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Summary 
Background: Patients with inflammatory joint diseases (IJD) have an increased risk of 
atherosclerotic cardiovascular disease (CVD) compared to the general population. An increased 
presence of traditional risk factors combined with cardiovascular effects of chronic inflammation 
may be contributing factors. Nutritional advice has shown to influence CVD risk factors and 
may be essential in prevention of CVD in these patients.  
Objective: To test in patients with IJD, whether an individually tailored, extended dietary 
counselling on cholesterol-lowering and heart-friendly diet had comparable effect on change of 
diet, lipids, blood pressure (BP), inflammatory markers and body composition, as a standardized 
brief advice on heart-friendly diet, 
Method: Thirty one patients with IJD (rheumatoid arthritis (RA) n=16, Psoriatic Arthritis (PsA) 
n=7, Ankylosing Spondylitis (AS) n=8), aged 40-80 years, screened for CVD risk at the 
Preventive Cardio-Rheuma Clinic at Diakonhjemmet Hospital, received a brief standardized 
advice (3-4 minutes) on heart-friendly food by a physician and a written “shopping guide” for 
heart healthy food items. Sixteen patients were randomized to receive an individually tailored, 
extended dietary counselling (60 minutes), on heart-friendly and cholesterol-lowering diet (diet 
group [DG]), by a student in clinical dietetics. The remaining 15 patients (control group [CG]), 
received no further dietary information. Change in dietary habits, assessed by a validated 
questionnaire (SmartDiet), lipids, BP, C-reactive protein (CRP) and body composition, obtained 
by Bioelectrical impedance analysis (BIA) and Dual Energy X-ray Absorptiometry (DXA), were 
assessed after eight weeks of follow-up.  
Results: Average increase in mean SmartDiet score were 5.1 points and 5.7 points in the DG 
and the CG, respectively after eight weeks follow-up (p=0.65). Eight weeks after intervention a 
more frequent use of vegetable oil/liquid margarine (p=0.04), bread high in fibre (p=0.04) and a 
less frequent use of butter/hard margarine (p=0.02) in the DG, compared to the CG was 
observed. LDL-cholesterol (LDL-c) and total cholesterol (TC) was reduced by 12.6 % and 2.4 % 
(p=0.05) vs.6.3 % and 0.4 % (p=0.19) in the DG and CG, respectively. There were no significant 
differences between the two groups in mean change in BP, lipids, CRP or body composition 
after eight weeks.  
Conclusion: Our findings point to that the clinical effects of brief advice is comparable to an 
extended nutritional advice on cholesterol friendly food/diets in patients with IJD. This may be 
important in a clinical setting, with limited resources. Although, the extended dietary counselling 
seems to be superior to standardized brief advice in promoting heart-friendly food choices and 
possible in LDL-c- and TC-lowering effects. Nevertheless, both tailored, extended dietary 
counselling and brief advice showed equal improvement in SmartDiet score and there were no 
significant differences between the groups in either change in BP, CRP or body composition 
after eight weeks follow-up. 
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1$Introduction 
It has been established that patients with inflammatory joint diseases (IJD) as rheumatoid 

arthritis (RA), psoriatic arthritis (PsA) and ankylosing spondylitis (AS) have an increased risk of 

atherosclerotic cardiovascular disease (CVD) compared to the general population (1-3). A 

combination of traditional risk factors and the cardiovascular (CV) effects of chronic 

inflammation might be contributing factors. For decades’, dietitians have recommended diets to 

reduce joint pain in patients with IJD, even the evidence from human intervention studies are 

weak (4). However, the recommendations have changed due to new scientific knowledge. 

Today, effective anti-rheumatic treatments are in use (4). The effectiveness of newer anti-

rheumatic drugs, may hypothetically outplay the importance of diet as a potential contributor in 

disease activity in patients with IJD. Nevertheless, diet will still be of considerable importance in 

prevention of comorbidity, as CVD, in these patients. Nutritional advice and guidance have been 

reported to influence CVD risk factors and have been shown to have beneficial effect on both 

prevention and treatment of CVD (5, 6). There is a knowledge gap on the effect of nutritional 

advice, on change in dietary habits and CVD risk factors in IJD patients. 
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2$Background 
2.1$ Inflammatory joint disease (IJD)  
There are over 200 rheumatic diagnoses, with different manifestations, primarily affecting the 

musculoskeletal system. The majorities of the diagnosis are chronic, with persistent need for 

treatment. The disorders mainly involve pain and stiffness in muscles and joints, but may also 

afflict other organs (7).  Rheumatic disorders are some of the main reasons why Norwegians 

search health care professionals and the leading cause of sick leave and seek disability benefits 

(8, 9), which not only affect the patient themselves, but also their families and the society. IJD is 

one out of four major groups among rheumatic disorders (10). RA and spondyloarthritis (SpA), 

as AS and PsA are the most common, which represent the three major IJD subtypes (3). IJD are 

characterized by chronic inflammation of joints and related tissues (3), leading to increased 

morbidity, comorbidity and mortality and often decreased quality of life, lost productivity and 

increased cost of health care. These may result in an economic- and social burden (11). Early 

diagnose and tailored treatment, combined with lifestyle changes, may provide better prognosis 

for the individual and possibly reduce the burden on healthcare system and the socio-economic 

costs.  

  

2.1.1 Rheumatoid arthritis 
RA is a chronic, autoimmune and progressive IJD, affecting mainly symmetrical peripheral 

joints with erosive synovitis that causes functional disability (12). Extra-articular manifestations 

(EAM), such as subcutaneous nodules, vasculitis, pericarditis, pulmonary nodules or intestinal 

fibrosis may occur (11). The disease cause varying degrees of joint destruction, inflammation of 

the synovium or lining of the joint, which lead to pain, stiffness, swelling, joint damage, and loss 

of function (13). Despite fluctuating course with both remission and aggravation of the disease, 

most RA patients need ongoing medical treatment.  

 

There are no separate diagnostic criteria for RA, but RA has been classified and often diagnosed, 

according to the 1987 American College of Rheumatology (ACR) classification criteria for RA 

(table 1) (14). These classification criteria from 1987 have been criticized for their lack of 

sensitivity in early disease (15). Therefore, new classification criteria were developed by 

working groups from the ACR and The European League against Rheumatism (EULAR) in 

2010 (15). In the new set of criteria (table 2), which are based on number and size of the joints 
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with synovitis, serological test, acute phase reactants and duration of symptoms, scores between 

0-10 are given. A patient with score > 6 will be classified with the disease. This new 

classification system focuses on features in RA at earlier stages of disease, rather than symptoms 

occurring at a late-stage of the course.     

 

 

Table 1 The 1987 ACR classification criteria for rheumatoid arthritis, a simplified version after 
Arnett et al. (14) 
 

The 1987 revised criteria for the classification of rheumatoid arthritis  
Classification criteria for RA  

•' At least 4 out of 7 
criteria.  

•' Criteria 1-4 must have 
been present for at least 
6 weeks   
 

Definition 

1.$ Morning stiffness  
Morning stiffness in and around the joints, lasting at least 1 hour 
before maximal improvement  

2.$ Arthritis of 3 or more 
joints areas 

At least 3 joint areas simultaneously have had soft tissue swelling 
or fluid (not bony overgrowth alone) observed by a physician. The 
14 possible areas are right or left PIP, MCP, wrist, elbow, knee, 
ankle, and MTP joints 

 
3.$ Arthritis of hand joint 

 

At least 1 area swollen (as defined above) in a wrist, MCP, or PIP 
joint  

4.$ Symmetric arthritis  
Simultaneous involvement of the same joint areas (as defined in 2 ) 
on both sides of the body (bilateral involvement of PIPS, MCPs, or 
MTPs is acceptable without absolute symmetry) 

5.$ Rheumatoid nodules  
Subcutaneous nodules, over bony prominences, or extensor 
surfaces, or in juxtaarticular regions, 
observed by a physician 

6.$ Serum rheumatoid 
factor  

Demonstration of abnormal amounts of serum rheumatoid factor 
by any method for which the 
result has been positive in 4 % of normal control subjects 

7.$ Radiographic changes  

Radiographic changes typical of rheumatoid arthritis on 
posteroanterior hand and wrist 
radiographs, which must include erosions or unequivocal bony 
decalcification localized in or most marked adjacent to the 
involved joints (osteoarthritis changes alone do not qualify) 

!

ACR,!American!College!of!Rheumatology;!RA,!Rheumatoid!Arthritis;!PIP,!Proximal Interphalangeal 
Joints; MCP,!Metacarpophalangeal Joints; MTP, Metatarsophalangeal Joints  
-  
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Table 2 The 2010 ACR/EULAR classification criteria for rheumatoid arthritis, a simplified 
version after Aletaha et al. (15)  
 

The 2010 American College of Rheumatology/European League Against Rheumatism 
classification criteria for rheumatoid arthritis 

Target population, patients who:  
1.' Have at least 1 joint with definite clinical synovitis  
2.' With a synovitis not better explained by another diseases  

Score 

Classification criteria for RA  
(score based algorithm, a score ≥ 6/10&are needed) 

 

A.$ Join involvements 
1 large joint  
2-10 large joints  
1-3 small joints (with or without involvement of large joints) 
4-10 small joints (with or without involvement of large joints) 
> 10 joints (at least 1 small joint) 

 
0 
1 
2 
3 
5 

B.$ Serology (at least 1 test result is needed for classification) 
Negative RF and negative ACPA 
Low-positive RF or low-positive ACPA 
High-positive RF or high-positive ACPA  

 
0 
2 
3 

C.$ Acute-phase reactants (at least 1 test result is needed for classification) 
Normal CRP and normal ESR 
Abnormal CRP or abnormal ESR 

 
0 
1 

D.$ Duration of symptoms  
< 6 weeks 
≥ 6 weeks  

 
0 
1 

 
ACR, American College of Rheumatology; EULAR, European League against Rheumatism; RA, 
Rheumatoid Arthritis; RF, Rheumatoid factor; ACPA, Antibodies to Citrullinated Protein Antigens; ESR, 
Erythrocyte Sedimentation rate; CRP, C-reactive protein !
 

 

Epidemiology  

The prevalence of RA in developed populations have been reported to be 0.5-1 % of the adult 

population (16), although the overall prevalence varies between ethnic groups and geographical 

areas (17). In European and Scandinavian countries, the prevalence of RA ranges from 0.4-3.0 

%, while in Norway, the prevalence has been estimated to 0.5 % (12, 17). Genes, environment 

and culture have also been proposed to account for this diversity. The incidence rates have been 

reported to range from 9-45 per 100 000 cases annually in Europe, while new cases in Norway 

has been reported to be between 20-25 per 100 000 annually (12, 18). In light of the earlier 

classification criteria, establishing an early diagnosis of RA has been challenging, and has 

resulted in that only few studies have addressed the incidence rate of RA (11). Both incidence 

and prevalence of RA generally increase with age, but decline after 70 years of age (19). There 

is a female preponderance in RA, with a female to male ratio of 2-3:1 (11, 20, 21).  

 !
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Pathogenesis  

The global variation observed between prevalence and incidence, indicate different genetic risks 

and environmental exposure (21). Genetics contribution has been attributed to 50 % of the risk 

of developing RA. While smoking is the leading environmental risk factor, which doubles the 

risk of developing RA if one is genetically disposed (21). The cause of RA is unknown (11), 

although, inflammation is an essential part of the pathogenesis and several inflammatory 

cascades, including overexpression of tumor necrosis factor (TNF) and overproduction of a 

variety of cytokines (such as interleukin (IL)-1 and IL-6), promote synovial inflammation and 

joint destruction (21).  The female preponderance in RA, makes it hypothetically likely that 

hormones, menstrual- and reproductive factors are of importance (11). Pregnancy is strongly 

associated with remission in female RA patients and clinical trials have shown protection or a 

postponed development of severe RA in female users of contraceptives (22, 23). RA is 

characterized as an autoimmune disease and the most specific biomarker of RA is antibodies to 

citrullinated protein antigens (ACPA), which are present in approximately 60 % of all RA 

patients, compared to only 2 % of the general population (24). ACPA is added to the new 

classification criteria from 2010, in addition to rheumatoid factor (RF). The latter is a less 

specific biomarker of RA (15). Clinical trials distinguish between autoantibody-positive and 

autoantibody- negative RA patients, were autoantibody-positive patients seems to have a more 

severe course of the disease with more extensive joint damage and low remission rates (21).     

     

Treatment  

In the last two decades, pharmacological treatments for rheumatic diseases have evolved 

remarkably and is required to reduce or reverse signs and symptoms as pain, systemic 

inflammation, large-scale cartilage breakdown, joint deformities and severe functional 

disabilities (25). The management of RA has primarily relied on the use of disease modifying 

anti-rheumatic drugs (DMARDs) (25). Biologic DMARDs (bDMARDs) have been of 

significant importance for disease outcome and have been mentioned as a “therapeutic 

revolution” (21).  Low disease activity and remission is the therapeutic goal for RA (25). Today 

Methotrexate (MTX) is the routine drug of choice in newly diagnosed RA patients (eventually 

combined with short-term low dose glucocorticoids), but if low disease activity or remission is 

not reached on MTX, other synthetic DMARDs (sDMARD) or bDMARD (most commonly a 

TNF-α inhibitor or T-cell stimulation modulators, B-cell inhibitors or IL-6 inhibitors) are usually 

added (25). Patients with RA have a high risk of comorbidities that need treatment, which may 
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lead to polypharmacy (21). Supportive non-pharmacological treatments as exercise, patient’s 

education and psychological support is also of importance (21).  

 

2.1.2 Ankylosing spondylitis  
AS (also known as Bechterew´s disease) is a common inflammatory rheumatic disease and the 

major subtype of SpA (26). AS generally affects the axial skeleton, were inflammation, 

especially in the sacroiliac joint (sacroiliitis), structural changes and damage of the spine give 

rise to back pain, spinal stiffness and loss of mobility (26). Peripheral asymmetrical 

oligoarthritis, primarily in the lower limbs and EAMs like uveitis and/or gastroenterological 

involvement may also be present in AS patients (26, 27). 

 

Traditionally, the 1984 modified New York criteria have been widely used to classify AS (table 

3) (28), but these were replaced in 2009 by the Assessment of Ankylosing Spondylitis (ASAS) 

criteria for axial SpA, which were developed to detect early disease (29). In 2011 the ASAS 

criteria for peripheral SpA were published (figure 1) (30).  

 

 

Table 3 Modified New York criteria for ankylosing spondylitis (28)  
 

Modified New York criteria for ankylosing spondylitis 

A.$ Diagnosis  
1.$ Clinical criteria  

a)' Low back pain and stiffness for more than 3 months which 
improves with exercise, but is not relieved by rest. 

b)' Limitation of motion of the lumbar spine in both the sagittal 
and frontal planes.  

c)' Limitation of chest expansion relative to normal values 
corrected for age and sex 

2.$ Radiologic criteria  
a)' Sacroiliitis grade ≥&2 bilaterally or sacroiliitis grade 3-4 unilaterally 

B.$ Grading   
1.$ Definite ankylosing spondylitis if the radiologic criterion is 

associated with at least 1 clinical criterion 
2.' Probable ankylosing spondylitis if: 

a)' Three clinical criteria are present. 
b)' The radiologic criterion is present without any signs or 
c)$ symptoms satisfying the clinical criteria. (Other causes of sacroiliitis should 

be considered.) 
 

-  
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Figure 1. Assessment of Spondyloarthtitis international Society (ASAS) criteria for axial 
spondyloarthritis (SpA) and the ASAS criteria for peripheral SpA. 
 

 
Rudwaleit M, van der Heijde, D, Landewe R Et al.Ann Rheum Dis 2011;70:25-31!
HLA, Human Leucocyte Antigen; CRP, C-reactive protein; NSAIDs, Non-steroidal Anti-Inflammatory 
Drugs. 
 

Published with permission from BMJ Publishing Group Ltd (License number: 3986421409808) 

 

Epidemiology  

AS generally occurs in young people and approximately 80 % of affected patients develop 

symptoms before the age of 30 (26). The prevalence of AS is associated with prevalence of the 

Human Leukocyte Antigen (HLA)-B27 allele (27) and 90-95 % of AS patients seem to carry this 

allele (31). Generally, the prevalence of AS is approximately between 0.1 and 1.4 % (26), but 

with great variety by geographical distribution (27, 32, 33). The prevalence of AS in Norway has 

been reported to be 0.4-1.8 (27).   

 

The incidence of AS is associated with HLA B27 as well. In population with lower prevalence 

of HLA B27, the incidence rates of AS have been shown to be lower compared to regions with 

higher prevalence of HLA B27. Overall, the incidence of AS has been estimated to be 0.5-14 per 
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100 000 person years (26), while high rates of AS have been observed in the Nordic countries 

and in North America (incidence rates between 6.9-10.6 per 100 000 person years). The lowest 

incidence rates were found in Greece and Japan, with rates of 1.5 and 0.5 per 100 000 person 

years, respectively (27). In Norway, the incidence rate of AS has been reported to be 10.6 per 

100 000 person years (27). There is a male preponderance in AS, with a male to female ratio of 

approximately 2:1 (26). 

 

Pathogenesis  

The underlying cause of AS remains unknown, but inflammation and new bone formation are 

two main features in the disease (26). It has been hypothesized that the geographical variety in 

prevalence and incidence of AS are due to genetic and environmental differences. 

Environmental factors are supposed to explain approximately 10 % of the disease susceptibility, 

while entirely 90 % seems to be explained by genetic factors (34). Approximately 1/3 of the 

genetic effect is related to the HLA B27 genotype, which is the most important gene 

predisposing for AS (35). The association is still unknown. Both gastrointestinal bacterial 

species and Chlamydia trachomatis, infecting the genitourinary tract, are potentially 

environmental triggers in AS (34). An association between HLA B27 and some gastrointestinal 

bacterial species have been observed, which may partly explain the link between Crohn´s 

disease and AS (26). It has been reported that 54 % of HLA B27 positive patients with Crohn´s 

disease develop AS, while only 2,6 % of HLA B27 negative Crohn´s patients do the same (26). 

Mechanical stress at the enthesesis is another apparent environmental factor in AS, which may 

cause inflammation and bone erosion (34). However, underlying triggers of inflammation in AS 

are not entirely explained, and pathways including IL-17 and IL-23 seem to be involved (35). 

Inflammation may initiate new bone formation (35). Both abnormal bone formation, together 

with bone destruction are contributors to structural damage in the skeleton of patients with AS 

(35).   

  

Treatment  

The primary recommended goal of treatment in AS is; “to maximize long-term health related 

quality of life and social participation through control of signs and symptoms, prevention of 

structural damage, normalization or preservation of function, avoidance of toxicities and 

minimization of comorbidities” (36). Furthermore, remission or minimal disease activity are the 

main treatment target in AS patients, with use of a combination of non-pharmacological- and 

pharmacological approaches (36, 37). Both education and regular exercise are essential features 
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of the non-pharmacological part of the treatment. Exercise may reduce inflammation in AS 

patients and have been shown to decrease disease severity scores and improve joint mobility 

(38). Use of Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) is approved as first-line drug 

treatment, while TNF α–inhibitors should be given to patients with high disease activity (37). 

Contrary to RA, DMARDs, including MTX, have not shown to be effective in treating AS 

patients (37).      

 

2.1.3 Psoriatic arthritis  
Like AS, PsA is included in the group of SpA (39). PsA is a seronegative IJD, associated with 

psoriasis and a diversity of musculoskeletal, extra-articular features and comorbidities (39). The 

disease is characterized by spondylitis, enthesitis and dactylitis (40, 41). 

 

Moll and Wrights classification criteria from 1973 (42) have, despite criticism for low sensitivity 

for detecting milder forms for PsA, been widely used in trials and clinical practise over many 

years (39). The Moll and Wrights criteria have been updated by various diagnostic- and 

classification criteria (39). In 2006, the Classification Criteria for Psoriatic Arthritis (CASPAR) 

were published (table 4) (43). These criteria are also appropriate for use in the diagnostic 

processes of PsA (44).  

 

 

Table 4 CASPAR (ClASsification criteria for Psoriatic ARthritis) criteria, a simplified 
representation after Taylor et al. (43)  
 

The-CASPAR-criteria-for-psoriatic-arthritis 
To meet the CASPAR criteria, a patients must have inflammatory articular disease (joint, spine, or 
entheseal) with&≥ 3 points from the following 5 categories: 

1.' 1.  Evidence of current psoriasis, a personal history of psoriasis, or a family history of psoriasis 
2.' Typical psoriatic nail dystrophy including onycholysis, pitting, and hyperkeratosis observed on 

current physical examination. 

3.' A negative test result for the presence of rheumatoid factor by any method except latex but 
preferably by enzyme-linked immunosorbent assay or nephelometry, according to the local 
laboratory reference range. 

4.' Either current dactylitis, defined as swelling of an entire digit, or a history of dactylitis 
recorded by a rheumatologist. 

5.' Radiographic evidence of juxtaarticular new bone formation, appearing as ill-defined 
ossification near joint margins (but excluding osteophyte formation) on plain radiographs of 
the hand or foot. 
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Epidemiology 

Estimation of prevalence and incidence of PsA has been challenging before the CASPAR 

criteria, due to lack of consensus regarding classification-and diagnostic criteria (40). The 

prevalence of PsA in population-based trials has been estimated to vary from 0.01 % to 0.47 %, 

while the incidence has been reported between 3.02-23.00 per 100 000 persons per year (45). 

