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“Believe those who are seeking the truth. Doubt those who find it.” 

André Gide (1869 - 1951)



i

TABLE OF CONTENTS

ABSTRACT …………………………………………………………………….……………………...iii

ENKEL SAMMANFATTNING PÅ SVENSKA ……………………..………………....v

ABBREVIATIONS ………………………………………………………………………….……..vii

BACKGROUND

Ankylosing Spondylitis .…………………………………………………………………….…………1

Comorbidity in ankylosing spondylitis……………………………………………………….…3

Clinical assessment of ankylosing spondylitis .……………………………………………...4

Assessment of dietary intake .……………………………………………………………………...5

Diet in ankylosing spondylitis and associated diseases .…………………………..……..7

Diet in ankylosing spondylitis ..………………………………………………………......……..7

Diet in psoriatic arthritis ...…………………………………………………………………………8

Diet in inflammatory bowel disease...………………………………………………………….9

Rationale for studying diet in ankylosing spondylitis……………………………………10

AIMs

General aim.………………………………………………………………………………….………….13

Specific aims .……………………………………………………………………………..…………….13

METHODS

Subjects and study design

Paper I………………………………………………………………………………………...14

Paper II…………………………………………………………………...…………………..15

Paper III…………………………………………………………….………………………..15

Paper IV…………………………………….………………………………………………..15

Assessments

Assessments of disease……………………………………………………………..…..16

Assessments of dietary intake………………………………………………………..17

Background factors and other specified assessments……………………...18

Laboratory performance and routines ..………………………………...……..20

Ethical aspects ………………………………………………………………………………….……..20

Statistical methods…………………………………………………………………………….……..20



ii

RESULTS AND DISCUSSIONS

Paper I ……………………………………………………………………………………….…….……..22

Paper II …………………………………………………………………………………...……….……..25

Paper III ………………………………………………………………………………….…….………..27

Paper IV………………………………………………………………………………….……..………..29

General discussion, limitations and future perspectives…………….………..………..31

CONCLUSIONS ……………………………………..……………………….………..35

ACKNOWLEDGEMENTS ………………..………………………………………..36

REFERENCES…………………………….…………………………………….….....37



iii

ABSTRACT
The aim of this thesis was to examine the role of diet in ankylosing spondylitis 

(AS).  Patients were examined in: i) a postal questionnaire survey of dietary 

habits and gastrointestinal (GI) symptoms; ii) a study on biomarkers of diet and 

disease activity; iii) a comparison of cardiovascular risk factors with the general 

population using data from the Västerbotten Intervention Programme (VIP), 

and; iv) a 21-week omega-3 fatty acid supplementation study regarding the 

effects on disease activity.

The postal survey (111 respondents) revealed no correlation between dietary 

habits and disease activity measured by the Bath Ankylosing Spondylitis Disease 

Activity Index (BASDAI).  However, GI problems, and in particular GI pain, 

were prevalent in patients with AS irrespective of NSAID usage.  

Gastrointestinal pain was predicted by higher BASDAI and a higher 

consumption of vegetables.  Overall, 30 (27%) of the patients experienced an 

aggravation of gastric symptoms when consuming certain foods.  In the study of 

biomarkers (n=66) no correlation was found between diet and disease activity 

as assessed by BASDAI.  There were, however, positive correlations between 

BASDAI and the content of arachidonic acid (AA) in plasma phospholipids 

(rs=0.39, p<0.01) and the estimated activity of the enzyme delta-5-desaturase 

(rs=0.37, p<0.01).  This may reflect a process involved in the inflammation 

associated with AS that requires further investigation.  Comparing data from the 

VIP for patients (n=89) and controls showed no significant differences 

regarding diet, physical activity or smoking.  Nonetheless, more pronounced 

correlations between blood lipids and diet were identified among patients than 

in controls.  Furthermore, the levels of cholesterol and triglycerides were lower 

in patients compared with controls.  Lastly, in the supplementation study, a 

high-dose of long-chain omega-3 fatty acids (4.55 grams/day) was found to 

lower disease activity, as measured by BASDAI, whereas low-dose treatment 

(1.95 grams/day) caused no change.

In conclusion, within a group of Swedish AS patients we found no correlation 

between ordinary dietary habits and disease activity.  Diet in western 
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populations of patients with AS may, however, be of importance for gastric 

symptoms and for cardiovascular risk factors.  The finding of a lowered disease 

activity in patients on high-dose supplementation with long-chain omega-3 fatty 

acids indicates that a radical dietary shift may influence disease activity.  The 

findings of a positive correlation between disease activity and plasma AA, and 

the decreased levels of blood lipids imply the need for further studies into fatty 

acid metabolism in AS.
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ENKEL SAMMANFATTNING PÅ SVENSKA

Ankyloserande spondylit (AS) är en kronisk reumatisk sjukdom som tillhör 

gruppen spondylartropatier.  Sjukdomen drabbar i huvudsak stora leder och 

ryggrad, där ryggraden i svårare fall kan bli helt förbenad.  Det är vanligt att 

patienter med AS har inflammatoriska förändringar i tarmslemhinnan som 

påminner om de som ses vid den inflammatoriska tarmsjukdomen Morbus 

Crohn. Vidare har man sett en ökad dödlighet i hjärt-kärl sjukdomar bland 

patienter med AS.  Sjukdomens förekomst har visats överensstämma väl med 

förekomsten av den genetiska markören HLA-B27.  Både sjukdomen och 

förekomsten av HLA-B27 är vanligare ju längre norrut man kommer.  Allra 

vanligast är HLA-B27 hos vissa grupper av eskimåer.  Trots det har man i 

studier av eskimåbefolkningar sett att förekomsten av AS är lägre än vad man 

förväntade sig.  I andra studier har det föreslagits att ett högt intag av omega-3 

fetter bland eskimåbefolkningar skulle kunna leda till mindre förekomst av 

inflammatoriska sjukdomar som till exempel reumatoid artrit och psoriasis.  

Trots att både förekomsten av förändringar på tarm och den låga förekomsten 

av AS hos eskimåer är beskriven sedan tidigare, finns det förvånansvärt få 

studier som har undersökt hur kosten påverkar sjukdomsaktiviteten vid AS.

Syftet med denna avhandling var därför att undersöka kostens effekter vid AS.  

Avhandlingen baseras på två kohorter av patienter.  En kohort med 

ursprungligen 166 patienter som svarade på en enkätundersökning, deltog i en 

studie av biomarkörer för kost och sjukdomsaktivitet och blev undersökta med 

en jämförelse av data från Västerbottensprojektet (VIP).  Den andra kohorten, 

som bestod av 24 patienter, provade ett kosttillskott av omega-3 fettsyror under 

21 veckor.  I enkätundersökningen, där resultaten baseras på svaren från 111 

patienter, kunde man inte se något klart samband mellan kost och 

sjukdomsaktivitet hos patienterna.  Däremot såg man att magbesvär, främst 

magsmärtor, var vanliga oberoende av om man använde sig av icke-steroida 

inflammationsdämpande läkemedel, så kallade NSAIDs, som ofta ger 

magbesvär.  Magsmärtor var vanligare bland patienter med högre 

sjukdomsaktivitet, och bland de som konsumerade mer grönsaker.  Mer än var 
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fjärde patient med AS upplevde att de fick mer magbesvär när de åt vissa 

livsmedel som grönsaker/frukt, mjölkprodukter, fet mat och mjölrik mat.  

Upplevelsen att bli sämre av dessa livsmedel påminner om vad patienter med 

inflammatorisk tarmsjukdom har beskrivit.  Inte heller i biomarkörstudien, där 

66 patienter deltog, kunde några tydliga samband ses mellan kost och 

sjukdomsaktivitet.  Däremot sågs samband mellan sjukdomsaktivitet och 

halterna av arakidonsyra i fosfolipider, vilket kan spegla processer involverade i 

inflammation vid AS.  I jämförelsen med registerdata där 89 patienter 

jämfördes med 356 personer från övriga befolkningen i Västerbotten kunde inte 

några signifikanta skillnader när det gäller kost, fysisk aktivitet och rökning ses.  

Det sågs däremot mer tydliga samband mellan blodfetter skadliga för hjärta och 

kärl, och kost bland patienterna jämfört med kontrollerna.  Patienterna 

uppvisade också signifikant lägre nivåer av kolesterol och triglycerider jämfört 

med vad som sågs bland övrig befolkning, vilket kan göra att man underskattar 

risken för framtida hjärt-kärlsjukdom hos patienter med AS.  Slutligen, i studien 

där patienterna fick prova ett kosttillskott med omega-3 fetter sågs att de nio 

patienter som fullföljde studien med den högre dosen av 4,55 gram/dag 

fettsyror fick sänkt sjukdomsaktivitet.  Detta sågs inte hos de nio patienter som 

fick den lägre dosen 1,95 gram/dag.  

Sammanfattningsvis fann vi inte något samband mellan kost och 

sjukdomsaktivitet hos svenska patienter med AS.  Den vanliga kosten som de 

undersökta patienterna konsumerade kan däremot vara av betydelse för 

magbesvär och för hjärt-kärlsjukdom.  De positiva effekterna på 

sjukdomsaktivitet av hög dos omega-3 som kosttillskott pekar på att en radikal 

förändring i kost skulle kunna påverka sjukdomens aktivitet.  Sambandet 

mellan sjukdomsaktivitet och nivåer av arakidonsyra i fosfolipider, samt de 

lägre nivåerna av blodfetter i patientgruppen motiverar ytterligare studier av 

fettmetabolismen hos patienter med AS.
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Prologue

"Despite our efforts to locate and examine as many cases as possible, we still 

did not find AS to be a common disorder in these populations. This finding may 

be considered surprising because of the known high frequencies of HLA-B27 in 

the populations.  Many of the cases we did identify were mild and self-limited."

