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GENERAL INTRODUCTION

RHEUMATOID ARTHRITIS

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease, which affects many
persons (around 1% of the world population), especially females(1). RA is characterized
by (mainly synovial) inflammation, that can occur in any joint and gives rise to symptoms
such as pain, swelling and stiffness(2). The inflammation may also lead to destruction
of bone and cartilage, causing functional limitations, and therefore poses a personal
and socioeconomic burden(3;4). However, advances in anti-rheumatic treatment have
led to a substantial improvement in clinical outcomes and many patients nowadays
reach a state of low disease activity or even remission(5). It is critical to suppress
the inflammation early for a good prognosis. Unfortunately, even with treatment, a
complete cure of the RA is not yet possible(6-8). Therefore, efforts are underway to try
to stop the development of RA before the diagnosis; i.e. in the at-risk phase. Once these
interventions are successful, the primary prevention of RA comes within reach.

THE EVOLUTION OF RHEUMATOID ARTHRITIS

The pathology of RA does not suddenly start with the onset of clinical arthritis, but is
preceded by an at-risk phase with variable symptoms and often autoimmunity before
the appearance of clinical arthritis. There are different phases in the development of
RA, which are presented in figure 1 (from phase A until F)(9). In the first phase there
is an interaction between genetics (A) and environmental risk factors (B). For example,
the frequency of the serotypes HLA-DR4 is higher in RA patients and polymorphisms
on a number of loci are associated with the susceptibility of RA, like protein tyrosine
phosphatase 22 and peptidylarginin deiminase 4(10;11). Even more interesting,
from the viewpoint of intervention, are the environmental risk factors, as these can
potentially be modified. Many environmental risk factors are suggested to contribute
to the development of RA, of which smoking is best documented(8;12-14). The role
of other factors is less clear, such as alcohol, sugar-sweetened beverages or red meat
consumption(15-20). After the exposure to risk factors, a phase of pre-clinical auto-
immunity can sometimes be identified. In phase C the RA autoantibodies, such as
rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP), are produced.
Studies have shown that these antibodies are often present years prior to the onset of
arthritis(21;22). Especially the presence of both RF and anti-CCP is highly specific for the
future development of RA(9). Some inflammatory markers can also be elevated in this
phase, like C-reactive protein (CRP), tumor necrosis factor a (TNF-a) and interleukin-6
(IL-6)(23-27). In phase D symptoms like arthralgia and joint stiffness are present, without
clinical evidence of arthritis. In phase E, patients develop undifferentiated arthritis, and
finally some of these patients enter phase F where classical clinical features of RA are
present. Not all patients pass through all of these phases, and sometimes phases occur
in a different order(8).




CHAPTER 1

Phase A Phase B Phase C Phase D Phase E Fhase F
Genetic Environmental Autoimmunity Sympioms Undifferentiated Rheumatoid
risk factors risk factors arthritis arthritis
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Figure 1. Overview of the preclinical and earliest clinically apparent phases of rheumatoid
arthritis. This figure was published in van Steenbergen et al.(8)

CARDIOVASCULAR DISEASE IN RHEUMATOID ARTHRITIS

Since RA is a systemic autoimmune disease, it also affects other tissues and organs
in addition to the joints, leading to the so-called extra-articular manifestations. These
manifestations are associated with an increased risk of premature death in RA patients.
This increased risk is especially due to the earlier development of cardiovascular (CV)
disease. Of the CV diseases, atherosclerotic disease is the leading cause of death in
RA. In the accelerated development of atherosclerosis, both traditional risk factors and
RA-related factors play a role(28-30). The RA-related factor is the presence of systemic
inflammation, which causes accelerated atherosclerosis by stimulating the accumulation
of lipids in the vessel wall. Besides the direct effect of inflammation on the vessel wall,
inflammation is important in the initiation of atherosclerosis as well as in its further
development(30;31). Some traditional risk factors are common in the development of
both RA and CV disease, like smoking and obesity(32;33). A novel CV risk factor is an
unfavorable body composition, especially an excess of body fat and primarily fat on the
abdomen, which is associated with atherosclerosis(32;34). Compared to the general
population, RA patients more often have a condition called sarcopenic obesity, which is
defined as a loss of skeletal muscle mass, in the presence of a stable or even increased
fat mass (especially on the abdomen) while maintaining a stable weight(35-38). Dual-
energy X-ray absorptiometry (DXA) differentiates between skeletal mass and fat mass,
and might therefore be a more accurate measurement as a CV risk factor than body
mass index (BMI)(39). In addition to atherosclerotic diseases, sudden cardiac death
is two times more common in RA patients, mostly due to cardiac arrhythmias(40-42).
The increased arrhythmia risk is partly due to systemic inflammation, which affects the
myocardial electrophysiology(41;43;44).
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CARDIOVASCULAR RISK

As RA patients have an increased CV risk, CV risk management should be done(45-47).
Different CV risk models were developed for the general population to calculate the 10-
year risk of CV disease, in which features such as gender, age, smoking status, systolic
blood pressure and the total cholesterol: high-density lipoprotein (TC:HDL) ratio are
included(48-50). However, many differences between CV risk models have been found
and these CV risk models do not adequately predict CV-risk in the RA population(51).
In the Netherlands, the Dutch Systemic COronary Risk Evaluation (SCORE) is used in
the Dutch CV-risk management guidelines(48;52). The calculated CV risk category (low,
medium or high risk obtained with the SCORE), the total cholesterol/HDL ratio, low-
density lipoprotein (LDL) and the systolic blood pressure lead to an advice for lifestyle
changes and possibly preventive treatment with antihypertensives and/or statins(52).
In the Dutch SCORE a correction for RA patients is already taken into account, by adding
15 years to the actual age of a patient(48). However, lifestyle changes and CV preventive
medication are naturally not enough to achieve a good result in the treatment of RA
patients, the most important part is to suppress the inflammation(53;54).

PATIENT-REPORTED OUTCOMES

As suppressing the inflammation is important to prevent destruction of the joints as
well as to lower the risk of CV disease, the treatment goal in RA patients is to attain
a state of low disease activity or even remission. This is increasingly achieved with
early initiation of targeted anti-rheumatic treatment(5). However, there are several
definitions of clinical response and remission and different instruments are used
to measure this, which leads to a substantial variation in the proportion of patients
classified as being in remission(55;56). In addition, a disagreement between physician-
perceived and patient-perceived remission is common(57-60). While the physician often
determines remission based on physical examination and laboratory values, patients
have a different perspective(61;62). Previous literature identified three main themes of
patients’ perspective on remission: 1) reduction or absence of symptoms, 2) reduction
of daily impact and, 3) return to normality. The items that are important for patients are
not so much the presence of clinical arthritis, but rather pain, fatigue and sleep(63). The
reduction in symptoms and impact of the disease on daily life would eventually mean
a return to normality. However, the next problem then is the definition of ‘normality’.

12
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AIM AND OUTLINE OF THIS THESIS

This thesis is devoted to the early phase of RA, focusing on three areas: disease
development, cardiovascular comorbidity and remission from the perspective of the
patient.

Partlis divided in two chapters wherein the at risk phase of RAis reviewed, to understand
the processes in the preclinical phase that lead to the development of clinical arthritis.
Chapter 2 focuses on the risk factors for the development of RA and how different risk
factors are combined in risk models for the prediction of RA. Chapter 3 updates the
risk factors for developing RA and focuses on the transition between ‘early RA’ and
‘established RA'. Finally, interventions to prevent the transition from the at-risk phase to
clinical arthritis as well as from undifferentiated arthritis to RA, were reviewed.

With the evolution of RA, a systemic disease, extra-articular manifestations can develop
as well. In Part Il the focus is on CV disease, the major comorbid condition in early
RA patients. The studies that are described in these three chapters were performed
in patients of the early arthritis clinic (EAC) at Reade (formerly the Jan van Breemen
Institute). This ongoing observational cohort started in 1995 and includes patients with at
least one swollen joint, a short duration and no prior treatment with disease-modifying
antirheumatic drugs (DMARDs). In this cohort questionnaires were completed, physical
examinations were performed, radiographs were taken and blood was obtained. After
2008 CV measurements were added to traditional RA measurements, such as an
electrocardiogram (ECG), ankle-brachial index (ABI) measurement, lipid profile and
(whole body) DXA-scans. As an unfavorable body composition is a risk factor for both
CV disease and the development of clinical arthritis, we compared body composition
between patients at the clinical onset of arthritis with the general population in chapter
4, to determine if an unfavorable body composition is already present at the onset of
arthritis. Furthermore, as RA patients have a greater risk of sudden cardiac death, we
determined the prevalence of conduction disorders and traditional CV risk factors in
chapter 5. The final section of this part is about CV risk prediction. As atherosclerosis is
the leading cause of death in RA patients, prevention of a CV disease is very important.
Different CV risk prediction models exist, which determine if lifestyle changes or
preventive treatment for CV diseases are necessary. However, it is unknown when in
the course of RA CV risk management should be applied and which risk model should
be used. Therefore, in chapter 6 we studied if there are changes in CV risk and CV
risk prevention advices between risk models and before and after one month of anti-
rheumatic treatment.

The effect of modern anti-rheumatic treatment on disease activity is described in Part I,
with a focus on patient-reported outcomes (PROs). Disagreement between definitions
of response and remission as well as disagreement about remission between physician
and patient is common. In chapter 7 we determined the frequency of patients that

13
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achieve remission according to the different response and remission definitions, as well
as the agreement between these definitions. The patient’s perspective is increasingly
recognized, but their perspective about determinants of disease activity that they
associate with remission is unknown. Therefore, the disagreement between physician
and patient was also studied in the same chapter. In the patients who were in remission
according to the physician, we determined the differences in clinical variables and PROs
between patients who did or did not perceive themselves as being in remission. As
returning to normality is one of the three major themes of patient-perceived remission,
chapter 8 focuses on this theme. As normality has no accepted definition yet, we
assessed the ability of the normality scale to discriminate between remission and non-
remission states according to the patient and to the American College of Rheumatology
and the European League Against Rheumatism (ACR/EULAR) Boolean criteria.

Finally, in chapter 9 and chapter 10 the findings of this thesis are summarized and
discussed, and implications for future research are given.
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CHAPTER 2

KEYPOINTS

e Risk factors for rheumatoid arthritis (RA) include family history, birth weight,
smoking, silica, alcohol nonuse, obesity, diabetes mellitus, autoantibodies, and
genetic variants.

e  Symptoms, antibodies, and inflammatory biomarkers can be useful in late at-risk
stages, and genetic scores plus environmental factors more useful in early at-risk
stages.

e  Prediction models of RA can help to select candidates for intervention studies.

e The best target populations for screening are relatives of patients with RA and
(seropositive) patients with arthralgia. However, only a minority of persons at risk

can thus be recognized.

e Screening for RA risk is still experimental, because there is no validated screening
tool and no proven therapy to prevent disease.
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INTRODUCTION

Rheumatoid arthritis (RA) on average becomes clinically manifest around the age of
55 years. During the healthy part of life, the risk of future RA is determined by genetic,
reproductive and environmental factors (Fig. 1, green bar). Over time, people at
risk for RA may pass through a phase of autoimmunity, accompanied by subclinical
inflammation, (1) followed by a symptomatic phase, which may last a few months to
several years. In the symptomatic phase, markers of autoimmunity and inflammation
increase before the onset of clinical arthritis.(2) Therefore, prediction can be based on
different characteristics in the asymptomatic phase and in the symptomatic phase.

The expectation that intervening in the preclinical phase of RA could be beneficial is
based on the success of treatment of RA within 1 to 2 years after onset of clinical disease.
(3,4) The new criteria for RA from 2010 with a focus on early signs such as involvement
of even only a few small joints together with serology and acute phase reactants
facilitate treatment in the earliest clinical phase(5,6) and the further characterization
of the preclinical phase offers new opportunities for intervention studies even before
clinically apparent arthritis occurs. Because RA is the most prevalent inflammatory
rheumatic disease, with a high burden for the patient and society, it seems the ideal
candidate rheumatic disease for screening and intervention programs. However, a lot of
steps need to be taken before such programs can be offered to persons at risk.

This article summarizes the present knowledge on risk factors for RA, including genetic,
reproductive, and hormonal factors; environmental exposures; biomarkers; personal
characteristics and symptoms; and how these can be combined in risk models attempting
to increase the accuracy of the prediction of RA. Genetic risk and gene-environmental
interactions are dealt with elsewhere in this issue and are only mentioned here in
relation to their roles in prediction models. Risk scores from such models require further
validation, but could be used to select candidates for intervention studies.

METHODS

We searched the PubMed database on January 29, 2014, for the terms risk, predic-
tion, and development in relation to RA. After excluding articles not directly related
to prediction of RA, such as studies on prevalence, diagnosis, treatment, outcome, or
comorbidities of RA, more than 200 articles remained on this topic after screening 2000
abstracts. Additional articles were added that were found after the search date until
May 1, 2014, by screening rheumatologic journals.
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Environmental factors

Reproductive and +  Smoking, dust
+  Alcohol nonuse
hormonal factors « Obesity .
«  High birth weight «  Hyperiipidemia Infections
o Parity +  Diet e Lung
+  Breastfeeding +  Occupation +«  Gingiva
¢ Age at menarche . Co-morbidity . Gut

o T T T T T TN e T e

Genetic Autoimmunity Arthralgia Arthritis
susceptibility . Q‘;PA
e Ant-CarP
) +
Conception Subclinical
inflammation
. Cytokines

o Interferon activity

Fig. 1. The evolution of RA from health to disease.
ACPA, anti—citrullinated protein antibody; RF, rheumatoid factor, anti-CarP,
anti-carbamylated protein antibodies

RISK FACTORS: THE BUILDING BLOCKS OF PREDICTION

The current evidence on risk factors for RA is summarized in Table 1. Besides the factors
reported in the table, many others have been investigated for their association with the
risk of RA, but these studies have led to negative, inconclusive, or conflicting results.
Among these are variables such as silicone implants(7-9); consumption of coffee,
tea,(10-13) or red meat(13-16); geographic area(17-22); and socioeconomic status.(23-
28)

In contrast, some of the factors that have statistically significant associations with RA
show opposite directions of risk in different studies. Examples of such cases are age at
menarche, breastfeeding, and parity. This uncertainty makes the value of such variables
questionable, even if they have been included in prediction models, as is the case with
parity and breastfeeding in the model by Lahiri and colleagues.(29)

In conclusion, there are not many risk factors with strong and confirmed associations
with RA. Among these are family history of RA, high birth weight, smoking, silica
exposure, alcohol nonuse, obesity, diabetes mellitus, rheumatoid factor (RF), anti—
citrullinated protein antibody (ACPA), and genetic variants such as the shared epitope
(SE) and protein tyrosine phosphatase nonreceptor type 22 (PTPN22).
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Table 1. Overview of evidence on risk factors for the development of RA

Risk Factor Comments

Family history Risk increases with number of affected family members(30-33)
The longer the disease duration and the higher the age of the proband, the
higher the risk(32)
Some studies did not find an association between relatives with RA and risk
of RA(33,34,35)

Genetic factors Around 60 risk loci for RA are known, explaining 16% of total
susceptibility(36)
65% of RA risk is thought to be heritable(36)

Reproductive and  Risk is 2—4 times higher in women(37,38)

hormonal factors A protective effect of oral contraceptives is suggested(38—43)
High birth weight (more than 4 kg) increases risk(25,39)
Lower risk during pregnancy, compensated by an increased risk in the first
postpartum year(40,41)
Complications during pregnancy may be related to a higher risk(42)
Inconclusive or conflicting results for breastfeeding,(29,43—47) age at men-
arche, irregular menstrual cycles and age at menopause, postmenopausal
hormone use,(43,44,48-50) lower testosterone levels,(37,51-53) parity,
age at first childbirth,(29,40-44,50,54,55) low birth weight, and being small
for gestational age(54,56,57)

Environmental Smoking is the most established risk factor(58-61)

factors Smoking interacts with the strongest genetic risk factor (HLA-SE) in a
dose-dependent manner to increase the risk of seropositive RA(62)
Alcohol consumption (even in small quantities) protects(63—-65)
High consumption of olive oil and fish (oil) protects(66—73)
Inconclusive results were found for vitamin D intake and ultraviolet B expo-
sure,(74—-78) antioxidant and trace element intake,(16,68,70,71,79-87) and
exposure to toxic elements(86,87)

Occupations and Farmers, blue collar workers, and hairdressers are at increased risk(88—92)

occupational expo- Silica exposure gives increased risk(90,93)

sures Exposures that could not be related to RA: asbestos, mineral oil, organic
dust, herbicides, insecticides, carbamates, organophosphates, carbaryl, gly-
phosate, malathion,(94—97) and ambient air pollution(98—100)