PsA has been shown to be prevalent worldwide, but with variation between geographic location 

and distinct ethnic groups. Europe may have the highest prevalence of PsA, while publications 

from West Africa and Japan have reported the lowest prevalence (45). A study from Western 

Norway reported in 2005 a PsA prevalence of 0.2 %. (41). These variations may likely be 

explained by variety of genetic and environmental factors, but may also be related to differences 

in study design and methodological quality (39, 40, 45). Approximately 70 % of the PsA 

patients develop psoriasis before articular involvement and the majority experience onset of the 

disease between the age of 30-55 (39). The disease is equally frequent in males and females 

(39).  

 

Pathogenesis  

PsA is a disease of unknown aetiology, but it is believed that both genes and environmental 

factors in combination with immunologic mechanisms are of importance in the development of 

the disease (39, 45). Both infiltration of activated T-cells and T-cell derived cytokines, as IL-1, -

2 and -10 and TNF-!, are all essential determinants in the pathogenesis (39). A higher 

accumulation of PsA in some families suggests that heritability is of significance. High-frequent 

alleles as HLA B38 and B39 are associated with increased susceptibility for PsA with peripheral 

arthritis and PsA with spondylitis, respectively, while HLA B27 is associated with axial PsA 

(39). Physical traumas and infections have been identified as potential environmental triggers 

(39, 45). Smoking is a risk factor for development of both psoriasis and PsA (45).   

 

Treatment  

Initially, the management of PsA was primary based on experience and research in RA patients, 

but has during the last few years, been replaced by evidence based knowledge founded on 

examination of PsA patients (46). In 2016, updated recommendations for management of PsA 

were published by EULAR (47). The primary goal is “to maximise health-related quality of life, 

through control of symptoms, prevention of structural damage, normalisation of function and 

social participation” Remission or minimal disease activity are the main treatment target in PsA 
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patients, with reversal of inflammation as crucial element to attain this target (47). To alleviate 

musculoskeletal signs and symptoms, NSAIDs may be used, possible in combination with use of 

corticosteroids (47). Both conventional sDMARDs and/or bDMARDs (often TNF-inhibitor) 

should be considered in patients with insufficient response to other treatment (47).!

!

2.2$ Cardiovascular disease (CVD) 
Worldwide, it has been estimated that CVDs are accountable for approximately 17.5 million 

deaths per year, which represent 31 % of all global deaths and make it the number one cause of 

death (48). The World Health Organization (WHO) defines CVD as follows “is caused by 

disorders of the heart and blood vessels, and includes coronary heart disease (CHD) (myocardial 

infarction [MI]), cerebrovascular disease (stroke), raised blood pressure (BP) (hypertension), 

peripheral artery disease, rheumatic heart disease, congenital heart disease and heart failure.” 

(49). Despite the fact that CVD mortality has decreased since 1970s, CVD remains the leading 

cause of death in Norway (50). Closely 330 000 CVD events were registered in Norway in 2014, 

of which approximately 11 700 were fatal (51, 52). The leading lifestyle related causes of CVD 

are tobacco use, physical inactivity, harmful use of alcohol and unhealthy diet, which may 

manifests as hypertension, hyperlipidemia, raised blood glucose and/or overweight and obesity 

in the individual (49).   

 

2.2.1 Atherosclerotic disease  
CVD can be divided in to two different groups according to aetiology (53). Ischemic heart 

disease, CHD, cerebrovascular disease and diseases of the aorta and arteries, including 

hypertension and peripheral vascular disease, arise from atherosclerosis, while the rest of the 

CVDs have secondary aetiology and will not be paid further attention to in this thesis. 

  

Pathogenesis of atherosclerosis 

Atherosclerosis is an inflammatory pathological process, which develops in the wall of blood 

vessels, (figure 2 and 3), starting asymptomatically in childhood and adolescence and progress 

into clinical events in the middle age (54). Acceleration of the atherosclerotic development 

depends on presence of different risk factors (53). Endothelial function has been shown to be 

central to the atherosclerotic development, apparently due to its importance in regulation of the 

vascular homeostasis (54). The atherosclerotic process, starts with a formation of an atheroma or 
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a plaque, and formation of fatty streaks (accumulation of lipids and leukocytes in tunica intima 

of the vessel wall) and endothelial dysfunction develops (55, 56). Endothelial dysfunction may 

be induced by numerous factors such as hypertension, increased levels of low density lipoprotein 

cholesterol (LDL-c) and homocysteine, free radicals caused by cigarette smoking, diabetes 

mellitus, genetic alterations, contagious microorganisms or inflammation (54, 57). A 

dysfunctional endothelium becomes more permeable, allowing LDL-c infiltration of the arterial 

wall, causing lipid retention and accumulation (57). LDL modification (e.g. oxidation) in the 

intima media of the vessel wall, inducing secretion of bioactive mediators which may activate 

the endothelium, leading to expression of various types of adhesions molecules (58). 

Recruitment and adherence of leukocytes (T- lymphocytes and monocytes) results in trans-

endothelial migrating of leukocytes into the intima media (57).   

 

Figure 2. Endothelial dysfunction (left image) and formation of fatty streaks (right image), the 
initiating step of atherosclerosis. 
 

 
Reproduced with permission from Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 
1999 Jan 14;340(2):115-26. © Massachusetts Medical Society  
 

Monocytes in the intima media differentiate into macrophages, engulfing oxidized LDL-c and 

becoming foam cells (59). The activated macrophages (foam cells) release several signal 

molecules as pro-inflammatory cytokines (such as TNF-α and IL-1), growth-regulating 

molecules (e.g. platelet-derived growth factor) and proteolytic enzymes (such as 

metalloproteinases), of which some promote recruitment of additional inflammatory cells, some 

stimulate T-cell activating and others are of importance for cell survival, apoptosis or replication 

(57). Smooth muscle cells (SMC) proliferate and immigrate from tunica media to tunica intima 

(59). They are stimulated by e.g. cytokines and growth factors released from activated platelets, 

adhered to the dysfunctional endothelium (57). An accumulation of activated platelets, together 
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with foam cells and activated T-cells, contribute to advancement of the plaque. Over time, 

growth of the plaque leads to apoptosis and cell death of foam cells and SMCs. A necrotic core 

of accumulating lipids from the dying cells creates in the center of the advancing plaque (56, 

59).  A fibrous cap covers the atherosclerotic plaque, which consist of matrix molecules, as 

collagen, produced by the SMC (56, 57).  

  
Figure 3. Formation of atherosclerotic plaque, (left image) and atheromatous plaque with 
unstable, fibrous cap and rupture (right image) !
!

 
Reproduced with permission from Ross R. Atherosclerosis--an inflammatory disease. N Engl J Med. 
1999 Jan 14;340(2):115-26. © Massachusetts Medical Society 
 

Despite arterial thickening and narrowing of the vessel, even large plaque may be asymptomatic. 

Acute events as MI or ischemic stroke seem to appear after plaque rupture and formation of a 

thrombus (58). Several molecules, produced by immune cells in the inflammatory activated 

plaque, contribute in destabilization and rupture of the lesion through inhibition of cap formation 

and degradation of the fibrous cap. Exposure of thrombogenic plaque content, stimulate 

coagulation factors and platelets, which initiate thrombosis (58). Complete occlusion of a vessel 

will lead to ischemia and subsequent necrosis and may be fatal if it occurs in coronary arteries or 

in arteries supplying the brain.   

 

 

2.3$ CVD and IJD 
Patients with IJD are in high risk for CVD-related morbidity and mortality compared to the 

general population, where atherosclerotic events are the major cause of premature death (1-3). 

The majority of research has been performed on individuals diagnosed with RA, but similar 
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results have been shown for patients with PsA and AS (2, 60, 61). Patients with RA have 2-3 

times more asymptomatic cholesterol plaques in the carotid artery compared to the general 

population (62). In addition, RA patients have an increased risk of MI and sudden death (63-65). 

Based on this knowledge, is therefore important to implement CVD preventive measures in 

patients with IJD. 

 

 

2.4$ CVD risk factors in IJD patients   
An increased presence of traditional risk factors, combined with the CV effects of chronic 

inflammation may be contributing factors in the increased CVD risk (figure 4) (3).  

 

Figure 4 The association between inflammatory joint disorders and cardiovascular risk. 
 

 
 

R Agca, S C Heslinga, V P van Halm, M T Nurmohamed Heart 2016;102:790-795.  
CV, Cardiovascular; IL, Interlekine; TNF, Tumor Necrosis Factor; IFN, Interferon 
 

Published with permission from BMJ Publishing Group Ltd (License number: 3986440394480) 

 

Whether traditional CVD risk factors have the same influence on CVD morbidity in IJD patients 

compared to the general population or whether IJD patients have higher prevalence of these 

traditional risk factors, remain controversial (2, 66, 67). Han and co-workers reported a 

significant increased prevalence of hypertension and hyperlipidaemia in patients with AS and a 
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significant higher prevalence of hypertension, hyperlipidaemia and type II diabetes in patients 

with PsA and RA, compared to healthy controls (61). In a review published in 2013, a higher 

rate of cigarette smoking, less physical activity, a higher prevalence of insulin resistance and 

abnormal fat distribution were registered among patients with RA, compared to the general 

population (67). There is inconsistent data regarding the prevalence of hypertension, 

dyslipidaemia or diabetes in patients with RA (67). Peters and co-workers reported an increased 

prevalence of hypertension among patients with AS compared to the general population, but the 

study lacked evidence of smoking habits (2). The lipid profile in PsA- and AS patients has been 

reported to vary, depending on disease activity and presence of anti-rheumatic therapy (2). 

 

2.4.1 Hypertension  
Hypertension is a leading risk factor for CVD. Elevated BP cause impairment of the 

endothelium and accelerates development of atherosclerosis. It may further cause an increased 

risk of stroke and MI, as well as heart failure, renal impairment and damage of retinal blood 

vessels (53, 59, 68). Globally, elevated BP has been estimated to cause 7.5 million deaths (53). 

Hypertension is defined as systolic BP > 140 mmol/l and/or diastolic BP > 90 mmol/L, while a 

systolic- and diastolic BP < 120 and < 80 respectively, are assessed optimal. In patients with 

hypertension, a combination of non-pharmacological treatment (dietary intervention, increased 

physical activity, weight control) and pharmacological treatment are recommended (69).   

 

2.4.2 Smoking  
Smoking has been estimated to explain nearly 10 % of CVD and both tobacco use and passive 

smoking are contributors to increase the risk of CVD (53). Cigarette smoking accelerates the 

development of atherosclerosis and is associated with endothelial dysfunction, thrombosis, 

inflammation and altered lipid profiles (70). Additionally, Cigarette smoking has a 

synergistically effect on other risk factors, like diabetes and hyperlipidemia, contributing to a 

further increased risk (71). A meta-analysis reported a 50 % increased risk of a CVD event in 

smokers with RA, compared with non-smoking RA patients (66). In epidemiological studies, 

smokers have higher levels of triglycerides (TG) and LDL-c, while high density lipoprotein 

cholesterol (HDL-c) concentration decreases compared to non-smokers. An increased LDL-

c/HDL-c ratio, confer higher risk of CVD and the ratio has been reported to be elevated by 15-

20 % in smokers (72). Smoking cessation decreases both the risk of CVD morbidity and 

mortality and is strongly recommended, both as primary and secondary prevention of CVD (71).   
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2.4.3 Overweight, obesity and rheumatoid cachexia 
BMI is a commonly used marker for adiposity (73). According to the WHO criteria, overweight 

and obesity are defined as BMI 25.0-29.9 kg/m2 and ≥ 30 kg/m2 respectively (74). Overweight 

and obesity are a result of lasting imbalance between energy intake and energy expenditure, 

often caused by a combination of too high food consumption and low physical activity. 

Prospective observational studies display persistent evidence of an association between high 

BMI and increased CVD risk, where The Framingham study was one of the first to demonstrate 

this relation (48, 53, 75). Overweight and obesity have unfavorable metabolic effects and are 

strongly related to other CVD risk factors like hypertension, dyslipidemia and insulin resistance 

(76). The fat distribution is of importance and intra-abdominal fat has an additional adverse 

effect on CVD risk compared to subcutaneous adipose tissue (76). Visceral abdominal fat is an 

endocrine and metabolic active tissue, which secretes proinflammatory adipokines, as TNF-α, 

IL-6 and C-reactive protein (CRP), which all have an atherosclerotic enhancing effect through 

contributing in low-grade inflammation and endothelial dysfunction (77, 78)). Waist 

circumference is a measurement for intra-abdominal fat mass (FM) which is unrelated to height 

and correlates with BMI (76). Higher waist circumference is followed by an increase in risk 

factors associated with CVD. Risk of metabolic complication(s) has been shown to be increased 

when WC is ≥ 94 cm in men and ≥ 80 cm in women, and substantially increased when WC is 

≥102 cm and ≥ 88 cm in men and women respectively (76).   

 

In patients with inflammatory diseases, overproduction of the cytokines IL-1β, IL-6 and TNF- α 

are a part of the pathogenesis of the joint disease. A chronic overproduction of these pro-

inflammatory mediators may lead to an alteration in body composition as muscle wasting 

combined with increased adipose tissue and additionally loss of bone mass. Despite these 

changes in body composition, the body weight often remain stable (79, 80). Increased adipose 

tissue, may amplify the adverse effect through further pro-inflammatory cytokine production. 

The accelerating loss of muscle mass in combination with normal or increased fat mas (FM), is 

known as rheumatoid cachexia and has been reported to be present in two thirds of RA patients 

(80). There is presently no consensus of clinical criteria for rheumatoid cachexia (81). The loss 

of lean mass (LM) is primarily attributed to cytokine - driven hypermetabolism and protein 

degradation (figure 5). The use of high-dose steroids, diet and level of physical activity may also 

influence the body composition (80).  
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Figure 5. A hypothetical pathogenesis of rheumatoid cachexia   !
 

  
 
Masuko, K. Rheumatoid cachexia revisited: a metabolic co-morbidity in rheumatoid arthritis. 
Front Nutr. 2014 Nov 24;1:20 
NSAID, Non-steroidal Anti-Inflammatory Drugs; COX, Cyclooxygenase-2; DMARS, Disease 
Modifying Anti-Rheumatic Drugs TNF, Tumor Necrose Factor; IL, Interleukin 
 

Published with permission from © 2014 Masuko.  
 

 

2.4.4 Physical inactivity  
The relationship between inactivity or low physical activity and risk of CVD has been known 

since the first studies from the 1950s were published (48). Inactivity is the fourth leading risk 

factor for mortality, and increase the risk of death with 20-30 % (53). Daily physical activity is 

important in prevention of lifestyle-related diseases as CVD, and it has been reported that even 

activity of moderate intensity has beneficial effects on risk factors for CVD (82). The present 

Norwegian recommendation for physical activity have been based on international 

recommendations. Adults are recommended to be physical active at least 150 minutes of 

moderate intensity, or at least 75 minutes of high intensity every week. Less than one third of the 

Norwegian population has been reported to accommodate these recommendations (83). Patients 

with IJD are less physical active compared to healthy controls, due to pain and fatigue, making it 

difficult to exercise (80, 84, 85). Low aerobic fitness and low muscle mass will be a 
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consequence of prolonged inactivity and predicts all-cause mortality and CVD-mortality in both 

healthy and ill men and women (80, 86). Despite this, a meta - analysis did not find any higher 

risk of CVD morbidity in inactive RA patients compared with physically active RA patients 

(66). However, patients with IJD may have additional benefits of increased physical activity 

related to improved functional ability and prevention of loss of muscle mass (80). Increased 

exercise and regular physical activity are recommended as primary and secondary prevention of 

CVD and have been reported to reduce overall risk of CVD events by up to 50 % (87). Anti-

atherosclerotic effects like improved lipid profile, increased insulin sensitivity, reduced 

inflammation, BP and adiposity in addition to increased  cardiorespiratory function have been 

reported, which all are factors of importance in CVD prevention (87).   

 

2.4.5 Lipids  
Dyslipidemia is traditionally associated with an increased risk of CVD in the general population 

and is estimated to cause > 30 % of ischemic heart disease globally (53, 88). Evaluating the lipid 

profile, including total cholesterol (TC), LDL-c, HDL-c and TG, is standard in CVD risk 

assessment. TC or TC/HDL-c ratio are incorporated in the SCORE (Systematic Coronary Risk 

Evaluation) calculator, a widely used algorithm for estimating the risk for a fatal atherosclerotic 

event within the next coming 10 years (89). The various lipid fragments affect CVD risk 

differently. LDL-c may directly accelerate atherosclerosis through infiltration and retention in 

the arterial wall and further promote endothelial cell activation and inflammation, while HDL-c 

has a protective function, preventing inflammation and oxidative stress through promoting 

cholesterol efflux (55). Cholesterol level in plasma may be influenced by several factors, like 

gender, age, diet, physical activity and genetic conditions (69).  In primary prevention, TC < 5 

mmol/L and LDL-c < 3 mmol/L is recommended, while HDL-c > 1.0 mmol/L and > 1.2 mmol/L 

for men and women respectively are associated with lower CVD risk. There is no target for TG, 

but levels < 1.7 mmol/L is associated with reduced CVD risk (90).  

 

In patients with active rheumatic disease, the association between lipids and CVD seems to be 

more intricate compared to the general population (figure 6). Despite lower lipoprotein levels in 

patients with RA, it has been shown that these patient have a higher risk of both MI and 

ischemic cerebral stroke (64, 91-93). Additionally, patients with high-grade inflammation and 

elevated CRP levels, shows a decreased lipid levels (3, 64, 94). A resolution of inflammation 

and a decrease of CRP levels through anti-rheumatic treatment, seems to increase or normalise 
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the lipids levels (3, 95). This inverse association between decreased lipid levels and CVD risk 

has been termed the "the lipid paradox" (64, 94). However, dyslipidemia is prevalent in RA 

patients and has been reported to affect 55-60 % of the patients (96). In a meta-analysis 

comparing RA patients with and without hypercholesterolemia, a 73 % increased risk of CVD 

morbidity was reported in RA patients with hypercholesterolemia (66).   

 

Figure!6.-!Description!of!the!inverse!relationship!between!reversal!in!inflammation!and!
lipid!levels-
 

 
Choy E, Ganeshalingam K, Semb AG, Szekanecz Z, Nurmohamed M!Rheumatology (2014) 53 (12): 
2143-2154.  
CRP, C-reactive protein; MI, Myocardial Infarction; RA, Rheumatoid Arthritis.  
 

Published with permission from Oxford!University!Press!(License!number:!3986451354261)!
 

 

2.4.6 Inflammation  
Chronic systemic inflammation is an independent CVD risk factor and of importance for both 

initiating and development of atherosclerosis (3, 96). A synergistic effect of inflammation on 

traditionally CVD risk factors in developing atherosclerosis has been proposed (2). A 

prospective cohort study from 2009 found an increased CVD risk in patients with RA even after 

adjusting for traditionally risk factors. The inflammatory component in IJD may explain this 

association (97).     
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2.4.7 Diet  
A healthy diet, low in processed high-energy food (“fast food”) including sugary beverages , 

corresponding with energy expenditure, will prevent overweight and obesity and therefore 

contribute in promoting a good CV health (53). There is currently scientific evidence that diet 

recommendations; as more fruit and vegetables, unsaturated fat and fish oils, fiber and lean dairy 

and meat products as well as low intake of saturated fat, trans fatty acids and reduced salt 

consumption have positive effects on CVD risk factors (53, 98-100)."Worldwide, approximately 

2,8 % of deaths may be attributed to low consumption of fruit and vegetables (53), which is an 

important contributor of dietary fibre, antioxidants, vitamins and minerals, but still low in 

energy, and therefore promoting weight control (101). The high nutrient density of 

phytonutrients, potassium and fibre are of particular importance for CV health (102).  

 

Prospective trials have demonstrated inconsistent findings in respect to the relationship between 

intake of dietary fat and the risk of CVD (103-106). However, replacing saturated fatty acids 

(SFA) and trans fatty acids (TFA) with a combination of monounsaturated fatty acids (MUFA) 

and polyunsaturated fatty acids (PUFA), has shown decrease in CVD risk through a more 

favorable lipid profile (104, 105) and a significantly reduction in CVD events (107). According 

to national recommendations, the intake of SFA should be limited and not exceed 10 energy 

percent (E %) in the general population, and be less than 7 E % for high-risk groups (102)  

 

The average Norwegian eats 10 g salt/day, which is twice the recommendations (108). Clinical 

trials have shown a reduction in BP in both normotensive and hypertensive by a limited salt 

intake (109). A reduction of salt by 4.6 g/day, has been shown to decrease BP in persons with 

hypertension by 5.0 and 2.7 mmHg for systolic and diastolic BP, respectively (110). A reduction 

of 10 mmHg and 5 mmHg systolic and diastolic BPs respectively, has been related to a reduction 

in the risk of stroke by 50-60% and the risk of MI by 40-50% in hypertensive persons (111).  