-Georgiana Boyer, on the prevalence of spondyloarthropathies in Alaskan Eskimos. 

Journal of Rheumatology 1994.

Twelve years ago, while searching for articles regarding physical activity in 

patients with ankylosing spondylitis I stumbled on Boyer’s articles on the 

prevalence of spondyloarthropathies among Inuits and other circumpolar 

populations.  Although, Georgiana Boyer mentioned both physical activity and 

the sterile environment around the polar circles as possible explanations to the 

low prevalence and mild cases found, I believed that there was a significant 

question missing in the discussion.  The diet, which is so unique for these 

populations, was not discussed.  The importance of dietary fat quality, a topic 

that had gained considerable attention among other inflammatory diseases, was 

left open.  Reading that article, 12 years ago, I could never have imagined that 

this issue would become the subject of a dissertation for me.

Umeå, October 2011
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BACKGROUND

Ankylosing Spondylitis
Ankylosing spondylitis (AS) is a chronic inflammatory disease that belongs to 
the group of spondyloarthropathies (SpA) together with psoriatic arthritis 
(PsA), reactive arthritis (ReA), arthritis associated with inflammatory bowel 
disease (IBD) and undifferentiated spondyloarthropathy (uSpA)(Sieper, 2006).  
The disease is clearly distinguished immunologically and pathologically from 
the most well-known rheumatic inflammatory disease, rheumatoid arthritis 
(RA) (Inman, 2009; Lories, 2009).  Although, the disease had been described 
by several authors in the latter part of the 19th century, it was not until the first 
diagnostic criteria, i.e., the Rome criteria proposed in 1961 (Hellgren, 1963),  
and the beginning of the application of the rheumatoid factor test in RA (Rose, 
1948), that the disease clearly started to be treated and investigated as an 
independent disease and not just as a variant of RA.  The diagnostic criteria for 
AS have evolved over the years and during the last two decades the modified 
New York criteria have been used (Figure 1)(van der Linden, 1984).  There is 
currently a transition to new diagnostic criteria and new naming schemes in 
SpA, according to which, a distinction is to be made between axial and 
peripheral disease (Rudwaleit, 2010).

A. Clinical criteria
    i. Low back pain and stiffness which improves with exercise, but is not relieved by rest
   ii. Limitation of motion of lumbar spine in both the sagittal and frontal planes
  iii. Limitation of chest expansion relative to normal values corrected for age and sex

B. Radiological criteria
       Sacroiliitis grade 2 bilaterally, or sacroiliitis grade 3-4 unilaterally

Grading
    Definite ankylosing spondylitis is diagnosed if the radiological criterion is associated with
    at least one clinical criterion
    Probably ankylosing spondylitis is diagnosed if either:
      i. Three clinical criteria are present
     ii. The radiological criterion is present without any signs or symptoms satisfying the
      clinical criteria

Figure 1  The modified New York criteria for ankylosing spondylitis (van der Linden 1984).
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One characteristic of the disease is enthesitis of ligaments and tendon 

insertions, which may lead to tissue calcification and bone ankylosis (Lories, 

2009).  Classically, AS involves the sacroiliac joints and the anterior 

longitudinal ligament of the spine, of which the former is an important part of 

the diagnostic criteria.

Treatment options for the disease have previously been limited, and largely 

consisted of physical exercise and administration of non steroidal anti-

inflammatory drugs (NSAIDs).  In recent years, biological treatments have been 

introduced, i.e., inhibitors of tumour necrosis factor alpha (TNF-α) (Braun, 

2003).  Although the new biological pharmaceuticals have high efficacy, not all 

patients are eligible for them.  According to current Swedish guidelines, patients 

with AS may be treated with biological pharmaceuticals if they exhibit a high 

disease activity score and conventional treatment has failed.

The prevalence of AS is different in various regions of the world and it has been 

shown to correspond well with the presence of the genetic marker HLA-B27 

(Gran, 1993).  For Sweden, a general prevalence of 0.5 % was previously 

suggested (Engström-Laurent, 1994), but recent studies point to a lower rate of 

about 0.12 % (Haglund, 2011).  The prevalence of HLA-B27 is higher in the 

northern parts of the world (Bjelle, 1982), with a particularly high frequency 

among the Inuits in arctic populations (Khan, 1996).  Despite this high 

prevalence of HLA-B27 (25-40%) an unexpectedly low incidence of AS has been 

revealed among Alaskan Inuits (Boyer, 1988; Boyer, 1994; Lawrence, 1996).  

Many of the cases diagnosed in these studies were of mild nature, which has 

raised questions as to whether lifestyle or environmental factors may influence 

the onset and future progress of the disease.  Previous studies on Inuit 

populations have shown that a high intake of polyunsaturated fats of omega-3 

series fatty acids probably result in a lower incidence of inflammatory diseases 

such as RA and psoriasis (Horrobin, 1987; Kromann, 1980). 
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Comorbidity in ankylosing spondylitis

Patients with AS have been shown to have an increased prevalence of 

cardiovascular diseases (CVD) (Han, 2006).  In addition to ischaemic heart 

disease (Hollan, 2008), the cardiac manifestations also include conduction 

disease, aortic root disease and valve disease (Bergfeldt, 1982; Momeni, 2011).  

Cardiovascular diseases are a major cause to the higher mortality among 

patients with AS (Zochling, 2009).  In addition to an accelerated coronary 

atherosclerotic process, the increased mortality may also be due to the 

conduction disorders (Dik, 2010).  The inflammation and fibrosis seen in the 

aortic root and mitral valve among AS patients (Roldan, 1998), may, if extended 

to the interventricular septum, the atrioventricular node, and the bundle 

branches, play an important role in the conduction disturbances.  Interestingly, 

it has been suggested, but unfortunately not elucidated further, that the genetic 

marker HLA-B27, even without the presence of inflammatory diseases such as 

AS, is a predictor of conduction disorders (Bergfeldt, 1988; Bergfeldt, 1997).

In the context of CVD, it may be noted that the NSAIDs, which form the basic 

treatment for AS, may also contribute to an increased rate of CVD in the general 

population (McGettigan, 2006).  Although the cardiovascular risks of NSAID 

treatment in AS have been discussed (van der Linden, 2008),  no studies have 

been performed aiming to evaluate which influence NSAIDs might have on the 

incidence of CVD among patients with AS. 

Studies have shown that there are linkages between IBD and SpA (Mielants, 

1991; Mielants, 1996).  Many patients with AS have inflammatory changes in 

the intestinal mucosa almost identical in nature to those that patients with 

Crohn's disease exhibit at an early stage of disease progression (De Vos, 1989; 

Mielants, 1991).  Furthermore, seven percent of patients with AS develop 

Crohn’s disease later in the disease course (De Vos, 1996). 

Patients with AS are also affected by osteoporosis to a higher degree (Will, 1989; 

Han, 2006), although it has been suggested that advanced stages of AS may 

have increased bone mineral density as assessed by dual-energy X-ray 

absorptiometry (Mullaji, 1994).  High disease activity has been shown to 
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increase the risk of amyloidosis (Gratacos, 1997; Singh, 2007).  Nor is 

pulmonary involvement uncommon among patients with higher disease activity.  

This was previously suggested to be a result of the stiff chest and reduced lung 

function that  are consistent with a more severe disease (Appelrouth, 1975; 

Feltelius, 1986).  However, more recent studies point to a parenchymal 

involvement of the lungs (Kiris, 2003; Senocak, 2003)

Clinical assessment of ankylosing spondylitis

Clinical assessment of AS has traditionally been hampered by the absence of 

valid laboratory biomarkers.  Traditional tests for inflammatory diseases, such 

as C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and 

orosomucoid, are of no or little value (Sheehan, 1986; Spoorenberg, 1999).  The 

assessment of disease activity and functional capacity has, therefore, been 

directed to patient self-administrated rating scales.  The Bath ankylosing 

spondylitis disease activity index (BASDAI) and Bath ankylosing functional 

index (BASFI) have been the gold standards since their introduction in 1994 

(Calin, 1994; Garrett, 1994).  The Bath questionnaires have been translated to 

several languages with the Swedish versions being available since 1999 

(Cronstedt, 1999; Waldner, 1999).  The BASDAI evaluates disease activity as a 

calculated score based on six visual analog scales (VAS) regarding symptoms 

during the previous week.  The mean of quantity and quality of morning 

stiffness added to values for fatigue, spinal pain, peripheral joint pain or 

swelling and tender areas represents the final BASDAI score.  The BASFI 

questionnaire comprises eight VAS regarding the patients’ ability to perform 

activities associated with daily life: putting on socks, bending forward, reaching 

up, getting out of a chair, getting up from the floor, standing unsupported, 

climbing steps, and lastly, looking over the shoulder.  The BASFI also contains 

two additional questions regarding the ability to deal with demanding activities 

and to handle a full day of activities.  The mean of these ten items represents the 

final BASFI score.

In recent years, a composite instrument for assessing disease activity has 

evolved, i.e., the ankylosing spondylitis disease activity score (ASDAS) (van der 

Heijde, 2008; Boers, 2009; Lukas, 2009).  The ASDAS combines 5 disease 
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activity variables: CRP and four self-reported items assessed using VAS.  The 

four self-reported items are: back pain, duration of morning stiffness, peripheral 

pain/swelling, and patient global assessment of disease activity.  In addition, 

there is an alternative version using ESR instead of CRP.  The latest work on the 

ASDAS instrument, including cut-off values and nomenclature for the disease, 

was presented at the same time as the writing of this thesis (Machado, 2011).

