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ABSTRACT

Case control studies have shown that a high consumption of fish, olive oil, and cooked
vegetables is associated with a decreased risk of developing rheumatoid arthritis (RA).
These foods have a central position in the traditional Cretan Mediterranean diet, and it has
been suggested that dietary factors contribute to the low prevalence of RA in Mediterra-
nean countries. The overall aim of this thesis was to examine whether a modified Cretan
Mediterranean diet can reduce signs and symptoms of RA. This was investigated in a
three-month dietary intervention trial in which 51 patients with well controlled, although
active RA of at least two years duration took part. A further aim was to study the compli-
ance with the experimental and control diets used in the study, and to validate the diet
history interview method used to assess the dietary intake. The validation was carried out
by means of biological markers of dietary intake.

From baseline to the end of the study the group that had adopted the Cretan Mediterranean
diet (MD group; n=26) obtained a reduction in disease activity, improved physical func-
tion, and improved vitality, while no changes was seen in the control diet group (CD
group; n=25).

According to the dietary assessments, the intake frequencies of antioxidant-rich food items
increased in the MD group. This group also had a significantly higher intake of vitamin E,
vitamin C and selenium compared to the CD group. Despite the reported increase in the
consumption frequencies of antioxidant-rich foods, the plasma levels of carotenoids, vita-
min C, lipid adjusted tocopherols, uric acid and urine malondialdehyde, a marker of oxida-
tive stress, were unchanged at the end of the study. The plasma levels of retinol, vitamin C
and uric acid were, however, correlated to indices of disease activity. Changes in the re-
ported consumption of food groups with relevance to the fat intake were also observed in
the MD group, including an increased intake of fish, shellfish and poultry, and a decreased
intake of meat and high fat dairy products. As a result, the total fat intake was lower in the
MD group compared to the CD group. Furthermore, in the MD group a slightly higher
percentage of the energy intake was derived from polyunsaturated fatty acids and a lower
percentage from saturated fatty acids. This group also had a lower ratio of n-6:n-3 fatty
acids. A corresponding change in the relation between n-6 and n-3 fatty acids was also
observed in s-phospholipids.

The validation of the diet history interview method showed that the diet history interview
could capture the dietary intake fairly well. The validity of the reported dietary intake did
not differ between the MD and the CD group, which indicates that the dietary assessment
was not biased by the dietary intervention.

Key words: Rheumatoid arthritis, Mediterranean diet, fatty acids, antioxidants, diet history
interview, biological markers, doubly labelled water, energy expenditure
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Background

BACKGROUND

Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic, inflammatory and systemic disease
of unknown aetiology. It is characterized by polyarthritis which commonly
occurs in the small joints of the hands, wrists and feet, causing swelling,
pain, stiffness and functional impairment of the affected joints (1). Ulti-
mately the inflammation of the joints leads to the destruction of cartilage
and bone and deformities. Apart from joint symptoms RA is also charac-
terized by signs of systemic inflammation, such as an elevated erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), cytokines and throm-
bocytes. Other extra-articular manifestations are rheumatoid nodules, neu-
ropathy, vasculitis and Sjogren’s syndrome. The clinical manifestations as
well as the severity and course of the disease vary widely between indi-
viduals.

RA is 2-3 times more common in women than in men. The onset of the
disease occurs at all ages, though the incidence is highest between the ages
of 40 and 65 years. RA is found worldwide but the prevalence varies be-
tween populations (2). The prevalence in Western countries has earlier been
stated to be around 1%. However, in more recent studies lower prevalence
figures have been reported. For instance, a prevalence of 0.51% was found
in a study from the south of Sweden (3). Similar figures have also been
reported from other European countries (4, 5).

Although the cause of RA is still unknown, much points towards a multi-
factorial aetiology where genetic factors, as well as environmental factors,
play a role in the development of the disease (2).

So far, for the majority of RA patients, there is no treatment that brings
complete remission of the disease. Therefore, the treatment of RA aims at
minimizing the symptoms and joint damage, and improving the function
and well-being of the patient. This is mainly achieved through pharmacol-
ogical therapy, as well as rehabilitation and surgery. Although the treatment
of RA has improved considerably during the past few years, this is still a
disease with serious consequences both for the affected individual and for
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society. Besides physiological problems, RA is associated with reduced
quality of life (6), as well as high numbers of patients on sick-leave or with
disability pension (7). Mortality is also higher in RA patients compared to
the general population (8), mainly due to a higher death rate from cardio-
vascular diseases (8, 9).

Diet and RA

Even though diet therapy is generally not a part of the clinical practice of
RA, many RA patients consider changing their diet. In a study from Finland
(10), the beliefs and self-reported associations between diet and disease
among women with RA was examined. Of the RA patients participating in
the study 40% believed that there was a connection between diet and the
disease and 50% had changed their dietary habits after the diagnosis. Simi-
lar figures were found in an earlier Norwegian study (11) in which 37% of
the participating RA patients (both males and females) believed that diet
had a great influence on disease symptoms. In that study 23% of the pa-
tients had tried diet therapy. According to the Finnish study (10), the mass
media was the most common source of information on which the dietary
changes were based.

While many patients with RA believe that there is a link between diet and
the disease, rheumatologists are often sceptical. However, viewpoints are
changing. Research in the field of diet and RA is increasing and today
beneficial effects of certain diets and specific nutrients have been reported
in a number of studies (reviewed in 12-15). The scientific investigations
regarding the effect of diet on RA can broadly be divided into:

1) studies in which specific diets are tested

2) studies regarding supplementation with selected nutrients, that is, when
the diet is unchanged but something is added to the diet.

Specific diets

Different types of vegetarian diets are the diets most commonly studied in
connection with RA (16-24). However, several of the studies conducted
have been of short duration (18, 21, 24). Some of the studies also lacked
control groups (19, 24) or were controlled but not randomized (16). Already
in the late 1970s Skoldstam and colleagues (17) carried out the first
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randomized controlled study in which fasting followed by a lacto-
vegetarian diet was tested. The results of the study demonstrated that
fasting for 7-10 days resulted in an improvement in several clinical
variables. However, this effect was lost after the nine-week period of
lactovegetarian diet. Jens Kjeldsen-Kragh and colleagues (20) later
inverstigated the effect of fasting followed by vegetarian diet over a longer
period of time (one year). Since this study is of interest in several aspects,
the design and results of the study will be presented briefly here. In this 13-
month single-blind trial (the examiner was unaware of the randomization
results) 53 patients were randomized to either an experimental group (n =
27) or a control group (n = 26). The experimental group fasted for 7 — 10
days before they adopted the vegetarian diet. There is a long tradition of
fasting in RA and, since several studies have shown that fasting decreases
disease activity (17, 25-27), this approach has been used in some dietary
intervention studies. One reason for letting a fast precede the vegetarian
diet is the idea that an instant improvement in the disease symptoms would
motivate the patients to take on the experimental diet. After the fast, a glu-
ten-free vegan diet was followed for 3.5 months, followed by a lacto-vege-
tarian diet. The diets were individually adjusted in that sense that the pa-
tients excluded foods that exacerbated their symptoms. This was done by
starting with a basic diet including only the vegetables that had been con-
sumed as juices or broth during the fast (i.e. carrots, celery, parsley, beets
and potatoes). Additional food items were introduced every second day. If a
food item aggravated the symptoms repeatedly, it was excluded for the rest
of the study. After one month almost all disease activity variables had de-
creased in the experimental group, whereas only the pain score improved in
the control group, who were eating an ordinary omnivorous diet. The bene-
ficial effects in the experimental group were still present after 13 months, as
well as in a follow-up study one year later (28). However, not all the ex-
perimental group subjects improved. Of the 27 subjects randomized to the
experimental diet, 12 subjects were classified as “diet responders” on the
basis of clinical criteria. Although, a high dropout rate (only 34 patients
completed the study) may have influenced the results, it seems that fasting
followed by a vegetarian diet is beneficial to a subgroup of RA patients.

The mechanism behind the beneficial effects observed in some patients on
vegetarian diets is not fully understood. In the study by Kjeldsen-Kragh et
al, the changes in disease activity were associated with the antibody activity
against P. mirabilis (29), which has been suggested to be linked to the
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etiopathogenesis of RA (30). Also changes in the faecal flora were associ-
ated with disease activity (31). The findings that a vegetarian diet may in-
fluence the faecal flora, and that the changes in the faecal flora are associ-
ated with RA disease activity, have also been reported by Peltonen et al,
(21) who tested a vegan diet rich in lactobacilli (living food).

Another possible explanation for the beneficial effects shown in studies of
vegetarian diets is that these diets serve as a form of elimination, i.e. that
foods which aggravate RA disease activity are not included in vegetarian
diets (for instance meat, fish, eggs, dairy products and foods containing
gluten in a gluten-free vegan diet). Patients with RA often believe that cer-
tain foods worsen their symptoms, which has also been confirmed in sev-
eral case reports (reviewed in 15, 32). It has therefore been suggested that
food intolerance or allergy is involved in the pathogenesis of RA. So far,
inconsistent results have been reported from studies in which elimination
diets have been tested (33-36) and many patients who improve when elimi-
nating certain foods do not show aggravation of the symptoms when blind
challenges are performed (34). As described above an elimination approach
was also used in the study by Kjeldsen-Kragh et a/ (20). In that study 10
patients thought they could identify certain foods which aggravated their
symptoms (37). In addition, elevated antibody activity against one or more
dietary antigens was found in all the experimental group subjects when they
were compared with healthy controls (37). However, the fluctuations in
antibody activity were, except for one patient, not in accordance with the
changes in disease activity variables (37). Conversely, in a more recent in-
tervention study (22), in which patients with RA on a gluten-free vegan diet
were studied for an extended period of time, significant reductions in the
levels of immunoglobulin (Ig) G anti-gliadin and anti-pB-lactoglobulin anti-
bodies were found in the vegan diet group. Furthermore, when the vegan
diet group was divided into “diet responders” and ‘“diet non-responders”
based on their clinical response, the reduction in IgG antibodies was only
significant in the subgroup of diet responders. Thus, the results of the latter
study indicate that the beneficial effect of a gluten-free vegan diet observed
in a subgroup of RA patients may be related to a reduced immune response
to food antigens.

While certain food items are excluded when adopting a vegetarian diet, it is

also important to remember that the intake of other foods is usually in-
creased, for instance fruit, vegetables and legumes. Hence, the positive ef-
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fects observed in studies of vegetarian diets could also be a result of an in-
creased intake of various nutrients, phytochemicals and other food compo-
nents (38, 39).

Only a few studies regarding non-vegetarian diets for RA patients have
been carried out. In a small randomized trial Panush et a/ (40) investigated
the possible effect of the so-called “Dong diet”, in which additives, pre-
servatives and certain foods groups such as red meat, alcohol, dairy prod-
ucts, fruit, herbs, spices and some cereals, were excluded. In that study no
difference was found between the experimental and control group regarding
the assessed clinical variables at the end of the 10-week study period.

In a study from Denmark, a diet rich in fish and antioxidants, called the
“Graastener diet” was investigated (41). The experimental diet tested was
aimed at containing 800g of fatty fish per week and the energy intake was
individually adjusted. In addition, supplements with selected vitamins and
minerals were given, as well as glutathione-rich foods. Despite a high drop-
out rate and problems concerning compliance with the experimental and
control diets, there was a significant improvement in the duration of morn-
ing stiffness, number of swollen joints and pain status in the experimental
group compared to the control group subjects. The possible mechanisms
behind the results of this study will be discussed below, i.e. the role of anti-
oxidants, fatty acids and energy restriction.

Two non-vegetarian diets were also compared in a 24-week, randomized,
double-blind study from Italy (42). Both diets were designed to obtain or
maintain ideal body weight. One of the diets (experimental diet) also con-
tained hypoallergenic foods. Olive oil was used in both diets; however, the
experimental diet had a higher ratio of unsaturated fat to saturated fat. After
the 24 weeks of dietary intervention there was no difference between the
groups regarding the percentage of patients with 20% or 50% response to
treatment, according to a composite index. However, a multivariate analysis
showed a statistically significant difference between the groups regarding
Ritchie’s index, tender and swollen joints and ESR. When these data were
adjusted for variations in weight, the number of tender joints and ESR was
still significant.
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Dietary supplementation

In studies in which foods/nutrients have been added to the diet in order to
ameliorate RA, the focus has primarily been on supplementation with fatty
acids/oils and antioxidants. The impact of dietary fatty acids on rheumatoid
inflammation has been investigated in a number of in-vitro and animal
studies, as well as in randomized, placebo-controlled trials (43). The fatty
acids most thoroughly studied in relation to RA, are the n-3 fatty acids ei-
cosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA;
22:6n-3). These polyunsaturated fatty acids are found predominantly in
fatty fish, such as herring, mackerel and salmon, and in more concentrated
amounts in fish oil. At least twelve randomized controlled trials, ranging
from 12 to 52 weeks, have shown that supplementation with fish oil re-
sulted in beneficial effects on RA symptoms (44-55). The most commonly
observed benefit is a decreased number of tender joints (44-47, 52, 55), but
improvements in morning stiffness (47, 49, 51, 52, 55), the number of
swollen joints (47-49), the pain index (48), the physicians’ global assess-
ment (47, 51, 55) and grip strength (46, 47) have also been reported. In
addition, a meta-analysis, as well as a mega-analysis (in which the original
data sets were analyzed), confirmed the efficacy of fish oils in reducing RA
symptoms (56). However, only the reduction in the tender joint count and
in morning stiffness was shown to be statistically significant using these
approaches.

In studies of RA, the n-3 fatty acid supplements are usually taken in addi-
tion to the ordinary pharmacological treatment. During some of the studies
of fish oil supplementation, the use of nonsteroidal anti-inflammatory drugs
(NSAID) was monitored. These studies indicate that fish oil might also
have an NSAID-sparing effect (50, 51, 53, 54).

