Belch et al., 1988; Brzeski et al., 1991)

whereas others have found no positive effects

(Hansen et al., 1983; Darlington & Stone, 2001).

One of the above trials, reporting a positive effect

of EPO, found a reduction in NSAIDs usage in

both the placebo and intervention arms (reduction

of 400 mg ibuprofen per day) (Brzeski et al.,

1991). In this study, olive oil, rich in monoun-

saturated fatty acids (MUFAs), which may have

beneficial effects on RA symptoms itself, was used

as the placebo. There is debate over which fatty

acids should be used as the placebo in studies

of n-3 supplementation because some fatty acids,

such as MUFAs, have been suggested to have

independent health benefits and thus may reduce

the differences between the trial arms and under-

estimate the effects of the oil on trial.

It is important to note that one small study

(nine subjects in the EPO intervention arm) found

possible adverse effects of EPO supplementation

with increased concentrations of AA and reduced
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levels of EPA in the serum with a 20-mL EPO

supplement (9% GLA) (Jantti et al., 1989). How-

ever, although GLA supplementation may decrease

AA levels in inflammatory cells, it has been shown

to markedly increase serum levels of AA (Barham

et al., 2000). High serum AA increases the ten-

dency of platelet aggregation, a risk factor for

coronary heart disease. Barham et al. (2000) have

demonstrated that this potentially adverse effect of

GLA may be counteracted if the GLA supplement

is combined with EPA.

There is no evidence of a specific benefit of n-3

PUFA rich plant oils for patients with RA. There is

some evidence of a possible benefit of plant oils

rich in GLA, but the majority of studies have been

of short duration and only one randomized con-

trol trial has examined the effects of these oils on

RA symptoms over 12 months with an appropriate

placebo (Belch et al., 1988). There is a need for

trials to explore the potential long-term effects of

GLA supplementation.

Monounsaturated fatty acids

When MUFA are present in the diet, they usually

replace dietary n-6 PUFA and thus reduce the

competition between n-6 and n-3 PUFA, which

results in increased incorporation of n-3 fatty

acids into cell membranes (Darlington & Stone,

2001). Metabolism of oleic acid, an n-9 MUFA,

produces eicosatrienoic acid (ETA), which like

EPA competes with n-6 PUFA. One of the princi-

pal dietary sources of oleic acid is olive oil.

Studies to examine the effects of olive oil on

RA are limited. Two case–control studies found

an inverse association between olive oil con-

sumption and risk of RA (Linos et al., 1991,

1999). However, only one intervention study has

examined the impact in patients with established

RA (Brzeski et al., 1991). Patients who consumed

olive oil capsules (6 g day)1) had significant

reduction in pain and articular index at 6 months

in relation to a 540-mg day)1 dose of GLA and

some patients were able to reduce their dose of

NSAIDs by 400 mg of ibuprofen a day. As in the

fish oil supplementation trials, it is difficult to

assess the full impact of the olive oil intervention

when another potentially beneficial fatty acid is

used in the other arm of the trial. Further studies

are required.

Antioxidants

Adequate tissue concentrations of antioxidants

may provide an important defence against the

increased oxidant stress in patients with RA.

Studies have examined the effects of vitamins C, E

and selenium on the management of RA.

In general vitamin E (a-tocopherol) deficiency

and low tissue vitamin E content enhances com-

ponents of the inflammatory response and sup-

presses components of the immune response

(Mangge et al., 1999; Darlington & Stone, 2001).

Dietary vitamin E supplementation has been

reported to bring about the opposite effect

(Grimble, 1998). However, randomized controlled

trials have reported conflicting results, despite all

administering similarly high doses of vitamin E

(1200 mg day)1) (Edmonds et al., 1997; Miehle,

1997; Wittenborg et al., 1998). Miehle et al. have

proposed that free radical production increases in

a dose–response manner depending on the sever-

ity of the condition and the number of joints

affected and that this could explain the graded

effects of a-tocopherol in these randomized con-

trol trials (Miehle, 1997) which range from a trial

in those who were relatively active (Edmonds

et al., 1997) to those who had been hospitalized

because of their RA (Wittenborg et al., 1998). To

date all the trials of vitamin E supplementation

have been of short duration (3–12 weeks).