In the recent years, work has also been undertaken to identify biomarkers of 

radiological progression in an attempt to identify patients with rapid disease 

progression.  A proposed predictor of radiological progression in patients with 

AS is serum matrix metalloproteinase 3 (MMP-3) (Maksymowych, 2007).  

MMP-3 is also significantly increased in patients with active AS but does not 

correlate significantly with conventional variables used to assess disease 

activity.  Serum levels of MMP-3 are lowered, together with ESR, CRP and 

BASDAI, during treatment with TNF-α inhibitors (Wendling, 2008).

Assessment of dietary intake

Methods for assessment of food intake are dietary recalls, food records, diet 

history interviews (DHI) and food frequency questionnaires (FFQ).  Dietary 

recall, is a retrospective interview method whereby a person's dietary intake is 

estimated over a previous, shorter period, usually 24 hours (Wiehl, 1942).  Food 

records is a prospective method in which participants are asked to compile a 

diary-like list of foods and in what quantity they consume these foods for a 

specified period, usually three to seven days (Barrett-Connor, 1991).  

Estimation of portion sizes is usually performed by weighing, but other 

documentation routines, such as photographs, can also be used.  The diet 

history interview explores food and meal patterns, consumption frequencies and 

portions sizes, i.e., the participants are asked what they usually eat, in contrast 

to what they actually have eaten (Burke, 1947).

A widely used method to establish dietary intake is the FFQ (Barrett-Connor, 

1991).  The investigation is usually performed by self-administration, but can 

also be performed through an interview.  An FFQ comprises a preformed list of 

food items and their appropriate frequencies for consumption.  It often contains 
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additional questions regarding portion sizes, to form a semi-quantitative food 

frequency questionnaire, which can form the basis for a nutritional content 

calculation.  The main advantage of this method is that it is fast and efficient, 

and that it requires few resources for either the participants or for the 

investigators, making it suitable for larger epidemiological surveys.  The major 

disadvantage is that it only records those foods stated in the questionnaire.  It 

needs, therefore, to be carefully designed and validated to incorporate those 

foods consumed in the region, or in the culture, of the particular investigation.  

Since food habits also change over time in the community, there is a need for 

the FFQ to be up-to-date.  Due to its nature of recording only the consumption 

of the stated food stuffs, there is a risk of under-estimating food intake in a short 

questionnaire and over-estimating in long questionnaires.

To complement dietary surveys, biomarkers have been used during the past few 

decades.  For instace blood samples or adipose tissue can be sampled and 

analysed to reflect the composition of fat intake over a shorter and/or longer 

time (Arab, 2002; Hodson, 2008).  When analysing samples for fatty acid 

composition, it should be noted that samples of different origin may contain 

slightly different proportions of fatty acids; furthermore, their different turnover 

rates will reflect diet in different time periods.  For example, analysing 

erythrocyte membranes will reflect dietary intake over a longer time period 

compared with plasma phospholipids - due to the longer turnover rate of 

erythrocytes.  When analysing adipose tissue samples, the origin of the sample 

may influence the results, e.g., a sample from the waist may contain different 

proportions of saturated fatty acids (SFA) and mono-unsaturated fatty acids 

(MUFA) than a sample from gluteal subcutaneous adipose tissue, although the 

content of polyunsaturated fatty acids (PUFA) seems to be approximately the 

same (Malcom, 1989).  A major problem with measurement of dietary 

biomarkers is that they are relatively costly, and they require a considerable 

amount of time and effort for both investigators and participants, e.g., blood 

and tissue sampling or collection of urine or faeces.  Therefore biomarkers are 

usually used with restraint during dietary surveys and selected with care for 

specific aims.
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Diet in ankylosing spondylitis and associated diseases

Diet in ankylosing spondylitis

Although patients with AS have reported an aggravation of disease activity with 

certain foods (Haugen, 1991) and there seems to be a relationship between AS 

and the gut, surprisingly few studies have been published regarding AS and diet.  

At the time of the planning these studies in 2004 a search on PubMed using the 

keywords “Ankylosing” and “Diet” revealed only 32 hits.  With the exclusion of 

articles not written in English and articles investigating the presence of coeliac 

disease in AS, only three articles remained which discussed diet in a clinical 

manner.  Two articles discussed the role of the Klebsiella bacteria in the diet.  

The first article, an intervention study by Shinebaum et al.  examined whether it 

was possible to lower the disease activity by dietary elimination of possible 

sources of Klebsiella, such as cold meat and salads (Shinebaum, 1984).  The 

study failed to show any differences between the control group and 

experimental group.  The second article, by Ebringer and Wilson, discussed 

experiences of a diet aimed at reducing the substrate for the Klebsiella species in 

the colon by reducing the dietary intake of starch (Ebringer, 1996).  However, to 

date, no controlled study has been presented in which a low-starch diet is 

included in the treatment  of patients with AS.  Lastly, in a letter, Appelboom, et 

al. describe a small study on the exclusion of milk products among patients with 

AS, SpA and patients with RA (Appelboom, 1994).  Patients with AS or SpA 

reported good efficacy of the diet, while none of the patients with RA responded 

to the dairy product exclusion.

The role of vitamin D in AS has been discussed by several authors, although not 

usually as a dietary factor affecting disease activity.  The primary topics of these 

studies have been the bone transformation and the osteoporosis present in AS 

patients (Lange, 2001; Lange, 2005; Mermerci, 2010).  These studies suggest 

that serum levels of vitamin D are lower among AS patients than among 

controls.  The reason(s) for this is unknown, but both bacteria-induced vitamin 

D receptor dysfunction (Waterhouse, 2009) and associations with levels of 

human transglutaminase (Teichmann, 2009) have been discussed.
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The influence of coeliac disease in rheumatic diseases has also been discussed 

by several authors (Adelizzi, 1982; Bourne, 1985).  In 1985, 160 patients with 

coeliac disease were screened for AS,  with not a single case being identified 

(Bourne, 1985).  Later Kallikorm et al., screened 74 patients with SpA and found 

9 patients with elevated anti-gliadin antibodies.  In one patient, anti-endomysial 

antibodies were also found  and a small bowel biopsy confirmed the diagnosis of 

coeliac disease in this patient (Kallikorm, 2000).  In 2009, Togrol et al., 

published a case-control study in which 30 AS patients and 19 controls were 

screened for coeliac disease (Togrol, 2009).  Eleven AS patients had elevated 

levels of anti-gliadin antibodies and three also had raised levels of anti-

endomysium antibodies.  One patient was later diagnosed with coeliac disease 

after biopsy.  In contrast to Togrol’s and Kallikorm’s studies, Riente et al. 

concluded that antibodies indicating coeliac disease are not elevated among 

patients with AS, nor those with PsA (Riente, 2004).  Lastly, Tiechman et al. 

found higher levels of transglutaminase among AS and PsA patients correlated 

inversely with serums levels of vitamin D (Teichmann, 2009).

Diet in psoriatic arthritis 

Scientific knowledge of dietary influences in patients with PsA is also limited.  

Anti-inflammatory effects of omega-3 fatty acids have been shown in two 

studies (Lassus, 1990; Madland, 2006).  In 1990, Lassus et al., presented the 

results from an open study on 80 Finnish patients with psoriatic disease, of 

whom 34 had PsA.  After 8 weeks with a daily supplementation of 1.9 grams 

long-chain omega-3 fatty acids the patients with PsA exhibited significant 

decrease in their joint pain (Lassus, 1990).  In 2006, Madland, et al. presented 

the effect(s) of two weeks supplementation with seal oil containing a daily dose 

of  6.1 grams long-chain omega-3 fatty acids (Madland, 2006).  The 20 patients 

studied exhibited a modest improvement in the global assessment of their 

disease and a trend towards a decrease in tender joints count compared with the 

20 controls receiving soy oil.

Supplemental oral vitamin D has been investigated in two small studies 

(Huckins, 1990; Gaal, 2009).  In an open study, 10 patients were treated with 

oral 1,25-dihydroxyvitamin D3.  Seven patients improved in terms of tender 
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joint count; however, two patients were unable to receive therapeutic doses due 

to hypercalciuria (Huckins, 1990).  A more recent study investigated the effect 

of oral alphacalcidol on 10 patients with PsA with an additional 9 acting as 

controls.  The study concluded that oral alphacalcidol had effects on 

immunological parameters and on the DAS-28 score (Gaal, 2009).  As in AS, 

the presence of coeliac disease and its associated antibodies has been 

investigated in PsA, partly in the same studies.  Elevated levels of IgA anti-

gliadin antibodies compared with controls have been described.  Patients with 

elevated levels also had higher disease activity compared with other patients 

(Lindqvist, 2002), but conflicting results have been reported (Kia, 2007).

 

Diet in inflammatory bowel disease

Only a few dietary studies have been specifically aimed at IBD-associated 

arthritis and arthralghia.  In two studies, nasoduodenally administrated seal oil, 

rich in long-chained omega-3 fatty acids, was shown to improve joint pain in 

IBD (Bjorkkjaer, 2004; Bjorkkjaer, 2006).  In a later pilot study using oral seal 

oil and cod liver oil only trends in the reduction of joint pain could be noted, 

although there were significant changes on fatty acid composition in blood 

samples (Brunborg, 2008).  One small open study regarding the use of 

probiotics against arthralgia in IBD patients points out a positive effect on 

Ritchies' articular index, but due to the study design and a drop-out rate of 

almost half of the study group, it is difficult to draw conclusions (Karimi, 2005).  

The use of probiotics has also recently been evaluated in AS patients, revealing 

no significant clinical effect although the patients in the intervention group did 

exhibit numerically lower ratings on the BASDAI indices (Jenks, 2010).