 

 

2.5$ Nutrition and diets in prevention and treatment  
2.5.1 Diets and treatment of IJD 
Nutrition and diet has played a therapeutic role in the management of different diseases 

throughout the history. Patients seek alternative and complementary therapies to traditional 

therapies when they encounter disease, especially in severe and long-lasting or chronic 
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diagnosis. The role of food in the management of RA is controversial, despite this, RA patients 

has been reported to regard food to be of importance in relation to their symptom severity and 

were willing to change their diet in an attempt to decrease their suffering (112).  

 

Different hypothesis regarding the importance of diet in IJD patients have been proposed, and 

indicates that diet and lifestyle may play a role in both the development of and the course of 

rheumatic disease (113, 114). Laboratory studies in animals, suggest that dietary intake may 

have an impact on disease activity in IJD patients, though human studies are still scarce (4). 

However, the evidence from human intervention studies are small and consists of single trials 

with a high risk of bias (115), mostly published in the 1990s and early in the 20th century (4). 

Various dietary patterns, interventions and nutrients have been tested throughout the previous 

decades (4, 116). Vegetarian- or vegan diets (117), elemental- or elimination diets (118-120) and 

the Mediterranean diet (MD) (121, 122) are the most frequently investigated diets, but also 

periods of fasting (122) has been tested. Disease activity (e.g. swollen joints, pain score, 

morning stiffness, grip strength, CRP) were frequently common outcome measures in these 

trials. However, the effects by adherence to these diets or dietary changes, were shown to be 

uncertain and potentially biased due to significant weight differences and high drop-out rates 

among the patients (115).  

 

The potentially effect of dietary changes in IJD patients, compared to an ordinary diet are still 

questionable. Today, effective anti-rheumatic treatments (sDMARDs/bDMARDs) exist (4). This 

may lead to a less importance of diet as a potential contributor to disease activity. Nevertheless, 

diet will still be of considerable importance related to other aspects of IJD. Ensuring adequate 

and proper nutrition may be essential for further prognosis and in prevention of comorbidities. 

The increased CVD risk in IJD patients makes prevention of comorbidities of especially 

importance. Nutritional advice and guidance have been shown to influence CVD risk factors and 

provide beneficial effects in both prevention and treatment (5, 6). CVD preventive treatment  as 

alteration of modifiable risk factors, such as diet and lifestyle, is recommended to be initiated 

before starting  pharmacological medication (90).   
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2.5.2 Diets and nutrients in prevention of CVD  
CVD, along with a number of other non-communicable metabolic diseases, have shown an 

increased prevalence globally during the last few years. Probably a result of an ageing 

population in combination with urbanization and an unhealthy lifestyle (5, 123). Different 

nutrients, diets and dietary patterns have been promoted and recommended in prevention of 

CVD, with various nutritional quality and evidence. Recently there has been an increased focus 

on the impact of food patterns, rather than the effect of single nutrients (124). Many weight-loss 

diets, as Atkins and low-carbohydrate diets have become popular and promoted through media 

and other social media channels in recent years. Some of the health benefits observed in these 

diets, as normalizing BP, improved glycaemia and/or lipids could be attributed to the weight loss 

itself, while the long-term effects are more uncertain (125). However, a recent meta-analysis 

showed that previously healthy persons on a low-carbohydrate diet, increased their levels of 

LDL-c, despite of greater weight reduction, compared to persons on a low-fat diet (126). 

Nevertheless, diets as vegetarian diet, low-sodium diet; Dietary Approaches to Stop 

Hypertension (DASH) diet and the MD have shown beneficial health effects and are associated 

with improvement in several CVD risk factors (5).  

 

Vegetarian diet  

A plant-based vegetarian diet is rich in fruit and vegetables, contribute with several vitamins, 

minerals, phytochemicals, antioxidants and fibre. These are components which have shown 

beneficial effects on CVD risk factors as BP, weight-regulation, lipids and insulin sensitivity 

(123). Several epidemiological studies have revealed that following a vegetarian diet are related 

to lower mortality rate from both CVD and cerebrovascular disease, compared to omnivores 

(eating food of both plant and animal origin) (123). There is general agreement that a vegetarian 

diet protect against CVD (127), despite that some studies have reported higher levels of TG and 

reduced HDL-c in vegetarians, probably a result of a higher intake of refined carbohydrates and 

fructose (5). Although, following a vegetarian diet may result in micronutrient deficiency and 

low intake of omega-3 PUFA (123). 

 

Dietary Approaches to Stop Hypertension (DASH) diet  

The DASH diet includes a high intake of fruit, vegetables and whole grains, but also fish, some 

meat and poultry. The consumption of total fat intake, and especially SFA, should be limited, 

through implementing low-fat dairy products and lean meat choices. Sugar-sweetened 
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beverages, sweets and sodium should be limited (128). This dietary pattern aims to prevent and 

reduce hypertension (129). A meta-analysis of 17 randomized clinical trials (RCTs) from 2014 

concluded that the DASH diet had an advantageous effect on both systolic- and diastolic BP in 

adults, and especially in subgroups of patients with hypertension and in men (129). Previous 

trials have reported conflicting results of the DASH diet´s effect in normotensive persons (130, 

131). It has been questioned whether the reduction in BP can be attributed to other lifestyle 

changes, as increased exercise, or as a result of energy-restriction and weight loss rather than the 

DASH diet itself (129, 132). However, following a DASH-like diet, would be rich in 

antioxidants and contain high levels of potassium and low levels of sodium, where the last-

mentioned are in accordance with recommendations from WHO, to prevent raised BP and 

reduce CVD risk (133). 

 

The Mediterranean diet    

The phrase “Mediterranean diet” (MD) mainly refers to traditional food patterns of populations 

in the Mediterranean regions back in the early1960s (134). This diet was primarily characterized 

by a daily high consumption of fruit, vegetables (including legumes) and complex 

carbohydrates, with a moderate weekly consumption of fish, (and low intake of red meat). MD 

contains low-to-moderate consumption of dairy products, like cheese and yoghurt. While olive 

oil was their main source of fats and a low-to-moderate amount of red wine was served by some 

of the meals (134-136).  

 

As early as in the end of the 1950s, Ancel Keys and his co-workers initiated a cross-cultural 

prospective study, the Seven Countries Study (SCS), with the aim of investigating the 

associations between diet, particularly fat composition, besides other risk factors, and the 

incidence of CVD, among different populations (137). Sixteen cohorts of men between 40-59 

years, from seven countries (USA, Finland, Netherlands, Italy, Greece, Japan and Yugoslavia) 

were investigated. This 15-year follow-up study revealed that populations from Mediterranean 

countries showed lower mortality from CVD compared with non-Mediterranean European 

populations. (137). Results from several observational cohort studies have also been consistent 

with these findings and has demonstrated an inverse association between compliance to a MD 

and CVD-risk (124, 135, 138).  

 

Adopting a Mediterranean diet pattern (MDP) has been associated with advantageous effects on 

CVD risk factors such as BP, lipids and blood glucose (139-142) and have revealed preventive 
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effects in both primary and secondary CVD (143, 144). The Lyon Diet Heart Study was a 

secondary prevention RCT (143). Patients who had survived a first MI were randomized either 

to follow a MD, enriched with α-linoleic acid, or to follow a prudent Western diet. After 4 years 

of follow-up, adherence to a MDP showed a significant reduction in all-cause- and CVD 

morbidity and mortality (145). The PREDIMED-trial (PREvención con DIeta MEDiterránea), 

revealed cardioprotective effects in high-CVD risk persons without established CVD assigning 

to a MD. The MD was supplemented with extra-virgin olive oil or nuts, while the controls were 

only advised to reduce their dietary fat consumption. The MD group compared to a control 

group, showed a 30 % decrease in relative risk for major CVD events (144).  In a systematic 

review from 2009, the association between dietary patterns and CVD were examined. There was 

reported that a MDP or a “prudent” dietary pattern (characterized by a high intake of vegetables 

(including legumes), fruit, whole grains and fish and other seafood), had a protective effect on 

CVD risk, contrary to a “western” dietary pattern (characterized by a high intake of processed 

meat, red meat, butter, high-fat dairy products, eggs and refined grains) (146).  

 

The Mediterranean diet and IJD 

Patients with IJD may have advantage from a MD considering their increased risk of CVD (122) 

and other health benefits as well (121).  The MD constitutes components which may have anti-

inflammatory- and anti-oxidative effects, having advantageous impact on chronic inflammation, 

CVD risk and the treatment of IJD patients (figure 7) (122).  

 

In 2003 a RCT was conducted, where a total of 56 RA patients were allocated to either 12 weeks 

of a Cretan MD or 12 weeks of an ordinary western diet (121). After three months, a significant 

reduction in pain (measured by visual analogue scale (VAS) was reported in the MD group. 

Neither improvement in morning stiffness nor in physical function (HAQ score) was revealed 

(121). Nevertheless, a significant change in physical function was reported from baseline to 

follow up in the MD group.  
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Figure 7.  Description of how the Mediterranean diet may affect chronic inflammation, therapy 
and cardiovascular disease in IJD patients. 
 

 

 
Francesca Oliviero, Paolo Spinella, Ugo Fiocco, Roberta Ramonda, Paolo Sfriso, Leonardo Punzi: How 
the Mediterranean diet and some of its components modulate inflammatory pathways in arthritis 
Swiss Med Wkly. 2015;145:w14190. www.smw.ch 
CRP, C-reactive protein; CV, Cardio Vascular; GC, Glucocorticoid; MTX, Methotrexate; NSAIDs, Non-
steroidal Anti-Inflammatory Drugs.   
 

Published with permission from EMH Swiss Medical Publishers Ltd.!

 

Nutrients, food items- and groups  

Much of the research that exists about diet and CVD are based on studies done on single dietary 

components or nutrients. This is challenging because nutrients are consumed as complex foods 

and meals rather than single nutrients in a pure chemical form and potentially synergistic or 

antagonistic effects depending on the diet's composition may therefore not be excluded (125, 

147).  

 

Dietary fats 

Over the previous decades, it has been encouraged from national authorities, to reduce total 

intake of fat, in promotion of general health and preventing CVD (148). Although, reports 

suggest that type and quality of fat have a higher impact in lowering CVD risk, compared to the 

total fat intake (149). The assumption that type and quality of fatty acids in the diet is of 

importance in developing CVD is largely relied on former ecological studies (137), as well as 
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prospective epidemiological studies (150). The association between dietary fat and increased 

CVD risk may be explained by the classic “diet-heart” hypothesis (151) (figure 8), which 

indicates that a low intake of PUFA combined with high intake of SFA and dietary cholesterol, 

will increase the level of serum cholesterol, followed by formation- and accumulation of 

atherosclerotic plaques and further development of CVD (147). However, this theory has been 

criticized for being an oversimplification of the relation between diet and CVD risk because 

other dietary components may affect the lipid profile as well (147). There is broad consensus 

that dietary fat influences blood lipids (90), and there has been shown that some SFA, are more 

potent (152). 

 

Figure 8.  The classic diet heart hypothesis, reproduced after Sherwin et al. (151)   

 

 

 

!
SFA: saturated fatty acids, PUFA: Polyunsaturated fatty acids, CAD: coronary artery disease, CHD: 
Coronary heart disease 
 

Despite replacing SFA with PUFAs has shown to decrease CVD morbidity and mortality (153), 

the association between intake of dietary SFA and CVD risk has been inconsistent (154, 155). 

Nevertheless, several observational studies and clinical trials have demonstrated that there exists 

The classic diet heart hypothesis-
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evidence of the importance of dietary fat in CVD risk (103, 104, 156, 157). The Norwegian 

Directorate of Health recommend a daily intake of total 25-40 E % from fat, of which maximum 

10 E % from SFA, 10-20 E % from MUFA and 5-10 E % from PUFA. The essential PUFA, 

linoleic acid and α-linolenic acid, should be a minimum of 3 E %, where at least 0.5 E % from α-

linoleic acid (158). Although, diets with a total of 25-35 % fat and less than 7 E % from SFA has 

been demonstrated to reduce the risk of CVD (69)   

 
Inclusion of dietary omega-3 PUFA may be of additional importance to patients with IJD, which 

is characterized by inflammation as a result of  proinflammatory mediators as arachidonic acid 

(AA) -derived eicosanoids and cytokines. Consumption omega-3 found in fatty fish and fish oil,  

may inhibit AA metabolism by competing for the same enzymes and consequently inhibit 

production of pro-inflammatory eicosanoids and cytokines, and instead produce less potent 

mediators as PGE3 and LTB5 (159). Trials with consumption of omega-3 PUFA from both low- 

and high doses of fish oil supplementation has reported a decreased synthesis of IL-1β and TNF-

α (160). Goldberg and Lee with co-workers showed that high-dose supplementation (≥2,7 g/d)  

of omega-3 PUFAs significant decreased consumption of NSAIDs in RA patients (99, 161). 

Goldberg reported significant reduced number of minutes with morning stiffness, reduced joint 

pain intensity and tender joints as well, while Lee and with co-workers saw trends, but no 

significant effects. 

 

Carbohydrates and dietary fibre 

The association between carbohydrates and CVD, seems to be indirectly attributed to total 

energy consumption and overweight/obesity, along with an effect on plasma lipids, especially 

TG and glycaemic control (162). Trials have reported elevated plasma TG in participant’s with 

increased consumption of energy from refined carbohydrates (163, 164). An increased intake of 

dietary fibre, a heterogeneous group of indigestible polysaccharides and lignin, has in several 

trials showed an opposing effect and is associated with lipid lowering effects (165). Water-

soluble fibre, especially oat fibre is inversely associated with TC and LDL-c levels (166). High 

intakes of fibre from whole grain were in the Nurses’ Health Study reported to be associated 

with reduced risk of CVD (167). The same result was reported in the Health Professionals 

Follow-up Study, where a high fibre intake was inversely associated with CVD risk, independent 

of fat intake (168). Additionally, a high fibre intake has been associated with reduced incidence 

of hypertension (169). Li and co-workers investigated the effect of replacing SFA with PUFA 

and/or different sources of carbohydrates. Replacing 5 E % of energy intake from SFA with 
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similar energy intake from whole grain carbohydrates found an association with 9 % decreased 

CVD-risk, while replacing SFA with refined starches or added sugars, did not show any 

significant changes in CVD risk (170). Norwegian health authorities recommend, according to 

Nordic Nutrition Recommendation, an intake of 25-35 g fibre/day or equally 3g/MJ (158).   

 

2.6$ Dietary assessment methods  
Diet is a major lifestyle-related risk factor for CVD, which makes it important to find an 

appropriate way to obtain valid information about a person's diet and dietary habits, which often 

be challenging.  There are several different dietary assessment methods, each with inherent 

strengths and limitations (171). Dietary information may be obtained by either retrospective or 

prospective methods and there can be differentiated between open- and closed methods, 

depending on all kind of food are included in the assessment or just selected food items (172). 

Among the prospective methods are weighed dietary registration and food dairies, which are 

associated with high validity and accuracy, and thus often considered as a reference method in 

validation studies (173). Although, they are expensive, time-consuming and provide a large 

respondent burden (171). Additionally, the prospective methods may influence the behaviour 

and dietary habits in the respondent and the registered food may not be representative for the 

habitual diet. 

 

Retrospective dietary assessment methods include 24-hours dietary recall, dietary history and 

food frequency questionnaire (FFQ). These are often less expensive and time consuming and 

provide a minor respondent-burden (171). Although, they may be less precise compared to 

prospective methods and recall bias may be a limitation. FFQ are frequently used method in 

epidemiological studies (172), but may also be a tool in assessment of diet in clinical trials. The 

FFQ can be both self-administered or used as an interview, where the latter is more resource-

demanding and increases the risk of pleasing bias, but minimize the risk of misinterpretations 

related to the questionnaire. Nevertheless, use of FFQ is generally cost-effective and timesaving 

and assess usual dietary intake, providing quantitative and/or qualitative information about an 

individual’s dietary habits (171). The general value by using FFQ in dietary research has been 

supported by correlations analysis, where the method has been compared to a presumable 

superior method or biomarkers (174). Although, food trends, personal preferences and food 

supply are in constant change and a questionnaire that reflects the population to be tested, will be 

of important for the validity of the results.  
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3$Objective and hypothesis  
Since there currently is little knowledge about how alteration in lifestyle-related CVD risk 

factors may be affected in patients with IJD, the main aim of this study was to test whether an 

individually tailored, extended dietary counselling on cholesterol-lowering and heart-friendly 

diet (intervention) had comparable effect on change of diet, as a standardized brief advice on 

cholesterol-lowering diet, given by a physician (control). Secondly we aimed to compare the 

effect of the extended counselling to the controls, on changes in 1) lipids, 2) CRP, 3) BP and 4) 

body composition. 

 

3.1$ Research questions 
1.' Is there a difference in change in diet, assessed by the validated questionnaire SmartDiet 

(appendix 1), between IJD patients receiving an individually tailored, extended dietary 

counselling compared to IJD patients receiving a standardized brief advice on 

cholesterol-lowering and heart-friendly diet, from baseline to eight weeks-follow up? 

  

2.' Is there a difference in change of lipid levels, CRP or BP between IJD patients receiving 

an individually tailored, extended dietary counselling, compared to IJD patients receiving 

a standardized brief advice on cholesterol-lowering and heart-friendly diet? 

 

3.' Does individually tailored, extended dietary counselling, compared to brief advice on 

cholesterol-lowering and heart-friendly diet, have an impact on body composition 

measured by bioelectrical impedance analysis (BIA) and dual energy X-ray 

absorptiometry (DXA), in IJD patients?  

 

4.' Are there any in-between group differences in change of diet, biomarkers (lipids, CRP), 

BP or body composition, in IJD patients receiving an individually tailored,  extended 

dietary counseling, compared to IJD patients receiving a standardized brief advice on 

cholesterol-lowering and heart-friendly diet?  

 

!  
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4$Methods 
 

4.1$ Study population/subjects  
Patients with IJD referred for CVD risk stratification at the Preventive Cardio-Rheuma clinic, 

department of rheumatology, Diakonhjemmet Hospital, from the rheumatology outpatients clinic 

at Diakonhjemmet Hospital or from primary care physicians, were screened for inclusion to the 

study and were requested to participate by the physician during the consultation. Before signing 

a written consent (appendix 2), all patients were informed orally and in writing about the study 

design and of the right for the participant to withdraw from the study at any time, and for 

whatever reason. All study participants were recruited continuously from January-June 2016.  

 

Patients with a diagnosis of RA, PsA or AS were eligible to participate. Other inclusion criteria 

were age between 40 and 80 years, being statin-naïve with an indication for statin therapy as in 

primary or secondary prevention for CVD. Exclusion criteria were: 1) diagnosed atherosclerotic 

CVD as MI, coronary intervention as c coronary artery bypass grafting (CABG) or percutaneous 

coronary intervention (PCI), transient ischemic attack (TIA)/ischemic stroke, >50 % stenosis of 

the carotid artery, atherosclerosis in the carotid artery together with focal neurological 

symptoms, 2) BP >160/100 mmHg and/or medically treated hypertension or 3) familial 

hypercholesterolemia (TC >7.5 mmol/L and LDL-c >4.9 mmol/L). 

 

4.2$ Design  
The study was an open RCT with two treatment groups (figure 9 and 10). During the first 

consultation with a physician, all the participants received a brief standardized advice (3-4 

minutes) about heart-friendly food. Further they received a brochure, “Innkjøpsguiden for 

hjertevennlige matvarer”, a shopping guide for heart healthy food items, developed by dieticians 

at Diakonhjemmet Hospital (appendix 3). This guide gives an overview of selected 

recommended heart-friendly groceries, in various food groups, as well as an overview of less 

favourable groceries. Half of the enrolled participants was then randomized to an extended 

nutritional counsellingof 60 minutes, hereafter termed the dietary group (DG). These patients 

received a thorough individually tailored, extended counselling in heart-friendly and cholesterol-

lowering diet (by MGF, hereafter termed the nutritionist), where individual needs and 
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preferences were based on their response of the questionnaire, SmartDiet. The remaining other 

half, called the control group (CG), received no further dietary information.  
 
-
Figure-9!Flowchart!of!study!design-
 

!  
 
CRP, C-reactive Protein; BIA, Bioelectrical Impedance Analyses; DXA, Dual-Energy X-ray 
absorptiometry 
 

 

Randomization 

An independent statistician made the final randomization list. Two independent secretaries 

compiled randomization envelopes, which was based on the randomization list. Inside the 

envelope a sheet describing the allocated treatment group was inserted into a dyed sheet, too 

further ascertain the blindness of the randomization. It was not possible to reveal the treatment 

group without opening the envelope. Patients in the study were assigned randomization numbers 

sequentially. Randomization number and treatment group was recorded in each Case Report 

File. 
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Figure 10 Flow chart of study participants  

!
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4.3! Data collection 
4.3.1 Medical consultation  
All the participants followed standard procedure for CVD risk evaluation, which could be 

divided into the following;  

 

Prior to the consultation  

Within one week prior to the medical consultation, the patients gave standardized blood 

samples, including lipids and inflammatory markers. The patient also brought with them a 

completed questionnaire on CVD risk factors, symptoms of CVD, established CVD and 

familial CVD, as well as demographic data, information about co-morbidity and use of 

medication. The answers in the questionnaire were quality assured by the consulting 

physician. 