Recent molecular studies have demonstrated

that the anti-inflammatory effects of aspirin are

greatly enhanced when combined with a-toco-

pherol (Abate et al., 2000). The formation of the

proinflammatory prostaglandin E2 was inhibited

59% by aspirin compared with control and 95%

by aspirin when combined with a-tocopherol.

This suggests that vitamin E supplementation

may reduce the usually high dosage of aspirin

needed by patients with RA to relieve joint

symptoms, which often causes considerable gas-

tric irritation (Fries et al., 1993). Therefore there

is currently no substantial evidence to support

vitamin E supplementation, but patients with

RA should be encouraged to increase their
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consumption of vitamin-E-rich cereals, fruit and

vegetables.

Vitamin C (ascorbic acid) is an intra- and

extracellular scavenger of free radicals and as

such, plays an important role in antioxidant

defences (Whiteman & Halliwell, 1996). In animal

studies biochemical markers of antioxidant

defence mechanisms were increased with vitamin C

supplementation (Eldin et al., 1992) and infiltra-

tion of inflammatory cells into synovial fluid were

decreased (Sakai et al., 1999). Only one vitamin C

supplementation study in humans was identified,

which failed to show any beneficial effect on the

synovial inflammatory process (Mangge et al.,

1999).

Many studies have investigated the effect of

selenium on RA. In the general UK population,

selenium intakes are currently below the recom-

mended nutrient intake (Brown & Arthur, 2001).

In a prospective study, 28 RA patients were fol-

lowed for a mean period of 7.3 years (Tarp et al.,

1989). Serum selenium fluctuated in most of the

patients during the course of the disease, with low

levels in periods of high disease activity and nor-

mal levels in periods of low activity. It is hypo-

thesized that selenium levels drop in response to

inflammation and that supplementation may have

anti-inflammatory effects (Tarp, 1995). Animal

studies indicate that selenium deficiency leads to a

less responsive immune system (Tarp, 1995) but

the mechanisms in humans are not fully under-

stood. In immune cells, the major function of

selenium appears to control excessive production

of perioxidative substrates and it may also down-

regulate cytokine signalling (McCarty & Russell,

1999) with high doses possibly causing

immunosuppression (Tarp, 1995).

In patients with RA selenium supplementation

studies have produced conflicting results, report-

ing an improvement in RA symptoms (Peretz

et al., 1992; Aaseth & Teigen, 1993; Heinle et al.,

1997) or no change with supplementation (Tarp

et al., 1985; Jantti et al., 1991; Petersson et al.,

1991), which may be attributable to differences in

study design. The intervention periods of these

studies have varied from 8 weeks (Jantti et al.,

1991) to 8 months (Aaseth & Teigen, 1993) in

15–70 patients, who were either recently diag-

nosed, had low inflammatory activity or active RA.

The largest study (n ¼ 70), a double-blind rand-

omized control trial with a 3-month intervention

period, reported a significant decrease in RA

symptoms, reduced reliance on cortisone and

NSAIDs and a significant decrease in biochemical

indicators of inflammation in the group receiving

a selenium supplementation of 200 g sodium sel-

enite (Heinle et al., 1997). However, both the

supplementation and placebo groups received an

additional fish oil supplementation, so the effect of

selenium alone cannot be accurately determined.

Further well-controlled studies are needed.

The effect of dietary sources of antioxidants has

not been examined in subjects with established

RA. However, associations between high vegetable

consumption and reduced risk of developing RA

have been reported in a cross-sectional cohort (La

Vecchia et al., 1998) and a case–control study

(Linos et al., 1999). Patients with RA should be

encouraged to meet the recommended intake of

these antioxidants through consumption of plant

foods, but the case for nutrition supplementation

is unproven.

Folate and other B vitamins

Low plasma levels of pyridoxal-5-phosphate

(PLP), the metabolically active form of vitamin B6,

have been reported in RA patients (Roubenoff

et al., 1995) which may be associated with the

elevated TNF-a production and subsequent ele-

vated energy expenditure seen in RA (Roubenoff

et al., 1995). It is not clear whether these low levels

reflect an intracellular deficiency or whether there

is redistribution, rather than an absolute decline,

of PLP in RA.