Studies have suggested that dietary fibres exhibit an anti-inflammatory effect in 

the colonic lumen of patients with IBD by inducing the production of short-

chain fatty acids (SCFA).  Butyrate has predominantly been suggested to act as a 

substrate for colonic epithelial cells accelerating the intestinal repairing process 

and thereby preserving intestinal integrity (Torres, 2008).  However, there 

seem to be cases in which the intake of dietary fibres is not beneficial; for 

example, dietary fructo-oligosaccharides appear to decrease resistance to gut 

bacteria in mice fed a diet low in calcium (Ten Bruggencate, 2004; Guarner, 
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2007).  Gibson and Shepherd (Gibson, 2005) also challenged the current view 

on fibres when they presented their hypothesis on fermentable oligo-, di-, and 

mono-saccharides and polyols (FODMAPs).  They suggested that poorly 

absorbed, but highly fermentable carbohydrates could lead to high 

concentrations of SCFA and lactic acid, which lower lumen barrier tolerance and 

may have an osmotic effect in the bowel.

Because of the severe gastrointestinal problems experienced in IBD, many 

patients avoid certain kinds of foods for fear of initiating a relapse of their 

symptoms.  Jowett, et al. found that patients most commonly avoided milk, fruit 

and vegetables,  however this approach had little or no effect on relapse rate 

(Jowett, 2004).  There are no greater differences between ulcerous colitis and 

Crohn’s disease as to which foodstuff the patients choose to avoid (Ballegaard, 

1997).

Rationale for studying diet in ankylosing spondylitis

Omega-3 fatty acids may have an anti-inflammatory effect in PsA and IBD-

associated arthritis (Lassus, 1990; Bjorkkjaer, 2004; Bjorkkjaer, 2006;  

Madland, 2006).  The omega-3 fatty acids, as well as the omega-6 fatty acids, 

are essential for man due to the inability of mammals to insert a double bound 

at the third or sixth carbon position from the methyl end (CH3) of a fatty acid.  

The methyl end of a fatty acid is also referred to as the “omega end” or “n end”.  

The unsaturated fatty acids were originally named for where the first double 

bound occurred, e.g., “omega minus 3” or “n minus 3” fatty acids, thus giving 

rise to the naming scheme that is commonly used today.  Although both 

omega-3 and omega-6 fatty acids are classified as essential, man has a limited 

ability to endogenously produce longer omega-3 and -6 fatty acids from the 

basis of shorter omega-3 and -6 fatty acids by a series of elongation and 

desaturation steps (Figure 2).  Therefore, only the shorter alpha-linolenic acid 

(ALA) and linoleic acid (LA) are strictly essential.  Due to the inability of 

mammals to convert between omega-3 and -6, the endogenous production of 

longer omega-3 and -6 fatty acids are dependent on the proportions between, 

and the availability of, the shorter ALA and LA.  The diet of industrialised 

western countries are generally abundant in omega-6 fatty acids, most 
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commonly by the omega-6 fatty acid LA which is present in vegetable oil such as 

sunflower, cottonseed and soy oils.  The main sources of omega-3 fatty acids in 

the western diet are the vegetable canola and flaxseed oils.  The longer omega-3 

and -6 fatty acids, such as arachidonic acid (AA), eicosapentaenoic acid (EPA) 

and docosahexaenoic acid (DHA) are present in animal sources.  Arachidonic 

acid is most common in meat while EPA and DHA are mainly present in marine 

animal sources such as fish, as well as mammals that primarily feed on fish or 

other seafood, such as plankton.  Currently the average intake of omega-6 fatty 

acids in Sweden is about five times as large as that of omega-3 fatty acids 

(Becker, 2002).  Traditionally, the anti-inflammatory effect of the omega-3 fatty 

acids is attributed to the long-chain EPA, which competes with AA in the AA 

cascade for eicosanoid synthesis and produces less pro-inflammatory 

eicosanoids (Figure 2) (Calder, 2009). 

α-linolenic acid
ALA 18:3 ω-3

stearidonic acid
18:4 ω-3

eicosatetraenoic acid
20:4 ω-3

eicosapentaenoic acid
 EPA 20:5 ω-3

docosapentaenoic acid
 DPA 22:5 ω-3

docosahexaenoic acid
DHA 22:6 ω-3

linoleic acid
LA 18:2 ω-6

γ-linolenic acid
18:3 ω-6

dihomo γ-linolenic acid
DGLA 20:3 ω-6

arachidonic acid
AA 20:4 ω-6

docosatetraenoic acid
22:4 ω-6

docosapentaenoic acid
22:5 ω-6

Δ6 desaturase

elongase

Δ5 desaturase

elongase

Omega-3 family Omega-6 family

Less inflammatory
eicosanoids

elongase
Δ6 desaturase
β-oxidation

Less inflammatory
eicosanoids

More inflammatory
eicosanoids

Figure 2  The endogenous elongation of shorter dietary polyunsaturated fatty acids and 

their resulting eicosanoids.
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It has been suggested that the body produces a substantial portion of its 

requirements of AA from LA (Ratnayake, 2009).  This endogenous production 

of AA appears to be limited by the activity of delta-5-dehydrolase (D5D) which 

may be inhibited by high dietary intake of long-chain omega-3 PUFA's 

(Barham, 2000).  The human body can produce long-chain omega-3 PUFAs 

from ALA by the same pathway as LA.  However, this process is limited, since 

ALA is found in much smaller quantities in the diet compared with LA.  The 

human body also prefers to use ALA for energy metabolism by β-oxidation, 

which further decreases the capacity to endogenously produce longer omega-3 

fatty acids (Cunnane, 1997).  To summarise it would therefore be of interest to 

study the intake of fats and fatty acid metabolism in AS, especially since 

epidemiological studies on native populations with high intake of omega-3 fatty 

acids report an increased prevalence of cases with mild disease (Boyer, 1994).

Vitamin D is described to be depleted in AS and PsA when compared with 

controls, but its role in the pathogenesis of the respective disease is not fully 

understood and results are partially conflicting.  Coeliac disease is not more 

prevalent in AS, although several studies point to elevated antibodies against 

gluten among patients with AS.  The importance of dietary fibres has been 

discussed, although generally assumed to be beneficial for health; they may also 

affect the lumen barrier, as well as having osmotic effects in the bowel.
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AIMs

General aim

The general aim of the present thesis was to investigate the influence of diet in 

AS. 

Specific aims 

• to investigate the relationship between diet and disease activity among 

patients with AS (Paper I and II);

• to investigate whether patients with AS experience gastrointestinal 

complaints and if these are related to diet (Paper I);

• to investigate the fatty acid composition in the diet, in gluteal adipose tissue 

and in plasma phospholipids, and their correlation with disease activity 

among patients with AS (Paper II);

• to investigate whether patients with AS exhibit levels of vitamin D and 

transglutaminase outside the normal laboratory limits (Paper II);

• to investigate if diet and some traditional risk markers for CVD among AS 

patients differ in comparison to the general population (Paper III); and

• to investigate if a raised intake of long-chained omega-3 fatty acids can 

decrease disease activity among patients with AS (Paper IV);
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METHODS

A: Total identified cohort in Västerbotten, n=166
1: Participants in Paper I, n=122
2: Participants in Paper II, n=66
3: Participants in Paper III, n=87

B: The cohort in Norrbotten
4: Participants in Paper IV n=24

 

4

3

2

1

A B

Figure 3  The origin of the cohorts studied for Paper I-IV

Subjects and study design

Paper I: By means of careful examination of medical records covering the period 

between May 2002 to May 2007 at the Department of Rheumatology in the 

county of Västerbotten northern Sweden, 166 patients aged 18-70 years, with a 

validated diagnosis of definite AS according to modified New York criteria (van 

der Linden, 1984) could be identified (Figure 3).  In this paper, 165 (130 males, 

35 females) of these patients were sent a self-administrated questionnaire (one 

patient of the original 166 was missed due to an administration error).  Of the 

cohort, 122 patients chose to participate in the study and returned a filled 

questionnaire.  Of these 122 questionnaires, two were excluded due to the 

amount of missing data and nine were excluded due to contemporary IBD, 

yielding 111 participants for analysis.  Demographic data of the final group is 

presented in Table 1.  The patients were treated as their own controls, i.e., by 

comparing patients with different outcomes.

Table 1  Demographics for subjects included in Paper I-IV

n (male:female)
Age, median (range)

Disease duration, median(IQR)
BASDAI, median (IQR)
BASFI, median (IQR)

Paper I

111 (84:27)
50 (25-70)

28 (9)
4.1 (1.3)
2.6 (1.8)

Paper II

66 (51:15)
49 (26-65)

26 (9)
3.8 (1.4)
2.3 (1.3)

Paper III

Patients
89 (68:21)
50 (30-60)

-
-
-

Controls
355 (272:83)

50 (30-61)
-
-
-

Paper IV

24 (15:9)
49 (33-69)

19 (15)
5.1 (2.3)
4.0 (2.6)
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Paper II: From the original cohort studied for Paper 1, patients who were not 

pregnant, lactating, prescribed lipid-lowering treatment, had been treated with 

dalteparin sodium, warfarin or biological treatment, such as TNF-α inhibitors, 

during the past 3 months, were asked to participate and donate blood and 

adipose tissue samples for a study of identified biomarkers.  Sixty-six patients 

agreed to participate and were compared with themselves as controls.

Paper III: The patients (n=166) in Paper I were asked for consent to investigate 

whether they had donated data to the Västerbotten Intervention Programme 

(VIP), and 148 agreed to participate; of these, 89 (60%) were found in the VIP 

database.  The VIP is a continuing community intervention programme on 

diabetes and CVD, started in Norsjö during 1985, and was gradually extended to 

include the total county of Västerbotten in 1991 (Weinehall, 2001).  The 

database contains health-screening data and blood samples from 40-, 50- and 

60-year old citizens (before 1996 30-year olds were also included).  The rate of 

participation in the programme has been 57%, and the differences in social 

characteristics between participants and non-participants has been described as 

being small (Weinehall, 1998).  The included patients were compared with 355 

controls matched for age (±2.5 years), sex and time studied (±2months).  The 

patients were mainly compared with their matched controls, but correlations 

and comparisons were also made within the patient group.