Infections and Frequent infections may predispose(54,55)

vaccinations One study reported increased risk after influenza vaccination(101)
Risks could not be quantified for: Ebstein-Barr virus infection,(102) hepati-
tis C,(103,104) HIV,(105) Yersinia enterocolitica,(106) mycoplasma,(107) or
Porphyromonas gingivalis infection of the gums,(108,109) and for immuni-
zation (other than influenza)(101,110-114)

Comorbidities Diabetes types 1 and 2(29,115) and inflammatory lung disorders (88,116—
118)increase risk
Schizophrenia is protective(119)

Obesity and the related condition obstructive sleep apnea syndrome in-
crease the risk(13,120-124)

Dyslipidemia is present before RA and predicts RA(125-129)
Other associations, such as for thyroid disease, are inconclusive(130)

table continues
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Risk Factor Comments

Autoantibodies Status and levels of (isotypes of) RF and ACPA associate with RA risk(131—
143)
Higher levels and the combination of RF and ACPA confer a higher
risk(144,145)

Additional predictive ability independent of RF and ACPA was shown for
anti—carbamylated protein antibodies(146) and anti—peptidyl arginine
deiminase type 4 antibodies(147)
Other biomarkers  Several acute phase reactants and cytokines are increased in pre-RA or at-
in blood risk cohorts(1,148-162)
TNF (receptor), cartilage oligomeric matrix protein, and a high interferon
gene score are quantified risk factors(163,164)

Imaging Ultrasonography abnormalities (mainly power Doppler signal) in
seropositive patients with arthralgia were predictive of arthritis at the joint
level in 1 study(165)and at the patient level in another study(166)
Technetium bone scintigraphy is predictive of RA in patients with
arthralgia(167) and can exclude inflammatory joint disease(168)
Macrophage-targeted positron emission tomography predicts arthritis in
ACPA-positive patients with arthralgia(169)

The predictive capacity of MRI in arthralgia is not yet clear(170,171)

Symptoms Predictive symptoms in combination with the presence of autoantibodies:
duration <12 mo, intermittent symptoms, arthralgia in upper and lower
extremities, morning stiffness 1 h, self-reported joint swelling,(145)
tenderness of hand or foot joints, and morning stiffness 30 min(166)

Abbreviations: ACPA, anti—citrullinated protein antibody; HIV, human immunodeficiency vi-
rus; MRI, magnetic resonance imaging; RF, rheumatoid factor; TNF, tumor necrosis factor

PREDICTION RULES: PUTTING THE BLOCKS TOGETHER

In a manner similar to the way clinical characteristics, signs, and symptoms can be
combined to diagnose a disease in a patient, the potential risk factors for a given
disease can be combined by statistical modeling of variables measured in an at-risk
population in order to produce prediction rules. The advantage of such models is that
they clarify the relative impact of the individual variables and quantify the overall risk
for individuals coming from that population. The validity of these models can then be
further confirmed by testing them in other populations.

Recently, several prediction models have been published that attempt to quantify
progression to RA (Table 2). Two of these models were based on large population
studies, of which 1 was designed for investigating other diseases as well. One of these
used clinical characteristics to predict either seropositive or seronegative RA,(29) the
other used the combination of clinical characteristics, autoantibodies, and a genetic risk
score containing multiple genes (see Table 2 for the variables in the models).(172) Both
studies achieve good prediction. However, it is uncertain whether these values can be
reproduced in smaller populations.
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Three other studies investigated the development of RA in ACPA-positive and/or RF-
positive patients with arthralgia.(121,145,166) The patients were partly recruited in
primary care, and partly in the rheumatology clinic. The models were based on clinical
characteristics, symptoms, and antibody characteristics, in 1 study supplemented by
ultrasonographic power Doppler signal (see Table 2).(166) All 3 models provide good
discrimination between persons who do or do not develop RA. However, they require
ongoing validation as other studies select and follow such cohorts of people at risk for
RA. Similar studies from North America designed to predict RA in first-degree relatives
of patients with RA are underway but have not yet gathered enough arthritis cases to
enable the construction of prediction models.(149,173) These studies are hampered by
the low frequency of autoantibodies or of increased biomarkers in relatives of patients
with RA.

Measuring the risk of RA is also a matter of timing. During the early at-risk stage, before
the onset of autoimmunity, clinicians can only measure genetic susceptibility and
environmental factors (see the left part of Fig. 1). The predictive capability of models
in this situation is becoming good, with areas under the curve of 72% to 77% for the
prediction of ACPA-positive RA.(174) However, the measured risk is a lifetime risk,
which makes it an abstract figure for the individual person at risk. Prediction including
a time frame becomes possible nearer to the onset of clinical RA, when the aspects
of symptoms, autoimmunity, and inflammation can be taken into account. In the
Amsterdam risk model, points can be gathered for clinical characteristics, symptoms,
and serology, with more points for high levels of ACPA or positivity for both ACPA and
RF.(145) The more points, the higher the risk and the sooner the onset of arthritis
can be expected (Fig. 2). This prediction reflects studies in pre-RA blood donors, in
which autoantibody levels increase during the 1 to 3 years before the onset of clinical
arthritis.(2,138) In an US cohort of 81 patients with clinical RA from whom stored serum
was available from 1 to 12 years before disease onset, a biomarker profile including
autoantibodies and cytokines was identified that predicts the imminent onset of clinical
arthritis within 2 years.(160) Autoantibody epitope spreading by itself in the preclinical
phase also predicts progression to classifiable RA.(143)

SCREENING STRATEGIES

Many medical, ethical, and economic issues need to be addressed before screening
for risk of future RA can be offered to certain categories of unaffected persons. Basic
requirements for screening groups of people to predict a disease are (1) a defined
population to test; (2) the existence of an asymptomatic (or nonspecific symptomatic)
phase; (3) the availability of a test with good accuracy, low rates of side effects, and low
cost; and (4) the availability of a cost-effective intervention in the at-risk phase. Only the
second requirement of an asymptomatic phase is clearly fulfilled at present. Regarding
items 3 and 4, no single test can identify those at risk for RA and no intervention exists
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with proven efficacy in the at-risk situation.(175,176) All efforts to predict RA and treat
persons with an increased risk for RA are therefore currently regarded as investigational.
The test for RA will eventually be a validated, cost-effective, and accurate prediction
rule that is easy to apply. For comparison, consider the screening programs for colonic
cancer, which have recently been established in several countries. All persons more than
a certain age are offered screening, which leads to huge numbers of colonoscopies. The
high cost of this procedure and the possibility of serious side effects need to be weighed
against the benefit of removing polyps that would cause a high morbidity and mortality
if left unnoticed.

Regarding item 1, careful consideration is needed to decide which population(s) should
be screened or tested. The choices from general to specific are general population,
relatives of patients with RA, persons with musculoskeletal symptoms, or persons with
RA-specific autoimmunity. Because RA is not highly prevalent in most populations, with
the possible exception of North American native peoples,(177,178) at this time it is not
practical to test the general population for RA. Two recognizable target groups then
remain: relatives of patients with RA and persons with musculoskeletal symptoms. The
latter are found both in general practice and in rheumatology clinics. After history taking
and physical examination, it must be decided which patients should proceed to further
testing for RA risk, and which test to use. At present most clinicians use the RF and/or
ACPA test, which are widely available and easy to perform. Except for patients with only
RF positivity just above the reference range, the results give useful information. The
question of who to test in general practice cannot accurately be answered at this time.
This question requires structured longitudinal follow-up of patients in general practice,
or the following of cohorts with clinically suspect arthralgia in rheumatology clinics.

Table 2. Prediction models of RA

First author Cohort; Variables Numbers Results
(ref) and year

Van de Stadt  Seropositive patients Arthralgia: Prediction rule: AUC 0.82 (Cl 0.75—

et al,(145) with arthralgia 374 (131 0.89)

2013 Prediction rule vari- developed Intermediate-risk vs low-risk group:
ables: alcohol consump- arthritis) HR 4.52 (Cl 2.42-8.77)
tion, family history, High-risk vs low-risk group: HR 14.86
symptoms <12 mo, in- (Cl 8.40-28)

termittent, in upper and
lower extremities, VAS
50, morning stiffness

1 h, swollen joints re-
ported by patient, auto-
antibody status

table continues
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First author Cohort; Variables Numbers Results
(ref) and year
de Hair et Seropositive patients Arthralgia: Smoking (ever vs never) and risk ofRA:
al,(121) with arthralgia 55 (15 deve- HR 9.6 (Cl 1.3-73)
2013 Predictive variables: loped arthri- Obesity (BMI 25 vs <25) and risk of
smoking and BMI tis) RA: HR 5.6 (Cl 1.3-25)
Lahiri et European Prospective  Total par- Pack-years smoking in men and risk of
al,(29) Investigation of Cancer, ticipants: IP: HR 1.21 (Cl 1.08-1.37)
2014 Norfolk, United King- 25,455 (184  Seropositive in men and risk of IP: HR
dom developed 1.24 (Cl1.10-1.41)
40-79y IP, 138 devel- Having DM (I or Il) and risk of IP: HR
Prediction rule vari- oped RA) 2.54 (Cl 1.26-5.09)
ables: alcohol consump- Alcohol and risk of IP (per unit/d): HR
tion, smoking, occu- 0.36 (C1 0.15-0.89)
pation, BMI, diabetes Overweight vs normal-weight and risk
mellitus, parity of seronegative IP: HR 2.75 (Cl
1.39-5.46)
Parity 2 vs no children and risk of IP:
HR 2.81 (Cl 1.37-5.76)
Breastfeeding for every 52 wk and risk
of IP: HR 0.66 (Cl 0.46-0.94)
Sparks et al, NHS, United States, RA cases: NHS Seropositive RA (model family
(172) females 30-55y 1625 history, epidemiologic, genetic): AUC
2014 EIRA, Sweden, 18-70y  Controls: 0.74 (C1 0.70-0.78)
Prediction rule vari- 1381 HS Seropositive RA and positive family
ables: family history, history: AUC 0.82 (Cl 0.74-0.90)
alcohol consumption, EIRA ACPA positive RA (model family
smoking, BMI, parity, history, epidemiologic, genetic): AUC
autoantibody status, 0.77 (C1 0.75-0.80)
genetic risk score EIRA ACPA positive RA and positive
family history: AUC 0.83 (Cl 0.76-0.91)
EIRA ACPA positive RA and positive
family history, high genetic suscepti-
bility, smoking and increased BMI: OR
21.73 (Cl 10-44)
Rakieh et al, Yorkshire, United King-  Arthralgia: Power Doppler model: Harrell’s C 0.67
(166) dom 100 (50 de-  (C10.59-0.74)
2014 ACPA-positive patients  veloped RA)  Progression to IA:

with arthralgia
Prediction rule vari-
ables: joint tenderness,
morning stiffness >30
min, high-positive au-
toantibodies, positive

Low risk (O points) 0%
Moderate risk (1-2 points) 31%
High risk (>3 points) 62%

ultrasonographic power
Doppler signal

Abbreviations: AUC, area under the receiver operating characteristic curve; BMI, body mass
index; Cl, confidence interval; DM, diabetes mellitus; EIRA, Epidemiological Investigation of
RA; HR, hazard ratio; IA, inflammatory arthritis; IP, inflammatory polyarthritis; NHS, Nurses
Health Study; OR, odds ratio; VAS, visual analogue scale
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Screening title / abstract on: Pubmed
2950 titles

Inclusion criteria
Articles on prediction or risk of RA

Y

Check full-text on in- and
exclusion criteria

Exclusion criteria

Language other than English 162

Non human studies

Prediction of RA not primary goal of research Check references and
Prevalence and diagnostic studies relevant articles

Studies on genetic risk of RA, treatment,
. 200
comorbidity and outcome

A

Fig 2. Flowchart search strategy
SUMMARY

There is a trend toward increasingly sophisticated prediction models for RA in different
stages of risk. However, further work is needed to combine patient-level information
with the published promising biomarkers into more robust models. For example, mod-
els for relatives of patients with RA, reflecting the early at-risk stage, depend largely on
personal characteristics and genetic risk, whereas models for patients with arthralgia
that reflect the late at-risk stage need to include patient-related and symptom charac-
teristics in combination with biomarkers of autoimmunity and inflammation. In view of
the vague and unspecific first symptoms of many patients who later develop RA, it will
be necessary to better characterize and measure these symptoms in future models.
(179)

However, because much is known about the risks for developing RA, it is already possi-
ble to use this information to design preventive interventions in persons at high risk for
RA. At least in the late preclinical stage, several such interventions are currently being
tested or planned.(180)
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CHAPTER 3

ABSTRACT

Established rheumatoid arthritis (RA) is a chronic state with more or less joint damage
and inflammation, which persists after a phase of early arthritis. Autoimmunity is the
main determinant of persistence. Although the autoimmune response is already fully
developed in the phase of early arthritis, targeted treatment within the first months
produces better results than delayed treatment. Prevention of established RA currently
depends on the success of remission-targeted treatment of early disease. Early
recognition is aided by the new criteria for RA. Further improvement may be possible
by even earlier recognition and treatment in the at-risk phase. This requires the
improvement of prediction models and strategies, and more intervention studies. Such
interventions should also be directed at modifiable risk factors such as smoking and
obesity. The incidence of RA has declined for decades in parallel with the decrease of
smoking rates; however, a recent increase has occurred that is associated with obesity.
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INTRODUCTION

The concept of “established rheumatoid arthritis” (RA) appears to be clear for the
clinician. The picture arises of a patient with a “longstanding disease” that has caused a
certain amount of joint and comorbid damage, and it remains in a fixed state with more
or less active disease. The counterpart is the concept of “early (rheumatoid) arthritis,”
a more fluid state of recent synovitis where everything is still possible, including
spontaneous or induced complete remission. Although the contrasting states are
clear, the transition between them is gradual and less well-defined. It is reasonable to
expect that causative factors for RA also influence the course of the disease, in this case
the progression from early to established RA. For example, anti-citrullinated protein
antibodies (ACPAs) are associated with both the risk of developing RA and the risk of a
severe, unremitting course of RA.

In this chapter, we review risk factors for the development of early RA and for the
transition to established RA. The concept of undifferentiated arthritis (UA) as a separate
entity in a continuum from health to RA is undergoing changes due to new definitions.
Finally, we focus on efforts to prevent RA from occurring (primary prevention) or from
progressing from UA to RA (secondary prevention).

Apart from the uncertainty over the transitions between the different phases of RA,
there is also considerable uncertainty over the question whether rheumatoid arthritis
(RA) is @ modern or an ancient disease. The name RA first appears in the medical
literature in 1876(1), and the first unequivocal description of RA dates from 1631(2).
There is a scarcity of descriptions of the disease in Europe between 1700-1900(3). This,
combined with the fact that evidence of erosions compatible with RA has been found
in ancient skeletons in North America, but not in Europe or the Middle East(4), has led
to the suggestion that RA may be a communicable disease brought to the Old World
after contact with the New World(1). A good candidate factor for such an effect may be
tobacco smoking, a habit imported from the New World that increased tremendously
in the late 19th century followed by a decrease in the second half of the 20th century,
roughly in parallel with changes in the incidence of RA.

RISK FACTORS FOR RA DEVELOPMENT

The risk of developing RA is determined by genetic susceptibility combined with
environmental factors(5, 6). Certain environmental factors operate already early in life,
and they may help to lay the foundation for autoimmunity. In a large part of those
later developing seropositive RA, there is a phase of autoimmunity and subclinical
inflammation, during which another transient cause of inflammation such as an
infection is thought to trigger the onset of clinically apparent disease(7).
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In the following, we present a short overview of genetic and environmental risk factors
for RA, with a focus on recent publications. Due to the preclinical phase that many later
patients go through, biomarkers of autoimmunity and inflammation can also be used
as risk factors or predictors of disease. Recently, several prediction models have been
constructed using information from various cohorts of persons at risk of RA.

Genetic risk factors

Approximately 65% of RA risk has been shown to be heritable, and > 100 risk loci are
now known. Most of these confer a low risk, and together they explain approximately
16% of total susceptibility(8). It has become clear that ACPA-negative and ACPA-positive
disease have a genetically different background (5, 9). The major histocompatibility
complex (MHC) class I, DR beta 1 (human leukocyte antigen (HLA)-DRB1) alleles play
a central role in the genetic risk of “seropositive” (ACPA and/or rheumatoid factor
(RF)-positive) RA, mainly in patients who are ACPA positive(5). Multiple alleles from
this complex are associated with RA, which all share a region of similarity termed the
shared epitope (SE). Besides these, several non-HLA genes have been identified. Most
of the evidence comes from genome-wide association studies (GWAS)(10). Until now,
most GWAS investigating RA have been performed in seropositive individuals with a
European background(10). Recently, a review was published of specific genetic risk in
Asian populations(11). Although most single-nucleotide polymorphisms (SNPs) have
the same effect sizes for developing RA in European and Asian people, some differences
are found, mainly for PADI4 and PTPN22, which are more strongly associated with RA
in Asian populations. Furthermore, the genetic risk in certain high-risk populations of
North American Natives has been described, showing that most of the risk is conferred
by a high prevalence of the SE in this population(12). Evidence is lacking for many other
populations. However, it seems that common SNPs found in ACPA-positive individuals
with a European background also make individuals with a different ethnicity more
susceptible to developing RA(9). This was also shown, to a lesser extent, for ACPA-
negative patients.