 

During the consultation  

Brachial BP was measured and a 12 lead electrocardiogram (ECG) was recorded digitally and 

evaluated during the consultation. A trained sonographer performed the B-Mode ultrasound 

examination of the carotid arteries. Waist circumference was measured of all patients. 

Further, the patient received a brief (3-4 minutes) standardized advice about heart-friendly 

foods and cholesterol-lowering diet, including receiving the brochure “Innkjøpsguiden”. The 

value of physical activity and smoking cessation were also discussed with the patient.  

 

CVD risk evaluation   

The patients were categorised into three CVD risk groups; 1) Very high risk: when the 

patient had established atherosclerotic CVD, and/or an estimated 10 year risk of CVD by the 

Systematic Coronary Risk Evaluation (SCORE) (89) ≥10% and LDL-C >1.8 mmol/L, 2) 

High risk: when the estimated 10 year risk of CVD ≥ 5 % and LDL-C > 2.5 mmol/L 3) 

Moderate-low risk: estimated risk < 5 %   

 

After the consultation  

Following the medical consultation, all recruited patients filled out SmartDiet.  If they had 

questions or found anything difficult, the participants had assistance in filling out SmartDiet. 

The questionnaires was reviewed and checked for errors by MGF. The following evaluations 

and  measurements were performed by one person (MGF); Body composition and body 
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weight were measured by use of BIA and the participants heights were measured by a wall 

mounted stadiometer (height measure tape KaWe REF 44 444). Measurement of body 

composition by DXA was performed in the afternoon/evening, due to logistical challenges in 

the outpatient clinic.   

 

4.3.2 Dietary counselling  
Participants in the DG received a tailored, expanded dietary counselling for approximately 60 

minutes including individually tailored dietary advice about heart-friendly and cholesterol-

lowering diet, which was related to the answers obtained in the SmartDiet questionnaire. 

Despite individualization, the same standardized main topics were discussed with all 

participants, in a greater or lesser extent depending on already present dietary habits, personal 

preferences or other special needs. The topics that were emphasized was; Importance of 

limiting and replacing saturated fat from full-fat dairy products, various animal products, 

snacks, pastries and chocolate, by unsaturated fat from marine sources, such as oily fish, and 

vegetable sources such as, oils, nuts, almonds and avocado. The participants were encouraged 

to use low-fat dairy products or products where saturated fat was replaced by unsaturated fat, 

such as products from ”Vita Hjertego'”. The patients were further encouraged to use lean meat 

products for dinner and spreads, and reduce use of processed minced meat and sausage 

products for the advantage of unprocessed lean meat and poultry. Before cooking, visible fat 

and skin was encouraged to be removed 

 

Fish and oily fish in particular, was highlighted as good sources of the essential long chain 

omega-3 fatty acids, emphasizing the positive effects of docosahexaenoic acid (DHA) and 

eicosapentaenoic acid (EPA) on CVD health (100). Oily fish is also a good source of vitamin 

D, which is essential for absorption of calcium and hence for good bone health. This is 

especially important in patients using corticosteroids, a risk factor for development of 

osteoporosis (175). Patients was encouraged to use more fish, in all forms (except deep-fried), 

also as spreads.  

 

Importance of type of fat, rather than amount of fat, was consistently emphasised. The use of 

spreadable plant-based margarine instead of butter or hard margarine was recommended. For 

frying and baking, oils and liquid margarine was advocated, while extra virgin oils were 

recommended for vinaigrette and dressings. Those who frequently used margarine or butter as 

spread, was introduced for margarine added plant sterols. Plant based fat sources were 
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exemplified as healthy food choices. Furthermore, mayonnaise and mayonnaise-based salads, 

caviar and remoulade were highlighted as good sources of healthy fat, but to be used in 

moderation. The participants were encouraged to limit sugar-rich foods and beverages and 

attempt to find alternatives and possibly use fruit and berries as a substitute for sweets. They 

were informed about the overall high salt consumption in the Norwegian population, and the 

positive health effects by salt reduction (108, 109).  

 

The benefit of increasing intake of fibre through whole-grain cereals and a high consumption 

of fruits, berries, vegetables including legumes (176, 177), were underlined as well. Oats was 

highlighted as a particularly favourable choice because of its content of beta-glucans (soluble 

fibre) and it´s favourable effect on cholesterol (165, 166). Further, the patients were 

introduced for “Brødskalaen”, a bread scale (figure 11), which is a voluntary labelling system 

developed by Næringslivets Hovedorganisasjon Mat og Drikke og Baker- og 

Konditorbransjens Landsforening, in cooperation with Forbrukerrådet (the Consumer 

Council), Helsedirektoratet (the Norwegian Directorate of Health) and Mattilsynet (The 

Norwegian Food Safety Authority) in 2006 (178). The labelling system is a visual tool, which 

is intended to make it easier for the consumers to choose a healthier bread. The scale is 

divided into four categories based on the percentage of the whole wheat content. White bread:    

semi-dark bread, dark bread, and whole wheat.  

 
Figure 11 “Brødskalaen” (The bread scale)  
 

 
Published with permission from Opplysningskontoret for Brød og korn. 
(http://www.matportalen.no/merking/tema/merking_av_mat/bruk_brodskalan) 
 

Another labelling system which was emphasized during counselling, was “Nøkkelhullet”, 

(“the Keyhole”), which is a voluntary labelling system that authorities in Norway, Denmark, 

Sweden and Iceland have developed (figure 12). In Norway, the Norwegian Directorate of 

Health and The Norwegian Food Safety Authority are responsible for the labelling. Groceries 

with the keyhole symbolize a healthier food choice compared to similar groceries within the 
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same food group. The labelled food shall fulfil at least one of the four of the following 

demands: less sugar, less salt, less fat and saturated fat or more fibre and whole grain, 

compared with similar foods in the same food group (179). The labelling system includes pre-

packaged foods as well as fruits, berries, vegetables and potatoes, bread, cheese, meat fish and 

seafood, none of which are wrapped. 

 

Figure 12 “Nøkkelhullsmerket” (“The Keyhole”)  
 

 
Published with permission from Avdeling for ernæring og forebygging i helsetjenesten, 
Helsedirektoratet (http://www.matportalen.no/merking/tema/nokkelhullet/) 
 

Coffee habits were requested and discussed with the participant if they reported frequently 

use of an unfavorable brewing method. Depending on brewing method, there is a varying 

content of diterpens in coffee, which has shown a cholesterol promoting effect (180). 

Additionally, the new “coffee trends” may increase the consumption of full-fat milk, through 

high intake of Caffelatte, cappuccino, cortado e.g. Alcohol consumption was assessed and 

discussed in general and more thoroughly if the patient had a high alcohol consumption (>7 

unit/week in women and > 14 units/week in men) or if the participant showed TG values > 

1.7 mmol/L.  

 

The participants were not encouraged to take other supplements than cod liver oil (”tran”) or 

similar omega-3 supplements, which is recommended for the general population. Persons who 

claimed to already take supplements, were not asked to stop this. 

 

The control group   

The patients in the (CG) received no further diet or grocery information until the 8 weeks 

follow-up. After the follow-up session, the patients in the CG were offered a similar 60 

minutes individually tailored, extended dietary counselling as the patients in DG received 8 

weeks earlier.  
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4.3.3 Eight weeks follow-up 
After eight weeks, the participants in both groups was contacted for follow-up. They went 

through medical consultation, where a physician assessed the need for initiation of 

cholesterol-lowering drugs, based on blood samples collected within one week prior to the 

consultation, in addition to the already comprehensive CVD risk evaluation done at baseline. 

The medical consultation was followed by new measurements of BP, waist circumference, 

body weight and body composition, performed by MGF. The participants again completed 

SmartDiet, for assessment of changes in diet and lifestyle habits.  

 

4.3.4 Diet – SmartDiet 
Dietary data were collected by SmartDiet at baseline and after eight weeks follow-up, for use 

in assessment of alteration in diet- and lifestyle habits in the participants. The SmartDiet was 

developed by the Lipid Clinic, Oslo University Hospital, to efficiently evaluate diet- and 

lifestyle habits in clinical practice (181). The third revision of the form, released in May 2009, 

was used. SmartDiet was validated in 2002 and provides a good estimate of dietary fat and 

fibre, while estimated intake of fish, vegetables and snacks were appraised to be of minor 

precision (181). The form contains a total of 26 questions, of which 21 are qualitative or 

quantitative questions about average use of different food groups and beverages; milk and 

dairy products, meat, fish and eggs, fat sources, cereals, fruits/vegetables/berries, legumes, 

potatoes/rice/pasta, nuts/almonds/avocado and olives, sweet spreads/sweet beverages, 

chocolate/cakes/biscuits/snacks and coffee and alcohol. The form had 4 additional questions, 

which record meal pattern, diet supplementation, smoking habits and physical activity, 

besides self-reported height and weight and potential desirable weight reduction.  

 

Out of the 26 questions, fifteen were point scoring. Each of these questions showed three or 

four response categories, each giving a score of 1, 2 or 3. A total score between 15 and 45 

points were possible to obtain. 27 points or less indicates that the diet should be improved in 

several areas to become more heart-friendly (”Du bør forbedre kostholdet ditt på mange 

punkter, for å gjøre det mer helse- og hjertevennlig”), 28-35 points indicates that the diet still 

needs for improvements to become more heart-friendly (”Du kan forbedre kostholdet ditt på 

en del punkter, slik at det blir mer helse- og hjertevennlig”), while a total score of ≥ 36 points 

consider the participant to have healthy dietary habits (”Du har sunne kostholdsvaner”). Total 

score obtained from the form was used to measure change in diet habits. A clinically 
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meaningful change in SmartDiet score has previously been described to be at least 3 points 

(181).!Additionally, the answers in the SD questionnaire provided a basis for the individual 

tailored, extended dietary counselling at baseline in the DG and for the CG after 8 weeks 

follow up. 

 

4.3.5 Lipids  
Assessment of the lipids was part of the standard CVD risk evaluation. Blood samples was 

taken from the vein in the arm and the tapping was carried out according to procedures for 

blood sampling of qualified health personnel. All blood samples were measured at the 

Diakonhjemmet hospital laboratory (European standard Accredited 2009) by routine 

procedures in a COBAS 600 modular and Cobas 8000 modular, delivered by Roche 

Diagnostics Norge AS. 

 

Laboratory tests included TC, HDL-c, TG, LDL-c, liver enzymes, creatine kinase (CK), 

creatinine, glomular filtration rate and haemoglobin. LDL-c was calculated using Friedwalds 

equation, assumed TG < 4.4 mmol/L (182). When TG > 4.4 mmol/L, a blood sample was sent 

to Oslo University Hospital, Rikshospitalet for direct measurement of LDL-c. Blood samples 

were collected at baseline and after 8 weeks follow-up 

 

4.3.6 Inflammatory markers  
Measurement of the inflammatory cursor, CRP, was standard procedure, and a marker for 

disease activity in IJD patients (183) and an individually CVD-risk factor (184). Analyses was 

based on the same blood samples collected to measure lipids in blood, and will therefore be 

obtained by same procedures. In cases where the levels of CRP were measured < 1 mg/L, the 

value 0.001 was recorded for use in all statistical analysis.  

 

4.3.7 Blood pressure  
Measurement of BP was performed as a standard part of CVD risk evaluation. Two validated 

and calibrated apparatuses, Omron® 7 series BP device with comfit ™ cuff, model BP760 

and Welch Allyn® ProBP 3400 Series BP device with FlexiPort® BP cuffs were used. BP 

was measured after at least 5 minutes rest in supine position, using an automated BP cuff, 

according to the appliance's manual (185). If BP was > 140/90 mmHg, two more BP 
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measurements were performed, where the average of the two last measurements were used as 

variable in the statistical analyses.  

 

4.3.8 Body composition  
Body mass index  

Body mass index (BMI) is a simple and commonly used tool to assess nutritional status. BMI 

is defined as a person’s weight in kilograms, divided by the square of the person’s height in 

metres (kg/m2). See table 5 for cut off points, according to WHOs classification of BMI 

ranges (74).  

 

Table 5. Cut off points for body mass index, according to WHO standard for international 
classification (74). 

BMI (kg/m2) Nutritional status 

< 18.5 Underweight 

18.5–24.9 Normal weight 

25.0–29.9 Pre-obesity 

30.0–34.9 Obesity class I 

35.0–39.9 Obesity class II 

> 40 Obesity class III 
 

BMI, Body Mass Index 
 

Waist circumference  

Waist circumference is an intensive measure of visceral adiposity and useful in detecting 

changes in adiposity and as supplement to BMI, when assessing for obesity-related health 

risks (186). Waist circumference was measured by a standard measuring tape (in cm). A 

physician performed the measurement (in supine position) during the medical consultation at 

baseline. At eight weeks follow-up, the same person who performed the nutritional 

counselling (MGF) performed measurements of waist circumference). The measurements 

were performed in according to recommended procedure (187), with the patients in the 

standing position, with the measuring tape placed in a horizontal plane midway between the 

lower ribs and upper part of the hipbone. The results were assessed according to WHOs cut 

off points (table 6) (186). 
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Table 6 Cut off values for waist circumference in adults, according to WHOs definitions on 

overweight and obesity (186) 

 Men  Women  

Overweight > 94 cm > 80 cm 

Obesity > 102 cm > 88 cm 
 

WHO, World Health Organization 
 

Dual-Energy X-ray absorptiometry  

Measurements of FM, and LM (muscle, organs and body fluids) were obtained by the Hologic 

Discovery™ QDR series DXA system. This is a valid and reliable method used in clinical 

practice and which commonly is referred to as the "gold standard" within the measurements 

of body composition (188, 189). The method is based on measurement of body absorption of 

X-rays at two different energies, and utilize that FM, bone mass and LM have different 

absorption properties. Results from DXA measurement provides a detailed evaluation of the 

patient's nutritional status and provide information about metabolic- and CVD risk (189).  

 

The examination was performed barefoot, in underwear or with only light cloths, all loose 

items of metal, as pieces of jewellery, watches e.g., were removed prior to the examination. 

Calibration of the equipment, performance of the examination and analysis of the results were 

conducted according to the procedures and guidelines specified by the manufacturer (190) and 

were performed at the rheumatology outpatient clinic, Diakonhjemmet hospital. The DXA-

examinations were performed in the evenings, on average 2.4 days after inclusion, and 1.7 

days after the follow-up consultation after 8 weeks. In the cases where the DXA-examination 

was done in the evening or on another day, a new examination by BIA was performed at the 

same time. This ensured uniform measurement conditions for both examinations and made 

the comparison of the two methods (BIA/DXA) more valid.  

 

Bioelectrical Impedance Analyses  

We used a Tanita® Professional Body Composition scale - type BC-418 MA" in the 

bioelectrical impedance analysis. The scale measures body weight and estimates body fat 

percentage (fat mass (kg)/ body weight (kg) * 100), fat free mass (FFM) (muscle, bone, 

tissue, water and all other components of FFM in the body), impedance (reflects the body´s 

inherent resistance to an electrical current), total body water (TBW) (the amount of water) 

and BMI. The analysis were collected barefoot, in underwear or only with light cloths and 



!
!

41!

otherwise in accordance with the procedures and guidelines specified by the manufacturer 

(191).  

 

The participants had no restrictions (e.g. performance of vigorous exercise, alcohol 

consumption or intake of excessive amounts of food or beverages) prior to the measurements 

of body composition (obtained by both BIA and DXA). This may have affected quantity or 

distribution of body water and further estimation of FM/FFM/LM. 

 
Fat mass and fat percentage  

FM makes up the most variable component of the body composition and varies according to 

gender and age (table 7). The body fat percent of the participants was evaluated against the 

cut of point reported by Gallagher et al. (192). Classification of overweight and obesity based 

on fat percentage are recommended rather than use of BMI, because use of body fat ranges 

and not BMI, takes in to account differences in gender, age, and body composition.  

 

Table 7. Cut off values for body fat ranges (%) in adults, men and women, to determine the 
appropriate body fat percentage. (
 

  Men    Women   

Age Underweight 
(fat %) 

Healthy 
(fat %) 

Overweight 
(fat %) 

Underweight 
(fat %) 

Healthy 
(fat %) 

Overweight 
(fat %) 

20-39 < 8 9-19  25 < 21 22-33 > 39 

40-59 < 11 12-21  28 < 23 24-34 > 40 

60-79 < 13 19-24 30 < 24 25-36 > 42 
 
 

As reported by Gallagher D, Heymsfield SB, Heo M et al. Healthy percentage body fat ranges: an 
approach for developing guidelines based on body mass index. Am J Clin Nutr. 2000 Sep;72(3):694-
701. 
 

Lean mass and fat free mass  

Skeletal muscle mass (SMM) is the major constitute of LM/FFM in the human body (193). 

The proportion of SMM provides information about a person's health and are important for 

nutritional processes and needs in the body and therefore of clinical importance. It is currently 

possible to measure SMM directly using computed axial tomography (CT) or magnetic 

resonance imaging (MRI), but both are expensive methods and therefore not available in 

general practice (193). Instead, SMM may be estimated using equations, based on the more 

accessible measurement techniques; BIA (194) and DXA (193). 
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Calculation of SMM obtained by BIA 

A cross-validated equation (figure 13) was applied for prediction of total body SMM, 

obtained by BIA (194). The equation has been shown to rapidly and precisely estimate 

complete SMM in adult Caucasian populations, having a high correlation (r=0.86) with MRI-

measurement of SMM. The validity of the use of this equation in patients with altered 

hydration status or the sensitivity of the method in detecting changes in SMM in response to 

nutritional interventions are still not investigated (194).  

 

Figure 13 BIA equation for predicting total-body skeletal muscle mass (194) 

 

SMM (kg) = ((Ht2/R × 0.401) + (gender × 3.825) + (�age × -0.071) + 5.102)  
!

SMM, Skeletal Muscle Mass, Ht; height (cm), R; BIA resistance (ohms), gender; men=1 and 
women=0, age; (years). !
 

Calculation!of!SMM!obtained!by!DXA 

A validated equation has been developed for prediction of SMM, obtained by DXA (figure 

14) (193). The equation has been shown to provide reliable and precise estimates for SMM in 

healthy adults with different ethnicity in both genders, showing a highly correlation (r ≥ 0.97) 

with MRI-measurement of SMM (193). 

 

Figure 14 DXA equation for predicting total-body skeletal muscle mass (193) 
 

SMM (kg) = (1.13 × ALST) – (0.02 × age) + (0.61 × sex) + 0.97  
 

SMM, Skeletal Muscle Mass, ALST; appendicular lean soft tissue (kg), age; (years), sex  
 

 

Assessment of muscle mass   

An unfavourable body composition including low muscle mass (with or without increase in 

FM), has been reported to be prevalent among patients with IJD (195-198). These are features 

characteristic for the conditions sarcopenia/sarcopnic obesity and rheumatoid cachexia, which 

have been discussed in the literature throughout the years (199-202). However, studies 

evaluating body composition in patients with IJD are limited. In this study, we decided to 

consider the patients' muscle mass in light of sarcopenia and rheumatoid cachexia. 

Additionally, we compared FFM/LM with cut off-values for low muscle mass.  
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Sarcopenia  

Sarcopenia is a condition characterized by progressive loss of muscle mass in combination 

with physical disability. At present there is lack of common diagnostic criteria and a clinical 

definition of sarcopenia (203). In this thesis, cut points for high-risk sarcopenia (skeletal 

muscle index (SMI) < 8.50 kg/m2 in men and SMI < 5.75 kg/m2 in women) (204) have been 

used for categorization of patients with sarcopenia and have been reported to be used in 

determination of sarcopenia in RA patients (197). These cut-off points for classification of 

sarcopenia in this study, correspond with other cut-off points used in classification of 

sarcopenia, in previous studies (204, 205). SMI is muscle mass normalized for height (SMM 

(kg) /height (m)2).  

 

Rheumatoid cachexia  

Rheumatoid cachexia is a complex metabolic syndrome associated with underlying illness, 

characterized by loss of muscle mass, with or without loss of FM and associated with normal 

or increased BMI (BMI ≥ 25.0) (206). There is no agreed diagnostic criteria for rheumatoid 

cachexia (206) and various definitions have been suggested (199, 200, 207). In this thesis, cut 

of values for fat free mass index (FFMI, fat free mass (kg) / height (m)2) and fat mass index 

(FMI, fat mass (kg) / height (m)2) have been used in categorization of patients as rheumatoid 

cachectic (207). The cut off values was defined as FFMI < the 25th percentile (FFMI 14.7-

15.4 < kg/m2 for women and < 17.6-18.4 kg/m2 for men, depending on age) combined with 

FMI > the 50th percentile (FMI > 5.5-9.3 kg/m2 for women and > 4.0-5.7 kg/m2 for men, 

depending on age (208)). 

 

Low muscle mass 

The cut-off values described by Elkan et al. (199) when evaluating low muscle mass and were 

defined as FFMI < the 10th percentile (FFMI < 13.7–14.7 kg/m2 for women and < 16.9–17.6 

kg/m2 for men, depending on age (208). 