There are several known mechanisms by which the long-chain n-3 fatty
acids exert their anti-inflammatory effect (57). The composition of fatty
acids in the cell membrane phospholipids is affected by the dietary intake.
Due to a high intake of n-6 fatty acids, individuals consuming a typical
Western diet, have a high proportion of the n-6 polyunsaturated fatty acid
(PUFA) arachidonic acid (AA; 20:4n-6), in their cell membranes. During
the inflammatory process, fatty acids are released from the cell membranes
and converted to eicosanoids. Via the enzymes cyclooxygenase and 5-li-
poxygenase pro-inflammatory eicosanoids, such as prostaglandin E, and
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leukotriene B4 are derived from AA. By increasing the intake of EPA and
DHA these fatty acids will partly replace AA in the cell membrane phos-
pholipids. Like AA, EPA is also a substrate for cyclooxygenase and 5-li-
poxygenase, however the eicosanoids derived from EPA are considered to
be less biologically potent, compared to those from AA. Hence, EPA com-
petitively inhibits the production of AA derived eicosanoids, and results in
the production of less inflammatory eicosanoids. Furthermore, an increased
intake of n-3 fatty acids have been shown to suppress the production of the
cytokines tumor necrosis factor-a. (TNF-a) and interleukin 1 (IL-1B) in
healthy subjects, as well as in RA patients (57). These cytokines play a key
role in the pathogenesis of RA.

a-Linolenic acid (a-LNA; 18:3n-3) is another n-3 fatty acid, which is found
in foods like canola oil, flaxseed, walnuts and green leafy vegetables. Once
ingested, a-LNA can be desaturated and elongated to EPA and DHA.
Therefore, it has been hypothesized that a-LNA might have an anti-in-
flammatory effect, both by being converted to EPA and DHA, and by com-
peting with linoleic acid (LA; 18:2n-6) for the A6-desaturase enzyme.
Caughey et al (58) investigated the effect of an a-LNA-rich diet (13.7g a-
LNA/day) on the production of TNF-a and IL-1B in healthy human sub-
jects. The a-LNA-rich diet resulted in an increase in the mononuclear cell
EPA content, and in #30% inhibition of the TNF-a and IL-1 production.
So far, studies of the supplementation of a-LNA to RA patients have been
scarce. In one double blind, randomized study no change in RA disease
activity was seen after three months of o-LNA supplementation
(=9,6g/dag) (59). However, only 22 patients participated in the study,
which resulted in a low power to detect possible effects of the supplemen-
tation.

The effects of n-6 fatty acids on RA have been less extensively investigated
to date. A few studies indicate that supplementation with y-linolenic acid
(GLA; 18:3n-6) can lead to clinical improvement in RA patients (60-63).
Like n-3 fatty acids, an increased intake of GLA seems to alter the profile
of eicosanoids in a favourable manner. GLA is metabolized to dihomo-y-
linolenic acid (DGLA; 20:3n-6) which in turn is a precursor of a pros-
taglandin with several anti-inflammatory properties called prostaglandin E;
(64). Furthermore, DGLA inhibits the formation of the 2-series pros-
taglandins and the 4-series leukotrienes from AA (64).
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In supplementation studies, olive oil has sometimes been used as a placebo
oil. In some of these studies improvements were also reported in the group
treated with olive oil (46, 47, 60). The beneficial effect observed in these
studies, may be attributed to the monounsaturated fatty acid (MUFA) oleic
acid (OA; 18:1n-9), which constitutes a large proportion of the fatty acids
present in olive oil. It is also possible that other components than fatty acids
may contribute to the beneficial effects seen. However, the exact mecha-
nism behind the effects of olive oil has yet to be clarified.

Rheumatoid inflammation is associated with an increased generation of
oxidants (reactive oxygen and nitrogen species), which play an important
role in the inflammatory process and contribute to tissue destruction (65).
Antioxidant defences limit the damage caused by oxidants, such as those
formed during inflammation. In addition, in vitro studies and animal studies
have shown that antioxidants also possess anti-inflammatory properties (39,
66-68). Supplementation with antioxidative nutrients has therefore been
suggested in the treatment of RA. Most controlled studies investigating the
therapeutic use of antioxidant supplementation have not shown any signifi-
cant effects on RA symptoms (reviewed in 14). In contrast to these studies,
in a placebo-controlled trial, vitamin E was reported to have a mild, but
significant, analgesic effect at a dose of 1200 mg/day (69). Furthermore, in
a minor study by Helmy et al/ (70) supplementation with a combination of
antioxidants was compared to the addition of a high dose of vitamin E as
well as standard treatment alone. In this study the combination of antioxi-
dants reduced signs and symptoms of RA to the same extent as a high dose
of vitamin E. Theoretically, since many of the antioxidant compounds in-
teract in the body, adding a “cocktail” of different antioxidants, as in the
study by Helmy et al/ (70), may be a better approach than supplementation
with single nutrients.

Mediterranean diet

For a long time scientists have been intrigued by the possible health bene-
fits of the traditional Mediterranean diet, and in recent years the term
“Mediterranean diet” has also become a well-known and popular expres-
sion among the general public. The interest in this diet originates mainly
from the findings of the Seven Countries Study (71). This study, conducted
by Ancel Keys and colleagues, was initiated in the late 1950’s and was
designed to investigate the relationship between diet and cardiovascular
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diseases. Men, aged 40-59 years, from 16 cohorts in seven different
countries (Finland, the Netherlands, the United States, Japan, Italy, Greece
and former Yugoslavia) were first studied between 1958 and 1964, and the
baseline survey has been followed up repeatedly since then. In this study
the mortality from coronary heart disease (CHD) was found to be lower in
the Mediterranean cohorts compared to those in northen Europe, with the
cohort of Crete having the lowest CHD mortality and the longest life
expectancy. Large differences were also seen in the food intake between the
different cohorts (72), and it was hypothized that the eating habits of the
Mediterranen countries had beneficial effects on health and survival, in
particular with respect to CHD. Later studies and follow-up data from the
Seven Countries Study have provided additional support for this conclusion
(73-77).

What is important to keep in mind is that the dietary habits of the
Mediterranean countries have changed since the time when the Seven
Countries study was conducted. In several aspects, the dietary habits of the
Mediterranean countries have moved towards the diet of the northern
European countries (78). For instance, a general increase in the
consumption of meat and animal fats has been reported, as well as
decreased consumption of fish (78). Furthermore, in a study from Crete an
increased intake of saturated fatty acids (SFA) and a decreased intake of
MUFA was observed between the years 1960 and 1991. Also, there was a
significant increase in the total cholesterol concentrations, body mass index,
as well as systolic and diastolic blood pressure (79). Thus when referring to
the health aspects of Mediterranean diets, the focus should be on the
traditional diet, i.e. the Mediterranean diet of the 1960s and earlier.

Although the term Mediterranean diet is widely used, the question can be
posed: what precisely is the Mediterranean diet? It is difficult to define this
diet since, in reality, there is no uniform diet in the countries surrounding
the Mediterranean Sea. On the contrary, there are great variations in the
dietary habits, both between and within, different countries. Since the
Cretan cohort, in the Seven Countries Study, had a low mortality from
CHD and from all causes, even compared to the other Mediterranean
countries, the traditional Cretan diet has been used as a model of a healthy
Mediterranean diet (80, 81). The traditional Cretan diet was dominated by a
high consumption of plant foods, including various wild greens, other
vegetables, fruit, cereals (mainly unrefined), legumes and nuts, while the
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amout of meat (such as mutton, goat meat and game), dairy products, eggs
and sweets was limited (81, 82). Fish was consumed in moderat amounts,
with a higher intake in the coastal areas compared to the inland parts of the
island. Olives and olive oil were also important components of the diet,
with olive oil as the main source of fat (83), used both for cooking and in its
raw state on salads or bread. Garlic and aromatic herbs, such as rosemary
and oregano, were commonly used seasonings (81). Another characteristic
of the traditional Cretan diet is a regular but moderate alcohol consumption
(84). Usually alcohol was consumed with meals and most often in the form
of red wine (84).

Nutritionally this eating pattern yielded a diet with a high content of
unsaturated fatty acids, especially MUFA and a low intake of SFA. Also
the content of n-3 PUFA was high, and was obtained both from animal
sources and plant sources (85). EPA and DHA were obtained from fresh
fish, game, snails, dry or canned sardines and herring. Moreover, the people
in Crete acquired a-LNA by eating figs, walnuts and wild plants such as
purslane. Since the animals on the farms grazed, they also obtained n-3
fatty acids from green leafy vegetables, moss, grass and nuts. This resulted
in a higher amount of n-3 fatty acids in the meat, milk and eggs from these
animals, compared to grain-fed animals.

Antioxidants, such as vitamin C and E, carotenoids and polyphenols, were
plentiful in the large amounts of plant foods, such as the wild greens, other
vegetables, fruit and herbs (86, 87). Wine and olive oil, especially the unre-
fined virgin oil, are also rich sources of natural antioxidants (86).

In 1995, Willett et al (88), introduced the Mediterranean diet pyramid
(Figure 1). This model was developed to give a general sense of the pro-
portions of different food groups eaten, and how often the various food
groups generally should be consumed according to this dietary pattern. The
Mediterranean diet pyramid is based on the food patterns typical of Crete,
other parts of Greece and southern Italy. In the early 1960s these areas all
demonstrated a high life expectancy rate and low rates of CHD and other
chronic diseases (71).
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Figure 1. The Mediterranean diet pyramid according to Willett et al (88). Permission to
use the Mediterranean diet pyramid has been granted by Oldways Preservation & Ex-
change Trust, www.oldwayspt.org.

Dietary assessment methods

A number of different methods can be used to obtain data about food and
nutrient intake, but all dietary assessment methods have both advantages
and disadvantages. Which method to choose, depends on the aim and de-
sign of the study, the characteristics and number of the subjects, the preci-
sion of the data required, as well as the time and resources available for the
dietary assessment. Dietary assessment methods can be divided into meth-
ods designed to assess the subject's current diet, i.e. when specific days are
studied, and methods used to assess dietary habits, i.e. methods aimed at
studying what the subject usually eats.

Dietary assessment methods used to assess the current diet includes esti-
mated and weighed food records or diaries, as well as 24 or 48-hour recalls.
In food records, the respondents are instructed to record the type and
amounts of every food item eaten during one or several (usually three to
seven) days. The foods items and portion sizes are recorded immediately
before eating, and after the meal the leftovers are recorded as well. The
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portion sizes can either be estimated by means of household measures,
units, photographs of different portion sizes, food portion models or aver-
age portions (estimated food records), or the respondents are instructed to
weigh the foods and leftovers (weighed food records). Food records have
the advantage that they are not dependent on the respondent’s ability to
remember what he/she has eaten. Thus, the risk of omitting foods is smaller
than in retrospective methods such as 24 or 48-hour recalls. Furthermore, if
weighed records are used, the errors induced by the estimation of portion
sizes also disappear. A limitation regarding food records, especially the
weighed food records, is that the recording is very demanding for the par-
ticipants. Thus, it is hard to measure the intake over more than a few days,
or a week, with this method. This is a problem since the intra-individual
day-to-day variation in nutrient intake can be substantial. There is also a
risk of selection bias, namely, that the method is so demanding that the in-
dividuals who are motivated and able to perform a food record, may differ
from those who are not (89). Another important disadvantage is that the
method itself may cause changes in the dietary intake during the period of
registration. Because of the trouble with recording foods, the dietary habits
may be simplified and foods, for instance between-meal snacks, may be
omitted.

The 24 or 48-hour recall is a retrospective dietary assessment method in
which information about the respondent’s intake during the previous 24 or
48 hours, or the preceding day, is collected. The respondents are inter-
viewed by a trained interviewer about the food items consumed during this
time. Information about portion sizes is usually estimated by means of
household measures, units, photographs of different portion sizes, or food
portion models. The advantages of 24 or 48-hour recalls include the low
burden on both the respondent and the interviewer, as this assessment is
performed rather quickly. Usually the respondent does not know in advance
when the interview is going to be performed. Thus, it is not likely that the
intake will be influenced by the dietary assessment. A disadvantage in all
retrospective methods is the dependence on the respondent’s memory, al-
though in 24/48-hour recalls only the short-term memory will influence the
assessment. Also, the participant’s ability to estimate portion sizes will in-
fluence the results.

For many nutrients, it is necessary to obtain data from a large number of
days, to be able to assess the intake on an individual level (90). Because of
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this, methods assessing dietary habits have become widely used in epide-
miological studies to overcome the large number of days that need to be
assessed in the “current diet methods”. The diet history family includes
everything from pre-coded food frequency questionnaires to more laborious
methods, such as the diet history interview (DHI). These retrospective
methods are used to assess the habitual dietary intake, i.e. the usual eating
habits during a longer period of time, for instance over the past months or
year. Food frequency questionnaires consist of a list of foods and a set of
different frequencies used to assess which food items are consumed and
how often. The questionnaires can be very short, for instance if the intake
of only one specific nutrient is to be assessed, or extensive, if the question-
naire is aimed at estimating the total food intake. Portion sizes can be esti-
mated in similar ways as in 24/48-hour recalls. However, if the question-
naire is self-administered, standard portion sizes or a number of fixed por-
tion sizes are normally used. An important advantage of this method is that
this is an inexpensive and fast way to get information about the habitual
dietary intake. Food frequency questionnaires are therefore often used in
cohort studies comprising a large number of individuals. The disadvantages
of food frequency questionnaires include difficulties in the design of the
questionnaire, for instance deciding which food items to include. Uncer-
tainties regarding validity is another important problem (89).