A disadvantage of the GWAS method is that the implicated SNPs are not necessarily
causally linked to the development of RA itself. Moreover, until now, they cannot be
used for individual prediction because of their low effect sizes. Most have odds ratios
(ORs) for developing ACPA-positive RA of 1.1-1.2, with a few exceptions having an
individual OR of around 2.0 (e.g., locus 1p13 on the PTPN22 gene, and 6p21 on the
HLA*04 genes)(9).

Genetic risk scores

Given the many involved genes with small effect sizes, genetic risk scores (GRS) have
been developed to help individual prediction of RA by adding up multiple validated
genetic risk loci. In the next step these can be combined with environmental factors
in prediction models. GRS for RA usually take both the number of alleles an individual
possesses and the effect size of the alleles into account. Published GRS prediction
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models for RA, some including environmental factors, are presented in Table 1. In the
case of multiple publications from one cohort, only the last publication is shown.

In summary, these studies show ORs of different models of around 2.0, and a wide
variation of area under the curves (AUC) from a low value of 0.54 to a high value of
0.89 (with the highest values also including clinical parameters). A relatively high
specificity for identifying individuals at risk (75-90%) is unfortunately accompanied
by a very low sensitivity (30-45%). Therefore, apart from the disadvantage of its high
cost, genetic risk prediction is thus still not precise enough to be used in current clinical
practice, even though more and more genetic loci are being discovered. However, a
recent study shows that a GRS plus environmental factors in family members of RA
patients provides enough discrimination to enable the selection of high-risk subjects for
intervention studies(13). To support future research, Nagai et al. have made the open
access database “RAvariome,” which was developed to list all RA-associated genetic
variants and check reproducibility over different ethnicities(14). Their website (http://
hinv.jp/hinv/rav/) also provides a “genetic risk predictor,” which gives the lifetime risk
on developing RA per individual. Unfortunately, as with the different GRS, the timing of
RA development cannot be predicted by using this database.

Table 1. Prediction models for development of rheumatoid arthritis using genetic, clinical and
behavioral (smoking) data

Reference Cohort; variables Numbers Results

van der Early arthritis cohort, the 570 UA Model with genetic loci combined:

Helm Netherlands AUC 0.54 (Cl: 0.48-0.59)

2010(15) Genetic loci: HLA-DRB1 SE Genetic loci and clinical parameter:
alleles, 11 SNPs AUC 0.89 (Cl: 0.86-0.95)
Clinical parameter: smoking

Kurree- EHR cohort, USA 1552 European ancestry:

man ACPA+RA AUC0.71 (Cl: 0.68-0.73)

2011(9) African ancestry:

AUC 0.63 (ClI: 0.56-0.70)
Genetic loci: 1 HLA allele, 29 1504 con- East Asian ancestry:
SNPs trols AUC 0.74 (Cl: 0.59-0.89)

Hispanic ancestry:

AUC 0.66 (CI: 0.56-0.76)

Scott WTCCC and UKRAGG, UK WTCCC/ HLA-SNP model
UKRAGG: WTCCC: AUC 0.80 (Cl: 0.78-0.81)

2013(16) 1516/2623  UKRAGG: AUC 0.76 (Cl: 0.72-0.79)
Genetic loci: 25 HLA alleles, RA HLA-SNP-smoking model
31 SNPs 1647/1500 WTCCC: AUC 0.84 (Cl: 0.81-0.87)
controls UKRAGG: AUC 0.86 (ClI: 0.80-0.91)

Clinical parameter: smoking

table continues
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Reference Cohort; variables Numbers Results
Yarwood  Immunochip Consortium Immuno- Genetic loci combined - Immunochip:
2015(17) Validation in CORRONA chip/ OR 2.0 (CI: 2.0-2.0), AUC 0.74, sens

Genetic loci: 45 SNPs, imput- CORRONA:  35%, spec 91%
ed amino acids at HLA-DRB1  11366/2206 Genetic loci combined - CORRONA:

(11, 71 and 74) and HLA- RA OR 2.0 (Cl: 1.9-2.1), AUC 0.72, sens
DPB1 (position 9) HLA-B ( 15489/1863 30%, spec 92%
position 9) controls Addition of smoking improved the
Clinical parameters: gender, AUC to 0.80, without improving sens
smoking and spec
Sparks NHS, USA (only females) NHS/EIRA:  Genetic loci combined - NHS:
2015(13) Validation in EIRA, Sweden 381/1752 AUC 0.62 (CI: 0.58-0.67)
Genetic loci: 8 HLA alleles, RA Genetic loci and clinical parameters:
31 SNPs 410/1361 AUC 0.74 (CI: 0.70-0.78)
Clinical parameters: family controls Genetic loci combined - EIRA:
history, epidemiologic fac- AUC 0.58 (CI: 0.55-0.60)
tors, HLA-smoking interac- Genetic loci and clinical parameters:
tion AUC 0.69 (ClI: 0.67-0.72)

ACPA= anti-citrullinated protein antibodies, AUC= area under the receiver operating
characteristic curve, Cl= confidence interval (excluding 0,50 means statistically significant
predictive value), CORRONA= Consortium of Rheumatology Researchers of North America
registry, EHR= Electronic Health Records, EIRA= Epidemiologic Investigation of Rheumatoid
Arthritis, HLA= human leucocyte antigen, NHS= Nurses’ Health study, RA= rheumatoid
arthritis, SE= shared epitope, sens= sensitivity, SNPs= single-nucleotide polymorhisms, spec=
specificity, UA= undifferentiated arthritis, UK= United Kingdom, UKRAGG= RA Genetics
Group Consortium UK, USA= united states of America, WTCCC= Wellcome Trust Case Control
Consortium

Environmental and behavioral factors

New risk factors for RA are being found, and systematic reviews have reevaluated
established or controversial risk factors. The present situation is summarized in Table
2(5, 6).

One controversial factor was alcohol consumption, which was shown earlier to be
protective, even in small quantities(6). Two reviews (18, 19) confirmed this protective
effect, although the effect size was small (summary ORs of 0.78 and 0.86, respectively),
and one only found the effect in individuals later developing ACPA-positive RA.
A nonlinear relationship was found in the dose-response meta-analysis. Lu et al.
confirmed the finding that the association between alcohol and less development of RA
was stronger in seropositive women(20). Second, fish consumption (number of servings
per week) was addressed in a systematic review(21). This dose-response meta-analysis
showed an inverse association between fish consumption of one to three servings per
week versus never consumption and the risk of RA, with a relative risk (RR) of 0.76 (Cl:
0.57-1.01) (not statistically significant). Third, the meta-analysis of the consumption of
coffee and tea showed that only the use of coffee was related to RA development.
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The RR of total coffee intake was 1.3 for developing seropositive RA(22). Fourth, much
controversy exists about reproductive factors and sex hormone levels in both women
and men in relation to RA. This holds true for menstrual cycle, parity, pregnancy, age
at menopause, hormone use, and male testosterone levels. More recently published
articles still show varying results, as also reflected in a recent review(23). A publication
that was not included in this review reported that pregnancy complications, namely
preeclampsia, and poor self-rated health during pregnancy were related to a higher risk
of later RA(24). Baydoun et al. investigated reproductive history and postmenopausal
RA, but only found menopausal age below 40 years to confer the risk of RA after
menopause(25). Moreover, no significant relationship could be found between the use
of oral contraceptives and the development of RA in two reviews incorporating a total
of 28 studies(26). Two other publications produced conflicting results of testosterone
levels in men. One did not show a difference between testosterone levels in pre-RA
cases versus controls(27) and the other found lower testosterone levels before the
diagnosis of RF-negative RA(28). Finally, a recent article publishes information about
geographic area and RA incidence, and prevalence and mortality rates(29). Although
the focus was more on the burden of disease, the authors do present data showing
that RA is more prevalent in Northern countries as compared with countries near the
equator.

More focus has been directed lately toward different dietary components and the risk
of RA development. Already in 2004 a review suggested the possible role of diet, but
it could not quantify the risk(30). Recent publications have focused more on different
types of diet. No significant relations could be found for a Mediterranean type diet(31),
a carbohydrate-restricted diet(31) and sodium intake (which only led to a significantly
increased risk when combined with smoking)(32). Interestingly, sugar-sweetened soda
consumption 21 serving/day (compared with <1 serving/month) was significantly
related to the development of both seropositive and late-onset-seropositive RA
(age after 55 years) in women with hazard ratios (HRs) of 1.63 and 2.62, respectively
(corrected for other lifestyle components)(33). The amount of added sugar in these
drinks may contribute to the pathogenesis of RA by inducing obesity, insulin resistance,
and inflammation. In light of the recent rise in obesity prevalence and RA incidence (see
subsequently), this might be an important point of interest, and suggests a possibility to
intervene in the at-risk subjects.

Most environmental risk factors seem to be more related to seropositive than to
seronegative RA. However, obesity was shown to be related mainly to seronegative
RA in most publications(5, 34, 35), with only one report also showing a higher risk of
ACPA-positive RA in women(36). All underline the importance of obesity as a risk factor.
As obesity may be in part related to little exercise, it was hypothesized that regular
exercise protects against RA. This was confirmed by two studies which showed regular
physical activity indeed leads to less RA, and, if it did occur, patients presented with
milder disease(37, 38).
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Besides obesity several other comorbidities have since long been linked to the
development of RA, such as diabetes mellitus and schizophrenia. Recently, two other
diseases have been investigated. Sleep disorders (without sleep apnea) had an HR of
1.45(39) and autoimmune thyroid disease was seen more frequently in RA cases than in
controls (together with more thyroxin substitution before RA development)(40).

The exact mechanism as to how systemic autoimmunity advances into local inflammation
in the joints still needs to be further investigated(7). It is thought that infections
may trigger the onset of clinically apparent disease. Some recent publications have
focused on the presence of infections before RA onset and specific pathogens. Prior
infection-related medical visits and bacterial colonization are shown to predispose the
development of RA, mostly in the year preceding diagnosis(41, 42). However, another
study found a decreased risk of gastrointestinal and urinary tract infections and no
relation for other infections(43). So far, no specific pathogen could be quantitatively
linked to RA development(6). Regarding the related subject of vaccination, only one out
of many studies reported an increased risk <1 year after tetanus vaccination(44).

Finally, de Roos et al. investigated living in the proximity to traffic, ambient air pollution,
and community noise. They found a higher risk of RA when living within 50 m from the
highway (OR 1.37), but they could not relate this to ambient air pollution or noise(45).
In this study, it is good to note that it was not possible to correct for confounding factors
such as low social economic status, nonwhite race, and smoking. Therefore, the results
may be biased. Besides, another study could also not find a relationship between air
pollution and the development of RA(46).

A distinction was made between traditional risk factors, meaning generally accepted
risk factors before at least 4 years ago (most already presented in previous edition of
Best Practice & Research), and the ones receiving more attention over the past years
and generating new insights.

Table 2. Environmental risk factors for development of rheumatoid arthritis

Traditional risk factors

Validated risk factor Comment

Family history 65% of RA risk is thought to be heritable

Female gender Females have 2-4 times higher risk

Ageing Onset usually around sixth decade of life

Smoking One of the main risk factors, dose-dependent risk effect

Lower education level Possibly linked to lifestyle or certain occupations

Silica exposure Industrial exposure: mining, construction, agriculture,
electronics

Pregnancy Increased risk in the year after childbirth

table continues
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Traditional risk factors
Validated risk factor

Comment

High birth weight

>4 kg

Fish oil, olive oil
properties

Protective effect; believed to have anti-inflammatory

Comorbid conditions

Diabetes mellitus type 1 and 2, inflammatory lung diseas-
es, dyslipidemia. Schizophrenia (protective)

New risk factors or new information on known risk factors

Suggested risk factor

Comment

Sugar-sweetened soda

May induce obesity, insulin resistance and inflammation

Obesity

Conflicts about whether it increases risk of both
seronegative and seropositive RA

Physical activity

Associated with less and milder RA

Infections

Frequent infections may predispose, although some con-
tradict this finding, no specific pathogens causally linked
to RA

Sleep disorders

The non-apnea types show higher RA rates later on

Autoimmune thyroid disease

Subsequent RA seems more frequent

Tetanus vaccination

One study reported increased risk <1 year after
vaccination

Recent reviews

Comment

Alcohol consumption

Protective effect, mainly for seropositive RA

Fish consumption

No significant relationship with RA development

Coffee consumption

Coffee consumption gives a higher risk of seropositive RA

Reproductive/hormonal factors

Controversy continues

Use of oral contraceptives

No significant relationship with RA development

Geographic area

RA is more prevalent in Northern countries as compared
to countries near the equator

Inconclusive/conflicting results

Age at menarche and menstrual cycles, parity and age at first childbirth, breastfeeding, oral
contraceptives, postmenopausal hormone use

Periodontitis

Previous blood transfusion

Consumption of coffee and tea, red meat

Ultraviolet B exposure and vitamin D levels, antioxidant and trace element intake, exposure to
toxic elements and air pollution

Silicone implants

Gene-environment interactions and environmental factors influencing each other

A strong interaction exists between smoking and genetic background (namely HLA-
DRB1 alleles)(10). Besides, smoking interacts with autoantibody-positive status, gender
(higherinfluence in males), and consumption of dietary sodium (5, 32) to a lesser extent.
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Furthermore, adding positive family history of RA to genetic risk models increases the
predictive capacity. However, in general, the gene-environment interactions add too
little information to the models to be of clinical use(13).

Autoimmunity and biomarkers

Approximately two-thirds of RA patients test positive for RF and/or ACPA at diagnosis,
underlying their importance in this disease. Other antibodies preceding and predicting
a diagnosis of RA, independent of RF and ACPA status, are anti-carbamylated protein
antibodies and anti-peptidyl arginine deiminase type 4 antibodies(6). The discovery
of new related autoantibody systems may in the future give more insight into the
pathogenesis of RA.

Other blood-based biomarkers such as acute phase reactants or cytokines were not
found to have predictive capacity for RA(6).

Clinical prediction models

Quantifying progression to RA with genetic modeling alone is not ready for clinical use,
as we have shown earlier. Several studies have taken a different approach by using a
combination of clinical characteristics, symptoms, and sometimes imaging findings. The
resulting prediction rules are summarized in Table 3. Validation is still needed for all
models. With this restriction, they can be useful to inform persons with musculoskeletal
symptoms about their risk of arthritis/RA, especially in the presence of RA-related
antibodies.

CHANGING INCIDENCE RATES AND MODE OF PRESENTATION OF RA

In 1979, it was hypothesized that RA as a disease entity would disappear eventually (51).
Currently, more evidence exists of a pattern of rises and falls over the decades. Over the
first half of the 20*" century, no data are available. Alamanos et al. summarized studies
on incidence and prevalence rates of RA (according to the 1987 American College of
Rheumatology (ACR) criteria) from the second half of the 20th century(52). Two out of
the three studies, which evaluated time trends of RA occurrence, reported a declining
RA incidence of 15% and 47% in 1 and 4 decade(s), respectively (1980-1990 in MN, USA,
and 1955-1994 in Finland). In Greece, the incidence remained stable between 1987
and 1995. Studies in Japan and of North American Natives in the USA have also noted
a declining incidence of RA(53, 54). The decline in incidence combined with a shift
toward higher age at the onset of disease has been attributed to a so-called birth cohort
effect(55). This is a term used in social science to describe characteristics of an area
of study over time among individuals who are defined by certain early life influences.
Following generations will benefit or be harmed by these influences of their ancestors,
in this case leading to a decline in RA incidence. However, which specific risk factors
would be implicated in the decline of the incidence has not been specified.

54



HOW DOES ESTABLISHED RHEUMATOID ARTHRITIS DEVELOP

More recent studies in Denmark(56) and Minnesota(57) suggest that the incidence
may be rising again, with annual increases of RA incidence of 6% (1995-2001) and 2.5%
(1995-2007), respectively, remarkably only in women. However, in Finland, a further
annual decline of 2% was seen for RF-positive RA over the period 1980-2000(55). It was
speculated that a combination of environmental changes leading to either increased
risk or loss of protection plays a role in the increasing RA incidence found in the above-
mentioned countries. As alluded to in the earlier text, obesity seems to be an important
emerging risk factor of RA development. Crowson et al. linked the recent increase of
obesity in the population to the higher incidence of RA(58). It was calculated that an
increase in obesity could explain 52% of the increase in the incidence of RA among
women in the period 1995-2007. Also, other factors may play a role, for example, lower
doses of hormones in the oral contraceptives over the years, slower decline of smoking
rates in women compared with men, and more vitamin D deficiency(57).