 

!  
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4.4! Statistical analyses  
All statistical analysis presented in this thesis were performed using the Statistical Package 

for Social Science for Mac (IBM® SPSS® Statistics) version 23. The level of statistical 

significance was set at a p-value of <0.05 for all analyses.  

4.4.1 Power calculation  
With an estimated difference between the groups of three points (obtained by SmartDiet) and 

a standard deviation (SD) of 2.69 for change from baseline to follow-up, at least 13 patients 

were calculated to be needed in each group, to show a statistical difference (two-sided t-test, 

5% level) between the groups at 80% strength. The corresponding count for 90 % strength 

was 17 patients completed in each group.  

 

4.4.2 Examination of data  
All continuous variables were plotted for normality. The descriptive data of the continuous 

variables were presented with mean and SD and median and interquartile range (IQR) for 

variables with a normal and non-normal distribution, respectively. Categorical data was 

presented as numbers and percentages. 

 

4.4.3 Univariate regression analyses  
Outcomes were presented as crude and adjusted data with 95% confidence intervals, and all 

hypotheses were tested using a 5 % two-sided significance level.  

 

Group comparisons  

Variables with a normal distribution were analysed with Students T-test (Independent samples 

t-test) and Analysis of Co-variance (ANCOVA), for group comparisons, with baseline values 

as covariates. A supplementary model including baseline values, BMI, SBP and DBP as 

covariates was conducted. The model fit was tested by checking residuals and homogeneity of 

variance. For variables with a non-normal distribution (TG and CRP), log-transformation (ln) 

was performed to obtain normality. Percent change in mean values for lipids was calculated 

from the provided end-point and baseline values. An independent sample T-test was 

conducted to compare the percent change in TC, LDL-c, and TG, between the DG and the 

CG, after checking for normality distribution. When a variable did not have a normal 

distribution for example HDL-c, a Mann-Whitney U test was conducted to compare percent 
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change in HDL-c between the two groups. When analysing dichotomous variables, the Chi-

Square test was applied, except when the number in at least one cell was < 5 or > 20 % of the 

cells had an excepted value < 5, the Fisher test was applied. 

 

In-between group differences  

Paired-samples t-test was applied when examining in-between differences in the two groups, 

from baseline to 8 weeks follow-up. 

 

4.4.4 Correlations  
To investigate the relationship between two independent methods for measuring body 

composition, DXA and BIA, Pearson product-moment correlation coefficient was applied. 

Preliminary analyses were performed to ensure no violation of the assumptions of normality, 

linearity and homoscedasticity. 

 

4.4.5 Missing data  
The primary static analyses follow the intention-to-treat principle (209). Missing data was 

handled using pairwise deletion. Analysis with all cases in which the variables of interest are 

present. Cases (patients) were only excluded if they were missing the data required for the 

specific analysis and were still included in any of the analyses for which they had the 

necessary information. 

 

4.5! Ethical aspects   
The data collection in this RCT fulfilled the conditions of privacy and information security 

according to the Helsinki Declaration (210). The study was approved by the South East 

Health Authority Ethical Committee for Medical Research (nr. 2015/2087). The patient data 

was anonymised. The link between study number and the name of the respectively patient 

was kept separately and stored in a locked fire safe cabinet from the patient data. Only the 

project manager and her co-workers had access to this. Data collected were only used as 

described in the purpose of the study. 

 

Start of cholesterol-lowering medication was postponed by eight weeks in our study. This was 

considered clinically safe, taking into account that the development of atherosclerotic disease 

is a prolonged process. In addition, according to national guidelines, change in diet and 
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lifestyle, are recommended to be tried before starting preventive medication. Patients assessed 

with high CVD-risk and an immediate need for preventive drug therapy, were considered not 

suitable for participation in the study, which was stated in the exclusion criteria. 

 

4.6! Literature search  
To collect information on related literature and results for use in this thesis, literature searches 

in PubMed were performed. 

  



!
!

47!

5!Results 
5.1! Patient characteristics  
Baseline characteristics are shown in table 8. A total of 31 patients with IJD (RA n=16, PsA 

n=7, AS n=8) were included in the study, of whom 16 were randomized to the DG. In both 

groups, there were mostly women and there were no sex differences between the groups. 

Participants in the DG had lower BMI (p=0.03), waist circumference (p=0.002), FM 

(measured by BIA or DXA, p=0.01 and 0.02, respectively) and body fat percentage 

(measured by BIA or DXA, p=0.02 and 0.03, respectively) at baseline, compared to the (CG). 

The groups were comparable with regard to LM. The lipid profile in the two groups was 

similar and median CRP was < 5 mg/L in both groups. Systolic (p=0.04) and diastolic 

(p=0.04) BP was higher among patients in the CG compared to those in the DG, which 

probably can be seen in the context of higher BMI and waist circumference in the CG. The 

reminding CVD risk factors were comparable between the groups, except for more patients in 

the DG with physical activity ≥ 3 times per week (p=0.05). Among patients in the CG, 40.0 % 

were classified being hypertensive (systolic BP > 140 mmHg) compared to 12.6 % of the 

patients in the DG (p=0.09). Diabetes mellitus was not present in any of the groups. In the DG 

and the CG, 6.3 % and 14.3 % had combined dyslipidaemia (TG > 2 mmol/L and HDL-c < 1) 

(p=0.59), while 56.0 % and 33.3 % had hyperlipidaemia (TC > 5 mmol/L), respectively 

(p=0.20). A high number of the included patients had atherosclerotic plaque(s) (DG: 81.3 %, 

CG: 86.7 %) (p=1.00). There were no significant differences in medication use between the 

groups. Among the patients in the DG, 81.3 % was using bDMARDS, compared to 53.3 % of 

the patients in the CG (p=0.14), while 43.8 % and 60.0 % of the patients was using 

sDMARDs (p=0.37), respectively. Current prednisolone medication was present in 6.3 % and 

20.0 % amongst the DG and the CG patients, respectively (p=0.33).  

  

!  
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Table 8. Baseline characteristics 

 
*Differences between the diet group and the control group at baseline, analyzed with independent samples t test 
aPearson Chi-Square,  
bFisher´s Exact Test  
RA, Rheumatoid Arthritis; PsA, Psoriatric Arthritis; Ankylosing Spondylitis; SD, Standard Deviation; TC, Total 
cholesterol; HDL-c, High Density Lipoprotein Cholesterol; LDL-c, Low Density Cholesterol; TG, Triglycerides; 
IQR, interquartile Range; BMI, Body Mass Index; BIA, Bioelectrical impedance analysis; DXA, Dual Energy X-
rays Absorptiometry; a. Carotid, arteria Carotid; CRP, C-reactive Protein; NSAIDS, Non-steroidal Anti-
Inflammatory Drugs, sDMARDs, Synthetic Disease-modifying Anti-rheumatic Drugs; bDMARDs, Biologic 
Disease-modifying Anti-rheumatic Drugs   
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Table 9. Effect of extended and individually tailored nutritional consultation, compared to a standardized brief advice, on diet, lipids, 
inflammatory markers, blood pressure and body composition. 
!

aDifferences from pre- to post intervention (8 weeks) values, between the groups, analyzed with independent samples t test    
bEstimated regressions coefficients            
cEstimated mean group difference values, analyzed with ANCOVA, with baseline values as covariates      
dEstimated mean group difference values, analyzed with ANCOVA, with baseline, BMI, SBP, DBP values as covariates    
SD, Standard Deviation; TC, Total cholesterol; HDL-c, High Density Lipoprotein Cholesterol; LDL-c, Low Density Cholesterol; TG, Triglycerides; IQR, 
interquartile Range; BMI, Body Mass Index; BIA, Bioelectrical impedance analysis; DXA, Dual Energy X-rays Absorptiometry; BMI, Body Mass Index; SBP, 
Systolic Blood Pressure; DBP, Diastolic Blood Pressure! ! ! ! ! ! ! ! ! ! !
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5.2! Main results  
Group differences (both unadjusted and adjusted) between the DG and the CG, concerning 

SmartDiet score, lipids, BP and body composition are summarised in table 9.  

   
5.2.1 Diet  
The questionnaire SmartDiet measured dietary habits, and an increased sum score by at least 3 

points implied clinically significant improvement of the diet. A 3 point SmartDiet score 

improvement was obtained by 87.5 % (p<0.001) and 80.0 % (p<0.001) in the DG and in the CG, 

respectively (figure 15). From baseline to eight weeks follow-up, there was an increase in mean 

sum SmartDiet score of 5.1 points (p <0.001, data not shown) in the DG and 5.7 points (p 

<0.001, data not shown) in the CG. There were no significant differences in change in sum 

SmartDiet score from baseline to post-intervention, between the DG and the CG (p=0.65) and no 

further change was observed after adjusting for baseline SmartDiet score, BMI and BP (p=0.26) 

(table 9).  

 

Figure 15. Proportion of patients reaching ≥ 3 points change in SmartDiet score!
 

 
 

The sum score obtained from the SmartDiet showed that 73.3 % of the patients in the CG had a 

poor diet (sum score ≤ 27) at baseline. In comparison, 43.8 % of the patients in the DG showed a 

similar low total score (p=0.95) (Figure 16). The proportions with score < 27 points were 

improved to 6.3 % and 26.7 % in the DG and the CG, respectively (p=0.17), after eight weeks. 

There was a significant difference between the proportion of patients in the DG (56.3 %) and the 

CG (20.0 %) which obtained a sum score between 28 and 35 point at baseline (p=0.04). The 

difference was 81.3 % vs 53.3 %, respectively, after eight weeks (p=0.14). Only one patient in 

the CG had a satisfying diet at baseline (sum score ≥ 36 points), compared to none in the DG 
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(p=0.48). After eight weeks, 12.5 % and 20.0 % had obtained a sum score ≥ 36 points in the DG 

and in the CG, respectively (p=0.57). The increase in SmartDiet score from pre-intervention to 

post-intervention test, reflects several changes in dietary habits (table 10a and 10b). 

(
Figure 16. Distribution of total score obtained by SmartDiet.  
 
 

 
Twenty-seven points or less indicates that the diet should be improved in several areas, 28-35 
points indicates that the diet still could be improved to become more heart-friendly, while a total 
score of ≥ 36 points indicates that the dietary habits to be heart-friendly and healthy!
!

Milk- and dairy products  

There were no significant differences between the groups in choice of milk (p=0.17), use of 

dairy products for cooking (p=0.38) or selection of cheese (p=1.00) at baseline, or after the 

follow-up (p=0.31, p=1.00, p=0.40). Post-intervention test showed an increase by 6.6 % in the 

proportion of patients who reported most frequent use of low-fat milk in the CG and 6.3 % 

increase in the proportion of patients who reported most frequent use of skimmed milk in the 

DG. Forty percent of the patients in the CG reported a use of less than one litre milk per week at 

both first and last consultation. In comparison, there was a minor reduction (6.2 %) observed in 

the DG. No patients in the DG reported use of full-fat milk at any time, while the reported 

consumption in the CG was reduced from 13.3 % to 6.7 % from first to last consultation.  

 

The proportion of patients most frequently using lean varieties (< 10 % fat) of cream, sour 

cream, crème fraiche etc. increased at the last consultation by 31.3 % in the DG and by 20 % in 

the CG, while frequent use of whole fat varieties was reduced after eight weeks follow-up in 
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both groups, compared to baseline. None of the participants in either group, reported using low- 

or medium fat cheese before inclusion. At the last consultation, this proportion was increased to 

56.3 % and 60.0 % in the DG and in the CG, respectively.  

 

Meat and fish products  

There was no significant difference between the groups in use of meat spreads (cold cuts) at 

baseline (p=1.00) or after eight weeks (p=0.53). Although, a significant lower proportion of 

patients in the DG reported consumption of processed high-fat meat (for dinner) at baseline, 

compared to the proportion of patients in the CG (p=0.02). The difference was not present eight 

weeks after intervention (p=0.20). A greater proportion of patients in both groups reported 

frequent use of lean varieties of cuts for dinner after eight weeks follow up, compared to 

baseline (DG: 93.8 % vs 68.8) (CG: 73.3 % vs 53.3 %). Corresponding observation was 

observed in use of cold cuts.  

 

There was no significant difference between the groups in use of fish (spreads) on bread at 

baseline (p=0.90) or after eight weeks (p=0.36). Nevertheless, the consumption of ≥ 5 slices of 

bread with fish per week, was decreased by 18.7 % in the DG group, while this consumption 

remained stable in the CG. A greater, but non-significant proportion of the patients in the DG 

replied a more frequent use of fish (> 2 times per week) compared to patients in the CG, both at 

baseline (87.6 % vs 66.7 %) (p=0.60) and after eight weeks follow-up (87.6 vs 73.3 %) (p=0.39). 

There was only a minor increase in the proportion of patients in the CG who reported use of fish 

> two times per week, while the reported consumption remained constant in the DG. Reported 

use of dietary supplements, as cod liver oil and omega 3 supplements was unchanged in the CG 

(40 %), while a minor reduction was observed in the DG. No significant differences were 

observed between the groups at baseline (p=0.62) or after eight weeks (p=0.76) for cod liver oil 

and omega 3 supplements.    

 

Fat sources  

Fifty % and 73.3 % of the patients in the DG and the CG, reported most frequently using butter 

or hard margarine for bread at baseline. Although, there was no significant difference in 

selection of fat source (for bread) between the two groups at baseline (p=0.37). After eight 

weeks, a significant greater proportion of patients in the CG reported more frequent use of butter 

or hard margarine for bread, compared to the DG (46.7 % vs 6.7 %) (p=0.02). However, there 

were no differences in use of soft margarine (e.g. Soft flora, soy margarine, olive margarine) 
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(p=0.10) or margarine with high content of unsaturated fat (e.g. Vita, Vita light, Vita Pro-active) 

(p=0.69), between the groups after the follow-up. No one of the participants in the DG reported 

using margarine added plant sterols at baseline, compared to 6.7 % in the CG (p=0.48). After 

eight weeks, the proportion in the DG was increased to 37.0 %, while the proportion in the CG 

was increased to 26.7 % (p=0.70). 

 

No differences were revealed between the groups in selection of fat source for cooking at 

baseline (p=0.09). Although, significant difference was observed in use of vegetable oil/liquid 

margarine for cooking, between the groups after eight weeks (p=0.04). The proportion of 

patients who answered most frequent use of vegetable oil or liquid margarine for cooking war 

increased from 56,3 % to 93.8 % and from 20.0 % to 60.0 % in the DG and CG, respectively. A 

non-significant difference was observed in use of butter or hard margarine between the groups 

after the follow-up (p=0.08), despite only 6.3 % of the patients in the DG compared to 33.3 % of 

the patients in the CG, answered using butter/hard margarine for cooking after eight weeks.  

 

Fruit, vegetables and nuts  

No significant differences in consumption of fruit and vegetables were observed between the DG 

and the CG at baseline (0.50) or after the follow-up (p=1.00). Although, after eight weeks twice 

as many of the patients in the DG (25.0 %) and three times as many of the patients in the CG 

(20.0 %), reported eating ≥ four portions of fruit and vegetables per day compared to what they 

did at baseline. Simultaneously, in the DG at follow up compared to baseline, there was a 

decrease (31.3 % to 18.8 %) in the proportion of patients who answered that they had a 

consumption of less than two servings of fruits and vegetables per day. In comparison, after the 

eight weeks in the CG, there was a decrease from 53.3 % to 26.7 % in consumption of less than 

two servings of fruit and vegetables daily. 

 

There was no significant difference in weekly consumption of avocado between the groups at 

baseline (p=0.85). Although, the proportion which replied a weekly consumption of avocado 

was barely significant higher in the DG, compared to the CG, after the follow-up (p=0.05). The 

consumption was increased by 25.0 % in the DG and decreased by 6.7 % in the CG after the 

follow-up. No significant differences between the groups were detected in consumption of nuts 

at baseline (p=0.21) or after eight weeks (p=0.11). No changes in consumption of nuts were 

observed in the DG from first to final consultation, but a decrease (6.7 %) was observed among 

patients in the CG at the follow-up.  
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Bread 

No differences were observed between the DG and the CG in selection of bread at baseline 

(p=0.07). A significant difference in selection of bread high in fibre was revealed (p=0.04) after 

eight weeks, where 93.8 % of the patient in the DG and 60.0 % of the patients in the CG 

reported a frequent consumption of bread high in fibre. This corresponds to an increase of 

approximately 30 % from baseline, in both groups. The consumption of bread low in fibre, was 

significant lower in the CG compared to the DG after the follow-up (p=0.04).  

 

Sweet beverages, chocolate, snacks and cakes 

The frequency of chocolate-, snack- and cakes consumption between the groups at baseline 

(p=0.35) and after the follow-up (p=0.37) were similar. Although, a lower frequency of 

consumption of chocolate, snacks, cakes and similar products was reported in the DG and in the 

CG, at the final consultation, compared to baseline. In the DG, 50.0 % of the patients answered 

that they usually ate sweets 0-1 time per week at the final consultation, while 73.3 % of the 

patients in the CG replied the same.  

  

No significant differences were reported in consumption of sweet spreads and sweet beverages 

between the DG and the CG at baseline (p=0.30) or after eight weeks (p=0.10). 

All of the patients in the DG reported an intake of sweetened beverages, including fruit juice and 

sweet spreads, no more than once per day after the follow-up and 80.0 % of the patients in the 

CG answered the same.  

 

Alcohol consumption 

Alcohol consumption was comparable in the DG and the CG at baseline (p=1.00) and after eight 

weeks (p=1.00). Most of the patients in both groups reported a usually consumption of 1-7 

alcohol units per week at baseline (DG: 78.6 % CG: 76.9 %) and after eight weeks (DG:64.3 % 

CG:57.1 %). In the DG, there was observed an increase by 14.3 % in the proportion of patients 

who replied a weekly consumption of 8-14 units of alcohol, from first to last consultation. A 

greater proportion of the patients in the CG answered that they usually consumed less than one 

unit per week at eight weeks follow-up, compared to what was reported at baseline (35.7 % vs 

15.4 %). In comparison, 14.3 % of the patients in the DG reported an alcohol consumption of 

less than one unit per week, which was held constant during the study time.  
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Table 10a. Description of food habits in the study population at first and last consultation. 
 

 
 

*p < 0.05 
1Differences between the diet group and the control group, analyzed Fisher´s Exact test  
2Pearsons Chi-square  
3Independent samples t test 
DG, Dietary Group; CG, Control Group!
!
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Table 10b. Description of food habits in the study population at first and last consultation.!

 

 
 

*p < 0.05 
1Differences between the diet group and the control group, analyzed Fisher´s Exact test  
2Pearsons Chi-square  
3Independent samples t test 
DG, Dietary Group; CG, Control Group! !
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5.2.2 Lipids  
At baseline and after eight weeks blood samples were obtained for comparisons of lipid levels in 

the DG and the CG. TC (p=0.13), LDL-c (p=0.21), HDL-c (p=0.82) and TG (p=0.91) was 

comparable in the DG and the CG at baseline. Eight weeks after inclusion no significant mean 

differences were observed between the groups for either change in TC (p=0.29), LDL-c 

(p=0.11), HDL-c (p=0.50) or TG (p=0.63) (table 9). Adjusting for baseline values, BMI and BP 

did not change the outcome (table 9). Although, mean percent change in LDL-c from baseline to 

eight weeks follow up was significant higher in the DG compared to the CG (p=0.05) (figure 

17). 

 

Total cholesterol  

Both the DG and the CG showed an average decrease in TC from first to last consultation, but 

only a minor reduction of ~0.1 mmol/L was observed in the CG (p=0.97, data not shown), 

compared to ~0.4 mmol/L reduction in the DG (p=0.04, data not shown). However, no 

significant difference in percent change was observed between the groups from first to last 

consultation (p=0.19).  

 

LDL Cholesterol  

Patients in the DG showed a mean reduction in LDL-c of ~0.5 mmol/L form first to last 

consultation (p=0.001, data not shown), while patients in the CG showed a mean reduction in 

LDL-c of ~0.2 mmol/L (p=0.32, data not shown). These findings correspond with a mean 

percent reduction of 12.6 % and 0.4 % in the DG and CG (p=0.05), respectively.  

 

HDL cholesterol  

HDL-c were on average increased by ~0.05 mmol/L in the DG (p=0.48) and decreased by ~0.02 

mmol/L in the CG (p=0.80) from first to last consultation. There were a mean percent change of 

3.3 % and 2.2 % in the DG and the CG, respectively (p=0.55). 

 

Triglycerides  

A median increase in TG was observe in both the DG and the CG. There was a similar mean 

percent change in TG in both groups [7.1 % and 8.0 % in the DG and the CG (p=0.95), 

respectively]. In spite of the increase in TG, the median TG was still < 1.7 mmol/L in both 

groups at the end of the study.    
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The proportion of patients with hyperlipidaemia was reduced by 56.3 % to 33.3 % in the DG 

from first to final consultation. In comparison, there were no decline in number of cases with 

hyperlipidaemia in the CG (data not shown). A total of 6.3 % and 14.3 % of the patients in the 

DG and the CG, respectively, were classified with combined dyslipidaemia at baseline. At the 

final consultation, the proportion of patients with combined dyslipidaemia was increased to 12.6 

% in the DG, while no cases of combined dyslipidaemia were found among the patients in the 

CG (data not shown).   