The DHI is an interview method that has to be conducted by a specially
trained interviewer. The interview, which usually takes one to two hours to
perform, includes questions about usual food consumption pattern, meal by
meal, consumption frequencies, food preparation, as well as estimates of
portion sizes. Often the interview is structured and conducted using a pre-
pared form. Nevertheless, it allows for variation in the type of meals con-
sumed, food items etc. The questions are usually open ended and additional
questions are asked specifying for instance, the exact type of food eaten.
Sometimes the interview is also complemented by a 24-hour recall or a
three-day food record. Although an up to two-hour interview may seem like
a long time, the burden on the respondent is low compared to food records
or 24-hour recalls, which would have to be repeated a considerable number
of times to provide comparable information. Compared to other methods
the DHI is also more likely to capture unusual food items and food items
that are consumed infrequently (91). In addition, the interview can be modi-
fied in order to pay extra attention to specific food groups or nutrients. As
with other retrospective methods, both the food frequency questionnaire
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and the DHI are not likely to change the dietary intake of the participants.
Furthermore, the time period that the interview/questionnaire covers, can be
altered to suit the design of the study. Disadvantages regarding both the
DHI and food frequency questionnaires include the dependence on the re-
spondent’s memory. Also, the ability to estimate portion sizes and con-
sumption frequencies is crucial. Moreover, the DHI method is highly de-
pendent on the qualities of the interviewer. To analyse a DHI is time de-
manding and because of this, together with the fact that specially trained
interviewers are required, it is a costly method, which cannot usually be
employed in studies with a large number of subjects. Furthermore, varia-
tions in the dietary intake of individuals cannot be assessed by either food
frequency questionnaires or DHISs.

Validation of the reported dietary intake

A valid dietary assessment measures the true intake during the period under
study. However, as described above, there are many sources of error in all
dietary assessment methods. This may, if it comes to the worst, lead to
wrong conclusions being drawn regarding the relationship between diet and
disease/risk factors/biological outcome. Therefore, it is necessary to vali-
date dietary assessments using methods, which are independent of the re-
ported dietary intake (92-94). In many studies the validity of dietary
assessment methods has been evaluated by comparing the method with
another dietary assessment method considered more accurate. This
approach is called “relative validation”. However, since almost all dietary
assessments are dependent on the dietary intake reported by the study
subjects, they are not objective measures of the dietary intake. Moreover,
the errors in the method under evaluation may be correlated to those of the
reference method (93). During the last two decades the advent of biological
markers has caused a breakthrough in the validation of dietary intake data.
By using biological markers, i.e. markers in biological specimens that
reflect dietary intake, an objective measurement of the dietary intake may
be obtained.

Validation of the reported energy intake

There is no biochemical marker available for the validation of the energy
intake. However, the validity of the reported energy intake (EI) can be
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evaluated by comparing the total energy expenditure (TEE) with the EI
under conditions of energy balance. The doubly labelled water (DLW)
method is currently the most accurate and precise method for estimating the
TEE in real-life conditions (95, 96). In this method the stable isotopes “H
and "0 are used to measure CO; production rate, which in turn can be used
to calculate the TEE. In the DLW method the TEE is measured over a pe-
riod of about two weeks. Thus, it takes into account day-to-day and weekly
fluctuations. Furthermore, it causes minimal interference with the subject’s
everyday life. However, this method is expensive and requires specialized
equipment and personnel. Cheaper and less technically demanding meth-
ods, such as activity registration (AR), heart rate monitoring, physical ac-
tivity interviews/questionnaires and the use of accelerometers, together with
a measured or estimated basal metabolic rate (BMR), can provide an esti-
mate of the TEE. Nevertheless, since many of these methods depend on
self-reported physical activity, it is important to validate these techniques
against a reference method, preferably the DLW method.

The reported EI can also be evaluated the by using the food intake level
(FIL), which is the EI expressed as a multiple of the measured or estimated
BMR. By using the Goldberg cut-offs, it is possible to identify under and
over-reporters based on the FIL (97).

Validation of the reported nutrient intake

The biological markers of nutrient intake can be divided in two main types

of markers (98):

1. “quantitative biological markers”, which are markers based on the
knowledge about the metabolic balance between the intake and the ex-
cretion of the marker over a specified time period.

2. “qualitative biological markers”, which are based on the concentration
of a substance in biological specimens.

While the “quantitative” biological makers can be used to estimate the ab-

solute intake of nutrients, the latter form of markers can only provide a

relative intake.

Perhaps the most well known “quantitative” biological marker is 24-hour
urine nitrogen, which is used to validate the reported protein intake (99).
The use of this marker is based on the assumption that the subjects are in
nitrogen and energy balance, i.e. that the body mass and composition is
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stable. However, because of day-to-day variations in the excretion of nitro-
gen, several days of urine collections are required to obtain a sufficient es-
timate on an individual level (100). Eight 24-hour urine collections have
been shown to yield a ratio of urine nitrogen to dietary nitrogen of 0.81 +
0.05 (100).

Like nitrogen, the analysis of sodium and potassium in 24-h urine can be
used to validate the reported intake of these nutrients. Faecal losses of so-
dium are minimal, as well as skin losses, in temperate climates (90). There-
fore the urinary excretion of sodium has been shown to account for 95-98%
of the dietary intake (101). Regarding potassium, the faecal excretion is
larger, compared to sodium. In one study Johansson et a/ (102) found that
77% of the potassium intake was excreted in urine among omnivores. Thus,
when using potassium in urine as a biological marker the estimated potas-
sium intake can be calculated by dividing the urine potassium content by
0.77. However, this figure may be different for other populations, such as
vegetarians (102). As with urinary nitrogen, because of the within-person
variability in the excretion of sodium and potassium, several 24-hour urine
collections are necessary in order to obtain a mean value of excretion for
individuals (89).

Since these biological markers require 24-h urine collections, it is necessary
to verify the completeness of the collections. An objective marker available
for this purpose is para-aminobenzoic acid (PABA), first introduced by
Bingham and Cummings in the 1980s (103). PABA is actively absorbed
and excreted within 24 hours. Adminitratioin of PABA-tablets (normally
three 80 mg PABA tablets) on the day of urine collection, and
determination of PABA recovery in urine, is therefore a valuable method
used to verify the completeness of 24-hour urine collections. Binghams and
Cummings (103) have shown that, when PABA is anayzed by the
colorimetric method, urine collections containing less than 205 mg (of the
administered 240 mg, i.e. 85%) of PABA are probably incomplete. The
corresponding limit when using the high performance liquid chromatogra-
phy (HPLC) method for PABA determination is 187 mg (104). After the
determination of PABA in urine, the values for nitrogen, sodium and
potassium in the incomplete urine collections can be adjusted by means of a
method developed by Johansson et al (105), which is based on linear
regression equations.
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Biological markers of fat intake are an example of the second type of bio-
logical markers, qualitative biological markers. Unfortunately there is no
marker of the absolute intake of fat. However, patterns of fatty acids are
used as biological markers of the relative fatty acid intake (101, 106). Fatty
acids can be measured in different fractions of serum or plasma, as well as
in different components of blood (for instance platelets or erythrocytes), or
in adipose tissue (101, 106). However, different media reflect different time
frames. Thus, it is important that the lipid fraction used is sensitive to
change within the time frame of the study. For instance, adipose tissue
measurements reflect the long-term intake of fatty acids, whereas s-phos-
pholipids provide a measurement of the past few days (106, 107). The use
of fatty acid patterns as biomarkers of the dietary intake is, however, lim-
ited by the fact that not only diet affects the levels of fatty acids in biologi-
cal specimens (106). For instance, most fatty acids can be synthesized by
humans, and within the body, fatty acids can also be converted to other
fatty acids by means of desaturation and elongation.

Furthermore, the plasma concentrations of various vitamins, such as vita-
min E, vitamin C and carotenoids have been suggested as biological mark-
ers for the corresponding intake of these nutrients. However, as for fatty
acids, many other factors apart from the dietary intake may affect the levels
of these nutrients. For instance the plasma level of vitamin E is known to be
influenced by the blood lipid concentration, whereas smoking can affect the
level of vitamin C (101). Disease processes may also disturb the relation-
ship between the intake and the biological marker. For instance diseases
characterised by increased oxidative stress, may influence nutrients such as
vitamin C and E (101).

Unfortunately, regarding fatty acids, as well as serum or plasma concentra-
tions of the above-mentioned vitamins, there are to my knowledge, no
studies investigating the relationship between a controlled intake of these
nutrients and the corresponding biological markers. Hence, only studies
comparing the reported intakes with biomarkers are available.

Dietary assessments in RA patients

As described in the previous sections, a number of studies have been car-
ried out in order to investigate the potential beneficial effects of different
types of diet and individual nutrients on RA (12, 14). Even though infor-
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mation about the dietary intake would be most valuable when interpreting
the results, the dietary intake of the subjects participating in these studies
has often not been presented or even investigated. For instance, in studies
on supplementation with specific nutrients, the background diet of the sub-
jects may be different in the experimental group from that of the control
group. Moreover, the supplementation may influence the participants to
change their diet, voluntarily or involuntarily, which may partly account for
the effects seen. Furthermore, in dietary intervention studies in which a
change of the entire diet is tested, it is important to monitor the degree of
compliance with the prescribed experimental and control diets in order to
be able to draw the right conclusions regarding the potential dietary effects.

A MEDLINE search (1966-2003/08) using the terms rheumatoid arthritis
and diet* yielded 610 hits, whereas the same terms in combination with
validation or validity did not result in any studies in which dietary assess-
ment methods had been validated in patients with RA. The end result was
the same when the term diet was exchanged for nutrition or nutrient®. This
illustrates that the validity of the reported dietary intake is rarely examined
in this research field. However, even though validation of dietary assess-
ments has not been carried out, biological markers have been used in stud-
ies of diet and RA, especially in studies regarding fatty acids (50, 53, 58,
59, 108-111).

Theoretical background to the hypothesis of the study

In a randomized dietary intervention study in Lyon, de Lorgeril et al (75)
studied a Cretan Mediterranean diet for the secondary prevention of CHD.
In that study a modified Cretan Mediterranean diet (experimental diet) was
compared with the usually prescribed diet for this group of patients (control
diet), which was a diet similar to the US National Cholesterol Education
Program Step I diet. The experimental diet was designed to provide about
30 percent of the energy intake (E%) from fat and less than 10 E% from
SFA. The intake of LA was to be reduced to 4 E% and a-LNA was to ex-
ceed 0.6 E%. The main source of a-LNA was in this study a canola oil-
based margarine, as well as canola oil, which was used in addition to olive
oil for food preparation and salads. At a follow-up after a mean period of 27
months, there was a significant reduction in recurrent myocardial infarc-
tions, in all cardiovascular events and in cardiac and total deaths of 70-
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80%, in the experimental diet group compared with the control group (75,
80). Since these results were achieved, even though the two groups in the
study were similar in terms of traditional risk factors (such as blood pres-
sure and serum concentrations of total cholesterol, high density and low
density cholesterol) a possible beneficial effect of this diet on the inflam-
matory process and oxidative stress has been suggested (112). One of the
most striking differences between the groups was an increased intake of a-
LNA in the experimental group, followed by a marked increase of this fatty
acid in plasma. The levels of other n-3 fatty acids increased too, while n-6
fatty acids decreased. This could, at least partly, explain the protective ef-
fects seen, perhaps together with an increased intake of antioxidants (112).
In view of the possible anti-inflammatory effect of this modified Cretan
Mediterranean diet, we hypothesized that this dietary pattern may also alle-
viate RA.

Furthermore, considering the earlier studies on diet and RA, the composi-
tion and nutrient content of the Cretan Mediterranean diet could, theoreti-
cally, be beneficial for patients with RA. In case control studies a high con-
sumption of fish (113), olive oil (114, 115), and cooked vegetables (115)
has been reported to be associated with a decreased risk of developing RA.
These foods have a central position in the traditional Cretan diet, and it has
been suggested that dietary factors contribute to the low prevalence of RA
in Greece (116) and other Mediterranean countries (2). The high content of
antioxidants, as well as n-3 fatty acids in relation to n-6 fatty acids, further
supports the hypothesis that this type of diet may reduce RA symptoms

(13).
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AIMS OF THE THESIS

General aims

The overall objective of the present thesis was to investigate whether a
modified Cretan Mediterranean diet can reduce signs and symptoms of RA.
A general aim was also to study the compliance with the experimental and
control diets used in the study, and to validate the method used to assess the
energy and nutrient intake.

Specific aims

O To investigate the efficacy of a modified Cretan Mediterranean diet
versus an ordinary Swedish diet in reducing signs and symptoms of
RA. (Paper I)

O To investigate the antioxidant intake, the consumption of foods with
relevance to the antioxidant intake, the plasma levels of antioxidants
and a marker of oxidative stress (malondialdehyde) during the dietary
intervention study. (Paper II)

O To examine the dietary intake of fatty acids, the consumption of foods
with relevance to the fat intake, as well as the fatty acid profile in se-
rum phospholipids, during the dietary intervention study. (Paper III)

O To validate a DHI method and a three-day AR using biological mark-
ers. (Paper IV)
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STUDY DESIGN, SUBJECTS AND METHODS

Study design (I-1V)

This thesis is based on a single center, randomized, parallel study over a
period of three months. Subjects were recruited consecutively from Sep-
tember 1998 to November 2000. Every third week, groups of two to six
subjects started on an outpatient based rehabilitation program (ORP)*, pro-
vided by the Rheumatology Unit at Kalmar Hospital. On the second day
after completion of the baseline assessments, the subjects were randomized
to either a Mediterranean diet (MD) group, or a control diet (CD) group
(Figure 2). The randomization was stratified for sex, and it was carried out
by means of block randomization, with 2-6 subjects in each block. During
the three weeks ORP (Monday to Friday), all subjects were served lunch
and dinner at the hospital, according to the randomization.

After the ORP, both groups returned home and back to their everyday life
for the remaining nine weeks. The CD subjects followed their normal diet
and the MD subjects were instructed to continue with the MD, now pre-
paring the food themselves.

Randomization
Ovl ] =23 6 12 weeks
t 41 1
Assessments o 9 9 9

Lunch and dinner served at the
hospital (Monday to Friday)

Figure 2. Overview of the study design (Paper I-1V).
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*Qutpatient based rehabilitation programme (ORP): For years, the rheumatology unit at Kalmar Hospital has run
a rehabilitation program for outpatients. Every third week, groups of six patients are scheduled to start on the
programme, which runs for three weeks and covers Monday to Friday from 9 a.m. to 5 p.m. The programme
offers patient education, strength and fitness training, and individual physiotherapy and occupational therapy.
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The patients’ daily doses of disease-modifying antirheumatic drugs
(DMARD) and corticosteroids were kept constant throughout the study
period. The individual dose of NSAID could be adjusted, but as with all
other clinical events, this had to be recorded in the study protocol. If the
subjects used any dietary supplementation (e.g. vitamins, minerals, fish oil
capsules, etc) prior to the study, this was also documented. All such sup-
plementation had to be kept unchanged during the study.