There are no reports of positive effects of oral

vitamin B6 supplements to treat the symptoms of

RA (Roubenoff et al., 1997). It has been suggested

that vitamin B6, in conjunction with folate and

vitamin B12 supplementation, may be beneficial to

a subgroup of RA patients with high homocysteine

levels, as PLP has an integral role in homocysteine

metabolism. Elevated levels of total homocy-

steine occur commonly in RA patients, and may,

contribute to the increased cardiovascular risk

associated with the disease (Roubenoff et al.,
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1997). However, as large doses of vitamin B6 have

known toxic effects, RA patients should be advised

to consume dietary sources of vitamin B6 up to the

dietary reference value, until further research is

undertaken into the safety and effectiveness of

enhanced supplementation.

Methotrexate (MTX), an anti-rheumatic drug, is

a known folate antagonist (Dijkmans, 1995; Ortiz

et al., 2001). Some side-effects of MTX, such as

gastrointestinal intolerance, mimic complicated

folate deficiency. Folate stores are decreased in RA

patients on MTX, suggesting that impaired folate

status is indeed related to MTX toxicity (Morgan

et al., 1994).

A Cochrane review of seven trials reported the

effects of folic acid and folinic acid (a one carbon

substituted, fully reduced folate) in reducing the

mucosal and gastrointestinal side-effects of low-

dose MTX in patients with RA (Ortiz et al., 2001).

A total of 147 patients received folate supple-

mentation in the seven studies (80 with folinic acid

and 67 with folic acid). With folic acid, a 79%

reduction in mucosal and gastrointestinal side-

effects was observed [OR ¼ 0.21 (95% CI 0.10,

0.44)]. For folinic acid a reduction of 43% was

reported, which was not statistically significant

[OR ¼ 0.57 (95% CI 0.28–1.15)]. No major dif-

ferences were observed between low and high

doses of folic or folinic acid and no consistent

differences in disease activity parameters, such as

number of tender and swollen joints, were seen

when the folic or folinic acid at low or high doses

were compared with the placebo. The reviewers

concluded that the results support the protective

effect of low doses of folic acid supplementation

(<5 mg week)1) in patients having RA treated

with MTX. This exceeds the current recommended

nutrient intake for folate (1.4 mg week)1) and

supplementation may be warranted in this sub-

group of patients with RA. However, it is essential

to ensure that patients have adequate vitamin B12

status before starting any supplementation to

prevent any possible masking of vitamin B12

deficiency.

Zinc

Low levels of serum zinc have been reported

in patients with RA (Helliwell et al., 1984) which

may not be fully accounted for by low dietary zinc

intake (Honkanen et al., 1991). It has been pos-

tulated that low serum zinc may be caused by

elevated IL-1 associated with RA (Svenson et al.,

1985; Honkanen et al., 1991) or by the use of

corticosteroids and NSAIDs (Milanino et al.,

1993). Clinical studies of zinc supplementation

yield contradictory results (Mangge et al., 1999)

and at present do not support a therapeutic use of

zinc. There have been no studies examining the

effect of dietary sources of zinc on inflammation

or the immune function of RA patients.

Iron

Approximately, one-third of cases of anaemia in

RA patients may be caused by depletion of iron

stores, suggesting that in this population iron

deficiency is an important cause of anaemia

(Punnonen et al., 2000). Iron deficiency anaemia

may develop as a result of chronic inflammation,

gastrointestinal blood loss caused by RA medica-

tions, preferential uptake of iron by inflamed

synovial tissue as well as poor dietary intake

(Giodano et al., 1984). Deferioxamine, an iron-

chelating agent, which has possible anti-inflam-

matory properties, was given to five patients with

severe RA for 4 weeks (500 mg five times a week)

(Marcus, 1987). After treatment, haemoglobin and

serum iron levels increased and this lasted 8 weeks

after the cessation of the treatment. However, one

patient had significant toxicity and three patients

developed gastrointestinal side-effects including

vomiting and abdominal pain. No further studies

of supplementation have been reported. Since iron

deficiency anaemia is relatively common in the

general population, an adequate dietary intake to

meet the recommended intakes should be

encouraged, but there is no evidence for additional

routine supplementation for patients with RA.
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Calcium, vitamin D and fluoride