Paper IV:  Twenty-four patients with AS participated to a 21-week omega-3 fatty 

acid supplementation intervention study.  The patients were recruited from the 

two hospitals of Gällivare and Kiruna in the iron ore district of far northern 

Sweden.  Inclusion criteria were: active disease, age 18-70 years and having a 

diagnosis of AS made by a rheumatologist.  Exclusion criteria were: treatment 

with methotrexate, etanercept or infliximab, pregnancy, active Crohn’s disease 

or food intolerance to fish.  The participants were randomly assigned to either a 

low-dose group or a high-dose group receiving 1.95 grams of capsulated long-

chained omega-3 fatty acids per day, or 4.55 grams, respectively.  The efficacy 

was evaluated using the BASDAI, BASFI and ESR measurements.  As safety 

precautions, complete blood count (CBC), concentrations of hemoglobin (Hb), 

aspartate aminotransferase (AST), alanine aminotransferase (ALT) and 
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gammatransferase (GT) were analysed at the visits to the relevant clinic.  

Eighteen patients completed the study period.

Assessments

Table 2  Assessments performed a in Paper I-IV

Assessment of disease

In Paper I, II and IV disease activity and functional capacity were assessed by 

the Swedish versions of the self-administered indices BASDAI (Table 2)

(Waldner, 1999) and BASFI (Cronstedt, 1999).  In Paper II and IV the 

BASDAI
BASFI
ESR
hs-CRP
Serum triglycerides
Serum cholesterol
Lipoproteins
Cytokines
Complete blood count

Serum MMP-3

Plasma phospholipid composition

Gluteal adipose tissue composition
Serum phosphate
 S-25-dihydroxyvitamin D (Calcidiol)
Serum transglutaminase
Serum IgA
Serum ALT
Serum AST
Serum GT
FFQ-84 with background
FFQ 64-66
Other FFQ
Drug consumption
Gastric complaints
Physical activity level
Weight & Length, patient reported
Weight & Length, measured
Waist and Hip Circumstance, measured
Blood pressure
*not used for nutritional calculations in this thesis

Paper I

x
x

x

x
x
x
x

Paper II

x
x
x
x
x
x
x
x
x

x

x

x
x
x
x
x

x

x
x
x
x
x
x
x

Paper III
Patients

x
x

  x*
x

x

x

x

x

Controls

x
x

  x*
x

x

x

x

x

Paper IV

x
x
x

x

x
x
x

  x*
x
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assessment of disease activity was complemented with ESR measurements, and 

in Paper II it was further complemented by measurement of high sensitive c-

reactive protein (hsCRP), MMP-3 and analysis of cytokines (interleukin-1β 

(IL-1ß), IL-1ra, IL-6, IL-17, IFN-γ, MCP and TNF-α).

Assessment of dietary intake

In Paper I and II, dietary habits were assessed by a validated 84-question semi-

quantitative FFQ (Johansson, 2002; Wennberg, 2009).  In Paper III, a slightly 

shorter version with between 64 and 66 questions were used on subjects 

included in the VIP after 1996.  The food intake frequency was reported on a 

nine level scale ranging from never to four times per day or more.  The 

questionnaire contained examples of portion sizes on four different plates 

regarding vegetables, meat or fish and food staples such as rice, pasta or 

potatoes.  The frequencies and sizes of portions from the FFQ were used to 

calculate the energy distribution, fatty acid distribution and fibre content of the 

food.  Standard values in the reference databases were used for those foods 

where the examples depicted on plates were not valid for estimating portion 

size.  The calculations were based on reference databases from the Swedish 

National Food Administration (Bergström, 1991).  If the patients consumed a 

supplementary intake of omega-3 fatty acids, this was added to the nutritional 

calculations as containing 19 % EPA, 14 % DHA and 23 % SFA in Paper I and II.  

In addition to the calculations for nutritional content, the consumption 

frequencies were also converted to a weekly or monthly basis and pooled into 

groups to describe food patterns.

From the nutritional content the sum of PUFAs were calculated as the sum of 

LA, ALA, AA, EPA  and DHA.  The sum of omega-3 fatty acids was calculated as 

the sum of ALA, EPA and DHA, the sum of long-chain omega-3 fatty acids was 

calculated as the sum of EPA and DHA.  Docosapentaenoic acid (DPA) was not 

included in the nutritional calculations since it is not specified in the nutritional 

databases due to its presence at very low levels.

In Paper IV a different FFQ, previously used in a thesis on RA and 

Mediterranean diet (Hagfors, 2003), was used to assess if any dietary changes 
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occurred among the participants during the intervention.  Beyond that, no 

further analysis of this FFQ was performed as part of the present thesis.

As a biomarker for the composition of fat intake during the preceding year, 

analysis of fatty acid distribution in gluteal adipose tissue was performed.  For 

analysis of fat intake composition during the preceding weeks, plasma samples 

were taken and analysed for the fatty acid content of phospholipids.  The 

distribution of fatty acids from these analyses was calculated as the mass of total 

fatty acids, i.e., SFA's, PUFAs, long-chained PUFAs, omega-3 and omega-6 fatty 

acids.  Polyunsaturated fatty acids were calculated as the sum of LA, ALA, AA, 

EPA, DPA and DHA fatty acids.  Long-chained PUFAs were calculated as the 

sum of AA, EPA, DPA, DHA fatty acids.  Omega-3 fatty acids were calculated as 

the sum of ALA, EPA, DPA, DHA fatty acids and omega-6 fatty acids as the sum 

of LA and AA.

From the laboratory analysis of fat distribution, desaturase activity was 

estimated by calculating the ratio between measurable products and their 

measurable precursors in plasma phospholipids.  For Stearoyl-CoA desaturase 

(SCD) this resolved to a ratio as 16:1n7/16:0 and for D5D 

20:5n3+20:4n6/20:3n6, since levels of 20:4n3 are low due to the preference of 

desaturation of omega-3 fatty acids for D5D.  Delta-6-desaturase (D6D) was not 

calculated due to low levels of its products 18:3n6 and 18:4n3.

Background factors and other specified assessments

Level of education, social situation, smoking history, height and body weight 

were assessed by questions from the population studies in northern Sweden in 

Papers I-III (Stegmayr, 2003).  The patients were classified as smokers when 

reporting an average consumption of one or more cigarettes per day.  Use of any 

pharmacological therapy for AS disease was investigated by an open question on 

specification of type and frequency used in Paper I, II and IV.  In Paper III 

medications were assessed in questions specifically asking about drugs used for 

high blood pressure, heart disease or angina pectoris, sleeping problems, gastric 

ulcers and/or hyperlipidaemia during the preceding 14-day period.  The 
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presence of coeliac disease was screened for in Paper II by conventional hospital 

routines with analysis of transglutaminase and serum IgA in blood samples.  

A physical activity level (PAL) was estimated in Paper I, II and III.  The 

assessment was based on two questions regarding activity levels at work and 

during leisure time which result in a calculated value for PAL (Johansson, 

2008).  This calculated PAL value was validated against doubly labelled water in 

a small pilot study, showing a mean difference between the methods of only 

0.004 (0.172).

In Paper I the presence of gastrointestinal problems was investigated by 

questions such as: ‘Do you have problems with hard stools or constipation?’, ‘Do 

you have problems with loose stools?’, and ‘Do you have problems with stomach 

ache or other gastrointestinal pain?’.  The answers to these questions had five 

options ranging from ‘no/never’ to ‘several times a day’.  In open questions, the 

patients were also asked if any particular foodstuff(s) aggravated either 

gastrointestinal difficulties or the symptoms of AS disease.

In Paper II, anthropometric assessment was performed by weighing the patients 

with light clothing and without shoes using a digital calibrated scale (Seca Delta 

model 707).  Height was measured using a wall mounted tape measure, and 

waist and hip circumference by using a regular tape measure (Kallings, 2002).  

In Paper II, blood pressure was measured using a digital cuff (Bosch boso 

medicus CA01) in a sitting position following 10 minutes rest.  In Paper III, 

blood pressure was measured in sitting position by ordinary primary care 

routines.  High blood pressure was defined by either systolic pressure greater 

than 140 mm/Hg, diastolic pressure greater than 90 mm/Hg or by current 

medication with anti-hypertensive pharmaceuticals.

In the intervention study of Paper IV, the patients were asked to estimate the 

effect of the omega-3 supplementation on their disease symptoms at each revisit 

by marking any of seven alternatives ranging from ‘much worse’ to ‘much 
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better’.  They were also given the opportunity to write down in free text any 

observation made during the trial.

Laboratory performance and routines

Routine hospital protocols were used for the analysis of CBC, ESR, ALT, AST, 

serum calcidiol, serum phosphate, serum transglutaminase, serum IgA, serum 

triglycerides (TG), high-density lipoprotein (HDL), low-density lipoprotein 

(LDL) and total cholesterol.  Frozen blood samples were stored below -70° C for 

up to seven months and were later analysed for hsCRP, MMP-3, IL-1β, IL-1ra, 

IL-6, IL-17, IFN-γ, monocyte chemotactic protein-1 (MCP-1) and TNF-α using 

ELISA arrays.  These analyses were performed according to the respective 

manufacturer's descriptions.  