Another important note about changes in incidence rates over time is that the timing of
the measurement and used RA criteria can vary between studies, and it also depends
on the duration of the study period, mode of presentation, awareness of the disease by
general practitioners, and the delay of referral after symptom onset. In the following,
we describe two of these factors in more detail. First, the new ACR/European League
Against Rheumatism (EULAR) 2010 criteria for RA (see subsequent discussion) are
more sensitive than the earlier criteria, which will probably lead to earlier detection
(and treatment) and thereby affect the measurement of incidence rates in the coming
years(59). Second, within Europe, the variation in the delay of first assessment of RA
patients is substantial, with a median range of 16-38 weeks per center and a difference
atits highest of 34% in seeing patients within 12 weeks of symptom onset(60). This could
partly explain differences of changes in incidence rates across European countries, and
even less is known about such a variation outside Europe.

In conclusion, relevant trends are a steady decrease of worldwide RA incidence during
the period 1955-1995, followed by a recent increase in at least Denmark and the USA,
probably explained in part by changing environmental factors. Furthermore, factors
such as differences in the use of RA criteria and differences in the awareness of RA
across countries can affect the incidence rates over time.

55




CHAPTER 3

Table 3. Clinical prediction models for development of rheumatoid arthritis

First author Cohort; variables Numbers  Results
and year (ref)
van de Stadt  Seropositive arthralgia ~ Arthralgia:  Prediction rule:
2013(47) patients 374 (131 AUC 0.82 (Cl: 0.75-0.89)
Prediction rule vari- developed Intermediate vs low risk group:
ables: alcohol nonuse,  arthritis) HR 4.52 (Cl: 2.42-8.77)
family history, several High vs low risk group:
symptoms, autoanti- HR 14.86 (Cl: 8.40-28)
body status
de Hair Seropositive arthralgia  Arthralgia:  Smoking (ever vs. never) and risk of RA:
2013(48) patients 55 (15 HR 9.6 (Cl: 1.3-73)
Predictive variables: developed  Obesity (BMI 225 vs. <25) and risk of
smoking, BMI arthritis) RA: HR 5.6 (Cl: 1.3-25)
Lahiri European Prospective  Total par- Pack-years smoking in men and risk of
2014(49) Investigation of Cancer, ticipants: IP: HR 1.21 (CI: 1.08-1.37)
UK 25455 Seropositive in men and risk of IP:
Prediction rule vari- (184 de- HR 1.24 (Cl: 1.10-1.41)
ables: alcohol use, veloped IP, Having DM (I or ) and risk of IP:
smoking, occupation, 138 devel- HR 2.54 (Cl: 1.26-5.09)
BMI, diabetes mellitus, oped RA) Alcohol and risk of IP (per unit/day):
parity HR 0.36 (Cl: 0.15-0.89)
Overweight and risk of seronegative IP:
HR 2.75 (Cl: 1.39-5.46)
Parity >2 and risk of IP :
HR 2.81 (Cl: 1.37-5.76)
Breastfeeding and risk of IP:
HR 0.66 (Cl: 0.46-0.94)
Rakieh ACPA-positive arthralgia Arthralgia:  Power Doppler model:
2014(50) patients 100 (50 Harrell’s C0.67 (Cl: 0.59-0.74)
Prediction rule vari- developed Progression to IA:
ables: several symp- RA) Low risk (O points) 0%

toms, high-positive
ACPA, positive ultra-
sound power
Doppler signal

Moderate risk (1-2 points) 31%
High risk (>3 points) 62%

ACPA= anti-citrullinated protein antibody, AUC= area under the receiver operating
characteristic curve, BMI= body mass index, Cl= confidence interval, DM= diabetes mellitus,
EIRA= Epidemiological Investigation of RA, HR= hazard ratio, |IA= inflammatory arthritis, IP=
inflammatory polyarthritis, NHS= Nurses’ Health Study, OR= odds ratio, RA=rheumatoid
arthritis, VAS= visual analogue scale. Reproduced from Turk et al, 2014(6).
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UA, PAST AND PRESENT

The term “UA” suggests that the condition in the patient concerned is in a stage of
transition from an unspecified type of arthritis toward either RA, another arthritis-
associated diagnosis, or spontaneous remission. The incidence of UA ranges from 41
(in Finland) to 149 (in Sweden) per 100.000 adults, and 13-54% of these patients will
eventually develop RA, according to the 1987 ACR criteria(61). In the past, the transition
from UA to RA was equivalent to fulfilling the 1987 ACR criteria for RA(62) after a phase
with arthritis in which these criteria were not yet fulfilled. In practice, this mainly
applied to the progression from oligoarthritis to polyarthritis and/or the development
of erosive disease, as other elements of the criteria set such as RF or nodules do not
often appear in early arthritis, if not present at the first presentation(63). Therefore, the
transition from UA to RA could be viewed as the development of a more severe arthritis
in inadequately controlled early RA, which made this an outcome of interest. The main
predictor of the transition was the ACPA status of the patient(64).

The 2010 ACR/EULAR criteriafor RAaimto increase sensitivity in early disease(65), which
is mainly achieved by a focus on small joint involvement and serology. Thus, a patient
with one swollen finger joint of 6 weeks duration and a high-titer ACPA will already
classify as RA. The consequence is that the subgroup of UA in early arthritis patients is
strongly reduced, and it is now composed mainly of seronegative (oligo-) arthritis. On
average, these “2010 UA” patients will have a milder and more heterogeneous disease
than “1987 UA” patients(66). Although both the 1987 and 2010 criteria for RA are
classification and not diagnostic criteria, the 2010 criteria were specifically developed
for use in early disease, and they reflect the trend among clinicians to diagnose RA
earlier and even in the presence of only a few involved joints.

Just as was the case with 1987 UA patients, a part of 2010 UA patients will remit
and a part will go on to have a severe disease course. In a recent study of three early
arthritis cohorts, the Leiden prediction rule (developed to predict 1987 RA in 1987 UA
patients) and the ACPA status failed to predict the development of 2010 RA in 2010
UA patients(67). New biomarkers are needed that can help to detect the 2010 UA
patients at high risk of disease progression, so that they may be considered for more
aggressive therapy than the remaining UA patients, for whom symptomatic treatment
may be sufficient. An example is anti-CarP antibodies, which were shown to predict
radiographic damage in early ACPA-negative RA patients(68). Next to blood-based
biomarkers, imaging modalities such as ultrasound or magnetic resonance imaging
(MRI) may prove to be useful in this respect(69, 70).
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WHEN DOES EARLY RA BECOME ESTABLISHED RA?

This question gives rise to the suggestion that there is a difference between the
pathology at the beginning of the disease and what is found later on, and that this
distinction has clinical significance. In fact, this is closely related to the concept of a
therapeutic “window of opportunity,” which states that treatment initiated at an early
stage of the disease is more successful than when it is started later on. “Early” would
mean that there is jointinflammation of recent onset, which may at this stage still resolve
without further consequences or at least decrease to a barely detectable minimum, if
treated adequately. “Established” on the other hand would mean the inflammation is
there to stay, more or less pronounced, whatever intervention is applied. Moreover,
the concept of “established” RA will generally include damage to the joints, and diverse
comorbidities with their complications such as osteoporosis or cardiovascular disease,
which may arise as a consequence of the ongoing inflammation.

To begin with, the pathology of RA does not suddenly start around the onset of
clinical arthritis. RA-specific systemic autoimmunity as well as nonspecific subclinical
inflammation occurs in concert on average 5 years before the onset of symptoms(71,
72). During the period of presymptomatic autoimmunity, there is a maturation of
the immune response to citrullinated and carbamylated antigens, which is consistent
with an increasing break of tolerance(73). Thus, the number and levels of different
ACPA specificities increase toward the onset of arthritis; however, there is no further
increase once clinical arthritis has begun(74). Accordingly, the number and type
of ACPA specificities do not differ largely between early and late disease(75). Anti-
immunoglobulin G (IgG) antibodies or RF arise later and less frequently than ACPA, and
they may continue to increase in prevalence after the onset of arthritis(74, 76).

The synovial infiltrate of knee joints of RA patients that had not been clinically
swollen before, nevertheless, showed chronic inflammation(77). In animal models
of RA, inflammation in joint pathological specimens precedes clinically detectable
inflammation. Persons at an increased risk of RA have increased numbers of T-cells in
their knee synovium even if they did not yet have knee symptoms(78), again suggesting
that the transition to chronic inflammation takes place before the onset of clinically
apparent arthritis. Once the symptoms begin, a higher number of recognized ACPA
specificities are associated with a higher rate of transition to clinical arthritis(73). This
means that once a person notices the first symptoms of RA, the pathological immune
response has matured to a large extent, but not completely.

Although the immunological driving processes of RA do not seem to differ between
early and late RA, it is well known that better clinical results can be obtained by treating
RA patients early and aggressively(79). A recent analysis concluded that this window
of opportunity starts to close 4 months after the onset of symptoms(80). This implies
it is still possible during that period to interrupt certain processes perpetuating the
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chronicity of inflammation. One of these could be the total burden of inflammation,
which builds up in the early clinical phase. It is conceivable that once a critical mass of
inflammatory tissue has been reached, it is no longer possible to control it effectively.
This theory is difficult to test, as there is no technique available at present, which can
reliably test the total load of inflammatory tissue in a person.

PRIMARY PREVENTION OF RA

The different stages of RA development offer opportunities for preventive interventions,
varying from (primary) prevention of the development of arthritis in the at-risk phase to
(secondary) prevention of progression from UA to RA or from early to established RA.

The list of risk factors for RA (Table 2) shows that there are several opportunities for
lifestyle changes to help prevent RA. Smoking is the strongest environmental risk factor
for RA, in particular for ACPA-positive RA, and it has been calculated in Denmark and
Sweden that population-wide cessation of smoking would result in more than one-third
less cases of ACPA positive RA(81, 82). Other potentially modifiable factors include
dietary changes, weight reduction and dental care to reduce periodontitis. These are
currently being addressed in the PRE-RA Family Study Boston, which is exploring the
attitudes of family members of RA patients toward a lifestyle intervention based on a
genetic plus environmental risk assessment(83). Participants are randomized to receive
feedback and education concerning their personalized RA risk based on demographics,
RA-associated behaviors, genetics, and biomarkers or to receive standard RAinformation.
Four behavioral RA risk factors are included in the risk estimate: smoking, excess body
weight, poor oral health, and low fish intake. The trial outcomes will be changes in
willingness to alter behaviors. As we learn more about these relations, such information
programs can be refined. At present, the most important advice is for family members
of ACPA-positive RA patients, to refrain from smoking(82).

The concept of primary prevention of RA with drugs has become possible through the
recognition of a prolonged at-risk phase with variable symptoms and/or autoimmunity
before the outbreak of clinical RA. The first clinical trial was a post hoc analysis of the
effect of vitamin E in a study designed to prevent coronary heart disease in the general
population(84). Although the trial was negative the for prevention of both heart disease
and RA, there was a trend toward protection against RF-positive RA. The next study
was a trial of two intramuscular injections of 100 mg dexamethasone or placebo in
ACPA and/or RF-positive arthralgia patients(85). Furthermore, this trial did not affect
the onset of arthritis, although autoantibody levels were suppressed for 6 months.
Meanwhile, trials of rituximab (Prevention of RA by B cell-directed therapy (PRAIRI) trial,
NTR1969; www.trialregister.nl), of abatacept (Arthritis Prevention In the Pre-clinical
Phase of Rheumatoid Arthritis (APIPPRA) trial; www.isrctn.com/ISRCTN46017566)
and of atorvastatin (STAtins in the Prevention of RA (STAPRA) trial; NTR5265; www.
trialregister.nl) in the same patient category are ongoing.
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Some clinicians confronted with seropositive arthralgia patients will try antimalarial
treatment. Apart from being a relatively nontoxic RA remedy, the rationale for this
treatment comes from the experience with antimalarials in the treatment of palindromic
rheumatism, a rather ill-defined syndrome of intermittently occurring peripheral
arthritis. A subgroup of those patients is RF- or ACPA-positive with a tendency to
develop RA(86), and this tendency was found to be markedly reduced in a retrospective
survey in those taking antimalarials(87). Another retrospective study reported a marked
reduction in frequency and duration of attacks in palindromic rheumatism patients
taking chloroquin(88).

In conclusion, no intervention has yet showed an effect in a randomized controlled trial
in the primary prevention of RA. The scarcity of data gives rise to the suggestion that it is
not easy to perform clinical trials in the at-risk phase of RA, and that positive outcomes
are not readily obtained. A major ethical issue with intervening pharmacologically in
this phase, is that persons are exposed to potentially toxic drugs, whereas a part of the
study subjects will never develop RA.

SECONDARY PREVENTION OF RA

One of the explicit goals of the 2010 ACR/EULAR criteria for RA was to facilitate the
performance of trials in early RA(65), in order to make even better use of the window of
opportunity in early disease. The underlying idea was that it would be easier to design
a trial for patients who were classified as RA instead of as UA. Nevertheless, already
before the publication of the 2010 criteria, a number of trials had been conducted with
the intention to prevent the progression of early disease, mostly not classifying as RA
according to the 1987 ACR criteria(62). Part of the outcome measures of these trials
was a reduction of the transition of UA to RA, which means that a successful outcome
could be regarded as secondary 1987 ACR criteria prevention of RA.

The results of the PROMPT study of methotrexate to prevent progression of UA to RA
(1987 criteria) and its long-term follow-up showed less progression to RA, but only in
ACPA positive patients and only as long as the treatment was continued(89). Other trials
in early oligoarthritis or UA have noted some transient benefit from treatment with
intramuscular (STIVEA trial) or intraarticular corticosteroids compared to placebo or
nonsteroidal anti-inflammatory drugs(90, 91). However, the Stop Arthritis Very Early
(SAVE) trial observed that the development of 1987 RA was not delayed by intramuscular
glucocorticoid treatment in oligoarthritis patients(92).

Biologics have also been tested for this indication. Three months of infliximab did
not prevent progression to 1987 RA after 1 year(93). Six months of abatacept slightly
reduced the progression of UA to 1987 RA from 67 to 46%(94). Abatacept treatment also
had an impact on radiographic and MRI inhibition, which was maintained for 6 months
after treatment stopped. The STREAM study, a trial of aggressive treatment including
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adalimumab aimed at remission versus usual care in oligoarthritis patients, did not
show a better outcome for aggressive treatment, although there was a trend toward
less radiographic damage in the aggressively treated group(95). In a larger two-step
study aiming at early remission of early oligoarthritis or RA (IMPROVED study), similar
rates of remission were achieved after 6 months of 61%. Of those not in remission at 6
months, more patients achieved remission at 12 months with adalimumab than with
conventional disease-modifying antirheumatic drug (DMARD) combination therapy(96).

In conclusion, intervening in the early phase of clinical arthritis with minimal joint
involvement leads to similar remission rates as are found in early RA, and there is not
much evidence supporting the halting of progression from UA to RA. This suggests that
it is not easy to further enhance the benefit of treating RA patients early, by treating
patients with fewer involved joints even earlier in the disease course.

The broader question to what extent the transition to established RA can be prevented
in patients with early RA is answered by the relative but not yet absolute success of
early targeted treatment during the window of opportunity. Secondary prevention
in this case could be defined as the goal of achieving and maintaining remission by
early and aggressive treatment followed by minimization of therapy(97). Spontaneous
remission occurs frequently in early arthritis, especially seronegative arthritis, and only
rarely in established RA (Fig. 1)(61). Patients who achieve early remission can sometimes
maintain their remission for prolonged periods after stopping medication(98). For
patients with established RA in remission, it is less often possible to maintain a drug-free
remission(99, 100). Taken together, it appears that DMARD-free remission can occur
(13-50%), and it is not so rare as previously thought (4-6%). At any rate, there is hope
that by achieving early remission with aggressive therapy, the disease can be controlled
with less total medication in the long run than with milder treatment regimens.

Spontaneous DMARD-free DMARD-free
remission remission remission
T DMARD- DMARD-
Undifferentiated dependent dependent
arthritis remission remission
At risk for / \ Early /' Sa Established /
rheumatoid » rheumatoid rheumatoid —® No remission

arthritis arthritis arthritis

Figure 1. Remission in different stages of rheumatoid arthritis
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SUMMARY

The increasingly successful management of RA now leads to more patients achieving
early and sustained remission, and this will lead to less patients progressing to the
classical state of established RA. A next goal in the management of RA can be the
improved recognition and intervention in the early or even at-risk phase of RA.