Ethical aspects

The study was approved by the ethics committee of the Faculty of Health
Sciences at LinkOping University and followed the ethical principles of the
Helsinki Declaration.

Subjects (I-1V)

Subjects were recruited from the province of Kalmar in the southeast of
Sweden. Within this area practically all newly diagnosed cases of RA are
referred to one of two rheumatology centers for specialist consultation. In
total 286 suitable candidates for the study were identified from the patient
registers and were sent a letter inviting them to participate (Figure 3). Of
these 97 answered. Another 10 subjects were interested in participating and
therefore contacted the Rheumatology Unit during the trial. Due to every-
day commitments to jobs, family etc, many were forced to withdraw, and
others could not be included because of the exclusion criteria.

Inclusion criteria

The inclusion criteria were:

1. RA according to the 1987 American College of Rheumatology criteria
(117).

2. A disease duration of at least two years.

3. Clinically the disease should be considered as stable and under adequate
control as assessed and documented by the patient’s own rheumatology
specialist at the latest consultation before the study.
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Exclusion criteria

The exclusion criteria were:

1. The DMARD had to be unchanged for >3 months, corticosteroids for
>4 weeks, and NSAID for >10 days prior to participating in the study.

2. The daily dose of oral corticosteroids could not exceed 12.5 mg of
prednisolone.

3. At the baseline assessments the disease activity score from 28 joints
(DAS28) had to be >2.0 indicating active disease (118).

4. Except for RA, the patients could have no other condition that de-
manded active medical attention.

5. Patients who were vegetarians or already lived on a Mediterranean-like
diet were also excluded.

Dropouts/excluded subjects

A total of 56 subjects were enrolled in the study. Of these 29 subjects were
randomized to the MD group and 27 to the CD group. Five patients were
excluded from the final evaluation. Two of them were control subjects, who
at baseline had an inactive disease as defined by a DAS28 of <2.0. The
other three belonged to the MD group. One man left the trial after 10 days
because of lack of motivation. Another man had a relapse of rheumatoid
pleuritis after two weeks and was forced to increase his dose of predniso-
lone. Thirdly, after three weeks a woman had to abandon the MD owing to
dyspepsia.

Subjects participating in assessments of energy and nutri-
ent intake and TEE (IV)

Of the 51 patients who completed the study, DHIs were conducted with 34
patients in order to assess their energy- and nutrient intake (Figure 3; Paper
II-IV). The only selection criterion for participating in this part of the study
was that the subject was included in the study on February 15™ 1999, or
later.

All the subjects who were assessed by means of the DHI method also per-
formed a three-day AR (IV). However, the AR for one subject was missing,
thus 33 subjects completed both the DHI and the AR. On nine of the 34
subjects (three women and two men from the MD group, and three women
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and one man from the CD group) measurements of TEE were also carried
out by means of the DLW method (IV). The criterion for taking part in the
DLW measurement was that the subject was included in the study on Octo-
ber 18" 1999, or later. Exclusion criteria for this part of the study were a)
the subject would not be staying in his/her home community the entire time
of the DLW measurements; b) it was difficult for the subject to participate
in this part of the trial because of other practical reasons, for instance if the
subject lived far from the Rheumatology Unit.

One CD subject was identified as an extreme outlier regarding the reported
dietary intake, with a FIL-value of 3.66. Since this would correspond to a
physical activity level (PAL = total energy expenditure/BMR) which is
high even for athletes in rigorous training (119), this subject was excluded
from the validation of the DHI (IV).

The experimental and control diets (I-1V)

As described in the background section, a modified Cretan Mediterranean
diet has previously been tested by de Lorgeril ef al, in a secondary preven-
tion study of coronary heart disease (75). In the present study we based the
experimental diet (the MD) on the diet used in that study, but with some
modifications in order to suit Swedish food habits. In brief, the instructions
to our MD group were to eat a large amount of fruit, vegetables, legumes,
cereals, fish (particularly fish with a high content of ®-3 fatty acids) as well
as nuts and seeds with a high content of a-linolenic acid. The intake of
meat (such as pork, beef, lamb or mutton), cured meat, sausage etc was to
be replaced by poultry, fish or vegetarian dishes. Both olive oil and canola
oil were used for food preparation, baking and in salad dressings. The MD
group was also advised to use two types of margarine based on canola oil: a
liquid margarine (80% fat) for cooking and a half-fat margarine (40% fat)
to use on bread. Furthermore, the MD group was advised to replace high fat
dairy products with low fat products.

In the present study no recommendations were given regarding alcohol

consumption. To compensate for the antioxidants in wine, we advised the
MD group to drink green or black tea.
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Figure 3. Schedule of the number of participants in the different parts of the study.
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During the three weeks ORP the MD group was served the experimental
diet, which was planned by me and produced by the hospital food service
organization. This was done to facilitate the transition to the MD, as well as
to improve compliance to the experimental diet. The meals that both the
MD and the CD subjects had to prepare at home were (a) breakfast and
evening snacks every day; (b) meals for two weekends during the ORP; (¢)
every meal for the remaining nine weeks that followed the ORP.

During the ORP, the MD group had six lessons from a dietician about
Mediterranean food and cooking. They were also given written instructions
and recipes to facilitate the preparation of meals at home. After the ORP,
the dietician was available for telephone consultation weekly, and every
third week the MD group had the opportunity to meet the dietician and the
other MD subjects. To further promote compliance with the MD some food
items were supplied free to the MD group, namely: frozen vegetables, tea,
olive oil, canola oil and the liquid and half-fat margarine based on canola
oil.

The CD group was served the ordinary hospital food during the ORP. For
the remaining nine weeks they were asked not to experiment by themselves,
but to adhere to their usual diets.

Clinical assessments (I, 1l)

Clinical examinations were performed at baseline (1st and 2nd day), at the
end of the ORP (3rd week), at the halfway point (6th week), and at the end
of the study (12th week; Figure 2).

Four measurements were chosen as primary efficacy variables:

1. DAS28 was used for clinical assessment of the disease activity. It is a
composite disease activity index and also a response index with good
discriminatory validity (118). It includes the 28 joint counts for
tenderness (tender joint count) and swelling (swollen joint count), the
Westergren ESR, and the patient’s global assessment of disease activity
on a horizontal visual analogue scale (patient global VAS, 0—100 mm).

2. The second primary efficacy variable was the Swedish version of the
Stanford Health Assessment Questionnaire (HAQ) (120), which the
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patients answered in order to assess their functional capacity for the
activities of daily living.

3. Thirdly, the Swedish version of the Short Form-36 (SF-36) Health
Survey was used to assess their health-related quality of life (121).

4. The fourth variable was the patient’s daily dose of NSAID, which was
calculated from the mean daily dose of the past week and then
converted to the equivalent dose of diclofenac.

Another 10 measurements were used as secondary efficacy variables.
Firstly, the four components of the DAS28 score (118) were used. The se-
rum concentration of CRP (122) and the peripheral venous blood thrombo-
cyte count (thrombocyte count) were used as measurements of the acute
phase. The patients also evaluated their own pain severity on a VAS (pain
VAS, 0-100 mm) and their latent period before the resolution of early
morning stiffness (morning stiffness, minutes). The signals of functional
impairment (SOFT) test, originally developed to detect early impairment,
was used to assess arm and leg functions (123). To measure the hand func-
tion and its response to treatment, the grip ability test (GAT) was used
(124).

Dietary assessments

The questionnaire (Il 1)

At baseline and in week three and twelve, the patients in both groups com-
pleted a self-administrated questionnaire. The questionnaire was specifi-
cally designed to investigate compliance with the MD and included 86
questions (both open and closed questions) mainly concerning food
choices, food intolerance and dietary supplementation. Some questions in-
volved food frequencies, in which the subjects should state their average
intake of various food items by marking one of six alternatives ranging
from “rarely or never” to “two or more times per day”. To be able to com-
pare the consumption between the two groups, as well as the consumption
at different points in time, the food frequencies were converted to average
consumption per month. For example, if a consumption of 3-5 times per
week was marked this would be converted to 16 times per month.
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The diet history interview (II-IV)

To obtain more detailed data on the energy and nutrient intake, DHIs were
conducted with 34 patients from both the experimental group and the con-
trol group (15 women and 2 men from each group). One purpose of the diet
history interviews was to study the compliance with the experimental and
control diets when the patients were preparing their meals at home. There-
fore, all the interviews were performed between study weeks seven and
twelve. The interviews covered the intake during the preceding month but
never included the ORP. The interview started with questions about the
subject’s meal patterns on weekdays and weekends. Subsequently each
meal and between-meal snack was discussed in detail, with questions about
food choices, frequencies and portion sizes. To estimate the average portion
size, household measures, validated food portion photographs (125), bags
of rice of different sizes or standard weights of food items (126) were used.
Most of the interviews were performed by me, but two other specially
trained dieticians interviewed five patients each. The interviews were either
conducted in the subject’s home or at the Rheumatology Unit at Kalmar
Hospital.

The estimated intake of energy and nutrients, assessed by the DHI method,
was calculated using the nutritional analysis package MATs 4 03e. This
program is based on the Swedish National Food Administration’s food
composition database, PC-kost (version 2 97). The intake of energy and
nutrients were calculated both including and excluding dietary supplements.
For composite food items and supplements not listed in the database the
nutrient content was entered manually, and if the nutritional content of a
specific food item was not available, a comparable item was used. Since the
intake of fat was an important issue in this study, special attention was paid
to the sources of fat and amounts of fat consumed. If dishes from the data-
base were used, cooking fat and dairy products in the dishes were, when
applicable, replaced by the cooking fat and dairy products used by the sub-
ject. In cooked dishes, the cooking fat used when preparing the food, was
added to foods which are known to soak up fat, for instance potatoes and
breaded foods. Regarding cooked dishes the amount of ascorbic acid, thia-
min, riboflavin, niacin and vitamin B were also adjusted by the program,
1.e. the ascorbic acid was decreased to 50%, thiamine to 70%, riboflavin to
75%, niacin to 85%, and vitamin Bg to 80% of the original value.
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Assessment of the total energy expenditure (IV)

The doubly labelled water method

The TEE of nine subjects was measured over 14 days by means of the
DLW method (96). This was performed during the last weeks of the study
period. After collecting three background urine samples, the subjects in-
gested an oral dose of 0.12g *H,0 and 0.25g H,'®0 per kilo estimated body
water (127, 128). After ingestion of the DLW, the dose bottle was rinsed
with 50 ml tap water, which was also consumed. One urine sample was
taken 24h after the dose was consumed and again 5, 8 and 14 days after
ingesting the dose. The samples were stored at -20°C until analysis took
place. The subjects were instructed to only drink the water of their home
community and not to change their eating or drinking habits during the time
of the TEE-measurement. The time of dosing and voiding times were re-
corded and body weight was measured to the nearest 0.1 kg at the time of
the dose and after the final voiding. The isotopes deuterium (*H) and oxy-
gen-18 ('*0) in the urine were analyzed by isotope ratio mass spectrometry
(Optima, VG Isogas Ltd, Middlewich, Cheshire, UK). The carbon dioxide
(COy) production rate was calculated from the elimination rates of the two
stable isotopes using the equation of Schoeller (96). The respiratory quo-
tient (RQ) of the diet was taken as 0.85 (129) and the TEE was calculated
based on the CO, and the RQ. The food quotient (FQ) was, however, cal-
culated from the diet history interviews for comparison. The FQ was cal-
culated according to the following equation:

FQ=(p-0.81)+ (f-0.71) + (c- 1.00) + (a- 0.67)

in which p, f, ¢ and a represent the fraction of the total metabolizable en-
ergy contributed by protein, fat, carbohydrates and alcohol, respectively
(129).

The PAL was calculated by dividing the TEE by the estimated BMR. The

BMR was estimated based on body weight, age group and sex, according to
standard equations (130).
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The activity registration

For the subjects who completed the DHI, the TEE was estimated using a
three-day AR, previously used in the Swedish Obese Subjects (SOS) refer-
ence study (131). The AR was performed on two weekdays and on one day
on the weekend, consecutively, and shortly after the DHI. On these days the
subjects recorded their activities at 15-minute intervals by means of prede-
termined codes for different types of activity. The PAL was calculated from
the AR using physical activity ratio (PAR) values, which are multiples of
the BMR, for different activities (Table 1). The PARs used in the present
study were developed for the SOS reference study (131) and were based on
the gross energy expenditure in specified activities presented by the World
Health Organization, 1985 (132). The TEE was calculated by multiplying
the PAL obtained from the AR by the estimated BMR (130).

Table 1. Factors used to calculate total energy expenditure from activity registration.

Activity PAR*
Lying or sleeping 1.0
Seated or standing activities, such as eating, reading, watching TV, strolling 14
Light work, such as washing-up, cooking, shopping, light gardening 2.0
Walking 2.9
Heavy work, such as cleaning, cleaning windows, beating mats, heavy gardening 3.5
Light exercise, such as bowling, golf, sailing, walking fast 32
Moderate exercise, such as dancing, tennis, swimming, biking 5.3
Heavy exercise, such as football, jogging, rowing, skiing, aerobics 7.4

*The physical activity ratio (PAR) is the multiple of BMR for a specific activity.