For analysis of fat distribution in adipose tissue, subcutaneous tissue samples 

were taken from the upper left gluteal quadrant of the patients with a 

Vacutainer® tube and needle as described by Beynen and Katan (Beynen, 

1985).  The tissue samples were collected and stored in cryo tubes below -70º C 

before further analysis.  Blood was sampled into Vacutainer® tubes coated with 

ethylenediaminetetraacetic acid (EDTA) as anti-coagulant and was centrifuged 

at 2500-3000xg for 10 minutes after resting for 30 minutes before freezing the 

resultant plasma.  Before analyses, both plasma and adipose tissue were stored 

up to 7 months at below -70º C.  The analyses of fat composition were 

performed at the Department of Public Health and Caring Sciences, Unit for 

Clinical Nutrition Research, University of Uppsala, Sweden as previously 

described (Boberg, 1985).

Ethical considerations

All studies were approved by the Regional Ethical Review Board in Umeå, 

Sweden (Dnr 03-207, Dnr 07-082M, Dnr 07-173, Dnr 2010-89-32) and were 

performed in concert with the declaration of Helsinki.

Statistical methods

A missing value in either the BASDAI and BASFI was replaced by a calculated 

mean value.  Missing values in the FFQ were treated as follows in Paper I and II: 
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if less than 10% of the questions were unanswered, those questions were 

assigned a value of zero intake, whilst if the questionnaire contained more than 

10% unanswered questions the responder was excluded from the study.  In 

Paper III, subjects with a food intake level (FIL) below the 5th percentile and 

above the 97.5 percentile were classified as under- and over-reporters with 

inadequate data and were removed from further calculations on diet.  

Furthermore, in Paper III, subjects completing the longer FFQ used before 1996 

(n=6) were excluded from the calculations on diet to simplify statistical analysis.  

To increase robustness against remaining over- and underreporting, nutritional 

content was calculated as related to reported energy intake, i.e., as energy 

percent or grams per kilojoule (kJ).  The results were considered statistically 

significant at a two-tailed p-value of ≤0.05.  Statistical calculations were 

performed with PASW 18.0 for Macintosh for Paper I-II, SPSS 19.01 for Paper 

III and with Statview 5.0 for Macintosh in Paper IV. 
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RESULTS AND DISCUSSION

Paper I

Diet, disease activity and gastrointestinal symptoms in patients with 

ankylosing spondylitis

Dietary intake is summarised in Table 3.  Women had significantly lower intake 

of fat and significantly higher intakes of fruits, vegetables, fibre and fish.  

Despite a healthier diet, the included women had numerically higher BASDAI 

compared with the men.

Table 3  Dietary intake of 111 patients with ankylosing spondylitis.  Data are presented 

as median (IQR) of dietary intake, calculated as percentage of energy intake (E%) as well 

as consumption frequencies.

*p-value<0.05, **p-value<0.01, ***p-value<0.001. P-values denote statistically significant 

differences between men and women.

For the group as a whole, no effect on disease activity due to diet was observed.  

This was shown both by the correlation estimates between dietary intake and 

the BASDAI scale, and by the fact that only seven patients out of the 111 

experienced a worsening in their AS disease to be associated with certain foods.  

This is lower than previously reported when one-third of the AS patients 

reported aggravation of their disease to be related to diet (Haugen, 1991).  

However, with the current introduction of high efficacy biological agents, there 

Fat, E %
Protein, E %
Carbohydrate, E %

Milk and soured milk, servings/month
Meat and meat products, servings/month
Fish, servings/month

Vegetables, servings/month

Fruit, servings/month

Fiber, grams /MJ

All patients 
(n=111)

36 (32-40)
15 (13-16)
45 (41-49)

43 (27-78)
23 (19-28)

5.8 (4.3-7.6)

44 (28-61)

33 (18-54)

2.4 (1.9-2.9)

Men (n=84)

38 (34-41)
15 (14-16)
45 (42-48)

46 (30-80)
23 (20-29)

5.8 (4.3-7.6)

38 (23-58)

30 (18-46)

2.3 (1.8-2.9)

Women 
(n=27)

31 (27-35)***
14 (13-16)
45 (40-54)

35 (22-68)
22 (18-27)

7.6 (4.9-11.0)*

57 (45-81)***

52 (31-95)**

2.8 (2.3-3.1)**
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is far less focus on diet, which may be a major reason for the lower reporting in 

the present study.  Nevertheless, among women, a negative correlation was seen 

between BASDAI and intake of total fat (rs =- 0.43, p <0.05) as well as between 

BASDAI and intake of saturated fat (rs =- 0.50, p <0.01).  This result is difficult 

to interpret, but in combination with the finding that women had significantly 

lower fat intake than men, it could indicate that a low fat intake may have a 

negative effect on disease activity in AS.  

The effect of diet on perceived gastrointestinal discomfort was more explicit.  

More than a quarter of the patients associated consumption of certain foods to 

the presence of gastrointestinal discomfort.  The reported foods, i.e., dairy 

products (n=7), vegetables/fruit (n=7), fatty foods (n=6) and food rich in flour 

(n=5) resembles the responses from patients with IBD as to the food stuff 

affecting gastric symptoms (Ballegaard, 1997; Jowett, 2004).  There were 

significantly higher estimates on the BASDAI (p<0.01) and BASFI (p<0.05) 

scales among patients with gastrointestinal pain.  There was also a higher 

consumption of vegetables (p=0.01), as well as lower intake of milk (p<0.05) 

among patients with gastric pain.  The higher estimates on disease scales could 

implicate that more severe disease is linked to increased gastrointestinal 

problems.  Since vegetables are often regarded as healthy, patients with 

gastrointestinal symptoms may try to increase consumption in belief that it 

would be beneficial.  Conversely, milk intolerance is well known within the 

general population, hence the patients may exclude or lower their consumption 

of milk in attempts to relieve gastrointestinal symptoms.  Since AS patients are 

reported to have changes in the bowel mucosa that resemble those seen in IBD 

(De Vos, 1989: Mielants, 1991), it is reasonable that diet induced gastric 

symptoms would be quite similar to those seen in IBD.  In both IBD and the 

irritable bowel syndrome (IBS) it has been suggested that an impaired intestinal 

breakdown of carbohydrates, such as flour products, vegetables and lactose, 

would cause gastric symptoms when they are unabsorbed when reaching the 

ileocolonic junction and become substrate for rapid bacterial growth (Vonk,  

2003; Gibson, 2005).
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A high prevalence of gastrointestinal discomfort was seen among the patients.  

This was seen irrespective of whether the patients had consumed a NSAID or 

not (Figure 4).  These findings are contradictory to the traditional view of 

intestinal inflammation in patients with AS being clinically silent (Rudwaleit, 

2006).  Similar viewpoints have recently been raised by Stebbings et al. who 

showed that patients with active SpA have bowel symptoms similar in severity 

to that experienced by patients with Crohn’s disease (Stebbings, 2009).

0%

15%

30%

45%

60%

Gastric pain Loose stools Constipation

NSAID No NSAID

Figure 4  Gastrointestinal complaints reported by 111 patients with ankylosing 

spondylitis, stratified for consumption of NSAID

Although the consumption of NSAIDs is often reported to cause an upset 

stomach, patients consuming traditional NSAIDs did not report more gastric 

symptoms than non-consumers.  One explanation could be that patients with 

gastrointestinal problems tend to avoid NSAIDs due to their gastrointestinal 

side-effects; another explanation is that NSAIDs also may relieve 

gastrointestinal pain.

Conclusions and implications:  Diet within the dispersion normally seen in 

western populations does not affect disease activity in AS, but may influence 

associated problems, such as gastrointestinal pain.  Gastric pain is not 

uncommon in AS especially among patients with greater disease activity.
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Paper II

Plasma phospholipids are related to disease activity in ankylosing 

spondylitis

Consistent with Study I, no apparent correlation between dietary intake and 

disease activity assessed by BASDAI was identified.  There were, however, 

negative correlations between ESR and intake of PUFAs (rs=-0.25, p<0.05) as 

well as long-chain omega-3 PUFAs (rs=-0.27, p<0.05).  Since this was not 

reflected with hsCRP levels, or other disease activity parameters, it may be 

questioned whether this is an effect of other factors such as blood fluidity rather 

than an effect on inflammation (Cartwright, 1985).

Table 4  Correlation between plasma phospholipid content of AA, DGLA, EPA, D5D and 

disease activity according to BASDAI and the six separate BASDAI questions among 66 

patients with ankylosing spondylitis.

*p<0.05 **p<0.01

The main finding in study II was that plasma phospholipid content of AA 

correlated significantly with the BASDAI score (rs=0.39, p<0.01; table 4).  An 

increased calculated D5D activity was also found, suggesting that there may be 

an enhanced biosynthesis of AA with a consequent increased incorporation into 

phospholipids, which may be related to a higher disease activity in patients with 

AS.  This is particularly interesting bearing in mind that none of the other 

biomarkers analysed, i.e., ESR, hsCRP, MMP-3, IL-1β, IL-1ra, IL-6, IL-17, IFN-

γ, MCP and TNF-α, correlated with BASDAI.  Plasma AA may, therefore, be a 

potential biomarker for disease activity, reflecting a process involved in the 

inflammation associated with AS.  This finding is of considerable interest since a 

AA

DGLA

EPA

D5D

BASDAI

0.39**

-0.13

0.07

0.37**

Fatigue  

0.26*

0.02

0.09

0.22

Back pain

0.40**

-0.12

0.05

0.35**

Pain/
swelling 

peripheral 
joints

0.13

-0.09

0.02

0.16

Enthesitis

0.29*

-0.16

0.14

0.33**

Severity 
morning 
stiffness

0.41**

-0.18

0.08

0.40**

Duration 
morning 
stiffness

0.30*

-0.13

0.01

0.31*
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hallmark of AS is the good symptom relief achieved with NSAIDs, a medication 

that  inhibits the synthesis of pro-inflammatory eicosanoids from AA (Yu, 

2000).  As yet little is known about which mechanisms control either 

endogenous production of long-chain PUFAs or their incorporation in 

phospholipids.  Since there is an obvious increased utilisation of AA from 

phospholipid membranes in inflammatory conditions, such as AS, there must be 

mechanisms present to swiftly replace the lost AA.  Otherwise, membrane 

phospholipids would soon be lacking a sufficient amount of AA and the 

inflammatory cascade would cease.  