Patients with RA are vulnerable to steroid-induced

and disease-associated osteoporosis. In RA, ver-

tebral bone density has been found to be 5–15%

less than aged matched controls (Adachi et al.,

1997). In addition, corticosteroids, used in the

treatment of RA, impair intestinal calcium

absorption (Reid et al., 1994). It appears that bone

loss occurs rapidly within the first 6–12 months of

corticosteroid therapy and then slows (Adachi

et al., 1998). Low dietary intakes of calcium

(Morgan et al., 1997) and vitamin D (Martin,

1998) have been reported in patients with RA. It is

not clear why this is the case, but patients with RA

should be encouraged to meet the recommended

dietary intakes. Studies have examined the effect

of calcium and vitamin D3 supplementation on

bone mineral density (BMD) among subjects

taking corticosteroids in men and women who

were predominantly post-menopausal (Adachi

et al., 1996; Buckley et al., 1996; Adachi & Ioan-

nidid, 1999). Calcium prophylaxis alone appears

to offer only minimal protection from corticos-

teroid-induced spinal bone loss (Adachi & Ioan-

nidid, 1999). A 2-year randomized control trial of

calcium combined with vitamin D3 in 65 RA

patients taking corticosteroids demonstrated a

reduction in BMD loss in both the spine and tro-

chanter, but not the femoral neck (Buckley et al.,

1996). However, patients in this trial were only

receiving a low dose of corticosteroids. The trial

did not find a significant difference with meno-

pausal status, but was not powered to examine any

interactive effects with hormone replacement

therapy. Other long-term supplementation trials,

in those undergoing extended therapy with higher

doses of corticosteroids for a variety of inflam-

matory conditions, did not demonstrate significant

beneficial effects on BMD (Adachi & Ioannidid,

1999). No change in BMD with calcium and vita-

min D3 supplementation has been seen in RA

patients not receiving corticosteroids (Buckley

et al., 1996) and therefore, considering the poss-

ible side-effect of hypercalcaemia (Adachi &

Ioannidid, 1999) there is no evidence to support

calcium and vitamin D supplementation in these

patients.

The effects of fluoride supplementation in

preventing RA-induced bone loss were examined

in a randomized control trial in 38 patients

(Adachi et al., 1997). Lumbar spine BMD sig-

nificantly increased in those treated with

40 mg day)1 sodium fluoride relative to a placebo

after an 18-month intervention. This suggests

that fluoride therapy may increase vertebral

bone mass in RA patients. A Cochrane review of

fluoride supplementation in post-menopausal

women found a consistent increase in BMD at

the lumbar spine, but the trials did not dem-

onstrate a reduction in vertebral fractures

(Haguenauer et al., 2000). Studies in other

conditions have raised concerns of possible

gastrointestinal complications following fluoride

supplementation (Mamelle et al., 1988). How-

ever, in the trial in patients with RA no signi-

ficant differences were found in adverse events

between groups (Adachi et al., 1997). Additional

trials are required to confirm this result, and to

examine whether fluoride reduces fracture rates

in patients with RA.

Foods associated with aggravating symptoms

Patients with RA often claim that their symptoms

are alleviated by special diets or by simple elim-

ination of certain foods and it has been proposed

that food related antigens, predominantly from

protein sources, might provoke hypersensitivity

responses, which may increase symptoms of RA

(Panush, 1991). Controlled studies, involving the

exclusion of foods such as red meat, dairy prod-

ucts, cereals and wheat gluten foods have reported

inconsistent results, with either improvements

(Darlington et al., 1986; Gianfranceschi et al.,

1996) or no change (Panush, 1991; Van de Laar &

van der Korst, 1992a) in subjective and objective

measures of symptoms. To confirm which foods

produce symptoms, blind challenge tests with

capsules of the alleged food antigen are essential to

overcome possible placebo effects (Darlington &

Ramsey, 1993). In this situation, many patients

who report an improvement in symptoms during

elimination diets, do not show any symptom

deterioration with a blinded challenge (Panush,

1990).
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However, a small number of patients in these

studies experienced an alleviation of symptoms on

the elimination diet and a recurrence of symptoms

in controlled food challenge conditions (Darling-

ton et al., 1986; Panush, 1991). In some cases,

further exploration of potential antigens, such as

dairy products, in these patients, have resulted in

immune tests confirming food allergy (Panush,

1991; Van de Laar et al., 1992b). No foods or food

groups have been consistently identified as a

cause, trigger or aggravating factor in studies

where RA patients were unselected (Danao-

Camara & Shintani, 1999). It is estimated that

probably less than 5% of RA patients do have an

actual immune sensitivity to specific foods (Pan-

ush, 1991; Danao-Camara & Shintani, 1999;

Henderson & Panush, 1999), which is similar to

the level found in the general population

(Department of Health, 2000).