Validation of the diet history interviews (IV)

Energy intake

The reported EI was compared with the TEE assessed by the AR and the
DLW method. Furthermore, the FIL was calculated by dividing the re-
ported EI according to the DHI by the estimated BMR (130). The individ-
ual Goldberg cut-off for the FIL was used to identify under- and over-re-
porters (97).
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Biological markers for the intake of protein, sodium and
potassium

One 24-h urine collection per person (n=33), performed during week 12,
was used to validate the reported dietary intake of protein, sodium and po-
tassium on a group level. The subjects were instructed to record the start
and the finish of the collection in a questionnaire, as well as any lost speci-
mens and if there were any other problems regarding the collection. The
same day the 24-h urine collection was completed, the urine was weighed,
to estimate the volume. The samples were collected and stored at -20°C
until the analyses of para-aminobenzoic acid (PABA), nitrogen, sodium
and potassium were made.

To verify the completeness of the urine collections the PABA method was
used (104). On the day of the urine collection the subjects took three 80 mg
PABA tablets, one in the morning after emptying the urinary bladder, the
next within six hours, and the third within 12 hours. The time at which the
PABA tablets were taken was recorded by the subjects. The PABA in the
urine was determined using the HPLC method, and any urine collection
with a PABA recovery level below 78% was classified as incomplete. The
content of nitrogen, sodium and potassium of incomplete samples was ad-
justed using the linear regression equations developed by Johansson et al
(105). Since these equations were developed based on the colorimetric
method, we replaced the figure in the equations representing the mean
PABA recovery level for complete urine collections, i.e. 93%, with the
mean PABA recovery level reported when using the HPLC method, i.e.
88% (104). Thus, the linear regression equations for nitrogen, sodium and
potassium were:

Nitrogen (g/day): y = 2.3 + 0.088 - x
Sodium (mmol/day): y =45 +0.82 - x
Potassium (mmol/day): y = 19 + 0.60 - x

where y is the analyte in urine and x is the PABA recovery value (88% mi-
nus the measured value).
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The sodium and potassium in the urine were analyzed using direct ion-se-
lective electrodes (Cobas Integra 700, Roche Diagnostics Scandinavia AB)
and the nitrogen by chemilluminescence (Antek instrument nitrogen system
703C, Antek Instruments, Inc., Houston, Texas, USA). The nitrogen ex-
cretion in the urine was used as a biological marker for the protein intake
by multiplying the content of nitrogen in the urine by the factor 7.72 (100).
The sodium content of the urine was used as a biological marker of sodium
intake (90) and the content of potassium in the urine was used as a biologi-
cal marker of potassium intake, by dividing the potassium content of the
urine by 0.77 (102).

Assessment of plasma antioxidants and urine
malondialdehyde (ll)

Sampling

Samples for the analysis of plasma antioxidants and urine malondialdehyde
(MDA) were taken at baseline and in weeks three and twelve. Blood sam-
ples were drawn into heparinazed vacutainer tubes between 8.00 and 9.00
a.m., after an overnight fast. When the blood had reached room temperature
the samples were centrifuged at 2,000 rpm for 10 minutes and aliquots of
plasma were transferred to 1.5 ml Eppendorf tubes and stored at —70°C be-
fore being analyzed. For the analysis of vitamin C, 500 pl plasma was im-
mediately transferred to Eppendorf tubes and mixed with an equal volume
of 10% m-phosphoric acid before the samples were frozen.

After receiving instructions, each participant collected a morning urine
sample (15 ml) on the day of their visit to the hospital. On arrival the urine
samples were frozen at —20 °C.

Chemicals

The 1,1,3,3-tetracthoxypropane (97%), B-carotene (95%), lycopene (95%),
vitamin A, o-tocopherol, y- tocopherol, L-ascorbic acid (>99%), uric acid
(>99%) and butylated hydroxytoluene (BHT) were all from Sigma Chemi-
cal Company St. Louis IN, USA. The thiobarbituric acid (99%) was from
Merck KGaA, Darmastadt, Germany. The standard reference material 968
b (for carotenoids and tocopherols) was obtained from the National Institute
of Standards and Technology, Gaithersburg, MD, USA.
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Biochemical analysis

Malondialdehyde

The urine was thawed, vortexed and centrifuged at 2,000 rpm for 5 minutes.
After determining the specific density, aliquots of 50 ul urine were mixed
with 300 pl o-phosphorus acid (0.5 mol/L) and 150 ul thiobarbituric acid
(23 mmol/L) in 1.5 ml Eppendorf tubes. After this, the samples were
incubated for 55 minutes at 95 °C and then chilled on ice before they were
centrifuged for 3 minutes at 14,000 g. The MDA was then determined using
HPLC and 20 pl of each sample was injected and separated on a
Chromolite Performance column (100 x 4.6 mm, RP-18¢, Merck KGaA,
Darmastadt, Germany). The mobile phase consisted of 70% 50 mmol/L
potassium phosphate (pH 6.8) and 30 % methanol and the flow rate was 3
ml/min. The malondialdehyde - thiobarbituric acid complex was detected
with a fluorescence detector (Merck-Hitatchi F 1000 Fluorescence
Spectrophotometer) with excitation and emission wavelengths of 525 and
550 nm, respectively. The density-corrected malondialdehyde concen-
trations (adjusted MDA) were calculated by using the following formula:
Density corrected value = concentration in urine x ((1.024 -1) /
(concentration in urine -1)). Standard curves of MDA were prepared from
1,1,3,3-tetracthoxypropane (1 — 5 pmol/L) mixed with o-phosphorous acid
and thiobarbituric acid and treated in the same way as the samples.

Vitamin A and fat and water soluble antioxidants

Vitamin A, carotenoids, o- and y-tocopherol, were determined using HPLC
according to a method previously described by Hess et al (133). The quanti-
fication of the single compounds was performed by an external standard
method based on the peak area. The concentrations of the different samples
were also checked and compared with the standard reference materials 968
b from the National Institute of Standards and Technology, USA (carote-
noids and vitamin E) and INSTAND e.V. Diisseldorf, Germany (vitamin A
and E).

Analyses of vitamin C and uric acid were also performed using HPLC. The
samples (diluted 1:1 with 10% m-phosphorous acid) were thawed at 4°C
and centrifuged at 14,000 g for 2 minutes and 20 pl aliquots of the clear
supernatants were injected in the chromatograph. Both vitamin C and uric
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acid were determined with a spectrophotometric detector at the wavelength
262 nm. The HPLC pump was a 880-PU and the detector a 875-UV, both
from Jasco (Japan Spectroscopic Company Ltd., Tokyo, Japan) and the
injector was a Rheodyne 7125 from Rheodyne Inc., Cotati, CA, USA. The
analytical column was a Chromolite Performance column (100x4.6 mm,
RP-18e, Merck KGaA, Darmastadt, Germany). The mobile phase consisted
of 200 mmol/L KH,POy4, pH 3.0 and the flow rate was 2.5 ml/minute. Stan-
dard curves with a concentration of 0-100 umol/L (vitamin C) and 0 — 300
pumol/L (uric acid) were prepared and used for the quantification. Stock
solutions with a concentration of 10 mmol/L were first prepared in water
(vitamin C) or 0.05 mol/L NaOH (uric acid) and then diluted further with
5% m-phosphorus acid.

Determination of the composition of fatty acids in
serum phospholipids (lll)

Sampling

Blood samples for the analysis of fatty acids in serum phospholipids were
taken at baseline and in weeks three and twelve. After a one-night fast,
samples were collected in tubes without additives. The blood was cooled in
ice water for 30 minutes before centrifugation at 1500 g for 15 minutes at
+4 °C. The serum was separated and stored at —70 °C until analysis.

Folch extraction

Serum (1 ml) was extracted using methanol (2 ml) and chloroform (4 ml).
Potassium chloride, 0,88%; (2 ml with the water content of the sample ex-
cluded) was added and the mixture was shaken thoroughly for 30 seconds
before being allowed to settle. The aqueous layer was removed, one fourth
of the volume of the organic phase of methanol-saline (1:1, v/v) was added
and the washing procedure was repeated. The bottom layer containing the
purified lipids was collected and the solvent was evaporated in a gentle
stream of nitrogen at +30 °C (134).
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Separation of lipid classes using thin layer chroma-
tography

The purified lipids were dissolved in 40 pl chloroform containing 0,05%
(v:v) of antioxidant butylated hydroxytoluene (BHT, 10% in ethanol (w:v))
and separated on silica gel plates 60, F254 (MERCK) by thin layer chro-
matography, using petroleumether: diethyl ether: acetic acid (81:18:1). The
different lipid classes were visualized using UV-light at 254 nm. The stan-
dards used were L-a-Phosphatidylcholine and L-a-Phosphatidylethanola-
mine, Larodan Fine Chemicals. The spots were transferred into screw-
capped glass tubes for the preparation of fatty acid methyl esters (135).

Transesterification using sodium methoxide

The silica gel containing the lipids was dissolved in sodium-dried diethyl
ether (0,5 ml) and methyl acetate (20 pl). Sodium methoxide, 0,5 M, in dry
methanol (20 ul) was added. After 15 minutes at room temperature the re-
action was stopped by the addition of acetic acid (2ul). The solvent was
evaporated in a gentle stream of nitrogen at +30 °C. Iso-hexane with BHT
(0,05%; 1 ml) was added and the mixture was centrifuged at 1500 g for 2
minutes. The supernatant layer was removed using a Pasteur pipette into a
sample tube (136).

Gas chromatography analysis

The composition of the fatty acids was determined using gas chromatogra-
phy. Of the purified methylated sample 1 pl was injected into a HP 5890
series Il gas chromatograph suited with an FID and an HP-FFAP capillary
column (30 m x 0,25 mm x 0,25 um). The He carrier gas flow was 13
ml/min. The detector temperature was 260 °C. The injector split 1:50 at 220
°C. A temperature programme was used with an initial temperature of 160
°C held constant for 5 minutes, raised from 160 to 220 °C at a rate of 2
°C/min and held constant at 220 °C for 30 minutes.

The fatty acid methyl esters were identified by comparison with the reten-
tion times of the standards: GLC-68D and GLC-68A, Nu-Chek-Prep and
Qualimix Fish 89 — 5540, Larodan Fine Chemicals.
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The individual fatty acids were expressed as the percentage of total fatty
acids (relative amount). The relative amounts were quantified by integrat-
ing the area under the peak and dividing the results by the total area of all
fatty acids.

Statistical methods

The statistical analyses were performed using SPSS for Windows (SPSS
Inc., Chicago, IL, USA) version 10.0 (I) or 11.0.1 (II-IV). All results were
considered statistically significant at a two-tailed p-value of <0.05.

Differences between the groups were analyzed using the Student’s t-test for
independent samples, when the variables were normally distributed and on
the interval or ratio level of measurement. For these variables within-group
differences were analyzed using the Student’s t-test for paired samples.
Nonparametric tests were usually used because of the skewed distributions
of some variables. For such variables the Mann-Whitney U-test was per-
formed to test the differences between groups, and the Wilcoxon signed
ranks test was used to analyze differences within groups. Differences re-
garding qualitative variables were analyzed by the Pearson Chi-square or
Fisher’s exact test.

To analyze correlations between variables the Pearson’s product moment
correlation or the Spearman’s rank correlation was used. The latter was
used for variables with skewed distributions.

In paper IV the differences between the measured and the estimated TEE
were evaluated by Bland-Altman plots (137), and Spearman’s rank correla-
tion was used to test the trend from low to high values in the Bland-Altman
plot.
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RESULTS AND DISCUSSION

Study design and subjects (I-IV)

The aim of the present trial was to test the efficacy of a modified Cretan
Mediterranean diet in reducing signs and symptoms of RA. In order to in-
vestigate this, we needed motivated patients, who could be expected to
comply with the experimental diet. Also, since the pharmacological treat-
ment was to be kept stable during the trial, the disease had to be regarded as
stable and under adequate control at baseline. Thus, the purpose of the in-
clusion and exclusion criteria was to obtain suitable RA patients who could
follow the experimental diet for 12 weeks rather than a representative se-
lection of the general population of RA patients.

Some assumptions were made when designing the study. When deciding on
the length of the study we assumed that any effect of the MD was likely to
follow a similar time course to that of fish oils. In patients with RA an anti-
inflammatory effect of fish oils has usually not been detectable until after
six weeks (138). Our second assumption was that the short-term effect of
the MD would be modest at best. Thus, it was of utmost importance to
achieve optimal compliance from the patients, and to have as few drop outs
as possible. Therefore we decided to choose a relatively short length of diet
intervention.

Since the objective was to study the efficacy of the diet we also decided not
to use the principle of intention to treat. The dropouts were, however, few.
Three MD subjects did not complete the trial, and of these, only one subject
left the trial because of a lack of motivation. Another MD subject aban-
doned the diet because of dyspepsia, which was the only reported side ef-
fect of the MD. The other three subjects (one MD subject and two CD sub-
jects) were excluded because of the exclusion criteria.

Four violations to the protocol in the form of intra-articular injections with
triamcinolone hexacetonide were reported. One MD patient had a knee joint
injected in his second week and two control patients had an elbow injected
in their first and third week, respectively. A third control patient had a wrist
and two finger joints injected in her sixth week and also began a two-week
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long course of oral steroids. None of these patients was excluded and the
joint counts were assessed independently of the above-mentioned injec-
tions. Except for one of the control group subjects, the injections were
given early in the course of the trial. We therefore considered that these
supplementary treatments would have only had an insignificant effect on
the study result. Furthermore, if these treatments should affect the study
results it would not be in favour of the results of the MD.

The baseline characteristics of the patients in the two treatment groups that
completed the trial are presented in Table 2. At baseline the MD subjects
had a significantly longer disease duration (p=0.047) and a higher body
mass index (BMI; p=0.024) compared to the CD subjects. Apart from this
the two groups were equal in all aspects. Thirty nine patients had a DAS28

of >3.2, indicating moderate or high disease activity, while four MD sub-
jects and eight CD subjects were in the range of low disease activity with a
DAS28 of between 2.0 and 3.2. With respect to the inclusion criteria it may
seem remarkable that some patients at baseline had a DAS28 of up to 7.0.
However, “stable and under adequate control” was the clinical judgment of
the patients own doctor at the most recent visit of the patient before the start
of the study. Many patients had longstanding disease, and had tried all
kinds of DMARD, including combination therapies. Under such circum-
stances the clinician and his patient may have come to a consensus that
“there was adequate control”.