 

Figure 17. Percentage change in lipids from baseline to 8 weeks follow-up in the diet- and 
control group.  
 
 

 
Differences between the diet group and the control group, analyzed with independent samples t test  
1Man-whitney U test!!!
 

5.2.3 Blood pressure  
BP was measured at first and final consultation. There were no significant mean differences in 

change in systolic BP or diastolic BP between the DG and the CG after eight weeks follow-up 

(p=0.28, p=0.46) (table 9). Adjusting for baseline values, BMI and BP did not change the 

outcome (table 9). Both groups showed a decline in systolic BP from baseline to the final 

consultation, though a modest reduction was observed in in the DG (1.15 mmHg) In comparison, 

the patients in the CG showed a reduction in systolic BP of 5.53 mmHg. Diastolic BP was in 
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average increased by 0.44 mmHg and decreased by 1.73 mmHg in the DG and the CG, 

respectively.  

 

The BP in the CG patients was consistently higher compared to BP in the DG patients. Six out of 

15 patients in the CG were classified as hypertensive (systolic BP > 140 mmHg) at baseline, 

compared to 2 out of 16 patients in the DG (p=0.09). After eight weeks follow-up, four of the 

patients in the CG were still classified as hypertensive, while none of the patients in the DG 

were hypertensive at the final consultation (p=0.43).  

 

5.2.4 Inflammatory markers  
Change in inflammation was analysed by use of CRP levels from blood samples at baseline and 

after eight weeks follow-up. No differences were observed in change in CRP from first to final 

consultation, between the DG and the CG (p=0.25) (table 9). Adjusting for baseline values, BMI 

and BP did not change the outcome (table 9). Median CRP was unaltered (2.0 mg/L) from first 

to last consultation in the DG, while a modest increase from median 3.5 mg/L to 4.0 mg/L were 

found in the CG patients after eight weeks.  

 

5.2.5 Body composition  
Information about body composition (FM, fat percent, FFM/LM) was obtained by two different 

methods, BIA and DXA at baseline and at follow up. No significant differences in change from 

baseline to follow up in FM (p=0.07 vs p=0.94)), fat percent (p=0.43 vs p=0.46) or FFM/LM 

(p=0.67 vs p=0.29) were detected between the DG and the CG. Neither was any differences in 

change in body weight (p=0.81) nor BMI (p=0.83) observed between the two groups. Adjusting 

for baseline values, BMI and BP did not change these results. Mean decrease in body weight at 

follow-up was 1.12 kg in the DG, compared to 1.36 kg in the CG. 

 

Fat mass  

According to BMI classification, 37.5 % of the patients in the DG and 86.7 % of the patients in 

the CG, were overweight or obese at baseline (figure 18a and 18b). The BMI algorithm do not 

include sex, age or the distribution of body mass, therefore, the patients were also assessed on 

the basis of their proportion of body fat mass (figure 19a and 19b). Estimated fat percent 

obtained at baseline by use of BIA, classified 37.5 % and 86.7 % of the patients in the DG and 

the CG with overweight or obesity, respectively. In comparison, when fat percentage was 
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estimated by DXA, 43.8 % and 85.7 % of the patients in the DG and CG were overweight or 

obesity at baseline. Using the WHO´s cut off values for waist circumference, 62.5 % and 86.7 % 

of patients in the DG and CG were defined as overweight or obese at baseline, respectively (data 

not shown).  

 

Figure 18 a. Classification of normal weight, overweight and obese patient in the diet group, 
according to BMI 
 

 
BMI, Body Mass Index 
 
 
Figure 18 b. Classification of normal weight, overweight and obese patients in the control 
group, according to BMI 
 

 
BMI, Body Mass Index 
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At baseline 56.3 % and 62.5 % of the patients in the DG were defined healthy based on their 

FM, measured by DXA and BIA, respectively. In comparison, 13.3 % to 14.3 % of the patients 

in the CG had a FM corresponding to a healthy body composition when they were included. 

Depending on whether BIA or DXA were used, an average reduction from baseline to eight 

weeks follow-up in FM of 0.30 kg and 1.13 kg (DG), and of 0.97 kg and 1.85 kg (CG), 

respectively, were observed (table 9). The proportion of patients in the DG classified as 

overweight was decreased by approximately 6 % (independent of measuring by BIA or DXA). 

The patients classified as obese (DG) was unchanged (measured by DXA) and increased by 

approximately 6 % when measuring FM by BIA. Among the patients in the CG, measurements 

obtained by BIA showed a reduction in patients with overweight of 13.4 % from baseline to 

eight weeks follow-up. Patients with obesity was increased by 6.7 % in the CG. An opposite 

outcome was observed for measurements obtained by DXA, where patients with overweight was 

increased by 10.5 % during the study. The proportion of patients in the CG classified with 

obesity was reduced by 11.5 % during the same period.  

 

!
Figure 19 a. Classification of healthy, overweight and obese patients, by body fat ranges, 
measured by BIA.!
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Figure 19 b. Classification of healthy, overweight and obese patients, by body fat ranges, 
measured by DXA.(
!
 

!
DXA, Dual-Energy X-ray absorptiometry  
 
 

Fat free mass/Lean mass 

Mean reduction in FFM/LM, from intervention start, measured by DXA and BIA were estimated 

to be 0.01 kg and 0.8 kg in patients in the DG, and 0.4 kg and 0.7 kg in patients in the CG. The 

proportion of patients classified with low muscle mass, according to FFMI values below the 10th 

percentile (FFMI < 14.1-17.6 kg/m2, depending on age and sex), were 12.5 % (BIA) and 31.3 % 

(DXA) in the DG at baseline (data not shown). In comparison, low muscle mass was present at 

baseline in the CG in 0.0 % (BIA) and 14.3 % (DXA) (data not shown). At eight weeks follow-

up, the corresponding estimates of patients with low muscle mass were 18.8 % (BIA) and 31.3 

% (DXA) in the DG and 0.0 (BIA) and 15.4 % (DXA) in the CG (data not shown).   

 

Correlation between BIA/DXA 

FM was consistently estimated to be somewhat higher when using the DXA method, compared 

to BIA, while FFM/LM were consistently estimated to be lower using DXA compared to BIA. 

The relationship between FM, fat percent and LM measured by DXA compared to BIA, was 

evaluated by using Pearson product-moment correlation coefficient. There was a strong positive 

correlation between the variables, 0.90 > r < 0.98 (data not shown). 
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Sarcopenia  

Figure 20 shows the proportion of patients classified with sarcopenia (women with SMI < 5.75 

kg/m2 and in men < 8.50 kg/m2) in each group. The classification of sarcopenia was based on 

measurements obtained by BIA and DXA. There were no differences in change in estimated 

SMM (obtained by BIA, p=0.60, obtained by DXA, p=0.52) or SMI (obtained by BIA, p=0.61, 

obtained by DXA, p=0.49) between the groups after eight weeks (table 11).  

 

At baseline, 43.8 % (DXA) and 68.8 % (BIA) of the patients in the DG and 28.6 % (DXA) and 

53.3 % (BIA) of the patients in the CG, were classified with sarcopenia There were no 

significant differences between the two groups in the proportion of patients classified with 

sarcopenia, neither at baseline (DXA, p=0.40, BIA, p=0.40) nor after eight weeks follow-up 

(DXA, p=0.69, BIA, p=0.90) (data not shown). The proportion classified with sarcopenia, was 

consistently higher based on measurements obtained by BIA, compared to measurements 

obtained by DXA. This can be due to the estimates of TSMI, which are based on different 

equations depending on whether DXA or BIA has been used as measuring method.  

 

Table 11. Estimated total skeletal muscle mass and skeletal muscle index (based on 
measurements obtained by BIA and DXA) in the patients at baseline and after eight wees 
follow-up(
 

 
aDifferences from pre- to post intervention (8 weeks) values, between the groups, analyzed with independent 
samples t test    
bEstimated regressions coefficients          
cEstimated mean group difference values, analyzed with ANCOVA, with BMI, DBP, SPB as covariates  

BIA, Bioelectrical Impedance Analyses; DXA, Dual-Energy X-ray absorptiometry; SMM, Skeletal 
Muscle Mass; BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood Pressure  
!
!
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Figure 20: Percentage of the study population classified with sarcopenia (women with SMI < 
5.75 kg/m2 and in men < 8.50 kg/m2) at baseline and after 8 weeks follow-up. !
  

 
SMI, Skeletal Muscle Index; BIA, Bioelectrical Impedance Analyses; DXA, Dual-Energy X-ray 
absorptiometry 
 

 

Rheumatoid cachexia  

Figure 21 shows the proportion of patients classified with rheumatoid cachexia in each group at 

baseline and after eight weeks follow-up. The patients were classified according to FFMI and 

FMI (data not shown). There was a great disparity in the proportion of patients classified with 

rheumatoid cachexia, depending on whether BIA or DXA were used as measuring method for 

obtaining information about FM, FFM and LM.  

 

In the DG, 12.5 % (BIA) and 31.3 % (DXA) of the patients were classified with rheumatoid 

cachexia at baseline. In comparison, 6.7 % (BIA) and 14.3 % (DXA) of the patients in the CG 

were classified with rheumatoid cachexia. There were no significant differences between the 

groups at baseline (DXA, p=0.40, BIA, p=1.00) or after eight weeks follow-up (DXA, p=1.00, 

BIA, p=0.48) (data not shown).  

 

In total, 22.6 % (DXA) and 9.7 % (BIA) of the included patients were classified with rheumatoid 

cachexia. Of those who were classified with cachexia by BIA, all had a BMI within the normal 

range (18.5-24.9 kg/m2). Of those who were classified with cachexia by DXA, approximately 70 

BASELINE 8!WEEKS!FOLLOWEUP BASELINE 8!WEEKS!FOLLOWEUP

DIET!GROUP!(N=16) CONTROL!GROUP!(N=15)!

68,8 68,8
53,3

66,7

43,8
31,3

28,6
38,5

Proportion((%)(classified(with(
sarcopenia

Sarcopenia!(%),!BIA Sarcopenia!(%),!DXA



!
!

65!

% of the patients had BMI within the normal range, while the remaining proportion of the 

patients had BMI as overweight (25.0-29.9 kg/m2) (data not shown). 

 

Figure 21. Percentage of patients in the intervention group and in the control group, classified 
with rheumatoid cachexia (FFMI 14.7-15.4 < kg/m2 for women and < 17.6-18.4 kg/m2 for men 
and FMI > 5.5-9.3 kg/m2 for women and > 4.0-5.7 kg/m2 for men) at baseline and after eight 
weeks follow-up.!
 

 
FFMI, Fat Free Mass Index; FMI, Fat Mass Index; BIA, Bioelectrical Impedance Analyses; DXA, Dual-
Energy X-ray absorptiometry  
 

5.2.6 Outliers  
One patients in the DG, showed a weight loss of >11 kg during the follow-up period of eight 

weeks. Excluding this person from the analysis did not change any of the outcomes, except a 

significant difference in weight between the two groups at baseline (p=0.03). 
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6!Discussion  
6.1! Discussion of main findings  
Our findings point to that the clinical effects of brief advice are comparable to an extended 

nutritional advice on cholesterol friendly food/diets in patients with IJD. This may be important 

in a clinical setting, with limited resources.  

 !

6.1.1 Diet  
No differences were revealed between the DG and the CG regarding change in SmartDiet score 

(5.1 vs 5.7) after eight weeks follow-up. In addition, the study was successful in improving 

dietary habits (> 3 points increase in SmartDiet score) were obtained by both intervention groups 

(87.5 % and 80 % in the DG and CG, respectively). These findings indicated that even brief, 

standardised advice combined with a written nutritional purchase guide, may be sufficient to 

improve dietary habits in a heart-friendly direction and support the current procedure at the 

Preventive Cardio-Rheuma Clinic, Department of Rheumatology at Diakonhjemmet Hospital, 

where brief advice on heart-friendly diet with a brochure is a part of the standardized routine 

during CVD risk evaluation in IJD patients. After eight weeks, significant differences between 

the groups in choice of heart-friendly food items was revealed, as well as a significantly greater 

change in LDL-C.  

 

There were no significant differences in the mean SmartDiet score between the groups at 

baseline. However, significant more of the DG patients, compared to the CG patients, obtained a 

SmartDiet score between 28 and 35 points at baseline, while more of the CG patients obtained a 

SmartDiet score ≤ 27 points, compared to DG patients at baseline. Thus, the patients in the CG 

might have had a greater potential to make dietary changes compared to DG patients. The effect 

of the dietary interventions may depend on the pre-intervention dietary status. However, 

supplemental analyses, adjusting for baseline SmartDiet score and BMI, did not influence the 

results. The patients in the CG compared to the DG had higher BMI and waist circumference, 

which may be related to a less healthy diet among CG patients. This assumption was further 

supported by a difference in consumption of meat products, where patients in the CG had a 

higher consumption of processed high fat meat (farce/sausage) (33.3 vs 0.0 %) compared to the 

DG. This implies a higher consumption of fat, including SFA by patients in the CG.  
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At the end of the study, further differences in dietary habits were demonstrated between the two 

groups. A higher proportion of CG patients used butter/hard margarine compared to the DG 

patients, while significantly more DG patients used olive oil/liquid margarine/vita. Additionally, 

the use of high fibre content bread was higher in DG compared to CG. On this basis, is it likely 

to assume that patients in the DG consume less SFA and more PUFA and dietary fibre, 

compared to patients in the CG. These observations may indicate a better compliance to the 

dietary advice given by the nutritionist, compared to advice given by the physician. Further 

suggesting a superior effect in dietary changes obtained by a tailored, extended dietary 

counselling compared to a brief advice.  

 

Few studies compare the effectiveness of tailored dietary counselling given by nutritionists and 

brief advice given by physicians. Although, one study compared the effectiveness of receiving a 

general dietary counselling by a physician and an additional detailed counselling by a dietitian 

(6). A total of 136 hypercholesterolemic patients went through a consultation (30 minutes), 

including physical examination and brief dietary advice given by a physician together with a 

written nutritional information. The patients were advised to select lean meat/poultry/fish and 

low-fat dairy products, limit sugar, margarine and egg, and they were encouraged to increase 

consumption of fruits and vegetables. After 3 weeks, 70 of the participants were randomized to 

further two to four additionally dietary sessions (over three months) by a registered dietitian. 

These counsellings included more thorough and precise dietary recommendations. After three 

months, a significantly greater mean reduction in LDL-c was observed in the dietitian group 

compared to the physician group (12 % vs 7 %, respectively). However, the observed effect did 

not sustain after one year (6). The main conclusion from this study may be that the effect on diet 

change and on LDL reduction after advice by dietitian or brief advice from a physician are 

comparable after 1 year, which further supports our results. 

 

Another recently published study investigated the effectiveness of a brief dietary intervention on 

CVD risk factors in 39 patients with hyperlipidaemia (211). The patients received a tailored 

dietary counselling (single session of 45 minutes), mainly based on the MD diet and the 

Portfolio diet (212), combined with a nutritional educational manual (e.g. food guides and 

recipes). Pre to post intervention changes in diet and lipid profile were analysed after six weeks. 

A significant reduction in energy-dense/nutrient poor foods were demonstrated. These results 

further support the suitability of a brief and single dietary counselling.  
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A common feature in these studies, including our own, were that all the patients received some 

kind of written information, in addition to the oral advises and counselling. Of medical 

information communicated by a health professional, 40-80 % is forgotten immediately. In 

addition, about half of what is actually remembered, is misunderstood (213). It is likely that 

patients in our study may have become anxious after the information about their increased CVD 

risk and indication for cholesterol-lowering treatment. Stressed patients have been reported to 

remember less information given by health personnel (213), supporting the importance of 

written material. However, we were not able to assess how much of the observed effect in our 

study that could be attributed to the written information, compared to what was orally 

communicated. It is likely to assume that “Innkjøpsgudien” have been of importance for the 

improvement observed in dietary habits and SmartDiet score.  

 

Professor Ingar Hjermann has been a pioneer within dietary research and prevention of CVD. He 

and his co-workers initiated in the 70s a 5-year intervention trial (The Oslo Diet and 

Antismoking study) where healthy, normotensive 40-49 years old men at high risk of CVD, 

were advised to change diet habits (30 minutes). Primarily through lowering their consumption 

of SFA and increase their intake of PUFA, increase consumption of fish, vegetable products and 

fibre rich bread, while over-weight participants and participants with hypertriglyceridemia were 

advised to reduce total energy-intake, sugar and alcohol consumption as well (153). 

Additionally, the intervention consisted of advice in smoking cessation. There were follow-up 

examinations every 6 months (intervention group) and every 12 months (control group, not 

receiving any dietary counselling), which included a short examination and a registration of diet- 

and smoking habits. During five years TC was on average decreased by 13 % more in men 

which had received dietary advice, compared to the controls. Furthermore, the incidence of fatal- 

and non-fatal MI was reduced by 47 % in the intervention group, compared to the control group 

(153). A 20-year follow-up showed that men in the intervention group still had a more conscious 

approach to diet and lifestyle, and ate less SFA and cholesterol and more PUFA, compared to 

men in the control group (214). This suggests that diet counselling may result in permanent 

change in dietary habits. A recently 40-year follow-up of this study, showed a sustained 

significantly decrease in risk of MI in the intervention group, compared to the control group 

(215). Consequently, the Oslo study demonstrated that making lifestyle interventions, as diet 

counselling, provides evident and lifelong effects. 
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An important component in this study, which may explain some of the successful improvement 

in diet, may have been the involvement of the participants' spouses, because they received group 

based dietary information. Both men and women increasingly share responsibility for the 

household, including cooking, and thus the involvement of spouses may have influenced the 

result. In addition, to obtain a lasting change in dietary habits, involvement of the whole family 

and/or life partner is may be of great importance. Thus, we emphasized in our study that 

generally recommendations in heart-friendly food choices which were given during the extended 

counselling, advantageously also could be followed by the rest of the family. We also 

emphasized that the advices which were given, was meant to be lasting habitual dietary changes 

and not a short-timed diet. 

 

The Oslo Study included a smoking cessation program in addition to dietary intervention. 

Therefore, it was not possible to distinguish between the effect of smoking cessation and change 

in dietary habits on CVD mortality (215). Patients in our study who smoked, were also 

encouraged to quit smoking. However, there was no change in smoking habits in either groups 

after 8 weeks. Therefore, smoking cessation did not influence our results. 

 

For some patients, a brief advice can be sufficient to achieve change in dietary habits and 

lifestyle, as demonstrated in the Oslo study, but obtaining lasting lifestyle changes have often 

shown to be difficult and time consuming (216). To achieve long-lasting dietary alterations, a 

requirement of counselling on several occasions with intensified dietary-and lifestyle guidance 

have shown to be necessary (217) and most studies which have investigated the effect of 

behavioural counselling in improvement of dietary habits and other CVD risk factors, have been 

intensive interventions, often by multiple contacts and sessions (on average 5 to 16) over an 

extended period (on average 9 to 12 months), frequently combined with physical activity and/or 

weight reduction (217).  

 

A previous review showed that medium (31-360 minutes) to high intensity (> 360 minutes) diet 

counselling resulted in improvements of several important CVD risk factors, as reduction in 

levels of TC and LDL-c and decrease in BP after 12-24 months (218). Corresponding findings 

was reported for improvement in diet intake (objectively measures and self-reported dietary 

consumption). Overall, Lin and co-workers concluded that intensive, combined lifestyle 

interventions did not decrease CVD events or mortality at up to 10 years, which is in contrast to 

what was observed in the Oslo study (215). However, results from The Oslo study (219) were 
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not included in this review by Lin and co-workers, because the main outcomes were published 

before 1990 (218).   

 

Despite several of these intensive lifestyle interventions have shown to be effective, many would 

require great resources, which may not be available in current health systems. There is a 

knowledge gap regarding the effectiveness of less intensive counselling in relation to the 

minimum of and/or the duration of sessions needed to obtain alteration in dietary habits which 

have clinically important effects CVD-risk factors (217). However, we have during our study, 

compared the effects obtained by a tailored, extended dietary counselling and a standardized 

brief advice, which has contributed in enlightening these gab. Although, further studies are 

needed. 

 

6.1.2 Lipids 
Cholesterol  

There were no differences in mean change over 8 weeks in either TC, LDL-c or HDL-c between 

the two groups. However, the reduction of both TC and LDL-c were greater in the DG compared 

to the CG and barely significant for LDL-c. These findings insinuate a superior cholesterol-

lowering effect obtained by tailored counselling compared to the effects obtained by 

standardised brief advice, but due to the small sample size, caution in interpretation of the 

findings are needed and further studies are warranted. However, our findings are in accordance 

with previous studies (6, 101, 212). A decrease in TC and LDL-c levels has been associated with 

reduced CVD risk. LDL-c has been considered the major target regarding lipid-lowering therapy 

and has been used as a response marker in most trials with lipid-lowering therapy (220). A 

reduction in LDL-c, corresponding to 1.0 mmol/L, has been associated with a reduction in CVD 

morbidity and mortality by 22 %, even in persons at less than 10 % predicted 5-year absolute 

CVD risk (220). Data from 10 prospective cohorts showed that 10 % reduction in TC, 

corresponded to an average reduction of 0.6 mmol/L, and was associated with 19 % to 54 % 

decreased incidence of ischaemic heart disease, depending on age (221). Heart-friendly dietary 

habits have demonstrated a reduction in LDL-c from 5 % to 30 % (10 % on average) (101, 212).  