Table 5  Correlations between dietary intake, calculated as percentage of energy intake 

(E%) as well as consumption frequencies, and atherogenic lipids among 66 patients with 

ankylosing spondylitis.

*p<0.05 **p<0.01.  Spearman rank correlation test used for correlations

Regarding blood lipids involved in atherogenic processes, correlations between 

HDL cholesterol and the intake frequency of both fish, and vegetables and fruit 

were seen (Table 5).  In addition, a high intake of fish was also associated with 

lower plasma levels of TG.  It has previously been well described how lifestyle 

factors, such as diet, can influence atherogenic blood lipids in the general 

population (Lairon, 2007; Sanders, 2009).  Since an increased cardiovascular 

morbidity has been described in AS (Han, 2006; Bremander, 2011) these 

findings may have implications for cardiovascular preventive strategies in AS.

Dietary intake

Fat, E%
Protein, E%
Carbohydrate, E%
Saturated fatty acids, E%
Linoleic acid, E%
Alpha-linolenic acid, E%
Polyunsaturated fatty acids, E%
Long-chained omega-3 fatty acids, E%

Milk and soured milk, servings/month
Meat and meat products, servings/month
Fish, servings/month
Vegetables, servings/month
Fruit, servings/month

median (IQR)
36.0 (32.3-39.0)
14.7 (13.6-15.6)
46.0 (42.1-49.6)
14.4 (12.6-16.4)

4.3 (3.4-5.3)
0.85 (0.68-1.03)

5.4 (4.3-6.5)
0.13 (0.09-0.18)

76.9 (37.4-99.6)
22.2 (17.1-30.4)

4.5 (2.2-8.4)
38.9 (23.6-57.2)
38.5 (20.7-67.8)

Correlations to atherogenic lipid 
factors

TG
    -0.36**

-0.01
     0.38**
    -0.38**

-0.05
-0.10 
-0.08

 -0.25*

    -0.44**
-0.21

 -0.26*
0.07
-0.01

Cholesterol 
 0.15

 -0.00
  -0.30*

-0.05
  0.22
  0.08
 0.21

    0.25*

−0.21
  0.04
  0.20
  0.14
  0.09

HDL
 0.16
-0.14

   -0.33**
 0.16
-0.06
-0.09
-0.03

    0.26*

0.22
0.16

     0.40**
    0.35**
   0.31*
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Conclusions and implications:  The correlation between plasma 

phospholipid content of AA and disease activity may reflect a process involved 

in the inflammation associated with AS.  Arachidonic acid is, therefore, 

identified as a potential and feasible biomarker for inflammatory activity.  Diet 

is correlated to atherogenic blood plasma lipid levels and may affect 

cardiovascular risks.  

Paper III

Diet and cardiovascular risk factors among patients with ankylosing 

spondylitis in comparison with the general population

In this paper the main finding was the divergent lipid profile among the patients 
compared with the general population (Table 6).  In accordance with what was 
initially described by Masi et al (Masi, 1999; Masi, 2000), we found highly 
significant differences on cholesterol and TG between patients and matched 
controls were observed despite the relatively low disease activity (described in 
Papers I and II).

Table 6  Clinical data for 89 patients with ankylosing spondylitis and 355 matched 

controls.

Exercise, n/week. median (IQR)

PAL, median (IQR)

Smokers, n (%)
Triglycerides (mmol/L) median 
(IQR)
Cholesterol (mmol/L) mean (SD)

High blood pressure mean (SD)

Pharmacotherapy

Anti-hypertensive

Cardioprotective

Sedatives

Ulceroprotective

Lipid-lowering

Cases (n=89)

2 (1-4)

1.6 (1.5-1.8)

14 (16.5%)

1.08 (0.80-1.44)

5.11 (1.05)

26 (31.3 %)

18 (21.4 %)

1 (1.2 %)

3 (3.6 %)

14 (16.7 %)

4  (4.8 %)

Controls (n=355)

2 (1-3)

1.6 (1.5-1.8)

44 (12.1%)

1.21 (0.84-1.77)

5.49 (1.21)

95 (29.0 %)

44  ( 13.4 %)

13 (3.9 %)

15 (4.6 %)

19 (5.8 %)

14 (4.3 %)

p-value

p=0.26

p=0.47

p=0.41

p<0.01

p<0.01

p=0.74

p=0.09

p=0.21

p=0.61

p<0.01

p=0.86
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Despite physical activity being emphasised as a cornerstone in the treatment of 

AS (Zochling, 2006), half of the patients exercised on fewer than two occasions 

a week (data not shown).  Furthermore, no differences between patients and 

controls were shown either using PAL or number of exercise sessions per week 

(Table 6).  This puts stress on the need for research on compliance to the 

exercise regimes advocated for patients with AS.

Table 7  Correlations between background data and dietary intake, calculated as 

percentage of energy intake and atherogenic lipids among 77 patients with ankylosing 

spondylitis and 307 controls.

*p<0.05 **p<0.01

Analysing diet and atherogenic lipids revealed that the level of triglycerides 

among the patients was inversely correlated to the intake of total fat (rs = -0.25, 

p<0.05; Table 7), and monounsaturated fats (rs = -0.29, p<0.05) whilst they 

showed a positive correlation to the intake of carbohydrates (rs = 0.26, p<0.05).  

Background data 
and dietary intake

BMI
PAL
Exercise

Fat

Protein

Carbohydrate

Saturated fatty acids

Monounsaturated fatty acids
Polyunsaturated fatty acids
Linoleic acid

Alpha-linolenic acid
Long-chained omega-3 fatty 
acids

Cases (n=77)

Correlations to 
atherogenic lipid factors

TG 
(mmol/L)

   0.30**
0.12
0.10

-0.25*

-0.14

  0.26*

-0.21

  -0.29*
-0.14
-0.09

-0.17

 -0.02

Cholesterol 
(mmol/L)

-0.19
0.01
0.02

-0.20

-0.21

    0.26*

 -0.10

   -0.28*
-0.15
-0.13

-0.16

-0.17

Controls (n=307)

Correlations to 
atherogenic lipid factors

TG 
(mmol/L)

     0.38**
-0.09
-0.08

0.01

0.01

-0.02

0.03

 0.03
-0.06
-0.06

-0.09

 0.05

Cholesterol 
(mmol/L)

 0.08
-0.09
-0.08

-0.10

-0.07

0.10

 -0.07

  -0.14*
-0.10
-0.08

-0.06

 0.05
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Similar findings have been described in studies on larger, general populations 

(Hu, 2002), however the correlations were more pronounced among the 

patients than in the controls studied.  This suggests a stronger influence of diet 

on blood lipids in patients with AS than within the general population.

The calculated energy intake was significantly higher among patients than 

controls (mean 1904 kcal, compared with 1819 kcal; p<0.05).  This difference 

remained after adjusting for PAL, weight and education level in multiple 

regression analyses (data not shown).  As increased resting energy expenditure 

(REE) has been described in inflammatory conditions (Roubenoff, 1994; Staal-

van den Brekel, 1995) this may implicate an increased REE also in AS.  Together 

with the present findings of depressed levels of blood lipids, this may suggest 

differences in metabolism among AS patients compared with the general 

population.

Conclusions and implications:  Patients with AS exhibit significantly lower 

atherogenic blood lipids compared to controls.  Patients with AS do not differ 

significantly from the general population regarding lifestyle factors such as 

physical activity, smoking and diet, but there appears to be a more pronounced 

effect of diet on blood lipids among the patients.

Paper IV

Supplementation of Omega-3 fatty acids in patients with ankylosing 

spondylitis

In this study it was found that any form of treatment with omega-3 requires 

both a long duration and high doses to be efficient.  The lower daily dose of 1.95 

grams did not generate any demonstrable effect on disease activity based on 

BASDAI (Table 8).  In the high dose group however, a significant reduction was 

observed on the BASDAI score, but only after 21 weeks.  Improvement, defined 

as a reduction in BASDAI by at least one-third was apparent among six of the 

nine patients in the high dose group, compared with two of nine patients in the 

low dose group.  When comparing the low- and high-dose groups, there was a 
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greater numerical improvement in BASDAI in the high-dose group, although 

this did not reach a statistically significant level (p = 0.15).

Table 8  Disease activity, functional index and safety assessments during a 21-week 

intervention study with omega-3 supplementation in ankylosing spondylitis.

*4.55 grams of long-chain omega-3 fatty acids per day **1.95 grams of long-chain omega-3 fatty acids per day. P-

values denote statistically significant differences between baseline and end of study at 21 weeks. ns: not significant

The safety of the supplementation was evaluated in terms of ALT, AST, GT, Hb 

and CBC.  There was a significant reduction of ALT in the whole group (p<0.01; 

data not shown) as well as for the low-dose sub-group (p<0.05).  This may 

indicate that supplementation with omega-3 fatty acids causes reduced burden 

on the liver, since a large part of the body's endogenous production of long-

chain PUFAs, as well as its general fatty acid metabolism, occurs there.

Side-effects that were reported during the supplementation were abdominal 

discomfort (n=6), which led to two participants suspending their participation.  