Regarding smoking habits the groups were equal at baseline with five eve-

ryday smokers in each group. No differences in the smoking habits were
observed during the trial.

48



Results and discussion

Table 2. Baseline characteristics of the subjects in the Mediterranean diet (MD) group and
the control diet (CD) group that completed the trial. Data are presented as mean values
(range) unless otherwise stated.

MD group CD group
(n=26) (n=25)
Age (years) 58(33-73) 59( 35-75)
Sex (men/women)* 5/21 5/20
Body Mass Index (kg/mz) 25\‘3.4(21.5—38.7)Y 25.6(16.4-31.4)
Fasting blood glucose (mmol/1) 5.0(4.4-5.9) 5.2(4.1-6.4)
Disease duration (years) 17(2—59)Y 10(2-30)
Rheumatoid factor positive™* 19 20
ANF positive™* 7 5
Erosive disease positive* 20 23
28DAS, score 4.4(2.19-7.00) 4.3(2.2-6.9)
Current drugs:
NSAID*/equivalent mg of diclofenac 21/56 21/62
Corticosteroids*/mg of prednisolone 12/3.5 10/5.0
DMARD#*, mono-/combination therapy 18/6 16/4
Methothrexate’ 14/10.9 11/8.2
Sulfasalazine’ 4/2000 4/2000
Chloroquine’ 2/180 2/160
Cyclosporiny 3/125 2/163
Auranofin® 0 1/6
Leflunomide’ 0 1/20

*Number of patients; Ystatistically significant difference between MD- and CD group, p<0.05. Dif-
ferences between groups were analyzed by Student's t-test for independent samples, except for dif-
ferences in number of patients, which were evaluated by Pearson Chi-square or Fisher’s exact test;
Ynumber of patients/mean dose in mg.

Efficacy of the MD (l)

Table 3 and 4 summarizes the primary and secondary efficacy variables at
baseline and during the trial. From baseline to the end of the study, three of
the four efficacy variables improved significantly in the MD group. The
DAS28 was reduced with a drop of 0.56 (p<0.001). This reduction occurred
primarily between study weeks six and twelve (Figure 4). Also the HAQ
decreased by 0.15 (p=0.020) in the MD group from baseline to week 12.
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Figure 4. Disease activity (DAS28 score) at baseline and at weeks six and twelve. The
figure values are presented in relative terms where the baseline value is set to zero. The
result is presented as mean values with 95% confidence intervals.

Regarding the SF-36 (Table 4), two dimensions improved significantly:
vitality and the reported health transition over the past year. A tendency
towards improvement was also observed concerning the variables mental
health, role limitations due to physical problems, and general health. Thus,
of the primary efficacy variables, only the daily dose of NSAID was unaf-
fected.

Of the ten secondary efficacy variables, six variables improved signifi-
cantly from baseline to the end of the study in the MD group (Table 3). The
CD group, on the other hand, showed no change in any of the outcome
variables from baseline to week 12.

Individually, 15 subjects in the MD group showed a “moderate” or better
clinical improvement with a decrease of >0.6 in the DAS28 (Figure 5), as
compared to six subjects in the CD group (p=0.026). Only two MD sub-
jects, versus five CD subjects, showed worsening, with an increase in
DAS28 of >0.6.
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Figure 5. The distributions of change in DAS28 score. A change in DAS28 score of >0.6
is considered to be a change of clinical significance.

During the study a mean weight loss of 3.0 kg (p<0.001) was observed in
the MD group, while the CD subjects maintained their weight. Also the
concentration of plasma cholesterol decreased significantly in the MD
group (p=0.008) from baseline to the end of the study, while no change was
seen in the CD group.

This is the first study in which a Cretan Mediterranean diet has been shown
to reduce subjective and objective indices of disease activity in patients
with stable and modestly active RA. However, a study based on a scientific
concept related to our study, is the Danish dietary intervention study by
Hansen et al. In that study, an energy-adjusted diet rich in fish, and sup-
plemented with antioxidants, was studied for six months. Their dietary in-
tervention was undermined by problems with compliance and a high drop-
out rate. Nevertheless, the results are in line with ours. In the experimental
group there was a significant improvement in the duration of morning stiff-
ness, number of swollen joints and pain status compared to the control

group.

As in earlier dietary intervention studies on RA patients, a clinically sig-
nificant improvement was, in the present study, observed in a subgroup
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(58%) of the MD subjects. In the two randomized controlled studies in
which vegetarian diets were tested for one year (20, 22), 40.5% (nine sub-
jects) of the subjects in the diet group fulfilled the ACR20 response criteria
in the study by Hafstrom et al (22), and 44.4% (12 subjects) of the experi-
mental group subjects, in the study by Kjeldsen-Kragh et al (20), were
classified as diet responders. However, in the latter study the principle of
intention to treat was used. The effects reported in dietary intervention
studies of RA patients are, however, difficult to compare, since different
approaches have been used when evaluating the outcome.

There are several problems when interpreting the results of dietary
intervention studies. A double-blind, placebo controlled design would
obviously have been the optimal design for this study. However, partici-
pants in a dietary intervention study such as this one will always see what
food they buy, prepare, and eat. In practice, it is therefore very difficult to
use a double-blind design. Others have practised a single-blinded approach
by letting uninformed outsiders perform the clinical assessments. Our as-
sessors were familiar with the study protocol and were not forbidden to
speak to the participating patients. The majority of the assessors had, how-
ever, no responsibility related to the project, besides performing their spe-
cific assessments. Panush et al (40) were the first to carry out a double-
blind dietary intervention study on RA patients. In that study certain food
items were excluded from the experimental diet, while other food items
were excluded from the control diet. Also in the studies by Hafstrom et a/
(22) and Sarzi-Puttini et al (42), dietary interventions were carried out in
the control group as well. When using this approach, there is of course a
possibility that the dietary interventions carried out in the control group
may have a beneficial effect on the disease as well. Furthermore, it may be
hard to ensure that such a study is truly blind, since there is a risk that the
participating subjects realize which group they belong to anyhow. Since our
study was not blind, the possible effect of placebo cannot be ruled out. The
patients had chosen to participate in a dietary intervention trial and pre-
sumably many of these subjects believed that diet might have an effect on
their disease. Nevertheless, with regard to the question of placebo it is in-
teresting to examine the patients’ global VAS results (Figure 6). During the
first half of the study, the global VAS results of the two treatment groups
followed each other very closely. At the end of the initiating ORP most
patients of both groups reported improved wellbeing. Half way through the
trial these improvements mostly disappeared, indicating that there was not
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yet any significant effect of the MD. Only after three months of dietary in-
tervention was the efficacy of the MD detectable and statistically signifi-
cant. Furthermore, in the present study significant improvements were ob-
served in both subjective and objective outcome variables, which indicate
that the placebo effect could not explain the effect seen in the MD group, at
least not the entirely (139).

—@— Mediterranean diet —O— Control diet

-20 A

Change from baseline in Global VAS (mm)

—25 T T T T
0 3 6 12
Weeks from start of diet intervention

Figure 6. Patient’s global assessment of disease activity by means of a visual analogue
scale (0-100 mm) at baseline and week 3, 6 and 12. The figure values are presented in
relative terms where the baseline value is set to zero. The result is presented as mean val-
ues with 95% confidence intervals.

At the start of the trial the MD group had a significantly higher BMI than
the CD group, and in general the MD subjects lost weight during the study
period. This circumstance may have influenced the results of the study. The
fact that energy restriction may influence the immune system is not a new
concept (140, 141), and studies have shown that obese, but otherwise
healthy, subjects who lose weight, as a result of reduced energy intake, also
obtain a reduction in TNF-a (142) and CRP (143). Furthermore, Symmons
et al (144) have reported that, in a cohort of women, a BMI of >30 kg/m’
was associated with an adjusted odds ratio of 3.74 (95% confidence interval
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1.14 to 12.27) for developing RA. Weight loss has commonly been reported
in response to dietary intervention for patients with RA (17, 19). (20, 33,
41) However, with the exception of Hansen et al (41), other researchers
have seen no association between the patient’s decrease in body weight and
the positive clinical results obtained. In the present study there was no cor-
relation between the change in DAS28 (from baseline to week 12) and the
weight loss in the MD group. Neither was there any significant difference
in the degree of weight loss between the “diet responders”, as defined by a
decrease in DAS28 of >0.6, and the remaining MD subjects. However, we
are presently investigating the effect of the weight loss and changes in body
composition more extensively, and these results will be presented in a
forthcoming report.

The dietary assessments (lI-1V)

When investigating the dietary intake of the experimental and control sub-
jects, two dietary assessment methods were used. The questionnaire was a
fairly simple and fast method to obtain data on the intake of selected food
items, at baseline and during the study. There are, however, several limita-
tions regarding this method. The questionnaire used in the study was de-
signed to capture the typical and untypical eating patterns of the experi-
mental diet. However, as with all questionnaires, the results obtained are
dependent on the questions asked. For instance, if the primary aim is to
investigate the antioxidant intake, questions regarding fruit and vegetables
may be detailed, while questions regarding the intake of meat are more
general, or not even included. On the other hand, if a large number of the
questions concern the consumption of vegetables, there is a risk that these
foods will be over-reported. Too many questions might also make it harder
to get all the questionnaires completed at all points of time. The question-
naire used in the present study comprised fairly general questions regarding
different food groups, except for the questions about the sources of fat,
which were more detailed. Another limitation regarding this dietary as-
sessment method is that it does not provide data on the energy and nutrient
intake, and it is also difficult to validate. For this reason we also assessed
the dietary intake by means of a DHI. This method was chosen mainly of
three reasons. Firstly, it is a retrospective method, hence it does not influ-
ence the dietary habits in the way that prospective methods might do. Sec-
ondly, it covers the intake over a fairly long period of time, the problems
due to day-to-day variation in energy and nutrient intakes are reduced.
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Thirdly, compared to other dietary assessment methods the DHI has gener-
ally been shown to provide the most plausible EI in relation to BMR (145).
Since, the DHI method is both time and resource demanding, we carried out
the DHIs in a subsample consisting of 17 patients in each group, and this
assessment was only carried out on one occasion during the study. Thus, it
was only possible to compare the energy and nutrient intake between the
two groups by means of the DHIs, while the results of the questionnaire
were used to study differences in the food intake from baseline to the end of
the study.

The EI assessed by the DHI was validated by means of the TEE estimated
by a three-day AR, which in turn was validated using the DLW-method in a
subgroup of the subjects. There was a strong correlation (r = 0.98, p < 0.01)
between the reported TEE estimated by the three-day AR method and the
TEE measured by the DLW method. However, the median difference be-
tween the reported and the measured TEE was -0.7 MJ/day (Mean differ-
ence = -0.94 MJ; p = 0.026 for the difference between methods; Table 5). In
general there was good agreement between the AR and the DLW method at
low TEE and there was a trend towards a larger underestimation of the AR
at higher TEE (Figure 7).

Table 5. Validation of the reported energy intake assessed by means of diet history inter-
views and the reported energy expenditure assessed by a three-day activity registration
method.

Variables Mean (SD)
PAL*' 1.55 (0.06)
PALp; w** 1.68 (0.15)
TEE o *Y/ TEEp o* | 0.92 (0.07)
FIL" 1.48 (0.26)
EI'"/TEE \p* 1.07 (0.11)
EUTEEp, * 0.99 (0.14)
EUTEE,g 0.97 (0.17)

*n =9, i.e. the subjects whose total energy expenditure were both measured by means of the doubly
labelled water method and estimated by the three-day activity registration method; "PALsg: physical
activity level assessed by a three-day activity registration method; *PALp w: physical activity level
assessed by the doubly labelled water method; *TEEAg: Total Energy Expenditure assessed by a
three-day activity registration method; ' TEEp; w: Total Energy Expenditure assessed by the doubly
labelled water method; 'n = 32, i.e. all the subjects who completed the diet history interview and the
activity registration; **FIL: Food Intake Level; T'EI: Energy intake.
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Figure 7. Difference between the total energy expenditure reported by means of a three-
day activity registration method and measured by the doubly labelled water method,
plotted against the mean value of the reported and measured energy expenditure according
to Bland and Altman (137) (r; = -0.75, p<0.05). Mean difference = -0.94 MJ/day and 2 SD
=2.08 MJ/day.

The ratio between the EI, based on the DHI, and the TEE, based on the AR
(PALAR), was 0.97 when all the subjects were included, and there was no
significant difference between the EI and the TEEar (Table 5). For the
subjects whose TEE was measured by the DLW method, the EI was almost
equal to TEEpLw. However, the EI/TEE ratio was significantly lower using
the DLW-method (p = 0.014) compared to the AR method. This implies
that generally, there was probably an underestimation of the EI
Furthermore, the subjects who took part in the DLW-measurements had a
higher FIL and EI/TEExr ratio compared to the remaining subjects, which
indicates that the EI of the DLW subjects was more accurate. The reason
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for this is unknown, but there is a possibility that these subjects became
more aware of the validation of the DHI, and therefore made a greater
effort to provide as truthful data as possible regarding their dietary intake.
However, with this small sample and small subsample this result may also
have appeared by chance.

According to the Goldberg cut-off for FIL values (97), three subjects were
identified as under-reporters (1 MD subject and 2 CD subjects).

Seven 24-h urine collections (four in the MD group and three in the CD
group) were classified as incomplete based on the PABA recovery. PABA
has traditionally been analyzed with a colorimetric method. However, this
method is influenced by aromatic amines originating from, for instance,
drugs such as paracetamol. Therefore, Jakobsen et a/ (104) introduced the
HPLC method for the determination of PABA in urine without interference
from these substances. Since the subjects participating in the present study
were RA patients taking a number of different drugs, we chose to use the
HPLC method for the PABA analysis. The linear regression equations used
for incomplete urine collections are, however, based on the colorimetric
method. The figure in the equations corresponding to the mean PABA
recovery for complete collections using the colorimetric method was
therefore replaced by the figure reported when using the HPLC method. It
is possible that the relationship between PABA and the analytes in urine
differs slightly depending on the analytical method used, but the error is
likely to be reduced whichever method is used.