Prediction depends on the knowledge of risk factors. Recent advances in the risk
factor assessment of RA include alcohol consumption as a confirmed protective
factor, whereas fish consumption could not be confirmed as a protective factor. New
risk factors are coffee consumption, sugar consumption, sleep disorders, and thyroid
disease, whereas exercise and recent infections have been put forward as protective
factors. Increasingly, risk factors are being combined to establish prediction rules.
Those containing genetic risk plus environmental factors are not yet ready for general
use. However, new prediction rules for arthralgia subjects using clinical characteristics,
serology, and sometimes imaging are quite simple to perform, and they can be used to
inform patients of their risk of RA.

Interestingly, RA incidence seems to have been declining since 1955, when formal
measurements started, at least until the end of the last century. However, recent reports
suggest that the incidence is on the rise again, mainly in seronegative females, and that
this can be ascribed largely to the recent increase in obesity. When comparing trends
in different countries, it becomes necessary to take into account the large variation
between countries in the public and physician awareness of the need to identify RA
early.

The problem of assessing UA has been reduced considerably by the introduction of
the 2010 RA criteria. Many former UA patients can now be classified as RA, leaving a
smaller group of UA patients with more heterogeneous and milder disease. Treating UA
patients early gives results similar to early treatment of RA. In line with the concept of
an early “window of opportunity,” a few studies have attempted to treat patients at an
even earlier stage, before clinical arthritis becomes apparent. These primary prevention
studies with pharmacological interventions have not yet produced positive results.
Although these efforts are continued, the identification of modifiable risk factors for
RA such as smoking, obesity, and lack of exercise should incite physicians to promote
healthy behavior in persons at risk of RA.
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PRACTICE POINTS

e Worldwide RA incidence showed a steady decrease during the period 1955-
1995, followed by a recent increase in at least Denmark and the USA.

e New possible risk factors for the development of RA are non-alcohol use, coffee
consumption, sugar-sweetened soda intake, obesity, physical inactivity, sleep
disorders, and thyroid disease.

e Possible options for primary prevention of RA include dietary changes, weight
reduction and dental care. No drug intervention has proven to be effective in
the prevention of RA.

e With the advent of the 2010 ACR/EULAR criteria, the subgroup of UA in early ar-
thritis patients is strongly reduced, and it contains mainly seronegative (oligo-)
arthritis patients with a mild disease course.

e Secondary prevention of RA is becoming less of an issue due to the high sensi-
tivity of the 2010 ACR/EULAR criteria in early disease, and the tendency to treat
early arthritis rapidly.

RESEARCH AGENDA

¢ Improve prediction models of RA by integrating personal characteristics, symp-
toms and genetic information with new biomarkers.

e  Establish simple prediction aids for different situations, for example, in the gen-
eral practitioner (GP) office, the rheumatology clinic, or the general public.

e  Controlled intervention studies in persons at risk of RA in different stages.

¢ Improved identification of UA with poor prognosis.
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CHAPTER 4

ABSTRACT

BACKGROUND. An unfavorable body composition is often present in chronic arthritis
patients. This unfavorable composition is aloss of muscle mass, with a stable or increased
(abdominal) fat mass. Since it is unknown when this unfavorable composition develops,
we compared body composition in disease-modifying antirheumatic drugs (DMARD)-
naive early arthritis patients with non-arthritis controls and explored the association, in
early arthritis patients, with disease activity and traditional cardiovascular risk factors.

METHODS. 317 consecutive early arthritis patients (84% rheumatoid arthritis according
to 2010 ACR/EULAR criteria) and 1268 age-/gender-/ethnicity-matched non-arthritis
controls underwent a Dual-energy X-ray absorptiometry scan to assess fat percentage,
fat mass index, fat mass distribution and appendicular lean (muscle) mass index.
Additionally, disease activity, health assessment questionnaire (HAQ), acute phase
proteins, lipid profile and blood pressure were evaluated.

RESULTS. Loss of muscle mass (corrected for age suspected muscle mass) was 4-5 times
more common in early arthritis patients, with a significantly lower mean appendicular
lean mass index (females 6% and males 7% lower, p<0.01). Patients had more fat
distributed to the trunk (females p<0.01, males p=0.07) and females had a 4% higher
mean fat mass index (p<0.01). An unfavorable body composition was associated with a
higher blood pressure and an atherogenic lipid profile. There was no relationship with
disease activity, HAQ or acute phase proteins.

CONCLUSION. Loss of muscle mass is 4-5 times more common in early arthritis
patients, and is in early arthritis patients associated with a higher blood pressure and
an atherogenic lipid profile. Therefore, cardiovascular risk is already increased at the
clinical onset of arthritis making cardiovascular risk management necessary in early
arthritis patients.
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INTRODUCTION

Inflammatory arthritis, especially rheumatoid arthritis (RA), is associated with an
increased mortality(1;2) and mainly due to cardiovascular (CV) disease(3-6).

The increased CV risk is attributed to both the presence of inflammation and an
increased prevalence of traditional CV risk factors(7). Atherosclerosis, which may
already accelerate in the preclinical phase of inflammatory arthritis(5), is independently
associated with a high body mass index (BMI)(8;9), more specifically, with an excess of
body fat and especially fat located on the abdomen(10). Therefore, body composition
is a better predictor for CV disease than BMI(9;11;12). Body composition refers to
different compartments of the body, notably fat mass and fat-free mass. Fat-free
mass is also known as lean mass and includes body water, bone, organs, but primarily
muscle(13). Several studies have documented that inflammatory arthritis patients have
an unfavorable body composition compared to healthy controls(14-19). Their condition
comprises a loss of skeletal muscle mass (more than suspected for their age), in the
presence of stable or even increased fat mass (especially on the abdomen), resulting in
a stable weight(20).

This unfavorable body composition is associated with CV comorbidity and a reduced
life expectancy(21), but treat to target therapy did not improve patients’ body
composition, while it did improve disease activity(14;22;23). Therefore, early detection
is important for preventive measures. Currently it is unknown at what point in the
course of the disease an unfavorable body composition develops. Several studies found
an unfavorable body composition several months after diagnosis, but no research has
been performed at the onset of arthritis(14;22). Therefore, the objective of this study
was to compare body composition between patients at the clinical onset of arthritis
with the general population. Exploratory analyses were performed to determine the
relation between body composition with other traditional CV risk factors and disease
factors in early arthritis patients.

MATERIALS AND METHODS

Study population and assessments

The study population comprised a cohort of consecutive patients with early arthritis
from the ‘Early Arthritis Cohort’ at Reade in Amsterdam, The Netherlands. This ongoing
cohort includes patients of 18 years or older, with at least two swollen joints or one
swollen joint with a positive rheumatoid factor (RF) and/or anti-citrullinated protein
antibody (ACPA), a symptom duration of less than 2 years and no prior treatment with
disease-modifying antirheumatic drugs (DMARDs). Patients with a diagnosis of crystal
arthropathy, spondyloarthritis, osteoarthritis, systemic lupus erythematosus, Sjogren’s
syndrome or infectious arthritis were excluded. No exclusion criteria for cardiovascular
diseases were applied. Data were used of patients included from June 2008 until January
2016. Approval was obtained from Ethics Committee of the Slotervaart Hospital and
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Reade, Amsterdam, The Netherlands (project number P0120), and of all participating
patients a written informed consent according to the Declaration of Helsinki was
obtained.

Body composition was measured with the Lunar Dual-energy X-ray absorptiometry
(DXA) (GE Corporate, Madison, WI, USA) before or within one month after starting
treatment. Total body mass, total body fat mass, truncal and fat mass of the arms and
legs were measured, whereas lean mass was used as a surrogate measure of muscle
mass and is reported for the arms and legs (appendicular lean mass)(24). Patients were
interviewed to record details about symptom history, clinical characteristics, medication
use and demographics, and underwent a physical examination. Disease activity was
measured with the tender and swollen joints count of 28 joints and the Disease Activity
Score of 28 joints with ESR (DAS28-ESR) was calculated, and physical functioning was
measured by the health assessment questionnaire Disability Index(HAQ-DI)(24;25).
Blood pressure was assessed once and measured according to the standard hospital
procedures. Laboratory assessments consisted of erythrocyte sedimentation rate
(ESR), RF, ACPA, and lipid profile (total cholesterol (TChol), triglycerides, low-density
lipoprotein (LDL) and high-density lipoprotein (HDL)- levels).

Control group and assessments

Early arthritis patients were matched with non-arthritis controls, from the Rotterdam
Study 11(26) for ethnicity (Caucasian, African or Asian), gender and age (with a range of
+/-3 years) in a 1:4 ratio. The Rotterdam Il open cohort study enrolls people aged 50
years or over and living in the district Ommoord of the city Rotterdam in The Netherlands
and who were willing to participate. No exclusion criteria were applied. The study has
been approved by the medical Ethical Committee of the Erasmus MC, Rotterdam and
all participants provided written informed consent. Enroliment to the Rotterdam Study-
Il started in 2000. 3011 participants of the 4472 invitees were added to this cohort of
which 2739 underwent a DXA scan, therefore representing a good overview of the total
Rotterdam population. In Rotterdam the Lunar Prodigy device (GE Corporate, Madison,
WI, USA) was used to assess body composition. Differences between the iDXA and the
Prodigy device were negligible, hence cross-calibration was not necessary(27;28).

Statistical analyses

Data were analyzed with SPSS Version 21.0 (SPSS, Chicago, lllinois, USA). The body
composition parameters which were used are BMI, fat mass index (FMI, Total body fat
mass [kg]/ length? [m]), percentage of fat distributed to the trunk ((Truncal fat mass
[kg]/ total body fat mass [kg]) x 100%), android to gynoid fat mass ratio (Android fat
mass [kg]/ gynoid fat mass [kg]) and appendicular lean mass index (ALMI, Lean mass of
arms and legs [kg]/ length? [m]). For the definition of obesity, the cut offs of Gallaher et
al. were applied (see Table 1)(29). From the literature no cut off values for a more than
average loss of muscle mass suspected for age were available for our study population.
Baumgartner et al. defined sarcopenia (low muscle mass for age) as appendicular
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skeletal muscle mass [kg/ height? [m?]] more than two standard deviations (SD) below
the mean of a young reference group(30). However, our patients and control group had
a mean age of 61 years, therefore we defined our own cut offs with the values of the
control group. Cut off was determined on the mean minus two times the SD (see Table
2), separated for gender and divided in three ages categories: 50-59 years, 60-69 years
and 70 year and older, as progressive loss of muscle mass occurs with advancing age(30).
Linear and logistic regression analysis were performed to measure the difference in
body composition in early arthritis patients and the general population. To correct for
multiple testing, the Benjamini-Hochberg procedure with a false discovery rate of 5%
was applied(31).

Next, exploratory analysis for the association of body composition and traditional risk
factors in early arthritis patients were performed. Patients who used antihypertensives
or statins were excluded for analyzes that involved blood pressure and cholesterol,
respectively. For descriptive purposes mean (SD), median (25-75" percentile) or
percentages were used, where appropriate. Comparisons between groups were
made with unpaired t-tests or nonparametric tests as appropriate. Linear and logistic
regression exploratory analysis were performed to measure the association between
body composition, disease activity and traditional cardiovascular risk factors. Correction
for multiple testing was performed with the Benjamini-Hochberg procedure with a false
discovery rate of 5%.

All results are presented separately for males and females, since gender was an effect
modifier. Results are corrected for confounders (demographics) where appropriate.

Table 1. Definition of obesity, based on cut offs of body fat percentages by Gallagher et al(29)

Males < 60 years Males 60-79 years
Caucasian >29% >31%
African >27% >29%
Asian >29% >29%

Females < 60 years Females 60-79 years
Caucasian >41% >43%
African >39% >41%
Asian >41% >41%

Table 2. Cut off points of ALMI (kg/m?) in non-arthritis controls, for defining a low muscle
mass for age, stratified for gender and age categories (mean minus two times SD)

Number Mean males in kg/m?  Cut off males in kg/m?
50-59 years 198 8.8 (1.0) <6.7
60-69 years 137 8.5(0.9) <6.8
70-85 years 53 8.1(0.8) <6.6

table continues
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Number Mean females in kg/m? Cut off females in kg/m?
50-59 years 453 7.0 (0.9) <5.3
60-69 years 360 6.9 (0.8) <5.3
70-86 years 67 7.0 (0.8) <5.4

ALMI: appendicular lean mass index, n: number, SD: standard deviation
RESULTS

Patient characteristics

A total of 317 early arthritis patients (mean age 61, 69% female) were matched with
1268 non-arthritis controls, see Table 3. Almost all patients were Caucasian; five were
Asian, four African. Most patients (84%) fulfilled the American College of Rheumatology
(ACR)/ European League Against Rheumatism (EULAR) 2010 criteria(32). Mean DAS28
was 5.0 (SD 1.4) points and 67% were seropositive for RF and/ or ACPA, see Table 4.

Table 3. Demographics

Early arthritis patients, n=317 Non-arthritis controls, n=1268
Gender, males 31 31
Age, years 61 (7) 61 (8)
Length (cm) 168 (9) 169 (9)
Weight (kg) 79 (16) 78 (15)

Results are expressed as mean (SD) or percentages.
Cm: centimeters, kg: kilograms

Table 4. Disease activity and traditional cardiovascular risk factors in early arthritis
patients, n=317

Disease activity

DAS28 5.0 (1.4)
SJC28 6 ( 3-10)
TIC28 5 ( 2-10)
ESR in mm/hour 27 (15 - 46)
HAQ-DI 1 (1-2)
Symptom duration, months (3-22)
RF positive 55

ACPA positive 58

NSAID use 36

Traditional cardiovascular risk factors

TChol, mmol/I 5.2 ( 1.0)
Triglycerides, mmol/I 1.2 ( 0.9-1.6)

table continues
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Traditional cardiovascular risk factors

HDL, mmol/I 1.4 ( 0.5)
LDL, mmol/I 3.2 ( 0.9)
TChol: HDL ratio 4.0 (1.3)
Systolic B, mmHg 144 (22)
Diastolic BB, mmHg 84 (12)
Current smoking 25

Statin use 15
Antihypertensive use 27

Results are expressed as mean (SD), percentages, or median (25-75% percentile).

ACPA: anti-citrullinated protein antibody, BP: blood pressure, DAS28: disease activity
score of 28 joints, ESR: erythrocyte sedimentation rate, HAQ-DI: health assessment
questionnaire disability index, HDL: high-density lipoprotein, IQR: interquartile range,
LDL: low-density lipoprotein, mm/hour: millimetre/hour, mmHg: millimetre mercury,
mmol/l: millimole/liter, n:number, NSAID: non-steroidal anti-inflammatory drugs, RA:
rheumatoid arthritis, RF: rheumatoid factor, SD: standard deviation, SIC28: swollen joint
count of 28 joints, TChol: total cholesterol, TIC28: tender joint count of 28 joints

Body composition (Fig 1, Table 5)

Compared to controls, BMI and FMI were 4% higher (p<0.01) in arthritis females, with
a trend for more obesity (p=0.07). The percentage of fat distributed to the trunk was
also higher, but the android and gynoid fat mass ratio was similar. ALMI was 5-7% lower
in both sexes, and a low muscle mass for their age was 4-5 times more common (in
females 5.0% vs 1.3%, and in males 8.2 vs 1.5%, p<0.01)(Table 5 and Fig 1).

Figure 1. Prevalence of a low muscle mass for age in early arthritis patients compared
with non-arthritis controls

Prevalence(%)
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—
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Table 5. Body composition indices of non-arthritis controls (females n=880, males
n=388), and the differences of these indices with early arthritis patients (females n=220,
males n=97), stratified for gender

Mean values Differences for female Mean values Differences for male
for control  arthritis patients, B or OR for control  arthritis patients, B or
females (CI) and p-value males OR (CI) and p-value
BMI 271 (47) 1.0 274  (3.7) -0.3
(0.26-1.70) 0.008* (-1.11-0.61) 0.573
ALMI 70  (0.8) -0.3 86  (1.0) -0.6
(-0.44--0.19) <0.001* (-0.83--0.39) 0.001*
FMI 266 (46) 1.1 274  (3.6) -0.6
(0.38-1.78) 0.003* (-1.45-0.23) 0.154
Androidto 0.5 (0.2) <0.1 08  (0.2) -0.1
gynoid fat (-0.04-0.00) 0.102 (-0.09--0.01) 0.029
mass ratio
Body fat% 39.8 (6.4) 0.9 30.7 (5.5) -0.8
(-0.05-1.92) 0.062 (-2.07-0.47) 0.216
% of fat 494 (6.5) 2.8 576 (5.6) 1.2
distributed (1.83-3.75) <0.001* (-0.11-2.47) 0.074
to the trunk
Obese 38.4 1.3 58 0.8
(0.98-1.78) 0.068 (0.51-1.25) 0.324
Low muscle 1.3 4.2 1.5 5.7
mass for (1.78-9.72) 0.001* (1.94-16.91) 0.002*
age

Results are expressed as mean (SD) or percentages and as beta (B) or odds ratio (OR)
with a 95%-confidence interval (Cl) and a p-value.