 

Although, the response of lipid levels following alterations in dietary habits, also depends on the 

influence of other factors as cholesterol levels before the dietary changes, the cause of increased 

levels of cholesterol, adherence to the dietary modification (222), as well as dietary habits prior 
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to the cholesterol-lowering diet (6). A significant greater proportion of the patients in the DG 

showed a SmartDiet score between 27 and 35 points at baseline, which indicate that more of the 

patients in the DG had a more healthy diet before the study, compared to the patients in the CG. 

Thus, patients in the CG may have had a greater potential for change in diet and thus possibly 

alteration in cholesterol. Despite this, a small reduction in TC and LDL-c was observed in the 

CG. This support a superior cholesterol-lowering effect by an extended counselling with a 

nutritionist compared to standardized brief advice by a physician, which is in accordance with 

what has been reported previously (6).  

 

Nevertheless, the differences observed in mean percentage change in LDL-c levels between the 

two groups may be attributed to a more unfavourable choice of fat sources in the CG. More of 

the patients in this group reported a frequent consumption of butter/hard margarine and lower 

consumption of vegetable oil/liquid margarine, indicating a more unfavourable SFA:PUFA ratio, 

which has been associated with a more adverse lipid profile (223). It is likely to assume that 

patients in the CG consumed less fibre, compared to the patients in the DG, due to the lower 

consumption of wholemeal bread. Fibre has cholesterol –lowering properties (224) and thus high 

dietary fibre consumption has been suggested to be an important dietary constituent in 

prevention of CVD, independent of fat intake (165, 168). Results from a prospective cohort 

study found that replacing 5 % of energy intake from SFA with an equivalent energy intake from 

PUFAs or whole grain was associated with a 25 % and 9 % decrease in CVD risk, respectively 

(170). Overall, epidemiologic observations imply that even small improvements in CVD risk 

factors (e.g. lipid levels) reduce the risk for heart disease and stroke in persons at increased CVD 

risk (225). 

      

Only minor and non-significant alterations were observed in HDL-c in both groups. Although, 

mean percent change revealed that patients in the DG and CG had an increase in HDL-c of 3.3 

% and 2.2 %, respectively. Low plasma levels of HDL-c have been associated with increased 

CVD risk and has been associated with anti-atherogenic properties, mainly through reduced 

reverse cholesterol transport (226). Nevertheless, recent studies have reported that these anti-

atherogenic properties may be independent of the plasma levels of HDL (226) and there is 

currently no distinct evidence that an increase in HDL-C have a protective effect against CVD 

risk (90).  
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Triglycerides  

Despite that no significant differences were observed between the groups in change in TG, both 

the CG and the DG increased their TG levels by 8.0 % and 7.1 %, respectively. This was a 

surprising observation because dietary interventions with replacement of SFA with PUFA have 

been associated with hypotriglyceridemic effects (90). Therefore, our results were in contrast to 

what has been shown in prior dietary interventions (153, 217). Hjermann and co-workers 

demonstrated a 20 % lower fasting TG levels and a 25 % non-fasting TG levels in the dietary 

intervention group, compared to the control group(153). Although, other diet interventions have 

resulted in minor and non-significant changes in TG levels (6).  

 

Several lifestyle factors may influence TG levels. Weight reduction may induce 20 % to 30 % of 

the observed reduction in TG (90). We did not observed any significant weight reduction in our 

study. A high consumption of carbohydrates, notably refined carbohydrates (90) and regular 

consumption of substantial amounts of fructose (> 10 % energy) may increase TG (164). 

Although, only minor changes were demonstrated in consumption of refined foods and 

beverages (sweets, and sweet beverages, including fruit juice and white bread) and can probably 

not explain the observed increase in TG in either groups in our study.  

 

Alcohol consumption is another important component influencing the TG level (227). The 

proportion in the DG which reported alcohol consumption between 8 to 14 units per week, was 

increased at follow-up, compared to baseline (7.1 % vs 21.4 %), while no corresponding changes 

were observed in the CG. On the other hand, there was an increase in the proportion of patients 

in the CG who reported consumption of less than one unit per week. In general, one has to drink 

excessive amounts of alcohol before harmful effects on TG levels would appear. Although, in 

patients with already established hypertriglyceridemia, only small amounts of alcohol could 

cause additional increase of TG level and potentially unfavourable effects (90). Despite the 

increase in TG levels in our study, the levels were still < 1.7 mmol/L in both the DG and the CG, 

which is not associated with any increased CVD risk (90).  

 

6.1.3 Blood pressure  
Hypertension is reported to be prevalent in IJD patients (37 % -73 %) (228, 229). Despite that 

patients with BP >160/100 mmHg were excluded from participating in this study, 25.8 % of the 

recruited patients were still classified as hypertensive (SBP >140), with a greater proportion in 
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the CG than in the DG (40.0 % vs 12.6 %, respectively). This may be seen in context of more 

unfavourable anthropometric measurements and possible a more overall unhealthy lifestyle in 

the CG, compared to the DG. Especially overweight and elevated BMI are correlated with BP 

(230). Nevertheless, after the follow-up, significant less patients were hypertensive in the DG 

compared to the CG. 

 

We observe no significant differences between the DG and the CG in change in SBP or DBP 

after 8 weeks of follow-up. A clinical important reduction in SBP was observed in the CG (5.53 

mmHG), but not in the DG. However, even a small reduction in SBP/DBP (approximately 2 

mmHg/ 1 mmHg) may cause reduction in CVD morbidity and mortality (231). Corresponding 

assumptions has been proposed from epidemiologic data, were a reduction in SBP (2 mmHg) 

has been associated with a decline in risk of CVD by 6 % or a cerebrovascular accident by 16 % 

(225).  

 

A high consumption of sodium is a well-known risk factor for hypertension (232), and sodium 

restriction is therefore frequently included in diet interventions. Reduction in salt consumption 

was discussed with the patients in the DG during their dietary counselling and the patients were 

encouraged to limit use of processed meat and snacks, to choose unsalted nuts and use 

“Nøkkelhullet” as a guide during purchase. However, SmartDiet does not give the opportunity to 

evaluate salt intake, although questions in SmartDiet related to processed meat and snacks (often 

with a high content of salt), may be an indicator of salt consumption.   

 

The proportion of patients, who reported frequent use of processed meat with high fat content, 

was reduced from 33.3 % to 0.0 % in the CG after eight weeks. Concurrently, CG patients more 

often (20.0 %) chose lean cuts for dinner, which indicating a major dietary change. Additionally, 

the proportion who said they ate chocolate/snack/cakes over 3 times per week, was halved in the 

CG, while there was a considerably increase (26.6 %) in the percentage who reported a 

consumption between 0 to 1 times per week. Altogether, these changes in diet may contributed 

to a reduction in salt intake. Equivalent dietary findings were observed in the DG, although, 

corresponding differences in BP were not observed. This may be explained by a significantly 

lower BP at baseline in the patients in the DG, compared to the patients in the CG Adjusting for 

BP, did not influence the results. Forty % of the patients in the CG were hypertensive, compared 

to only 12.6 % of the patients in the DG. In addition, almost 90 % of the patients in the DG were 
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normotensive (SBP ≤ 140 mmHg). In a recent review Kelly and co-workers concluded that 

sodium modification in normotensive patients did not significantly alter BP (233).  

 

Several lifestyle-related factors may affect BP. A review reported a mean reduction in SBP of 

5.0 mmHg by an overall improvement of diet, while interventions of alcohol- and sodium 

restriction reduced SBP by 3.8 mmHg and 3.6 mmHg, respectively, in hypertensive patients 

(234). Most of the diet interventions included in this review also encouraged to weight 

reduction, while others gave advice on exercise as well, which made the interpretations 

challenging (234). The weight reduction observed in our study where not significant in either the 

DG (1.1 %) or the CG (1.7 %), but even weight loss between 0-2.5 % has been reported to 

significantly reduce both DBP and DBP (235). Thus, the possibility that even the minor weight 

reduction in our study may be of clinical importance, and should therefore not be omitted. 

Although, further studies are warranted to elucidate this. 

 

However, Conlin and co-workers demonstrated a significant reduction in BP (SPB: 11.4 mmHg, 

DBP: 5.5 mmHg) in hypertensive participants, receiving a combination diet (DASH) for eight 

weeks, where body weight was held constant (236). The all food and meals were supplied 

throughout the study. Therefore, any habitual behavioural changes were not required. This is a 

limitation for generalising the result to the general population. A Cochrane review recently 

concluded that there was lacking support for individual dietary advice as a method to achieve 

reduction in salt consumption (237). However, it was reported that advice on salt reduction to 

hypertensive persons resulted in a significant mean decrease of 4.14 mmHg in SBP, while no 

significant differences were found in DBP. In normotensive, only a non-significant and minor 

mean reduction was observed in SBP (1.15 mmHg) (237). Corresponding findings are reported 

in a previous review (238), where the effect of giving dietary advice  on reduction of salt 

consumption in general practice were investigated. They concluded that brief advices advice on 

salt-lowering diet were probably not enough to reduce salt consumption, and that more intensive 

intervention was needed (238). This was consistent with later findings reported by Lin and co-

workers who concluded that medium (31-360 minutes) to high-intensity (> 360 minutes) 

combined lifestyle counselling in patients with certain CVD risk factors (including 

hypertension), reduced SBP and DBP by an average of 2.03 mmHg and 1.38 mmHg, 

respectively (218). 
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An increase in consumption of fruit and vegetables is another diet factor that has been associated 

with reduction in BP (102, 236, 239). After the follow-up in our study, there was a substantial 

increase of average intake of fruit and vegetables > 600 g/day by 13 % in both groups. Our 

findings indicate that at least 25 % (DG) and 20 % (CG) of the patients accommodate the 

recommendation of minimum 500 g fruit and vegetables per day. In comparison, only 12.5 % 

(DG) and 6.7 % (CG) did the same before the intervention.  

 

Excessive alcohol consumption is also related to increased risk of hypertension (240) and  

a limited consumption is recommended. We observed an increase in alcohol consumption among 

the DG patients, while the CG patients demonstrated a decrease in consumption after eight 

weeks follow-up. Despite of this, none of the patients in the DG were hypertensive after the 

follow-up, while the proportion of hypertensive patients in the CG was decreased.  

    

6.1.4 Inflammatory markers  
The concentration of CRP in plasma has been considered important in the pathogenesis of the 

development of CVD (241) and has been shown to be an important predictor of CVD death in 

patients with IJD (242). No significant changes in CRP levels was observed between the two 

groups after eight weeks follow-up. Previous studies have shown that dietary intervention may 

affect inflammation, but weight loss seems to be of more importance (243). Findings from an 

RCT in 52 female patients with metabolic syndrome showed that lifestyle changes resulted in a 

mean reduction in CRP level of 58 % after 6 months (244). This study used an intensive lifestyle 

intervention with follow-up sessions several times per week, over a six months period, where 

exercise, nutrition and weight loss were important components. Average weight loss in the 

intervention group was 8.1 %. Because CRP levels has been shown to correlate with BMI and 

obesity (245), the decrease in CRP levels observed in these patients, may be seen in the context 

of their weight-loss. However, there was no significant weight loss in our study.  

 

Several studies have demonstrated anti-inflammatory effects by intake of omega-3 long-chain 

PUFA (n-3 LC-PUFA) (246). RA is one of several inflammatory diseases, where a number of 

trials has been performed with omega-3 long-chain PUFA. Beneficial effects on duration of 

morning stiffness, number of tender/swollen joints, time to fatigue, joint pain or use of NSAIDs 

(247-250) has been reported, in addition to a reduction in production of inflammatory 

biomarkers as eicosanoids and cytokines (79). Such favourable effects are common findings in 
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studies providing high-dose supplementation (2.2 to 5.5 g / day or 30-40 mg / kg) of EPA and/or 

DHA (247-251). Other studies with lower doses of omega-3 fatty acids, have not found similar 

beneficial effects (252). We did not encourage omega-3 supplements in our study, because we 

aimed evaluate the effect of an overall dietary counselling on change in CRP and not investigate 

potential effects of supplementation of single nutrients. It is therefore less likely that the intake 

of omega-3 LC-PUFA have been high enough to provide a noticeable anti-inflammatory effect 

in  our study. The supplementation of cod-liver oil or omega-3 were relatively stable in both 

groups, approximately 40 %, both at baseline and after the follow-up, and was therefore not 

likely affecting the results of this study.   

 

Traditional assays identify elevated CRP concentration in the range 5-300 mg/L (242), while use 

of high-sensitivity CRP assays defines CRP levels of < 1, 1 to 3 and > 3 mg/L as low, moderate 

and high-risk groups for future CVD events (184). In this study the median CRP were measured 

to 2 mg/L, both at baseline and after eight weeks in the DG, while median CRP was increased 

from 3.5 to 4.0 mg/L in the CG after eight weeks. The increase was not statistically significant. 

These values display a relatively low disease activity and systemic load in the patients, despite 

the median CRP values in the DG and CG corresponds with moderate- and high risk of future 

CVD in the general population, respectively. In recent years, new medications have contributed 

to a better disease control and to lower inflammation in IJD-patients (21, 25, 36). The majority 

of patients in this study was treated with potent anti-inflammatory medication as well, which 

may explain the absence of alterations in CRP-levels.  

 

6.1.5 Body composition 
No significant differences were detected in change in FM, fat percent or FFM/LM between the 

DG and the CG, after the period of follow-up. Mean reduction in body weight were 1.12 kg and 

1.36 kg in the DG and the CG, respectively. The dietary intervention was not intending to 

achieve weight loss. Although, it is reasonable to assume that compliance to the given dietary 

advice potentially could result in a weight reduction for several of the patients. Nevertheless, 

weight reduction became a natural part of the conversation with the patients in the DG, who 

were overweight or obese. Despite this, no significant differences in weight reduction was 

observed between the groups.  
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The enrolment of patients lasted from January to June 2016, with the last follow-up in the end of 

August. Yet, over 40 % of the patients were recruited in May and June. A number of the patients 

therefore had their follow-up immediately after, or during their summer vacation. Summer 

vacation consumption habits are commonly different compared to that of the everyday life. The 

level of physical activity may be different during the vacation. It is likely to assume that this 

may have resulted in a lower weight loss than otherwise could be expected and also led to minor 

changes in body composition as well.  

 

The same person (MFG) accomplished the examinations of body composition in both groups, 

who also performed the tailored, extended dietary counselling in the DG at baseline. This may 

have result in an increased attention to diet and focus on nutrition in the patients in the CG, 

although additionally guidance to these patients was not given until the end of the study. The 

knowledge that body composition and body weight would be examined after eight weeks, may 

have motivated for lifestyle changes in both groups. This may account for why no differences in 

body composition were observed between the DG and the CG. 

 

Overweight and obesity  

In general, a high body mass, with a great proportion of body fat, were observed among the 

patients at baseline. Average BMI in both the DG and the CG corresponded to overweight (> 25 

kg/m2). While mean BMI in the CG was close to 30 kg/m2, which corresponds to obesity (74). 

Regardless of whether the patients were classified according to BMI or body fat percentage, 

more than twice as many of the patients in the CG were overweight or obese, compared to 

patients in the DG. These findings may be seen in context of a potentially more unfavourable 

lifestyle among the patients in the CG at baseline, compared to the patients in the DG. A lower 

mean SmartDiet score was obtained in the CG. Additionally, a greater proportion of the patients 

in the CG seemed to be less physical active compared to the patients in the DG. Significantly 

more patients in the DG reported to be physically active more than three times per week (50.0 % 

vs 13.3 %), compared to patients in the CG. 

 

Overweight and obesity is associated with unfavourable metabolic alterations as insulin 

resistance, diabetes and hypertension (253). In this study, mean waist circumferences were ~ 91 

cm and ~ 103 cm in the DG and CG, respectively, which signalled a high degree of abdominal 

adiposity among the patients. The INTERHEART study has demonstrated a strong association 

between waist circumference and risk of MI and concluded that waist-to-hip-ratio may be a 
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better indicator of MI than BMI (254). This may be of especially importance in IJD-patients, 

because an altered and unfavourable body composition not necessarily would be detected by 

assessing BMI (255, 256). RA patients have been shown to have more visceral fat (adipose 

tissue deposited around the mesentery and omentum) compared to non-RA controls, despite  

comparable BMI and waist circumference (198), which is highly associated with increased CVD 

risk (257). Visceral fat promotes secretion of pro-inflammatory cytokines (258), which has been 

hypothesised to stimulate breakdown of muscle mass (203). This condition with concurrently 

decrease in muscle mass combined with increase in FM is in the literature named sarcopenic 

obesity (203). 

 

Muscle mass and sarcopenia 

There is still no standardized clinical definition, diagnostic criteria or treatment guidelines for 

sarcopenia (203). However, three consensus papers have proposed a definition, which all include 

either the combination of low or loss in muscle mass in combination with low muscle strength 

(e.g. handgrip) or muscle performance (e.g. walking speed) (259, 260). In our study, neither 

muscle strength nor performance was measured. Therefore, the evaluation of sarcopenia was 

examined according to cut-off values for SMI (SMI < 5.75 kg/m2 (women) and < 8.50 

kg/m2(men)) (204), based on calculated estimates of total SMM, determined after examination 

of body composition by BIA and DXA. 

 

Due to lack of agreement in diagnostic criteria, a variety of prevalence of sarcopenia has been 

reported (261). However, RA patients are more likely to be sarcopenic compared to age-matched 

controls (196, 197). Similar findings have been reported in patients with SpA (195). In our study 

there was a large discrepancy in the proportion of patients classified with sarcopenia at baseline 

(43.8 % to 68.8 % in the DG vs 28.6 % to 53.3 % in the CG), depending on whether DXA or 

BIA were used in examination of body composition. The BIA examinations consistently 

demonstrated a higher proportion of patients with sarcopenia. This large range in prevalence of 

sarcopenia may be seen in context of the calculations of SMM, which were derived from two 

different, but validated equations (193, 194). Age, height and sex were included in both 

equations, while whole body impedance and appendicular lean soft tissue (ALST) (the sum of 

the LM in the limbs) were included in the determination of SMM, based on BIA and DXA, 

respectively. The large divergence in prevalence of sarcopenia was a challenge in interpretation 

of the results. 
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Examination by BIA showed a general a higher LM compared to DXA, there was therefore 

unexpected greater proportion of the patients classified with sarcopenia by BIA compared to 

DXA. The validity of these results may therefore be uncertain. In comparison, a lower 

proportion of the patients in both groups were classified with low muscle mass (207). The 

proportion of patients defined by low muscle mass, were as expected, consistently higher by use 

of DXA compared to BIA. Nevertheless, the results indicate that sarcopenia is a current 

condition among the patients in this study, regardless method. This is an important observation 

which supports previous findings that sarcopenia is a prevalent problem in IJD patients (195, 

197). 

 

Rheumatoid cachexia  

The characteristic condition with the combination of increased FM and decreased muscle mass, 

is in the literature referred to as rheumatoid cachexia (262), although both sarcopenia and 

cachexia result in loss of muscle mass. It may therefore be difficult to distinguish in clinical 

practice between the two - sarcopenia and rheumatoid cachexia. Sarcopenia is a multifactorial 

condition, which is influenced by factors such as age, sedentary lifestyle and malnutrition, but 

additionally also by inflammatory diseases, such as IJD (202). In comparison, cachexia is 

described as a complex metabolic syndrome with primary illness and inflammation as the 

underlying main components (202).  

 

Nevertheless, at present there is neither a consensus in determinable methods for identifying 

patients with rheumatoid cachexia (256), nor specific cut-off values for diagnosis (81), but 

Engvall et al. (200) and Elkan et al. (207) have defined rheumatoid cachexia by different criteria. 

This lack of agreement results in a wide range in reported prevalence, from of 10 % (263) to 67 

%. (264).  Elkan and co-workers reported a prevalence of 18 % and 26 %, in women and men, 

respectively (207). However, it is reasonable to assume that studies conducted in recent years, 

have reported a lower prevalence of rheumatoid cachexia, as a consequence of better treatment 

options for patients with IJD. 

 

Thus, our findings at baseline, where in accordance with previously reported prevalence of 

rheumatoid cachexia. However, twice as many cachectic patients were observed in the DG as in 

the CG, based on examinations obtained by DXA. A lower proportion was classified cachectic 

by BIA, although, still twice as many in the DG. This was as expected because examinations 

performed by DXA consistently demonstrated lower LM and higher FM compared to 
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measurements obtained by BIA, despite the examinations were obtained at the same time under 

similar conditions. The concordance between body composition evaluated by DXA and BIA has 

been examined by several researchers, and it seems to be an agreement that BIA in general 

overestimate FFM and underestimate FM (188, 265-267). Due to practical constraints, BIA is 

often the only available option for body composition assessment in clinical routine practice, but 

the described over- and underestimation should be taken in consideration during evaluations of 

measurements examined by BIA. 