In total, 6 patients discontinued the study.  Other than gastric complaints (n=2), 

the reasons were bad compliance, lack of motivation, anaemia and pneumonia, 

respectively.

Omega-3 supplementation may be an alternative to conventional NSAID's 

treatment in AS.  Since the dose in this study is higher than that usually used in, 

for example, CVD (Psota, 2006), more extensive studies on the efficacy, side-

effects and health economics are needed.  Converted to a dietary intake, 4.55 

grams/day, equals almost two servings of oily fish per day, e.g., 100 grams of 

fried or cooked salmon equals 2.6 or 2.7 grams of long-chained omega-3 fatty 

High-dose group* (n=9)

BASDAI median (IQR )

BASFI median  (IQR )

Low-dose group** (n=9)

BASDAI  median  (IQR )

BASFI median  (IQR )

Baseline

4.32 (1.32)

3.14 (2.95)

3.01 (2.39)

3.83 (1.91)

7 weeks

2.62 (1.92)

2.42 (2.55)

3.00 (1.58)

4.78 (2.67)

14 weeks

3.37 (1.12)

2.94 (2.80)

2.72 (2.15)

4.40 (5.82)

21 weeks

2.92 (1.42)

2.55 (1.76)

2.44 (2.99)

4.15 (3.56)

p-value

p<0.05

ns

ns

ns
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acids.  Although it has been suggested that fatty acids supplied as fish yield a 

slightly higher bioavailability than the corresponding amount supplied as 

capsules (Harris, 2007), in practical use and implemented to daily routine, it 

will probably not be easy to reach therapeutic levels of long-chain omega-3 

without the use of supplements.

Conclusions and implications:  High-dose omega-3 supplementation 

lowers disease activity in AS, as measured by BASDAI, and may, therefore, be an 

alternative to conventional treatment such as NSAID's.  Due to the high doses 

required, further studies should be performed in order to evaluate long-term 

efficacy and side-effects.

General discussion, limitations and future perspective

From these studies it is concluded that diet, within the normal range of 

consumption in the western countries has little, or no effect, on disease activity 

in patients with AS.  However, it is important to emphasise that this does not 

preclude the possibility that a radical diet, such as an Inuit diet, can affect the 

course of the disease as implicated by the results from the high-dose omega-3 

intervention in presented in Paper IV.  Studies on Alaskan Inuit by Boyer et al. 

are interesting in this context as these individuals, despite a high incidence of 

HLA-B27, showed an unexpectedly low frequency of spondyloarthropathies, 

particularly AS, as well as the remarkably mild nature of the cases found (Boyer, 

1994).  Although Boyer and colleagues did not investigate diet, other studies on 

similar and related Inuit groups report a diet containing a low percentage of 

carbohydrate, with virtually non-existent amounts of fruit, vegetables and dairy 

products, and a high proportion of protein and fat, especially MUFA and omega 

-3 fatty acids (Sinclair, 1953; Bang, 1980).  

Consistent with the results reported in Paper IV, radical changes in fat intake, or 

high-dose supplementation, have been argued to achieve effect in chronic 

inflammatory diseases (Cleland, 2006; Galli, 2009).  There are side-effects 

associated with the common pharmacological agents used in the treatment of 

AS; with NSAID's these are gastrointestinal and cardiovascular side-effects 

(Peterson, 2010), whereas TNF-α inhibitors give rise to a risk of infection or 
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hypersensitivity reactions (Rosenblum, 2011).  High-dose omega-3 

supplementation may, therefore, fill a void as a therapeutic option for patients 

with AS intolerant to NSAID's and/or not eligible for treatment with TNF-α 

inhibitors.  It has also been shown that supplementation with long-chain 

omega-3 PUFAs has a positive effect on heart conduction defects (Richardson, 

2011).  Therefore, supplementation is also interesting with regard to the 

conduction disorders that may be present in AS (Bergfeldt, 1982; Momeni, 

2011).

The finding in Paper II of a correlation between disease activity and the amount 

of AA in plasma phospholipids emphasise the importance of long-chain PUFAs 

metabolism in AS.  An intake of omega-3 within the normal range of a western 

population did neither affect the disease activity nor the deposition of AA in 

plasma phospholipids.  Since man may form the necessary AA from LA 

(Ratnayake, 2009) diet will have to outnumber LA with ALA to some degree to 

reach an anti-inflammatory effect.  Alternatively, if the diet contains a very high 

amount of EPA, it can compete with AA in the production of eicosanoids 

(Calder, 2006) as well as inhibit the endogenous production of AA (Barham, 

2000).  In recent years, there have been suggestions that polymorphisms of the 

FADS-1 and -2 genes that encode production of long-chain PUFAs may raise 

levels of AA, and thereby contribute to both CVD and inflammatory diseases 

(Martinelli, 2008; Merino, 2010).  Therefore, further studies on genes encoding 

these desaturases should make an interesting contribution to our 

understanding.

If endogenous production of long-chain PUFAs has a role in the etiology of AS, 

it is noteworthy that the activity of D5D may be inhibited.  It has been shown 

that sesamin, a lignin non-fatty acid part of sesame oil, has an anti-

inflammatory effect, most probably through the ability to inhibit the activity of 

D5D on omega-6 fatty acids, i.e., the conversion from DGLA to AA (Shimizu,

1991; Chavali, 1998; Utsunomiya, 2000).  There have also been attempts to 

inhibit D5D activity through pharmaceutical intervention (SC-26196), however 

this has not, to the best of my knowledge, been tested on humans (Obukowicz, 

1998).
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With reference to the increased prevalence of CVD in patients with AS, it is 

important to note the significantly lower levels of triglycerides and cholesterol 

present among the patients possibly leading to an underestimation of the risk 

for CVD.  As of today, little is known as to the causes of the increased prevalence 

of CVD in AS and further studies are needed into this topic.  In the general 

population, several intervention studies show that diet has a substantial impact 

both on cardiovascular risk factors, such as an atherogenic lipid profile, and on 

cardiovascular events (Hu, 2002).  Among the patients studied pronounced 

correlations between diet and lipid profile were found, indicating that a dietary 

intervention may have a positive effect on the lipid profile.  However, since 

these levels are depressed with higher disease activity  there may be some 

concerns as to whether further suppression of triglyceride and/or cholesterol 

levels would be a desirable goal (van Halm, 2006).

The main aim of this thesis was to investigate the relationship between diet and 

disease activity in AS.  A healthy control group was not considered necessary to 

achieve this aim in either Paper I or II.  However, it would have been of value to 

compare gastric symptoms, and results regarding AA and D5D in subjects 

without AS.  In the cross-sectional studies, a relatively large and comprehensive 

cohort of patients with a verified diagnosis of AS was included.  In these studies 

semi-quantitative FFQs were used to investigate dietary intake.  Although, a 

DHI may have yielded more precise data on fat intake, it was not a viable 

alternative for practical and economical reasons due to the relatively large size 

of our cohorts.  However, the FFQ used has been validated with good results 

regarding omega-3 long-chain PUFAs (Wennberg, 2009).  When examining 

data collected in the FFQ for Paper I and II, there were few answers missing.  

Therefore only participants with more than 10 % missing answers (two 

participants in Paper I, and none in Paper II) were excluded.  To add robustness 

against under- and over-reporting, diet was calculated as proportions of energy 

intake.  In Paper III, the same approach was used, but instead of excluding 

patients on basis of missing answers, the top 2.5 % and bottom 5 % of the 

material based on FIL-value was omitted.  Lastly, in Paper IV a low-dose group 

was used instead of a traditional control group, partly because no previous study 

has described appropriate dosages in this particular disease, and partly because 
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of the lack of a suitable placebo oil at the time of the study.  One cannot ignore 

the possibility that patients in the low-dose group were, in fact, affected by the 

supplementation, and thereby diluted the differences in response between the 

groups.  

To summarise, the topic of diet and fatty acid metabolism in patients with AS 

deserves closer attention.  Although diet did not have a direct effect on disease 

activity, its effect on blood lipids may be relevant for the prevention of future 

CVD among AS patients.  Therefore, studies aimed at investigating the role of 

lifestyle factors, such as diet, on cardiovascular risk profiles should be 

addressed.  The findings of increased plasma phospholipid content of AA with 

increased disease activity calls for further investigations into fatty acid 

metabolism in AS.  Such studies should aim at the mechanisms behind the 

incorporation of fatty acids into phospholipids and the endogenous production 

of long-chain PUFAs, such as the genetics of FADS-1 and -2.
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CONCLUSIONS

◊ In a group of Swedish AS patients, no correlation between diet and disease 

activity could be detected.  This does not preclude the possibility that a 

radical shift in diet may influence disease activity.

◊ There were correlations between diet and gastrointestinal pain.  

Gastrointestinal problems were also found to be prevalent in AS, 

independent of NSAID usage.

◊ There was a positive correlation between levels of AA in plasma 

phospholipids and disease activity assessed by BASDAI in patients with AS.  

This may reflect a process involved in the inflammation associated with AS.

◊ Diet was correlated with atherogenic blood lipid levels and, therefore, may 

affect the risk of cardiovascular disease.  There may be a more direct effect 

from the diet on lipid levels among AS patients than in the general 

population.

◊ Patients with AS did not differ from the general population regarding 

lifestyle factors such as diet, physical activity and smoking.  However, they 

exhibited significantly lower levels of cholesterol and triglycerides compared 

with the general population, which may lead to an underestimation of risk 

for cardiovascular disease in AS.

◊ Omega-3 fatty acids in adequate doses may have the capacity to decrease 

the disease activity of AS.  High-dose omega-3 supplementation may, 

therefore, fill a void as a therapeutic option in AS for patients not 

considered suitable for treatment with NSAID's or TNF-α inhibitors.
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