ALMI: appendicular lean mass index, BMI: body mass index, FMI: fat mass index,
n=number, RA: rheumatoid arthritis, SD: standard deviation, %: percentages
*significant results at the 0.05 false discovery rate for 18 tests, between arthritis patients
and non-arthritis controls

Lipid levels and blood pressure and the association with body composition in early
arthritis patients.

Forty-six patients were on statins and 87 on antihypertensives and were excluded from
these analyzes. An unfavorable body composition (higher FMI, more fat distributed to
the trunk and more android fat) was associated with an unfavorable lipid profile (see S1
Table). No association between ALMI and lipid levels was found.

A higher FMI and more fat distributed to the trunk were associated with a higher

systolic and diastolic blood pressure. In females a higher ALMI was also related with
higher blood pressures.
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Disease activity and body composition in early arthritis patients

In female patients, a higher ESR was associated with a higher FMI and patients with a
longer symptom duration had more fat distributed to the trunk. In males, no association
between body composition and disease activity was found. However, a longer symptom
duration was related to a higher FMI and ALMI. See S2 Table.

Sensitivity analysis

Analyzes were repeated in patients who did and did not fulfill the ACR/ EULAR
2010 criteria and showed similar results (data not shown). Finally, we found that an
unfavorable body composition was associated with an unfavorable lipid profile and
higher blood pressure in patients without cardiovascular treatment. Therefore, analyses
including patients with statins or antihypertensives were performed, where the same
results were obtained (data not shown).

DISCUSSION

Our study is the first to reveal that an unfavorable body composition is already present
at the onset of inflammatory arthritis. A low muscle mass for age was rare, but
substantially more prevalent in patients than in matched controls. In our patients, these
findings could also be linked to cardiovascular risk factors, regardless of disease activity.
The mechanisms causing an unfavorable body composition in inflammatory arthritis
are incompletely understood. By itself, a loss in muscle mass can result from reductions
in physical activity and hormone levels as well as change in diet, all part of normal
aging(20). This also results in obesity, whereas the mean weight in the general population
is nowadays already high and still increasing(33). Whereas obesity itself is also an risk
factor for the development of arthritis(34). In inflammatory arthritis, pain, fatigue
and joint stiffness further reduce physical activity(35). Cells involved in inflammation
produce pro-inflammatory molecules, like IL-6, that increase muscle metabolism with
subsequent muscle wasting(36). Furthermore, arthritis is associated with an insulin
resistance, which may lead to muscle protein degradation(37).

Our findings are in line with the results observed in established arthritis(16;19).
In established arthritis patients an association between body composition and
glucocorticoid use was found(19;38;39). Only a minority of the arthritis patients
received steroids during a few days. As our population underwent the DXA scan before
or within one month after the start of treatment, glucocorticoid use was of minimum
influence(40). Hence, altogether the influence of steroids appears to be negligible.

In the present study, the number of early arthritis patients with a low muscle mass for
age was low, which might explain that no associations between disease activity and an
unfavorable body composition could be demonstrated. The relation between different
aspects of disease activity and components of body composition were inconclusive.
Nevertheless, a longer symptom duration was associated with an increased FMI and
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ALMI, however due to the small beta coefficients this was not clinical relevant (every one
month increase in symptom duration, was associated with an increase in FMI and ALMI
of 0.04 and 0.01, respectively). Moreover, in females a higher ESR was associated with
an increase in FMI (10 points increase in ESR was associated with a 0.4 points increase
in FMI). However, ESR might not be representative of intramuscular activity, therefore
we recommend for future research to further analyze the association between disease
activity and an unfavorable body composition by extending the measurements with
CRP and IL-6 levels(19).

In early arthritis patients an unfavorable body composition was associated with a higher
blood pressure and higher lipid levels (with lower HDL levels), which is according to
previous literature, similar to the general population(41-43). However, as inflammation
generally leads to a decreased TC and HDL level, but an increased TC:HDL ratio, itis in RA
patients difficult to interpret the lipid levels(44;45). The combination of an unfavorable
body composition, hypertension and an atherogenic lipid profile might be a clustering
of risk factors, known as metabolic syndrome, as overweight is often associated with
hypertension and hypercholesterolemia(46). This association between an unfavorable
body composition and traditional risk factors might help explain the increased
prevalence of CV disease in arthritis patients. Van Halm et al. already showed a more
atherogenic lipid profile in blood donors who later developed RA, which was partly
explained by the presence of inflammation(47;48). There are a number of factors that
are associated with both body composition, lipid profile and blood pressure, including
lifestyle factors such as a diet high in fat, sugar and sodium, insufficient physical activity
and family history(49). Hormones derived from adipose tissue have also been linked
to an increased blood pressure, include leptin and adiponectin(50). As inflammatory
arthritis and CV diseases are multifactorial disorders, overlapping risk factors and a
shared etiology for the development of both diseases have to be considered. Smoking
and metabolic syndrome are important risk factors for the development of both
arthritis and CV disease(51;52). The development of arthritis and CV disease are also,
partially, explained to common susceptibility genes, however must more research on
this area is necessary(52). A suggested shared etiology is periodontal disease which
is generated by microorganisms, like Porphyromonas gingivalis (Pg). In RA patients an
antibody response to Pg is common and Pg also contributes to the pathogenesis of
atherosclerosis(49;53;54). Future studies are needed to determine if an unfavorable
body composition already exists before the onset of arthritis. Hence, DXA scans should
be performed in patients with a high risk for developing RA.

This will further define the optimal moment for a DXA scan and might give clues how we

can prevent this unfavorable body composition, as RA treatment itself does not appear
to improve body composition(14;22;23).

84



AN UNFAVORABLE BODY COMPOSITION

The strengths of this study include a good match with an excellent population cohort,
the large sample size for both males and females. Unfortunately, no widely accepted
definition of a low muscle mass for age exists(55). Nevertheless, both muscle mass and
muscle strength are probably a main component. A limitation of the current study is that
no assessments of muscle strength and physical performance were done. Therefore, we
defined our own definition for sarcopenia low muscle mass for age, based on the muscle
mass of the non-arthritis control group, so our main question could still be answered
as we focussed on the difference between patients and non-arthritis controls. Another
limitation is the possibility of selection bias, as the selection was inherently different
between arthritis patients and non-arthritis controls. The subjects were selected from
different locations, which can give differences in demographics. However, we matched
on age, gender and ethnicity and added the values of body composition after the
matching to limit this bias. Another aspect are the DXA machines that were utilized. The
arthritis patients and the non-arthritis controls are measured in different DXA machines
and the machines were not directly calibrated.

CONCLUSION

In conclusion, unfavorable body composition occurs early in the development of
inflammatory arthritis, and this was associated with an increased CV risk. Therefore, we
suggest that CV risk management should already be initiated at disease onset.
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S1 Table. Linear regression analyses between traditional cardiovascular risk factors and body
composition in early arthritis patients, stratified for gender and corrected for age, smoking
status and NSAID use

Females, n=220

FMI Percentages of fat  Android to gynoid ALMI
distributed to the fat mass ratio
trunk
B B B B
(Cl) and p-value (Cl) and p-value (Cl) and p-value (Cl) and p-value

Systolic BP, 0.08 0.08 <0.01 0.01
mmHgf  (0.04-0.13) <0.001* (0.03-0.13) 0.004*  (0.00-0.00) 0.003* (0.00-0.02) 0.004*
Diastolic 0.16 0.12 <0.01 0.02
BP, mmHgt (0.10-0.23) <0.001* (0.04-0.21) 0.004*  (0.00-0.01) 0.003* (0.01-0.03) 0.008*
Total Cho- -0.12 1.18 0.03 -0.09
lesterol, (-0.90-0.66) 0.759  (0.27-2.09) 0.012*  (0.01-0.06) 0.003* (-0.23-0.04) 0.168
mmol/IT
Tri- 0.98 4.06 0.12 -0.02
glycerides, (-0.47-2.44) 0.182 (2.42-5.70) <0.001* (0.08-0.16) <0.001* (-0.26-0.22) 0.847
mmol/It
HDL, -2.37 -3.18 -0.09 -0.31
mmol/It  (-4.2-0.61) 0.009* (-5.27--1.01)  (-0.14--0.04) <0.001* (-0.62-0.00) 0.050

0.003*
LDL, 0.31 1.46 0.04 -0.03
mmol/It (-0.54-1.17)0.472  (0.47-2.45) 0.004* (0.02-0.06), 0.001* (-0.18-0.12) 0.732
TChol: HDL 0.38 1.47 0.04 0.03
ratiot (-0.25-1.01) 0.234 (0.76-2.19) <0.001* (0.02-0.06) <0.001* (-0.08-0.13) 0.649
Males, n=97

FMI Percentages of fat Android to gynoid ALMI
distributed to the fat mass ratio
trunk
B B B B
(Cl) and p-value (Cl) and p-value (Cl) and p-value (Cl) and p-value

Systolic BP, 0.06 0.06 <0.01 0.01
mmHg*  (-0.01-0.12)0.071 (-0.03-0.15)0.182  (0.00-0.01) 0.137  (-0.01-0.03) 0.168
Diastolic 0.14 0.10 <0.01 0.02
BP, mmHgt (0.01-0.27)0.040  (-0.09-0.29) 0.276  (0.00-0.01) 0.240  (-0.01-0.05) 0.236
Total Cho- 0.29 2.01 0.07 -0.01
lesterol, (-0.90-1.48) 0.630  (0.30-3.73) 0.022* (0.01-0.12) 0.013* (-0.33-0.30) 0.929
mmol/| T
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FMI Percentages of fat Android to gynoid ALMI
distributed to the fat mass ratio
trunk
Tri- 2.09 5.81 0.15 -0.10

glycerides, (0.27-3.91) 0.025* (3.29-8.34) <0.001* (0.07-0.22) <0.001* (-0.60-0.39) 0.677
mmol/It

HDL, -3.11 -4.53 -0.15 -0.23
mmol/It  (-6.22-0.01)0.050  (-9.17-0.12) 0.056 (-0.28- -0.01) 0.040 (-1.07-0.60) 0.577
LDL, 0.55 2.23 0.08 0.07
mmol/It  (-0.86-1.95)0.437  (0.24-4.21) 0.028  (0.02-0.14) 0.007* (-0.30-0.43) 0.723
TChol: HDL 1.04 1.96 0.06 0.10
ratiot (0.25-1.82) 0.011*  (0.82-3.10) 0.001* (0.03-0.10) <0.001* (-0.11-0.32) 0.351

ALMI: appendicular lean mass index, B: beta (1 point increase in blood pressure or lipid
profile is X change in FMI, percentages of fat distributed to the trunk, android to gynoid fat
mass ratio or LMI), BP: blood pressure, Cl: confidence interval, FMI: fat mass index, HDL:
high-density lipoprotein, LDL: low-density lipoprotein, mmHg: millimetre mercury, mmol/I:
millimole/liter, NSAID: non-steroidal anti-inflammatory drugs, TChol: total cholesterol
fPatients without antihypertensives

tPatients without statins

*significant results at the 0.05 false discovery rate for 56 tests

S2 Table. Linear regression analyses between disease activity and body composition in early
arthritis patients, stratified for gender and corrected for age and smoking status

FMI Percentages of fat Android to gynoid ALMI
distributed to the fat mass ratio
trunk
Females, B B B B
n=220 (Cl) and p-value (Cl) and p-value (Cl) and p-value (Cl) and p-value
ESR in mm/ 0.04 0.01 <0.01 <0.01

hour (me-  (0.00-0.07) 0.028  (-0.03-0.04) 0.797  (0.00-0.00) 0.861  (1.1-1.01) 0.387
dian, IQR)

DAS28 0.33 -0.39 -0.01 -0.01
(mean, SD) (-0.17-0.83) 0.194  (-0.98-0.20) 0.190  (-0.02-0.01) 0.343  (-0.10-0.081) 0.869

SJC38 (me- -0.09 -0.13 <0.01 -0.01
dian, IQR)  (-0.20-0.01) 0.089 (-0.26--0.01) 0.040 (-0.01-0.00) 0.030  (-0.03-0.01) 0.195
TIC38 (me- 0.06 -0.03 <0.01 <0.01
dian, IQR)  (-0.03-0.15)0.204  (-0.14-0.07) 0.534  (0.00-0.00) 0.894  (-0.01-0.05) 0.403
RF positive 0.44 0.43 0.02 0.03
(n,%) (0.99-1.87) 0.546  (-1.27-2.13)0.616  (-0.02-0.06) 0.400  (-0.22-0.28) 0.812
ACPA posi- -0.04 0.89 0.02 -0.07
tive (n,%)  (-1.49-1.42) 0.963 (-0.83-2.61) 0.310  (-0.02-0.06) 0.389  (-0.33-0.19) 0.238

table continues
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FMI Percentages of fat Android to gynoid ALMI
distributed to the fat mass ratio
trunk

HAQ-DI 0.99 -0.92 -0.01 0.04
(median, (-0.01-1.98) 0.052 (-2.08-0.24) 0.120  (-0.04-0.02) 0.387 (-0.14-0.22) 0.654
IQR)
Symptom 0.01 0.01 <0.01 <0.01
duration, (0.00-0.02) 0.068  (0.00-0.03) 0.020 (0.00-0.00) 0.478  (0.00-0.00) 0.068
months
(median,
IQR)
Males, n=97
ESR in mm/ <0.01 -0.04 <0.01 <0.01
hour (me-  (-0.04-0.04) 0.969 (-0.09-0.02) 0.173  (0.00-0.00) 0.615  (-0.01-0.01) 0.543
dian, IQR)
DAS28 0.48 -0.10 <0.01 0.03
(mean, SD) (-0.15-1.10) 0.132  (-1.02-0.83) 0.834  (-0.03-0.03) 0.935 (-0.13-0.19) 0.694
SJC38 (me- 0.05 <0.01 <0.01 0.02
dian, IQR)  (-0.06-0.17) 0.365 (-0.17-0.17) 0.998  (-0.01-0.00) 0.486  (-0.01-0.05) 0.189
TJIC38 (me- 0.10 -0.02 <0.01 0.02
dian, IQR)  (0.00-0.21) 0.204  (-0.17-0.14) 0.844  (-0.01-0.00) 0.655 (-0.01-0.05) 0.134
RF positive 1.04 -2.24 -0.04 0.36
(n,%) (-0.79-2.88) 0.261  (-4.90-0.43) 0.098  (-0.12-0.04) 0.352  (-0.11-0.82) 0.132
ACPA posi- -0.20 -2.04 -0.07 -0.16
tive (n,%)  (-2.06-1.65) 0.829  (-4.72-0.64) 0.135  (-0.15-0.02) 0.109  (-0.63-0.32) 0.511
HAQ-DI 0.52 0.18 0.02 0.05
(median,  (-0.76-1.79) 0.422 (-1.62-1.98) 0.841  (-0.03-0.08) 0.443  (-0.27-0.37) 0.761
IQR)
Symptom 0.04 0.01 <0.01 0.01
duration, (0.00-0.07) 0.044  (-0.04-0.06) 0.744  (0.00-0.00) 0.478  (0.00-0.02) 0.024
months
(median,
IQR)

ACPA: anti-citrullinated protein antibody, ALMI: appendicular lean mass index, B: beta
(1 point increase in parameters of disease activity is X change in FMI, percentages of
fat distributed to the trunk, android to gynoid fat mass ratio or LMI), Cl: confidence
interval, DAS28: disease activity score of 28 joints, ESR: erythrocyte sedimentation rate,
FMI: fat mass index, HAQ-DI: health assessment questionnaire disability index, mm/
hour: millimetre/hour, n:number, RF: rheumatoid factor, SJC38: swollen joint count of 38
joints, TJC38: tender joint count of 38 joints
*significant results at the 0.05 false discovery rate for 64 tests
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CHAPTER 5

ABSTRACT

OBJECTIVE. To investigate the prevalence of conduction disorders in patients with early
arthritis and the relationship with inflammation and traditional cardiovascular (CV) risk
factors.

METHODS. Patients with rheumatoid arthritis (RA) have a 2-fold higher risk of sudden
cardiac death, possibly owing to conduction disorders. This increased risk might already
be present at the clinical onset of arthritis. Therefore, we assessed electrocardiography,
blood pressure, 28-joint Disease Activity Score (DAS28), lipid profile, erythrocyte
sedimentation rate (ESR), and C-reactive protein (CRP) level in 480 patients with early
arthritis at baseline and after 1 year.