 

Chronic inflammation is associated with activation of the nuclear kappa beta (NF-"#) pathway 

(268), through activation by TNF and IL-1 (269, 270). Such inflammatory biomarker may 

trigger metabolic changes resulting in breakdown of lean tissue and especially muscle mass 

(262), which is the hallmark in cachexia (270). Results obtained from a cross-sectional study 

showed an inverse association between acute phase response and LM in female patients with RA 

(271), which may lead to disability, increased weakness and metabolic abnormalities (201, 272). 

A low muscle mass combined with a reduction in physical activity and an increased sedentary 

lifestyle, will contribute to further reduction of muscle mass, often in combination with 

increased FM (273). Altered body composition (low LM and high FM) have been observed 

among RA patients in several studies (199, 200, 255, 262), and also in early RA (disease 

duration ≤ 12 months) (274). However, contradictionary results in early RA were changes in LM 

and FM over a period of 2 years were significantly less pronounced compared to changes in age-

and sex-matched controls. New and enhanced forms of medical treatment, including use of 

sDMARDs/bDMARDs and a decline in use of steroids might contribute in maintenance of LM 

in RA patients (275, 276). Even low-dose glucocorticoids have been reported to correlate with 

FM and may contribute in gain of adiposity (277). However, a small proportion (12.9 %) of all 

the patients in our study was treated by prednisolone, while a greater proportion was treated by 

sDMARDs (51.6 %) and bDMARDs (67.7 %). Yet we observed a large proportion of patients 

with an unfavourable body composition, particularly in terms of high FM, either alone or in 

combination with low LM/FFM.  

 

Inadequate nutrition has been shown not to be a contributing factor in the development of 

rheumatoid cachexia (275), although a variety of amino acids supplementation have been tested 

in reversing cachexia in RA patients (278). Dietary intake among RA patients seems to be 

adequate, considering protein- and energy intake, and is reported not to be distinct from healthy 

controls (262, 279). Inflammation has been associated with an increased resting metabolism in 
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RA patients, which may cause cachexia (280).  However, due to lower physical activity and a 

reduction in LM, total energy expenditure seems to be lower in RA patients compared to healthy 

controls (281), which also suggest a reduction in total energy requirement. To our knowledge, 

little research have been accomplished in this field, but it is not unlikely that patients suffering 

from rheumatoid cachexia may have a greater protein requirement than the general population, 

despite of a lower overall energy requirement. 

 

6.2! Methodological considerations  
6.2.1 Study design  
In this RCT we have investigated whether a tailored, extended dietary counselling on 

cholesterol-lowering and heart-friendly diet had comparable effect on change in diet and other 

CVD risk factors, as a standardized brief advice on cholesterol-lowering diet. The participants 

were recruited from the Preventive Cardio-Rheuma Clinic, Department of Rheumatology at 

Diakonhjemmet Hospital from January to June 2016.  

 

Measuring the outcomes of nutritional intervention can be challenging, and it is important to be 

aware of the limitations that are present in the collection of dietary information by 

questionnaires. Recall bias will potentially cause in low accuracy and lead to an incomplete and 

mistaken description of the person’s dietary habits, e.g. through incorrect estimation of 

frequency of food consumption by the responder (172). SmartDiet was used to evaluate changes 

in dietary habits in the participants. The questionnaire has been used in other studies (282, 283) 

and has also become a model in development of a Canadian Version questionnaire (284). How 

healthy and heart-friendly the diet was, were assessed by a total score ranged from 15 to 45 

points, where a sum score < 27 points assumed as least healthy and > 35 points as most healthy 

(181). Because of this wide range, an increase of at least 3 points has been set as premise to 

denote an improvement in diet. These assumptions are based on an inverse correlation showed 

between sum SmartDiet score and intake of SFA, but the assessment of point score has never 

been documented (181). Nevertheless, the questionnaire has been validated against a 7-day 

“weighed food consumption record” (181). Yet there are some limitations. There will always be 

a risk that the patients answered the questionnaire according to how they wished they ate or 

according to what they thought was the "right" answer, instead of reporting what they actually 

used to eat. In this study, the patients had access to guidance by a nutritionist when answering 

the questionnaire, which may have increased the risk of pleasing bias (172). 
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Weight and body composition were measured at baseline and after eight weeks follow-up. Thus, 

it is likely to assume that this may have influenced the participants' motivation to make lifestyle-

related changes, both in diet and physical activity. Most of the participants returned to the 

outpatient clinic a second time, for DXA-measurements. This may have been regarded as an 

additional "follow-up session" and reminded the patients about their dietary advice and 

increased the awareness of the study participation. This may have contributed in 

counterbalancing possibly differences between the two groups. 

 

There were no standardized guidelines prior to the examination of body composition, which may 

have reduced the validity of the results. Both DXA and BIA have been showed to be sensitive to 

hydration status (285). A high/low consumption of food and/or beverages or level of physical 

activity prior to the examination were not standardised. These could have influenced the validity 

of the results. Although, these factors were considered to be randomly distributed and thus be of 

less importance compared to systematic errors. However, dehydration will give a false low body 

fat percentage and relatively higher LM, while over-hydration will give the opposite effect. Both 

BIA and DXA are reported to be associated with greater errors in examinations of overweight 

persons (285, 286) Additionally, physical limitations that make obese patients too wide to 

receive a whole body DXA scan has also been reported (285). These limitations may have 

affected our results, because a great proportion of the participants were overweight or obese. 

 

Waist circumference was measured by different persons at first and last consultation. Baseline 

measurements were performed by a physician during the medical consultation, in a supine 

position, without specifying a more precise site of the measurement. In comparison, the 

measurements after eight weeks were performed in standing position, at the midpoint between 

the distal border of the lowest rib and the superior border of the iliac, by a nutritionist. 

Measurement of waist circumference at different sites have been reported to affect the detection 

of abdominal obesity (287). Thus,  comparisons and interpretation of these results were 

challenging. 

 

Blood samples were basically obtained fasting and within a week prior to consultation at the 

outpatient clinic. In the cases where this was not performed (n=2) and where it was not possible 

to obtain new samples, the last blood samples from the patient's journal were used in the 

analysis. These blood samples may therefore vary from the actual levels at baseline. Whether the 

patients met fasting for blood sampling or not, were not recorded. Patients who were lacking 
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blood samples when included at baseline, were asked to obtain new samples within the same 

day, even these became non-fasting. These samples may have affected the levels of TG (288). 

 

There is also important to consider that the follow-up period spanned through the summer for a 

large proportion of the participants, which is a time of the year where it is likely to assume that 

several change their dietary habits. This may have contributed in reduced compliance to the 

dietary advice and further a minor effect in lipids, BP, CRP and body composition than probably 

expected. However, there is not likely that this have affected the difference between the groups.  

 

6.2.2 Study population  
A total of 31 participants were included in this study, which was half of what was stipulated (60 

patients) in the protocol. An important reason for the difficultness in recruiting participants may 

be related to the exclusion criteria. A large proportion of the referred patients already used lipid-

lowering (statins) and/or antihypertensive medication. This combined with a limited time (6 

months) available for enrolment explain the relatively low number of patients in the study. 

Although, to obtain 80 % strength, a priori power calculations estimated that a minimum of 13 

patients was necessary in each group. Despite randomization, the small sample size resulted in a 

significant difference between the groups, in BMI, FM and BP at baseline.  

 

However, a strength in this study is the high response rate, only one patients abstained from 

participating in the study, which minimize the risk of extern selection bias and increase the 

generalisability. The high response rate may be due to recruiting patients from an outpatient 

clinic. The patients which were asked to participated, had just been told there was need for 

cholesterol-lowering medication, which for most of the patients were a tough message. Thus, 

there is likely to assume that the possibility to participate in a study where the purpose was to 

lower cholesterol levels through changes in dietary habits, seemed to be a desirable choice too 

many. Another strength was the low missing. No patients were lost to follow-up, although, two 

patients were lacking their last DXA measurement.  

 

It was a higher proportion of patients with RA (51.6%) compared to those suffering from AS 

(25.8%) and PsA (22.6). Because of a female preponderance in RA, the higher proportion of 

women observed (58.1%) was expected. There were no patients with diabetes mellitus in the 

study. This may be seen in context of the exclusion criteria, many diabetic patients use 
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antihypertensive and/or lipid-lowering medications, which made them not suited for 

participating. There was not adjusted for education level or socioeconomic status in this study, 

which is a limitation, though, the hospital has regional responsibility, which make it reasonable 

to assume some heterogeneity in the study population.  

!
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7!Conclusion   
In this following section the answers to the predefined research questions are presented.  
 

1.! Is there a difference in change in diet, assessed by the validated questionnaire 

SmartDiet, between IJD patients receiving an individually tailored, extended 

dietary counselling compared to IJD patients receiving a standardized brief advice 

on cholesterol-lowering and heart-friendly diet, from baseline to eight weeks-follow 

up? 
 

We observed no significant difference in change in diet measured by SmartDiet score 

between patients receiving a tailored, extended counselling versus the controls, who 

received standardized brief nutritional advice, from first to final consultation. However, 

when evaluating the different food groups, patients in the intervention group (DG) 

consumed more “heart-friendly” groceries than controls after 8 weeks, e.g. higher fiber 

consumption and less butter/hard margarine.  
 

2.! Is there a difference in change of lipid levels, CRP or BP between IJD patients 

receiving an individually tailored, extended dietary counselling, compared to IJD 

patients receiving a standardized brief advice on cholesterol-lowering and heart-

friendly diet? 
 

There were no significant differences in change in mean group change in lipid levels, 

CRP or BP between the two groups. However, the mean percentage change in LDL-c 

was significantly higher in the DG compared to the CG. 
 

3.! Does individually tailored, extended dietary information, compared to brief advice 

on cholesterol-lowering and heart-friendly diet, have an impact on body 

composition measured by bioelectrical impedance analysis (BIA) and dual energy 

X-ray absorptiometry (DXA), in IJD patients?   
 

The change in FM, fat percent or FFM/LM measured by BIA and DXA, were not 

significantly different between the intervention group and controls. 
  

4.! Are there any in-between group differences in change of diet, biomarkers (lipids, 

CRP), BP or body composition, in IJD patients receiving an individually tailored, 

extended dietary counseling, compared to IJD patients receiving a standardized 

brief advice on cholesterol-lowering and heart-friendly diet? 
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It was observed a significant improvement in diet measured by SmartDiet score, in both 

the DG and the CG, after 8 weeks of follow-up. Post-intervention test of lipids, showed 

that LDL-c and TC were significantly reduced by in average 0.5 mmol/L and 0.4 

mmol/L, respectively, compared to the pre-intervention tests in the DG. No significant 

reductions in lipids were found in the CG. Patients in the CG had a non-significant, but 

clinically important, reduction in SBP (5.5 mmHg) from first to final consultation. 

Concerning CRP, BP and body composition, no significant changes in-between the 

groups were observed. 

 

 

7.1! Clinical implications and future perspectives  
. 

CVD is the major cause of death in industrialised countries (48). A large proportion of CVD 

events have been shown to be attributable to modifiable risk factors (98). Thus, a heart-friendly 

diet is of importance to prevent CVD morbidity and mortality. The IJD diagnoses are associated 

with an increased risk of CVD (3). However, the effect of dietary advice on various outcomes 

has not previously been investigated in this patient population. In clinical practice it is essential 

to find simple, but functional methods for communicating heart-friendly and cholesterol-

lowering dietary advice to patients with a high risk of CVD. Our results are the first step in the 

evaluation of different approaches to achieve dietary changes in patients with IJD. 

 

At present, the current practice at the Preventive Cardio-Rheuma Clinic at Diakonhjemmet 

Hospital is to give brief advices on heart-friendly diet. Results from this study showed that a 

standardized brief advice, as well as an extended tailored dietary counselling, improved the 

patients’ dietary habits. The tailored counselling seemed to result in dietary habits which 

included less SFA, more PUFA and a higher content of fibre, compared to the dietary habits 

after the brief advice, which all are important components in a heart-healthy and cholesterol-

lowering diet. Furthermore, it appears that the tailored dietary counselling had a superior 

cholesterol-lowering effect, especially concerning LCL-c. The results from our study have not 

provided sufficient evidence to change current clinical practice, considering a small sample size 

and a short follow-up. Further studies are needed to elucidate whether an tailored, extended 

dietary counselling is needed to decrease cholesterol levels over time and have effects on CVD 

outcome in patients with a high risk of CVD.  
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In!a!healthEeconomic!perspective,!it!would!be!an!advantage!if!standardized!and!brief!

cholesterolElowering!dietary!advice,!also!provided!by!other!health!professionals!than!

clinical!dietitians,!proves!effect!on!reduction!in!CVD!risk!factors!and!eventually!CVD!

outcome.!On!the!other!hand,!it!may!be!speculated!that!a!LDLEc!lowering!effect!of!the!

tailored,!extended!dietary!counselling!in!some!patients!will!allow!a!dose!reduction!of!

statins,!with!following!economic!consequences!and!less!dose!dependent!adverse!events.!If!

the!difference!in!the!effect!of!tailored,!extended!dietary!counselling!versus!brief!advice!is!

modest,!it!is!not!likely!that!an!extended!dietary!counsellingwill!be!offered!to!all!patients!

with!IJD,!from!a!healthEeconomical!point!of!view.!Therefore,!it!will!be!of!great!importance!

to!accomplish!additional!research,!with!a!larger!sample!size!and!longer!followEup,!to!

illuminate!which!IJD!patients!that!will!benefit!the!most!from!a!tailored,!extended!dietary!

counselling.  
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Appendix I 
The SmartDiet questionnaire  
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Appendix II 
Study information provided to the participants 
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FORESPØRSEL OM DELTAKELSE I FORSKNINGSPROSJEKTET:  

EFFEKTEN AV KOSTHOLDSINFORMASJON PÅ RISIKOFAKTORER VED HJERTE-
KARSYKDOM HOS PASIENTER MED REVMATISK LEDDSYKDOM  

I forbindelse med at du har revmatisk leddsykdom og er henvist til den Forebyggende Hjerte-Revma klinikken 
for en vurdering av din risiko for fremtidig hjerte-karsykdom, har du fått påvist forhøyet risiko for hjerte-
karsykdom kommende 10 år, og det er indikasjon for forebyggende tiltak. De rådende anbefalinger for 
forebyggende hjerte-karsykdom er å starte med kolesterolvennlig kostholds veiledning før oppstart av 
kolesterolsenkende medikamentell behandling. Du vil derfor bli spurt om å delta i dette studiet hvor vi vil 
undersøke om det er nødvendig med en utvidet versus en kort standardisert informasjon om hjertevennlige 
matvarer/kosthold for å påvirke endring i dine kolesterolverdier, ditt blodtrykk, din 
kroppsmassesammensetning, i tillegg til en betennelsesmarkør kalt C-reaktivt protein (CRP).  

HVA INNEBÆRER PROSJEKTET? 
Det å samtykke i deltagelse til dette prosjektet innebærer at du må besvare et spørreskjema omhandlende 
mat- og livsstilsvaner (SmartDiet) to ganger under besøket på Forebyggende Hjerte-Revma klinikk ved 
Revmatologisk Avdeling her på Diakonhjemmet sykehus. Alle pasientene fyller ut SmartDiet skjema etter 
legekonsultasjonen på den Forebyggende Hjerte-Revma klinikken. Alle pasientene vil få en kort (ca. 3 min) 
standardisert informasjon om kolesterolvennlige matvarer/kosthold med en brosjyre av lege. Deretter vil 
halvparten av pasienten bli trukket ut til å få en utvidet klinisk ernærings fysiologisk samtale/informasjon (ca. 
60 min). 

I tillegg til standard målinger av kolesterol, betennelsesprøver (CRP) og blodtrykk, vil vi på 2 måter måle din 
kroppsmasse sammensetning ved å måle fettprosent og muskel masse. Alle målinger vil bli tatt ved studiestart 
og ved avslutning av studiet etter 8 uker. Etter at SmartDiet spørreskjemaet igjen er besvart ved studiens slutt, 
vil du få en ny konsultasjon hos lege og en klinisk ernærings fysiologisk samtale hvor du vil bli informert om 
resultatene av blodprøver, blodtrykk og kostholds registrering. Du vil så få informasjon om og resept på en 
kolesterolsenkende medisin dersom det er indikasjon for dette. 

I prosjektet vil vi innhente opplysninger om deg, og følgende informasjon vil registreres: alder, kjønn, resultatet 
av spørreskjemaet SmartDiet, blodprøvesvar, blodtrykk, høyde, vekt, BMI, muskelmasse og fettprosent.  

HENSIKTEN MED STUDIET 

Hensikten med studiet er å undersøke om hvilken grad av kostveiledning som nødvendig, dvs om det er 
nødvendig med en utvidet ernæringsfysiologisk samtale/informasjon, eller om det holder med en kort 
målrettet informasjon med brosjyre, for å oppnå endringer i kosthold, kolesterolverdier, betennelse, blodtrykk, 
BMI, muskelmasse og fettprosent. 

VI vil også sammenligne målemetodene for kroppsammensetning: DEXA som er gullstandard og Bioimpedanse 
målemetoden.  

MULIGE FORDELER OG ULEMPER 

Studiedesignet følger rådende anbefalinger for forebyggende tiltak for hjerte-karsykdom. 

Fordeler med å delta i studien er at du vil bli bedre fulgt opp enn ved en vanlig konsultasjon og du vil således ha 
større mulighet for å kunne oppnå en positiv endring av ditt kosthold i retning av mer hjertevennlig. 

Ulempen er at du vil bruke noe mer tid på dette, sammenliknet med en standard konsultasjon. 



Effekten av kostholdsinformasjon på risikofaktorer ved hjerte-karsykdom hos pasienter med 
revmatisk leddsykdom  

Side 2 / 2 (Informasjonsskrivrevmatiskleddsykdom2015 (2)) 

Vi tror at sammenlagt vil fordelen ved studiedeltagelse være større enn ulempene. I tillegg vil du ved å delta 
bidra til økt kunnskap om hvor mye informasjon som er nødvendig for å oppnå gunstig effekt på 
kolesterolverdier, blodtrykk, betennelse og kroppsmasse sammensetning. 

FRIVILLIG DELTAKELSE  OG MULIGHET FOR Å TREKKE SITT SAMTYKKE 

Det er frivillig å delta i prosjektet. Dersom du ønsker å delta, undertegner du samtykkeerklæringen på siste side 
og du vil samtidig godkjenne at blodprøvene tatt av deg før denne lege konsultasjonen og før du signerte 
samtykke om deltagelse kan brukes i denne studien. Du kan når som helst og uten å oppgi noen grunn trekke 
ditt samtykke. Dette vil ikke få konsekvenser for din videre behandling. Dersom du trekker deg fra prosjektet, 
kan du kreve å få slettet innsamlede prøver og opplysninger, med mindre opplysningene allerede er inngått i 
analyser eller brukt i vitenskapelige publikasjoner. Dersom du senere ønsker å trekke deg eller har spørsmål til 
prosjektet, kan du kontakte (Anne Grete Semb, telefon nummer 22454076, Silvia Rollefstad, 
Silvia.Rollefstad@diakonsyk.no, telefon nummer 22454244, eller Sissel Urke Olsen, 
sisselurke.olsen@diakonsyk.no,  telefon nummer 2245 4470, Maria Grorud Fagerhøi, telefon nummer 
97168724,  maria.g.fagerhoi@hotmail.com ) 

HVA SKJER MED INFORMASJONEN OM DEG?  

Informasjonen som registreres om deg skal kun brukes slik som beskrevet i hensikten med studien. Du har rett 
til innsyn i hvilke opplysninger som er registrert om deg og rett til å få korrigert eventuelle feil i de 
opplysningene som er registrert. 

Alle opplysningene vil bli behandlet avidentifisert, dvs uten navn og fødselsnummer eller andre direkte 
gjenkjennende opplysninger. En kode knytter deg til dine opplysninger gjennom en navneliste. Denne 
oppbevares adskilt fra dataene og er nedlåst. 

Prosjektleder har ansvar for den daglige driften av forskningsprosjektet og at opplysninger om deg blir 
behandlet på en sikker måte. Informasjon om deg vil bli avidentifisert og slettet senest 10 år etter prosjektslutt 
(2026).  

OPPFØLGINGSPROSJEKT  

Det er foreløpig ikke planlagt videre oppfølging. Vi ønsker imidlertid å ha muligheten til å ta kontakt med deg 
igjen, dersom dette er aktuelt på et senere tidspunkt. 

SAMTYKKE TIL DELTAKELSE I PROSJEKTET 

JEG HAR MOTTATT INFORMASJON OM PROSJEKTET OG ER VILLIG TIL Å DELTA I PROSJEKTET  

 

Sted og dato Deltakers signatur 

 

 

 

 Deltakers navn med trykte bokstaver 

 

 

Sted og dato……………………………..         Prosjektansvarlig Signatur………………………… 

 

Prosjektansvarliges navn med trykte bokstaver:………………………………………………………………………………. 

mailto:Silvia.Rollefstad@diakonsyk.no
mailto:sisselurke.olsen@diakonsyk.no
mailto:maria.g.fagerhoi@hotmail.com
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Appendix III 
“Innkjøpsguiden” 

 