Other possible biological mechanisms for the

reported improvement in symptoms from elim-

ination diets include placebo response, suppres-

sion of Type I reaction, reduced gastrointestinal

permeability and bacterial antigens and secretory

IgA deficiency, or weight loss acting either singly

or in combination (Darlington & Ramsey, 1993).

Further data are required to explore the impact of

weight loss in more detail, independent of poten-

tial food intolerances.

Elimination diets are usually preceded by a

period of fasting, which may confound the

reported improvement in symptoms. Fasting is

known to suppress inflammation (Danao-Camara

& Shintani, 1999). The mechanism by which this

operates is not completely understood, but may

involve a reduction in the release of pro-

inflammatory cytokines, reduced leukotriene

formation (Hafstrom et al., 1988) and altered

intestinal permeability, which may decrease the

penetration of immunostimulants from the intes-

tines (Danao-Camara & Shintani, 1999). Four

controlled studies have evaluated the effects of

following a vegetarian diet for at least 3 months

after an initial period of fasting (Lindberg, 1973;

Skoldstam et al., 1979; Skoldstam, 1986; Kjeldsen-

Kragh et al., 1991). Pooled results from these early

studies implied that eliminating meat from the

diet might be useful in the treatment of RA

(Kjeldsen-Kragh, 1999; Muller et al., 2001). How-

ever, it is difficult to determine what aspect of

the diet is responsible for the observed effects on

RA symptoms. Benefits may be observed either as

a consequence of eliminating meat or the inclu-

sion of fruits and vegetables, naturally rich in anti-

oxidants.

Most of these studies have not been rigorously

or completely controlled and should not be

interpreted as definitive. As confirmed food

intolerance affects only a small number of patients

with RA and elimination of potential dietary an-

tigens from the diet offers only limited relief of RA

symptoms, it is not a practical strategy for man-

aging the symptoms of this disease in all patients

with RA. For a very small number of individuals

with clinically diagnosed food intolerance, elim-

ination diets may be a feasible therapy, although

long-term efficacy and patient adherence is yet to

be determined. Such diets must be developed with

expert dietetic support in order to preserve the

nutritional quality of the diet. Patients with RA

should be discouraged from undertaking self-

imposed elimination diets, which may compro-

mise nutritional status.

Conclusions

Studies of the effects of dietary habits and nutrient

supplementation on RA are hampered by the

inherent variability in the clinical course of the dis-

ease and the wide spectrum of clinical phenotypes

(Ollier et al., 2001). Patients frequently self-prescribe

complementary medicine including diet modifica-

tions. This makes selecting an appropriate group of

patients difficult. Improvement in symptoms may be

dependent on the severity of the disease and under-

lying inflammatory status. More randomized long-

term studies are needed to provide clear evidence of

the impact of nutritional supplements and specific

dietary advice for patients with RA.

In trials of dietary change, compliance is difficult

to assess. In addition, it is frequently difficult to

implement a double-blind protocol to reduce

possible placebo effects. The poor scientific meth-

odology of many diet-manipulation studies, par-

ticularly elimination diets, currently gives research

in this area poor credibility (Kjeldsen-Kragh, 1999).
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Given the often poor nutrient status in people

with RA, it is important to ensure adequate

nutrient intakes. Dietary advice for patients with

RA should be focused on achieving current

dietary recommendations for the population at

large, with a varied balanced diet containing

foods rich in anti-oxidants, providing adequate

intake of iron, calcium, vitamin D and the B

vitamins and boosting n-3 PUFA intake to reduce

the severity of RA symptoms and improve overall

health.

This review has identified a number of prom-

ising areas that warrant further investigation.

There is growing scientific evidence for the use of

dietary supplements of fish oils as part of the

treatment for inflammatory disorders such as RA.

Many anti-inflammatory pharmacotherapies are

directed at inhibiting the production of inflam-

matory mediators, cytokines, which are implicated

in the late and painfully destructive phase of the

disease. Therapies incorporating n-3 PUFA and

possibly MUFA may have similar anti-inflamma-

tory effects (James et al., 2000).

Further studies are needed into the potential

effects of nutrients in counteracting side-effects of

conventional RA treatments, in particular, the

effects of folate in patients taking MTX and

nutritional strategies to decrease bone loss

accompanying corticosteroid therapy.
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