RESULTS. The prevalence of conduction disorders was 12.5%. Conduction times at
baseline were not associated with DAS28, ESR, or CRP levels and did not change during
antirheumatic treatment. Baseline and the improvement in DAS28 (European League
Against Rheumatism response), ESR, and CRP were significantly associated with heart
rate, lipid profile and blood pressure. Elevated total cholesterol and blood pressure
were associated with an increased QRS time. The change in heart rate differed 7.3 bpm
between patients with the least versus largest DAS improvement.

CONCLUSION. The prevalence of conduction disorders in patients with early arthritis
was 12.5%, which is similar to the general population and was not associated with
changes in inflammation markers. However, a high cholesterol was associated with a
prolonged QRS time. Therefore, the emphasis of CV risk management in arthritis should
not only be on treatment of disease activity but also on traditional CV risk factors. The
relationship between the improvement in disease activity and heart rate is remarkable,
because this could imply a 10-year CV mortality risk difference of 24%.
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INTRODUCTION

Rheumatoid arthritis (RA) is associated with increased morbidity and mortality, primarily
because of cardiovascular (CV) disease(1). More than 50% of all premature deaths in RA
are attributable to CV disease, in particular ischemic events such as myocardial infarction
(M1) and stroke(2-4). This increased CV risk is already present at the clinical onset
of RA(5-7). Traditional CV risk factors are well described in patients with established
arthritis and some risk factors are shared, including a higher prevalence of smoking,
hypertension, dyslipidemia, and a higher body mass index (BMI) compared with the
general population(6;8;9). However, lipid levels are inversely associated with RA disease
activity, meaning that higher inflammation levels are associated with lower cholesterol
levels. This is paradoxical, because lower cholesterol levels in these patients with active
RA disease are associated with an increased CV risk(10).

Further, patients with RA also have a 2-fold increased risk of sudden cardiac death
(SCD), mostly due to cardiac arrhythmias(4;8;11). Structural changes due to ischemic
heart disease, congestive heart failure, and systemic inflammation all promote this
arrhythmic risk. Prolongation of the QT time corrected for heart rate (QTc) is another
albeit indirect risk factor for arrhythmia in patients with chronic RA (4;8;12;13). Heart
rate is also associated with CV events and premature death. Bemelmans and Visseren
found that an increase in heart rate of 10 bpm is related to 10%-30% more chance
for CV events and premature death(14). Hozawa, et al showed that an increase of 5
bpm in heart rate was associated with a 17% increase in the risk of CV mortality(15).
Moreover, drugs used in the treatment of RA such as glucocorticoids and nonsteroidal
antiinflammatory drugs may also influence arrhythmic risk(16).

The majority of studies that investigated CV disease in patients with arthritis were
performed in patients with established disease(1;17). Because systemic inflammation is
already increased years before the clinical onset of arthritis (18) we assessed patients
with early arthritis to determine the prevalence of conduction disorders before the
start of antiinflammatory treatment and compared this with the general population in
which the prevalence of conduction disorders, ranges between 9.1% and 17.3%(19-24).
We also studied the effect of inflammation and traditional CV risk factors on conduction
times.

MATERIALS AND METHODS

Study population.

The study population comprised a cohort of consecutive patients with early arthritis
from the Early Arthritis Cohort at Reade in Amsterdam, the Netherlands. This ongoing
cohort includes patients aged over 17 years with at least 2 swollen joints, a symptom
duration <2 years, and no prior treatment with disease-modifying antirheumatic drugs
(DMARD). Diagnosis of RA was according to the American College of Rheumatology
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(ACR)/ European League Against Rheumatism (EULAR) 2010 criteria for RA(25).
Patients were excluded if they had a diagnosis of crystal arthropathy, spondyloarthritis,
osteoarthritis, systemic lupus erythematosus, Sjogren syndrome or infectious arthritis.
Data came from patients included between November 2008 and July 2014. Approval was
obtained from the local ethics committee (P0120, Ethics Committee of the Slotervaart
Hospital and Reade, Amsterdam, the Netherlands), and all participating patients signed
written informed consent according to the Declaration of Helsinki.

Patient characteristics.

At baseline, patients were interviewed to record details about symptom history,
clinical characteristics, medication use and demographics, and underwent a physical
examination. Follow-up data were collected after 52 weeks. Disease activity was
measured with the Disease Activity Score of 28 joints (DAS28) and the EULAR response
was determined(26). Physical examination included weight, height, blood pressure,
ankle brachial index (ABI), and an electrocardiogram (ECG). Blood pressure was
measured manually according to the standard hospital procedures. Blood sample
measurements included erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), and lipid profile, consisting of total cholesterol (TChol), triglycerides, low-density
lipoprotein (LDL), and high-density lipoprotein (HDL).

Treatment.

After the baseline visit, treatment could be initiated with methotrexate (MTX),
prednisone, hydroxychloroquine (HCQ), sulfasalazine (SSZ), or a combination of these.
Patients who used B-blockers or the calcium channel blockers verapamil or diltiazem,
antihypertensive drugs or statins were excluded from analyses that involved conduction
times, blood pressure, and cholesterol, respectively.

ECG details.

A standard resting 12-lead ECG was annually performed with the Mortara Eli 205C. Heart
rate in bpm, QRS, QT, QTc and PQ time in milliseconds was recorded. All baseline ECG
were reviewed by a cardiologist (JD) who was unaware of the patient characteristics.
These disorders were noted: Atrioventricular block (AV), (incomplete) left bundle
branch block (LBBB), (incomplete) right bundle branch block (RBBB), left anterior
fascicular block (LAFB), left posterior fascicular block, a prolonged QTc time, and other
intraventricular conduction disorders. A prolonged QTc time was defined as a QTc time
of >450 milliseconds for men and >460 milliseconds for women.

Statistical analysis.

For descriptive purposes mean (SD), median (interquartile range (IQR)), or percentages
were used, where appropriate. Independent Student t test was used for continuous
variables with a normal distribution, and the nonparametric Mann-Whitney U test
was used for continuous variables that had a skewed distribution. For dichotomous
variables Pearson’s chi-square test was used. Fisher’s exact test was used with variables
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in the cross-table smaller than 5. Linear or logistic regression analysis was performed
to assess associations between conduction times and clinical and laboratory data. A
p-value <0.05 was considered significant. Data were analyzed with SPSS Version 21.0
(SPSS).

RESULTS

Baseline patient data.

The study included 480 consecutive patients with early arthritis. Of them, 406 (85%)
fulfilled the ACR/EULAR 2010 criteria for RA. The mean age was 53 years and 28% were
men. Further descriptive data are in Table 1. At baseline, 63 patients used a statin and 87
patients used 1 or more antihypertensive drug; of them, 25 used a B-blocker or calcium
channel blocker. During the first year, 359 patients started antirheumatic treatment.
Eighty patients used monotherapy MTX, 21 HCQ, and 5 prednisone. All other patients
used a combination of 2 or more of these drugs.

Table 1. Demographics. Values are mean (SD) unless otherwise indicated

Baseline characteristics, n=480 Values

Age, yrs 53 (13.3)

Sex, male (n, %) 135 (28.0)
Symptom duration, mos, median (IQR) 6.0 (3.0-17.8)
VAS pain, median (IQR) 52.0 (28.0-70.0)
DAS28 4.8 (1.4)

ESR, mm/h, median (IQR) 20.0 (9.0-38.0)
CRP, mg/I, median (IQR) 7.5 (2.0-20.0)
RF-positive, n (%) 228 (50.9)
ACPA-positive, n (%) 256 (57.3)

TJC 28, median (IQR) 5.0 (2.0-9.0)
SJC 28, median (IQR) 5.0(3.0-9.0)
Conduction

Conduction disorder, n (%) 60 (12.5)

HR, bpm * 66.7 (11.5)
QRS, ms * 93.8 (11.7)
QT, ms * 402.6 (30.7)

table continues
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Conduction

QTc, ms * 413.0(17.2)
PQ, ms * 152.1(23.7)
Cardiovascular risk factors

Current smoking, n (%) 154 (32.1)
BMI, kg/m? 26.4 (4.9)
Systolic BB, mmHg t 134.1 (20.4)
Diastolic BB, mmHg t 80.1(11.8)
ABI t 1.0(0.1)
TChol, mmol/I ¥ 5.1(1.0)
Triglycerides, mmol/l, median (IQR) * 1.1(0.8-1.5)
LDL, mmol/I ¥ 3.2(0.9)
HDL, mmol/I ¥ 1.4 (0.4)
TChol:HDL ratio 4.0(1.3)

* Patients who did not use B-blockers, n=455. t Patients who did not use antihypertensive
drugs, n = 360.  Patients who did not use statins, n =417.

ABI: ankle brachial index; ACPA: anticitrullinated protein antibodies; BMI: body mass
index; BP: blood pressure; CRP: C-reactive protein; DAS28: 28-joint Disease Activity Score;
ESR: erythrocyte sedimentation rate; HDL: high-density lipoprotein; HR: heart rate; IQR:
interquartile range; LDL: low-density lipoprotein; QTc: QT corrected for heart rate; RF:
rheumatoid factor; SJC: swollen joint count; SD: standard deviation; syst BP: systolic
blood pressure; TChol: total cholesterol; TIC: tender joint count; VAS: visual analog scale

Figure 1. Distribution of total conduction disorders at baseline, n = 60
QTc: QT time corrected for heart rate
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Baseline ECG and heart rhythm.

At baseline, 12.5% of all patients with early arthritis had a conduction disorder according
to the cardiologist, of which LAFB (27.8%), incomplete RBBB (22.2%), and first degree AV
block (22.2%) were most often diagnosed (Figure 1). A prolonged QTc time was present
in 2 patients (0.4%) and in 1 patient with an LBBB. There was no association between
ESR, CRP, or DAS28 and the presence of conduction disorders. Patients with a disorder
were, however, generally older than those without (56 vs 52 yrs; p=0.03). Mean (SD)
heart rate was 67 (12) bpm; 451 patients had sinus rhythm and 4 had atrial fibrillation.
Heart rate was significantly associated with indices of disease activity (Table 2). QT time
was significantly associated with DAS28, ESR and CRP levels; however QTc time was not
significantly associated (Table 2).

Table 2. Association of heart rate and conduction times with disease activity at baseline in
patients who did not use B-blockers (n = 455). All data are corrected for sex, age, symptom
duration, RF or ACPA positivity, pain visual analog scale, and body mass index

DAS28 levels ESR levels CRP levels
B (C1) P-value B (CI) P-value B (C1) P-value

HR, bom 2.268 <0.001 0.210 <0.001 0.207 <0.001
(1.222-3.331) (0.151-0.268) (0.152-0.261)

QRS, ms -1.078 0.063 -0.038 0.259 -0.028 0.392
(-2.217-0.060) (-0.105-0.028) (-0.091-0.036)

QT, ms  -4.207 0.003 -0.372 <0.001 -0.380 <0.001
(-6.994- -1.420) (-0.531--0.213) (-0.530--0.231)

QTc, ms  0.657 0.428 0.033 0.493 -0.007 0.886
(-0.973-2.288) (-0.062-0.128) (-0.097-0.084)

PR, ms -1.403 0.224 -0.135 0.043 -0.117 0.069
(-3.669-0.863) (-0.266-0.004) (-0.242-0.009)

B: beta; Cl: confidence interval; CRP: C-reactive protein; DAS28: 28-joint Disease Activity
Score; ESR: erythrocyte sedimentation rate; HR: heart rate; QTc: QT corrected for heart rate;
RF: rheumatoid factor; ACPA: anticitrullinated protein antibodies

CV risk profile.

The mean BMI was 26.4 (4.9) kg/m?, and 32.1% were current smokers. Being overweight
(defined as BMI > 25 kg/m?) or current smoking were not significantly associated with
conduction disorders. Mean (SD) systolic blood pressure in patients who did not use
antihypertensives was 134 (20) mmHg and diastolic blood pressure was 80 (12) mmHg.
A high systolic (> 140 mmHg) or diastolic (> 90 mmHg) blood pressure was found
118 patients (30.1%). Of these, 14.6% had a conduction disorder versus 11.6% in the
patients with a normal blood pressure (p = 0.34). Prolongation of the QRS time tended
to be related to abnormal blood pressure [B: 2.28 (-0.25-4.80), p = 0.08]. However, after
correction for baseline demographics [DAS28, sex, age, symptom duration, rheumatoid
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factor (RF) or anticitrullinated protein antibodies (ACPA) positivity, pain visual analog
scale (VAS) and BMI], no significant association was found (p = 0.36).

The systolic and diastolic blood pressures were associated with DAS28, ESR, and CRP
levels (Supplementary Table 1). The mean (SD) ABI was 1.0 (0.1) and 16.0% of the
patients had an ABI of < 0.9, and showed no association with conduction disorders.

Of the 417 patients without a statin, 9.1% had TChol of more than 6.5 mmol/I. TChol
was not associated with the presence of a conduction disorder. Neither was the
TChol:HDL ratio of which the mean (SD) was 4.0 (1.3). Patients with a high TChol (> 6.5
mmol/l), without statin or B-blocker, showed an association with QRS time. Patients
with a high TChol had a mean QRS time of 97.8 (16.9), vs 93.4 (10.9) in the patients
with normal cholesterol (p = 0.03). After correction for baseline demographics (DAS28,
sex, age, symptom duration, RF, or ACPA positivity, VAS pain, and BMI) the same results
were obtained [B: 5.38 (0.76-10.00), p = 0.02]. The same results were found when the
patients with an RBBB were excluded (p = 0.01). TChol, HDL, and TChol:HDL ratio were
significantly associated with disease activity (Supplementary Table 1).

Baseline versus Year 1 disease characteristics.

An ECG was done of 244 patients after 1 year. There were 236 patients who did not have
a complete visit after 1 year. Reasons were remission (3), the patient moved (8), the
patients had a different diagnosis (12), the patient did not want to participate anymore
(27), death (2), the patient had a visit without ECG (119), and unknown (65). Baseline
characteristics of the 244 patients with 1-year followup data compared with patients
who did not have a complete visit after 1 year were comparable except for a small
difference in DAS28 (SD) at baseline, 4.9 (1.3) vs 4.6 (1.5).

Of the 244 patients, 39 used a statin at baseline and/or after 1 year, 52 used
antihypertensive drugs, and 16 used a B-blocker. After 1 year, DAS28, ESR, and CRP
decreased significantly (Table 3). Regarding EULAR response, of the 244 patients, 58.9%
had a good, 24.9% had a moderate one and 16.2% had none.

Table 3. Change in disease activity and conduction times in patients with 1-year followup data
(n=244). Data are mean (SD) unless otherwise indicated

Disease activity T=0 T=1 p

CRP, mg/I, median (IQR) 9.0 (2.0-20.0) 3.0 (1.0-6.0) <0.001
ESR, mm/hour, median (IQR) 22.0(10.0-38.0)  10.0 (4.0-19.0) <0.001
DAS28, median (IQR) 4.9(1.3) 2.8(1.2) <0.001
TIC 28, median (IQR) 5.0 (3.0-10.0) 1.0 (0.0-3.0) <0.001
SJC 28, median (IQR) 6.0 (4.0-9.0) 0.0 (0.0-2.0) <0.001

table continues
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Conduction* T=0 T=1 p

HR, bpm 66.4 (11.5) 67.0 (10.6) 0.246
QRS, ms 94.2 (10.1) 94.8 (9.8) 0.219
QT, ms 405.2 (30.6) 401.0 (28.9) 0.005
QTc, ms 414.5(17.6) 414.5(19.2) 0.732
PQ, ms 149.0 (24.3) 150.0 (23.4) 0.170

* In patients who did not use B-blockers (n = 227). CRP: C-reactive protein; DAS28: 28-joint
Disease Activity Score; ESR: erythrocyte sedimentation rate; HR: heart rate; IQR: interquartile
range; QTc: QT corrected for heart rate; SIC: swollen joint count; TIC: tender joint count

Year 1 ECG and heart rhythm.

Paired t tests showed no significant alterations in conduction times after 1 year of
treatment (Table 3). There were no significant differences in conduction times between
patients with a good, moderate, or no EULAR response.

A prolonged QTc time was seen in 5 patients (2.0%) and in 1 patient with an
intraventricular disorder. Of the 5 patients, 2 were currently using a B-blocker. None of
these patients had a prolonged QTc time at baseline. Patients with a prolonged QTc time
had a higher mean DAS than patients without prolonged QTc [3.4 (0.6) vs 2.8 (1.2), p =
0.30]. Three patients had a moderate EULAR response, 1 had a good and 1 had none.