Since only one 24-h urine collection per subject was available, the intake of
protein, sodium and potassium was validated on a group level. The reported
intake of protein, sodium and potassium showed good agreement with their
respective biological markers, indicating that it was possible to obtain valid
dietary data regarding these nutrients by means of the DHI (Table 6).

In dietary intervention studies there is a risk that the experimental group
will report their prescribed diet instead of the actual intake. In the present
study, there was no significant difference between the MD and the CD
group regarding the EI in relation to TEE, or in the number of under-
reporters, as classified by the Goldberg cut-off (97). Neither was there any
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Table 6. The reported intake of energy, protein, sodium and potassium assessed by diet
history interviews (DHI) and the corresponding biological markers (BM). Data are pre-
sented as mean values (SD), except for the ratio between sodium intake and urine sodium
which is presented as median values (25th-75th percentiles) because of skew distribution.

DHI* BM ' DHI/BM P-value ¥
Energy (MJ/day)’ 9.01 (1.96) 9.29 (1.27) 0.97 (0.17) 0.336
Protein (g/day)’ 89.6 (22.9) 87.4 (25.3) 1.08 (0.28) 0.520
Sodium (g/day)* 3.1(0.8) 3.5(1.3) 0.93 (0.68-1.16)  0.176
Potassium (g/day)§ 4.0 (1.0) 3.8(1.2) 1.13 (0.46) 0.540

*Reported intake of energy, protein, sodium and potassium assessed by diet history interviews;
reported energy expenditure assessed by the three-day activity registration, nitrogen in 24-h urine
multiplied by 7.72 (100), sodium in urine and potassium in urine divided by 0.77 (102). *P-values
refer to differences between the reported intakes of energy, protein, sodium and potassium and the
respective biological markers. The differences between the reported intakes and the biological mark-
ers were analyzed using the Student's t-test for paired samples; *n=32; 'n=33

difference in the relationship between the reported intake of protein, sodium
and potassium and their respective biological markers. Thus, the DHI did
not seem to be biased by the intervention.

Dietary intake (lI-1ll)

At baseline the consumption frequencies of food items were comparable in
the MD and the CD groups (Table 7). During the study, changes in the re-
ported consumption of many food groups were observed in the MD group.
These changes were in line with the advice given to the patients, for in-
stance to replace meat and delicatessen with fish and poultry and to in-
crease the intake of vegetables. At the end of the study the MD group also
used olive oil and canola oil, as well as the margarines based on canola oil,
to a greater extent than the CD subjects (p<0.001 for all comparisons). Sig-
nificantly more MD subjects than CD subjects also changed their choice of
milk and fermented milk to milk and fermented milk with a lower fat con-
tent, or excluded it totally (p=0.003 and p=0.038 respectively). On the other
hand the consumption of fruit and berries did not increase in the MD group,
as would have been expected, and the consumption of some food groups,
such as raw root vegetables, only changed marginally.
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Some changes were also observed in the CD group from baseline to the end
of the study. The consumption of meat decreased significantly, as well as
the intake frequency of fruit and berries (Table 7).

Table 7. Comparison of reported food consumption frequencies (servings per month) be-
tween the Mediterranean Diet (MD) group and the Control Diet (CD) group. Data are pre-
sented as median values (25th-75th percentiles).

MD group (n=26) CD group (n=25) P-value*
Baseline Week 12 Baseline  Week 12

Fish 6(6-6) 16 (16-16)° 6 (2-6) 6 (2-6) <0.001
Shellfish 2(0-2)  4(2-6) 2(0-2) 2(0-2) <0.001
Meat, minced meat or offal from pig, cattle or sheep 16 (6-16) 0 (0—0)§ 16 (6-16) 6 (6—16)T <0.001
Poultry 2(2-6) 11(6-16)° 2(2-6) 2(2-6) <0.001
Delicatessen (not on bread) 6(2-6) 0 (0-0)§ 6 (2-6) 2 (2-6) <0.001
Delicatessen on bread 11(6-26) 0 (0-0)° 16 (2-16) 6 (2-16) <0.001
Cheese with more than 17% fat 16 (14-26) 0 (0-0)§ 26 (11-70) 16 (4-26) 0.002
Cheese with less than 17% fat 6(0-9) 16 (6-26)I 0(0-4) 0(0-11) 0.005
Dairy products with 27% fat or more 2(0-6) 0 (0-0)i 2 (0-6) 6 (2-6) <0.001
Dairy products with 10-15% fat 2(0-6) O (0-2)* 2 (0-6) 0 (0-6) 0.013
Cooked root vegetables 6(2-16) 11(5-16) 2(2-6) 2(0-6) 0.027
Raw root vegetables 6(2-16)  6(6-16)" 6(1-16) 6(2-16) 0.013
Cooked green vegetables 16(6-16) 26( 16-26): 6(4-16) 6(2-16) <0.001
Raw green vegetables 16(6-19) 21(16-26)* 16(6-26) 6(4-21) 0.001
Legumes 2(0-6) 6(2-16)§ 2(0-4) 2(0-2) 0.002
Fruit and berries 16(6-26)  16(6-26) 16(4-48)  6(2-21)} 0.395
Black tea 7(0-16)  7(0-42) 7(0-42) 7(0-42) 0.015
Green tea 0 7(0-42)8 0 0 <0.001
Ice cream 2(0-6) 0 (0-2)]t 2 (0-4) 2(0-2) 0.015
Sweets (including chocolate) 6(2-16) 0 (0-2)§ 6 (1-6) 6 (2-6) <0.001
Buns, cookies or cakes 6(5-16) O (0—2)§ 6 (2-16) 6 (2-16) <0.001
Nuts 0(0-2) 0(0-3) 0 (0-2) 0(0-2) 0.704
Seeds 0(0-0) 0(0-2) 0 (0-0) 0 (0-0) 0.016

*The p-values refer to differences between the MD- and the CD group concerning the change from
baseline to week 12. Differences between the groups were analyzed with the Mann-Whitney U test.
Statistically significant change from baseline to week 12: Tp<0.05, *p<0.01, $p<0.001. Within-group
differences at week 12 compared to baseline were evaluated by the Wilcoxon signed ranks test.

The intake of energy and nutrients assessed using the DHI method is pre-
sented in Table 8. On a group level, excluding under and over-reporters as
defined by Goldberg’s cut-offs for FIL-values, did not change the reported
intake of energy or nutrients. Therefore, the mean or median intake of all
subjects is presented here. When comparing the intakes of antioxidants (ex-
cluding supplements), the MD group had a higher reported intake of
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Table 8. Comparison of the average daily intake (excluding supplements) of energy and
nutrients between the Mediterranean Diet (MD) group and the Control Diet (CD) group.
Data are presented as mean values (SD) for normally distributed variables and medians
(25th-75th percentiles) for variables with skew distributions.

MD group CD group P-value*
(n=17) (m=17)
Energy (MJ) 8.8 (1.6) 9.8(3.2) 0.242
Carbohydrates (g) 282 (52) 277 (105) 0.857
Carbohydrates (E%) 55 (6.6) 48 (7.1) 0.005
Protein (g) 93 (25) 91 (30) 0.844
Protein (E%) 18 (3.6) 16 (2.2) 0.040
Fat (g) 60 (22) 89 (33) 0.005
Fat (E%) 25(5.3) 34 (5.6) <0.001
Total SFA (E%) 75(2.4) 15.0 (3.7) <0.001
Total MUFA (E%) 10.5 (2.8) 122 (2.2) 0.067
Total PUFA (E%) 5.0 (1.1) 4.1(1.1) 0.028
Alcohol (g) 2.7 (0.4-7.4) 1.8 (0.3-11.2) 0.939
Alcohol (E%) 1.0 (0.0-2.5) 1.0 (0.0-3.0) 0.875
Cholesterol (mg) 247 (95) 346 (153) 0.030
Dietary fiber (g) 31(6.5) 26 (13) 0.192
Retinol (ng) 638 (469-754) 803 (610-1501) 0.049
B-carotene (ng) 3344 (2439-5900) 2553 (1636-5960) 0.339
Vitamin D (ug) 9.9 (7.5-16.0) 4.9 (4.5-7.9) <0.001
Vitamin E (a—TE) 13 (4) 9(4) 0.007
Thiamin (mg) 1.5(0.3) 1.5(0.4) 0.937
Riboflavin (mg) 2.0 (0.6) 2.1(0.9) 0.767
Niacin (NE) 40 (8.0) 36 (11) 0.275
Vitamin Bg (mg) 2.8(0.5) 2.2(0.7) 0.013
Vitamin B, (ug) 7.2 (5.0-10.0) 7.4 (3.8-8.5) 0.586
Folate (ug) 333 (64) 268 (116) 0.051
Vitamin C (mg) 143 (108-193) 90 (47-125) 0.014
Iron (mg) 12 (2.3) 12 (5.5) 0.617
Calcium (mg) 1228 (591) 1285 (711) 0.801
Phosphorus (mg) 1807 (510) 1730 (707) 0.719
Magnesium (mg) 429 (71) 392 (149) 0.370
Sodium (mg) 3153 (960) 3217 (790) 0.832
Potassium (mg) 4360 (686) 3744 (1271) 0.088
Zinc (mg) 11 (3.1) 13 (5.0) 0.124
Selenium (pg) 56 (17) 39 (15) 0.004

E%=per cent of total energy, SFA=saturated fatty acids, MUFA=monounsaturated fatty acids,
PUFA=polyunsaturated fatty acids, a-TE=Alpha tocopherol equivalents, NE=Niacin equivalents.
*P-values refer to difference between MD and CD groups. Differences between groups were ana-
lyzed using Students t-test for independent samples for normally distributed variables and by Mann-
Whitney U test for variables with skew distributions.
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vitamin E, vitamin C and selenium, compared to the CD group. The intake
of most other vitamins and minerals was comparable in the two groups,
with the exception that the MD group had a significantly lower intake of
retinol compared to the CD group, as well as a higher intake of vitamin D
and vitamin Be. The higher intakes of these vitamins may be explained by a
higher intake of fatty fish, such as herring, salmon and mackerel in the MD

group.

One of the most striking differences between the MD and the CD groups
was the reported intake of fat. A significantly lower fat intake in the MD
group also caused differences between the groups regarding the E% from
carbohydrates and protein. Furthermore, a higher E% was derived from
polyunsaturated fatty acids in the MD group, while the E% derived from
SFA was higher in the CD group. Although there was no significant differ-
ence between the groups regarding E% from MUFA, OA contributed to a
higher proportion of the fat intake in the MD group (Table 9). In relation to
the total fat intake, most PUFAs, both n-3 fatty acids and n-6 fatty acids,
were higher in the MD group. Also the absolute amount of n-3 fatty acids
was higher in the MD group. In this group the total intake of the n-3 fatty
acids (18:3n-3, 20:5n-3 and 22:6n-3) was 3.1 g/day (of which

EPA+DHA constituted 1.2 g/day), versus 2.0 g/day (EPA+DHA=0.4 g/day)
in the CD group. This difference, in turn, resulted in a significantly lower
ratio of ingested n-6 to n-3 fatty acids in the MD group.

The n-6:n-3 ratio has been reported to be 1-2 in the traditional diet of
Greece, while the ratio in many Western countries is around 15-16.7 (146).
However, in the Swedish nationwide dietary survey “Riksmaten 1997-98”
(147), in which the patterns of food and nutrient intake in Sweden were
studied on a nationwide basis, the ratio n-6:n-3 was reported to be around 5.
This is not far from the ratio in our CD group, while the MD group ob-
tained a ratio closer to that of the traditional Greek diet (Table 9). It is im-
portant to remember that when data from different countries and different
studies are compared methodological problems may arise, such as the fact
that different fatty acids may have been used to calculate these ratios. For
instance, others may have included docosapentaenoic acid (22:5n-3) when
calculating the ratios. In this study, we were only able to calculate the in
take of the n-3 fatty acids a-LNA, EPA and DHA, and the n-6 fatty acids
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Table 9. Comparison of the average daily intake (excluding supplements) of specific fatty
acids between the Mediterranean Diet (MD) group and the Control Diet (CD) group. Data
are presented as mean values (SD) for normally distributed variables and medians (25th-
75th percentiles) for variables with skew distributions.

MD group CD group P-value*
(n=17) (n=17)

Total n-6 fatty acids (g)" 7.9 (2.5) 8.2 (2.7) p=0.743
Total n-3 fatty acids (g)i 3.1(1.3) 2.0 (0.9) p=0.008
Ratio n-6:n-3 2.7 (0.6) 4.4 (0.9) p<0.001
Fatty acids (g/100 g total fat):
4:0-10:0 1.4 (0.7-2.1) 3.8(2.2-4.9) p<0.001
12:0 0.8 (0.6-1.3) 2.1(1.6-2.4) p<0.001
14:0 3.3(1.4) 5.1(1.4) p=0.001
16:0 17.5(2.3) 23.0 (2.2) p<0.001
18:0 52(1.3) 9.1(1.4) p<0.001
20:0 0.26 (0.07) 0.29 (0.11) p=0.237
16:1n—7 1.8 (0.5) 1.6 (0.5) p=0.408
18:1n-9 37.4 (6.1) 32.7 (4.0) p=0.012
18:2n-6 13.3(2.9) 9.4 (2.3) p<0.001
18:3n-3 3.2(0.9) 1.9 (0.9) p<0.001
20:4n-6 0.13 (0.08-0.19) 0.07 (0.05-0.15) p=0.182
20:5n-3 0.72 (0.40-0.88) 0.11 (0.07-0.22) p<0.001
22:5,n-3 and n-6 0.12 (0.08-0.17) 0.03 (0.01-0.04) p<0.001
22:6n-3 1.39 (0.83-1.67) 0.25 (0.14-0.43) p<0.001

*p-values refer to difference between MD and CD groups. Differences between groups were ana-
lyzed using Students t-test for independent samples for normally distributed variables and by Mann-
Whitney U test for variables with skew distributions. "'18:2n-6 and 20:4n-6, *18:3n-3, 20:5n-3 and
22:6n-3.

LA and AA. The intake of docosapentaenoic acid was not calculated, since
both n-3 and n-6 fatty acids were included in the content of this fatty acid in
the food composition database used.

The modified Cretan Mediterranean diet used in the present trial was
largely based on the experimental diet earlier used by de Lorgeril et al (75,
112). In the study by de Lorgeril ef a/, the experimental diet was aimed to
reduce the intake of LA to 4 E% and the intake of a-LNA was to exceed
0.6 E%. After eight weeks the experimental group in their study had an LA
intake of 3.6 E% and an a-LNA intake of 0.76 E%. In the present study, the
E% of LA was even lower (E% LA=3.3) and the E% of a-LNA was almost
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the same in the MD group (E% a-LNA=0.80) as in the study by de Lorgeril
et al. However, the intake of LA and o-LNA in our CD group (E% LA=3.1
and E% o-LNA=0.62) was not very different from the MD group. This may
be explained by the relatively high use of canola oil and margarine based on
canola oil in Sweden. Although we encouraged our MD group to increase
the intake of these a-LNA sources, these food items are also important
sources of n-3 fatty acids in the Swedish population in general (147). Thus,
regarding essential fatty acids, even the intake of the CD group was close to
that of the experimental group in the study by de Lorgeril ez a/ (112).

In the present study, the reported total intake of n-3 fatty acids in the MD
group was 3.1 g/day and out of this amount 1.2 g were EPA + DHA. Most
studies of dietary supplementation with fish oil have used between 1 and
7.1 g EPA + DHA per day (43). On the basis of these studies, a daily intake
of 3-6 g long-chain n-3 fatty acids (usually EPA + DHA) has been recom-
mended in order to improve RA symptoms (148, 149). Hence, although the
MD group reported an increased consumption of fish, the intake of long
chain n-3 PUFA only reached the lower range of the amounts used in stud-
ies of fish oil supplementation. However, in earlier studies, n-3 fatty acids
have usually been added to the diet, regardless of the intake of other fatty
acids. As far as we know, there are only two supplementation studies where
the amount of competitor n-6 fatty acids was also considered. Volker et al
(110) investigated the effect of fish oil supplementation (40 mg/kg body
weight/day) in RA subjects with a background diet of <10g n-6 fatty acids.
After 15 weeks, the experimental group achieved a substantial
incorporation of EPA in plasma and monocyte phospholipids, and
significant improvements in six out of nine outcome measurements.
Furthermore, in a recent study Adam et al/ (111) compared the effect of fish
oil supplementation (30 mg/kg body weight/day) in two groups on different
diets. One group were on a diet low in AA (less than 90 mg/day) and the
other group ate a normal western diet. Patients from both groups were
randomized to receive either fish oil capsules or placebo capsules for three
months, in a double-blind, crossover manner. The results of the study
showed that patients on the AA-low diet improved more than the other
group regarding tender and swollen joints. As the authors conclude, this
indicates that the ratio of AA:EPA is decisive for the clinical effectiveness
of fish oil supplementation. In the present study both groups reported a
daily intake of less than 10g of n-6 fatty acids, and less than 90 mg AA.
Based on the studies mentioned above, the low background intake of n-6
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fatty acids in the present study may have amplified the effect of the n-3
fatty acids.

Fatty acids in serum phospholipids ()

Fatty acids were measured in serum phospholipids, which are influenced by
the dietary intake of the past few days (107). At baseline there were no sig-
nificant differences between the groups regarding the composition of fatty
acids in serum phospholipids (Table 10). From baseline to the end of the
study increased relative amounts of the n-3 fatty acids EPA and DHA were
observed in the MD group, as well as an increase in the total percentage of
n-3 fatty acids. As regards n-6 fatty acids, there was a decrease in the rela-
tive amount of dihomo-y-linolenic acid (20:3n-6) and in the total percent-
age of n-6 fatty acids in the MD group. The differences in the proportions
of n-6 and n-3 fatty acids in this group, take of the n-3 fatty acids a-LNA,
EPA and DHA, and the n-6 fatty acids resulted in a decrease in the n-6:n-3
ratio. In the CD group there were no significant changes in any of the fatty
acids analyzed.

The strongest correlation between the intake of fatty acids and the corre-
sponding biomarkers, was observed regarding EPA (Table 11). Andersen ef
al (150) observed a similar correlation regarding the relative intake of EPA
(Pearson’s correlation coefficient = 0.55), while both stronger (151) and
weaker (152) correlations have been reported by others.

The intake of DHA was, in the present study, only correlated to the per-
centage of EPA in phospholipids. The reason for this is probably that the
dietary sources of EPA and DHA are the same. In other studies the percent-
age of DHA in phospholipids has also been correlated to the intake of this
fatty acid (150, 151).

Also the a-LNA in phospholipds was significantly correlated to the
absolute intake of this fatty acid (rs = 0.38). In several studies only weak
correlation regarding a-LNA has been reported (151, 152). However, re-
sults regarding this fatty acid are divergent (153).
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Table 11. Spearman's correlation coefficients between the reported intake of fatty acids or
foods and fatty acids in serum phospholipids.

Fatty acids in s-phospholipids

Dietary fatty acids/foods EPA DHA a-LNA  total n-3
EPA g/day 0.58* 0.24 0.04 0.43"
EPA g/100 g total fat 0.58* 0.32 0.04 0.49%
DHA g/day 0.60* 0.19 -0.05 0.40"
DHA g/100 g total fat 0.57* 0.26 -0.09 0.45%
o-LNA g/day 0.13 -0.09 0.38" 0.03
a-LNA g/100 g total fat 0.24 0.11 0.29 0.20
Change in fish intake* 0.48* 0.46* 0.14 0.51*
Change in shellfish intake* 0.33" 0.48* 0.03 0.34"

*p<0.01; Tp<0.05; *Change from baseline to week 12 in relation to change in percentage of fatty
acids in s-phospholipids.

Sometimes, the relative fatty acid levels reflect the intake of specific foods,
especially when the food item is the major source of the fatty acid in ques-
tion. In this study changes in the reported consumption of fish and shellfish
were related to changes in the percentage of EPA, DHA and total n-3 fatty
acids. Regarding fish intake, this is in agreement with other studies (150,
154, 155). The correlation between shellfish intake and long-chain n-3 fatty
acids may be related to the consumption of fish. Although the reported in-
take of shellfish increased significantly in the MD group, the level of shell-
fish consumption was not very high in this study. Thus, compared to the
intake of fish, shellfish was probably not a major source of n-3 fatty acids.
Furthermore, there was a significant correlation between the change in fish
intake and the change in shellfish intake (data not shown), hence the indi-
viduals reporting an increased intake of shellfish are likely to be the same
individuals as those with an increased fish intake.
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Plasma antioxidants and urine malondialdehyde (lI)

No differences were seen between the groups regarding plasma levels of
antioxidants or the marker of oxidative stress, MDA in urine, at the start of
the study. From baseline to the end of the study the only change seen was a
decrease in the levels of a-tocopherol and y-tocopherol in the MD group
(p=0.006 and p=0.017, respectively). However, since tocopherols circulate
in the blood with the lipoproteins, the plasma levels are often influenced by
the blood lipid concentration. When the levels of tocopherols were ex-
pressed in relation to plasma lipids these changes did not reach statistical
significance. Thus, although the reported consumption of antioxidant-rich
foods increased, the concentrations of plasma antioxidants and urine MDA
were relatively constant throughout the study period.

When the dietary intake (including supplements) of nutrients (retinol, -
carotene, a-tocopherol and ascorbic acid) was related to the plasma levels
of the corresponding nutrients, no significant correlation was found. How-
ever, the plasma levels of some nutrients were associated with variables
related to disease activity. Statistically significant inverse correlation was
observed between retinol and ESR (r =-0.38, p < 0.01), DAS28 (r =-0.31,
p < 0.05) and CRP (r = -0.48, p < 0.01) respectively. A negative relation-
ship was also found between vitamin C and ESR (r = -0.33, p < 0.05) as
well as between vitamin C and the HAQ score (r =-0.34, p < 0.05). Fur-
thermore, uric acid was negatively correlated with the thrombocyte count (r
=-0.28, p <0.05).

There can be several reasons for the lack of change in the plasma levels of
antioxidants, as well as the lack of correlation the between nutrient intake
and the plasma levels of the corresponding nutrients. Since antioxidant-rich
foods, such as fruit and vegetables, in general are regarded as healthy, it is
possible that the subjects have over-reported their intake of these food items
and consequently the nutrient intake would be overestimated as well. If this
was the case it could explain the lack of correlation between the nutrient
intake and plasma levels, at least if, for instance, subjects with a low nutri-
ent intake over-report to a greater extent. Furthermore, even if the reported
intake of food items and nutrients was correct, it may not have been suffi-
cient to substantially raise the plasma levels. In a study on healthy subjects
carried out by Zino et al (156), an average extra intake of 700g of fruit and

69



Results and discussion

vegetables per day resulted in raised levels of plasma antioxidants (vitamin
C, a- and B-carotene). Regarding vitamin E, McGavin et a/ (157) showed
that an increased intake of vitamin E from, on average, 10 mg/day to 22
mg/day only resulted in a small increase in plasma a-tocopherol in healthy
subjects.

Another possible explanation for the lack of correlation between the dietary
intake and the plasma antioxidants, in the present investigation, is that the
plasma levels of nutrients might be influenced by the inflammatory process
to a great degree, and to a lesser extent by the dietary intake. In the present
study the plasma levels of several nutrients were inversely related to indices
of disease activity. How the plasma antioxidants of RA patients are influ-
enced by intervention with an antioxidant-rich diet has, to our knowledge,
not been studied before. Several authors have reported depressed antioxi-
dant levels in the plasma or serum of RA patients (158-164). In addition,
Honkanen et al (165) showed that in 50 RA patients, six parameters of dis-
ease activity explained 66% of the variation in serum zinc. They also re-
ported that the low level of serum selenium found in RA patients was asso-
ciated with the joint score.

In the present study, we have mainly focused on well-known antioxidant
nutrients. However, fruit, vegetables, olive oil and tea also contain phyto-
chemicals, such as phenolic compounds, which in recent years has attracted
increasing interest (39, 86, 87). In a recent study by Halvorsen et al/ (166),
the total antioxidant capacity of dietary plants was measured by the FRAP
assay. They found that the antioxidants vitamin C, a-tocopherol, a-caro-
tene, B-carotene, lutein, zeaxanthin and lycopene only contributed to <25%
of the FRAP values of most dietary plants. Their results suggest that other
antioxidants may be of considerable importance for the total antioxidative
capacity. However, at this point knowledge about the bio-availability and
the in vivo activity of the different phenolic compounds is still insufficient.

Finally, one can discuss whether there are valid biological markers for the
intake of antioxidants. No carefully conducted studies, such as those on the
development of the markers for protein and energy, have been conducted so
far, and therefore the validity of these markers is questionable. This could
also explain the poor correlation between the intake of antioxidants and the
respective proposed biological markers in this study.
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The concentration of MDA in urine did not change statistically in any of the
groups during the study period, indicating that lipid peroxidation was not
significantly affected by the intervention. Earlier studies have shown that
the level of MDA is related to RA disease activity. In one study Taysi et al
(167), found that serum MDA correlated positively with disease activity
score, and Deaney et al (168), have reported a correlation between ESR and
MDA plus another lipid peroxidation product, 4-hydroxynonenal. In the
present study, in which most patients had low to moderate disease activity,
no correlation between urine MDA and disease activity variables were
found. However, at baseline the concentrations of MDA in urine as well as
the adjusted MDA, were inversely related to the plasma concentration of y-
tocopherol (r =-0.30, p < 0.05 and r = -0.36, p < 0.05 respectively).
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CONCLUSIONS

O The results of the dietary intervention study showed that patients with
RA, by adopting a modified Cretan Mediterranean diet, obtained a re-
duction in disease activity, an improvement in physical function, and an
improved vitality.

O The EI assessed by the DHI method was close to the TEE assessed by
the AR, but since the AR underestimated the TEE compared to the
DLW method, this indicates that the DHI had a bias towards underes-
timation of the EI. However, as this study is based on only nine DLW
measurements more validation studies regarding the AR method are
needed before firm conclusions can be drawn. Concerning the reported
intake of protein, sodium and potassium, there was good agreement
with their respective biological markers. The validity of the reported
dietary intake did not differ between the MD and the CD group. This
indicates that the DHI could assess the dietary intake fairly well and
that the dietary assessment was not biased by the dietary intervention.

O The intake frequencies of antioxidant rich food items were increased in
the MD group, and this group also had a significantly higher intake of
vitamin E, vitamin C and selenium compared to the CD group. Despite
the reported increase in consumption frequency of antioxidant-rich
foods, the plasma levels of carotenoids, vitamin C, lipid adjusted toco-
pherols, uric acid and MDA were unchanged at the end of the study.
The plasma levels of retinol, vitamin C and uric acid were, however,
correlated to indices of disease activity. This indicates that, either we
did not obtain an accurate reported intake of antioxidants, or that the
use of plasma antioxidants as biological markers of food intake is not
applicable in patients with RA.

O From baseline to the end of the study a change in the reported
consumption of food groups with relevance to the fat intake was ob-
served in the MD group. The only change seen in the CD group was a
decrease in the reported consumption of meat. As a result, the total fat
intake was lower in the MD group compared to the CD group. Fur-
thermore, in the MD group a higher percentage of the energy intake
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was derived from PUFA and a lower percentage from SFA. In relation
to the total fat intake, oleic acid was higher in the MD group, and this
group also had a lower ratio of n-6:n-3 fatty acids. A corresponding
change in the relation between n-6 and n-3 fatty acids was also ob-
served in s-phospholipids. The changes in the fatty acid profile, indi-
cated both by dietary assessments and through fatty acids in s-phos-
pholipids may, at least in part, explain the beneficial effects of the Cre-
tan Mediterranean on RA disease activity.
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