There was an association between disease improvement and decrease in heart rate.
Patients in the quartile with the least DAS improvement or DAS worsening had a mean
increase in heart rate over 1 year of 3.8 bpm (p = 0.02). Patients in the quartile with
the largest DAS improvement had a decrease in heart rate of -3.5 bpm (p = 0.01). The
difference in heart rate change between the 4 groups was statistically significant (p <
0.01; Figure 2A). When patients were divided by EULAR response, patients with a good
EULAR response had a mean increase in heart rate of 0.7 bpm, versus a decrease of -1.6
bpm in de moderate responders and an increase of 4.9 bpm in those with no response
(Figure 2B). The difference of increase in heart rate of 4.2 bpm between the good and
nonresponders was significant (p = 0.02). There was no significant difference between
good and moderate EULAR responders.

Year 1 CV risk factors.

The mean BMI increased to 26.8 (5.1) kg/ m2. Mean (SD) systolic and diastolic blood
pressure at the 1-year visit were 132 (16) mmHg and 78 (11) mmHg, respectively. In
13.8%, the blood pressure was elevated. BMI and blood pressure were not associated
with conduction times. At 1 year, the mean (SD) TChol increased significantly to 5.4
(1.0) mmol/l, and 8.1% of the patients had a TChol > 6.5. Mean HDL levels increased
to 1.6 (0.5) mmol/l. The TChol and HDL increases were associated with improvement
in DAS28, ESR, and CRP levels, but not with conduction times. The TChol:HDL ratio
decreased from 4.1 (1.2) to 3.6 (1.1); p < 0.01 (Supplementary Table 2).
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Figure 2.

A. Percentiles of improvement in DAS28 and change in bpm, Year 1 minus baseline

B. EULAR response and change in bpm, Year 1 minus baseline

DAS28: 28-joint Disease Activity Score; EULAR: European League Against Rheumatism
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DISCUSSION

In DMARD-naive patients with early arthritis, the prevalence of conduction disorders
was 12.5%, with LAFB, incomplete RBBB and AV block as the most common disorders.
This prevalence appears to be similar to the general population, in which the prevalence
ranges between 9.1% and 17.3%(19-24). Previous literature showed that patients with
RA had a significantly higher risk of both hospitalized and unrecognized Ml, prior to the
clinical onset of RA. However, the risk of SCD at the time of the clinical onset of RA is not
known(27). The main risk factor for SCD are arrhythmias and QTc interval prolongation.
In patients with established arthritis, a prolonged QTc was demonstrated(8;12;13).
In our study, overall there was no increased mean QTc time, and at baseline the QTc
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time was prolonged in only 0.4% of the patients, a level comparable to the general
population(8;19). Unfortunately, the 2 patients with a prolonged QTc time at baseline did
not have an ECG after 1 year of treatment. Five patients (2.0%) developed a prolonged
QTc time after 1 year. Of those patients, only 1 reached a good EULAR response.

Multiple factors affect the functioning of ion channels in myocardial cells and therefore
conduction times: genetic abnormality, a cardiac disease (such as MI, owing to
transmural ischemia), electrolyte levels and some medications(28). Another important
factor is reactive oxygen species which affects the ion channels on the cardiac
myocytes and is stimulated by cytokines such as tumor necrosis factor-a (TNF-a) and
interleukine-6 (IL-6)(29). However, in our study conduction times were not associated
with disease and inflammation markers (DAS28, EULAR response, ESR, or CRP levels).
Although disease activity improved during 1 year of antiinflammatory treatment, this
did not translate into a significant effect on conduction times. Because inflammation
is considered the major pathophysiological link between arthritis and conduction
disorders, the studied population might explain this difference. Patients with early
arthritis have been exposed to inflammatory activity for a shorter period of time, which
in our study was a median symptom duration of 6 months, compared with established
chronic arthritis. However, it could also be that patients with established RA have
prolonged exposure to more traditional CV risk factors, particularly dyslipidemia, which
is already present in patients with early arthritis(30;31). This is important because of
the association between traditional CV risk factors and conduction disorders; we found
that a high total cholesterol at baseline was associated with a prolonged QRS time.
However, this association disappeared after 1 year of treatment. After correction for
RBBB, because RBBB can be physiologic, the same results were obtained. However, Kurl,
et al. found that QRS duration is an independent predictor of the risk of SCD, where
each 10-ms increase in QRS duration was associated with a 27% higher risk for SCD(32).
In our present study this would mean that the 4.4-ms increased mean in QRS time in
the patients with a high TChol resembles a 11.9% higher risk for SCD, compared with
the patients with a normal TChol. It has been suggested that TNF-a, Interferon-y, and
IL-1 can stimulate the production of ceramide. Ceramide are lipid molecules that partly
consist of fatty acids, they downregulate ion channels in cardiac myocytes and can affect
conduction times(29). Therefore, both CV risk management as well as disease control
are important and should be performed in all patients with arthritis(33). Our study
strengthens the notion that antiinflammatory treatment, in an early stage of the disease,
leads to a significant improvement in several important CV risk factors, including the
TChol:HDL ratio and blood pressure(34;35). Interestingly, patients with early arthritis
with lower inflammation markers had a lower heart rate compared with those with high
inflammation markers. In the general population heart rate is positively associated with
CRP, as demonstrated by Nanchen, et al. who found, in 4084 adults with a known CV
risk factor, that an increased heart rate was associated with systemic inflammation(36).
In patients with RA, the association between inflammation and heart rate has not
been previously described, particularly not the improvement in inflammation and the
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change in heart rate. In our study, every 10-point increase in CRP or ESR was associated
with an increase in heart rate of 2 bpm, which remained after correction for the VAS
pain. This could imply an increased CV mortality of about 7%(14;15). This relationship
between disease activity and heart rate is remarkable because it would imply a 10-year
CV risk difference of 24% between no/least improvement and substantial improvement
in DAS28 score(14;15). Patients with higher inflammation markers also had higher
blood pressure, of which every 10-point increase in CRP or ESR was associated with an
increase in systolic blood pressure of 1.7 mmHg. However, according to Ward, et al.,
this increase in CV risk has less clinical relevance(37).

Our present study shows that patients with early arthritis have the same prevalence
of conduction disorders as the general population before anti-rheumatic treatment.
Hence, in this population a mandatory screening ECG appears unnecessary. In contrast,
in patients with chronic arthritis a prolonged QTc time is proven and therefore a standard
ECG could be considered in established arthritis(1;4;8;12;13). For further research it
would be interesting to match the patients with a healthy control group and repeat the
ECG several years after rheumatic treatment, to investigate whether longer exposure
to systemic inflammation increases conduction times and hence, conduction disorders.

Strengths of this study are the large number of consecutive patients and that the
population reflects a heterogeneous population from a tertiary center. A limitation is
that in addition to B-blockers and calcium channel blockers (verapamil and diltiazem),
there are other medications that could affect conduction times (such as antibiotics,
antipsychotics, or antidepressants). Unfortunately no data were available on these
medications.

In early arthritis patients the prevalence of conduction disorders is comparable to
the general population. However, the prevalence of traditional CV risk factors was
increased in patients with a higher inflammatory load and the factors were associated
with an increased QRS time. CV risk factors improved after inflammatory treatment. In
particular, the difference in pulse rates between patients with persistent inflammation
and patients with low disease activity or remission is remarkable. Therefore, the focus
in patients with early arthritis should be on both CV risk management and optimizing
antiinflammatory treatment.
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Supplementary table 1. Baseline traditional cardiovascular risk factors and the association
with disease activity

DAS28 levels ESR levels CRP levels
B (CI) p B (CI) p B (C1) p
Age, years 2.250 <0.001 0.152 <0.001 0.093 <0.001
(1.412-3.089) (0.103-0.202) (0.042-0.145)
BMI, kg/m? 0.556 0.001 0.035 <0.001 0.013 0.236
(0.231-0.880) (0.016-0.054) (-0.008-0.034)
Systolic BB, mmHg* 3.328 <0.001 0.172 0.001 0.167 0.002
(1.834-4.821) (0.071-0.273) (0.061-0.272)
Diastolic BP, 1.760 <0.001 0.087 0.004 0.084 0.008
mmHgT (0.893-2.627) (0.028-0.145) (0.022-0.146)
TChol, mmol/I* -0.068 0.076 -0.004 0.077 -0.006 0.012
(-0.412-0.007) (-0.009-0.000) (-0.010--0.001)
LDL, mmol/IF -0.026 0.450 -0.001 0.537 -0.001 0.592
(-0.093-0.041) (-0.005-0.003) (-0.005-0.003)
HDL, mmol/I¥ -0.067 <0.001 -0.004 <0.001 -0.005 <0.001
(-0.097--0.038) (-0.006--0.002) (-0.007--0.003)
TChol:HDL ratio% 0.161 0.001 0.009 0.004 0.011 <0.001
(0.066-0.257) (0.003-0.014) (0.005-0.017)
Triglycerides, 0.041 0.067 0.001 0.310 0.000 0.875
mmol/I¥ (-0.003-0.084) (-0.001-0.004) (-0.002-0.003)
OR (C1) p OR (CI) p OR (C1) p
Current smoking 1.101 0.178 0.994 0.179 1.003 0.526
(yes/no) (0.957-1.267) (0.985-1.003) (0.994-1.017)
Gender (male/ 1.183 0.025 1.005 0.259 0.990 0.020
female) (1.021-1.370) (0.996-1.014) (0.982-0.998)

T In patients who did not use antihypertensive drugs, n = 360. ¥ In patients who did not use
statins, n = 417. ABI: ankle brachial index; B: beta; BMI: body mass index; BP: diastolic blood
pressure; Cl: confidence interval; CRP: C-reactive protein; DAS28: 28-joint Disease Activity
Score; ESR: erythrocyte sedimentation rate; HDL: high-density lipoprotein; HR: heart rate;
LDL: low-density lipoprotein; OR: odds ratio; TChol: total cholesterol
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Supplementary table 2. Patients with 1-year followup data and traditional cardiovascular risk
factors, n = 243. Data are mean (SD) unless otherwise indicated

Cardiovascular risk factors T=0 T=1 p

BMI, kg/ m? 26.6 (4.8) 26.8 (5.1) 0.037
Systolic BP, mmHg * 133.4 (19.1) 131.6 (15.9) 0.212
Diastolic BB, mmHg t 79.5(10.8) 77.6 (11.3) 0.045
ABI T 1.0(0.1) 1.0(0.1) 0.228
TChol, mmol/I ¥ 5.3(1.0) 5.4 (1.0) 0.043
Triglycerides, mmol/l, median (IQR) * 1.1(0.8-1.5) 1.1(0.9-1.5) 0.692
LDL, mmol/I % 3.3(0.9) 3.2(0.9) 0.076
HDL, mmol/I 1.4 (0.4) 1.6 (0.5) <0.001
TChol:HDL ratio, 4.1(1.2) 3.6(1.1) <0.001

t In patients who did not use antihypertensive drugs, n = 188. ¥ In patients who did not
use statins, n = 204. ABI: ankle brachial index; BMI: body mass index; BP: blood pressure;
mg/| :milligrams/ liter; HDL: high-density lipoprotein; HR: heart rate; kg/m?: kilogram square
meter; LDL: low-density lipoprotein; TChol: total cholesterol
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CHAPTER 6

ABSTRACT

OBJECTIVES. To determine if cardiovascular (CV) risk scores, traditional risk factors
and the resulting indication for preventive treatment change after initiation of anti-
rheumatic treatment in early rheumatoid arthritis (RA) patients.

METHODS. Disease activity, blood pressure, acute phase proteins and lipid profile
were evaluated in early RA patients at baseline and after four weeks of anti-rheumatic
treatment. CV risk scores (Dutch Systematic Coronary Risk Evaluation (SCORE) and
European Heart SCORE) and indication for preventive CV treatment (according to the
Dutch CV risk management guidelines) were determined.

RESULTS. One hundred and four consecutive RA patients were included, 7% had a
history of CV disease. At baseline, 29.9% and 3.1% were classified as high risk according
to the Dutch SCORE and Heart SCORE, respectively. According to the Dutch CV-
risk management guidelines that use the Dutch SCORE, all high risk patients had at
baseline an indication for (adaptations of) preventive treatment. From the CV risk score
the components blood pressure and TC:HDL ratio decreased during anti-rheumatic
treatment and 9% of the patients switched their CV risk category. In total 13% of the
patients had a change in advice for preventive CV treatment after one month of anti-
rheumatic treatment.

CONCLUSION. CV risk management is important in RA patients, however the timing of
assessment, as well as the use of a particular CV risk model, influences the advice about
the need for CV preventive treatment. Further research is needed to determine which
risk model is optimal and when in the course of RA it should be applied.
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INTRODUCTION

Ischemic heart diseases and strokes are the most common causes of death, accounting
together for 15 million deaths in 2015(1). Different cardiovascular (CV) risk models exist,
which estimate the 10-year risk of fatal and non-fatal CV diseases (CVD), and indicate
if an antihypertensive and/or statin is necessary to lower the chance of a future CV
event(2-5). Rheumatoid arthritis (RA) is associated with an increased risk of CVD, with
atherosclerotic diseases being the leading cause of death(6;7). CV risk models were
developed for the general population and do not perform well in the RA population(4).
Therefore, the European League Against Rheumatism (EULAR) recommends to use a
modified risk score for RA patients, by applying a multiplication factor of 1.5 to the CV
risk scores(8). In the Dutch Systematic COronary Risk Evaluation (SCORE) a correction
for RA patients is already taken into account(2;4;5).

The increased risk in RA patients for CVD has multiple causes. RA and CVD are both
multifactorial disorders, with some shared risk factors (smoking, metabolic syndrome),
common susceptibility genes and they might even have a shared etiology(6;9-13).
However, most interesting is the influence of inflammation on CVD. Current evidence
supports an important role of inflammation in the formation of an atherosclerotic
plaque(14;15). Previous literature showed that improvement in RA disease activity is
associated with an increase in cholesterol levels, and a decrease in TC:HDL ratio; an
important CV risk predictor(16). However, all previous studies assessed the change in
lipid profile six months or later after initiation of anti-rheumatic treatment(16-19). It is
unclear whether this effect is already present early after initiating treatment and what
effect this would have on CV risk and optimal CV risk management. Therefore, different
CV risk scores (Dutch SCORE and European Heart SCORE), the traditional risk factors
and indication for preventive treatment were determined in early RA patients before
and after the first four weeks of anti-rheumatic treatment. Exploratory analysis were
performed to determine the effect of inflammation on CV risk score, as well as the
relation between inflammation, CV risk scores and the different components of the risk
score.

METHODS

Study population

The ‘Early Arthritis Cohort’ at Reade in Amsterdam, the Netherlands, includes patients
aged 18 years and older, with no prior treatment with disease-modifying antirheumatic
drugs (DMARDs). Patients in this cohort who fulfilled the ACR/EULAR 2010 criteria for
RA(20) and started treatment with methotrexate and glucocorticoids, between June
2014 and March 2017, were included in this study. Patients with insulin-dependent
diabetes mellitus were excluded. All patients gave written informed consent according
to the Declaration of Helsinki and approval was obtained from the local ethics committee
(Ethics Committee of the Slotervaart Hospital and Reade, Amsterdam, The Netherlands).
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Measurements

At baseline, patients were interviewed to record details about symptom history, disease
history (special focus on CVD), clinical characteristics, demographics and medication
use (including antihypertensives and statins).

At baseline and after four weeks, disease activity was measured with the Disease
Activity Score of 44 joints (DAS44) and physical functioning by the Health Assessment
Questionnaire (HAQ). Body mass index (BMI) was calculated from height and weight
and blood pressure was measured manually according to the standard hospital
procedures. Blood sample measurements at baseline were rheumatoid factor (RF) and
anti-citrullinated protein antibody (ACPA), and at baseline and four weeks: C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR) and lipid profile, consisting of total
cholesterol (TC), triglycerides, low-density lipoprotein (LDL) and high-density lipoprotein
(HDL) cholesterol.

Cardiovascular risk

CVD history was defined as an objectively confirmed by specialists history of coronary
heart disease (myocardial infarction, angina pectoris, percutaneous coronary
intervention and coronary artery bypass surgery, cerebral vascular disease and
peripheral arterial disease). Patients with a CVD history were excluded from CV risk
analyses. CV risk at baseline and after four weeks of treatment was retrospectively
determined using the official online sites, according to two different risk scores: Dutch
Systematic COronary Risk Evaluation (SCORE) and the European Heart SCORE(2;3). The
Dutch SCORE risk model uses gender, age, smoking status, systolic blood pressure (SBP)
and the TC:HDL ratio. To account for RA (or diabetes) as risk factor the Dutch CV-risk
management (CV-RM) guideline adds 15 years to the actual age in order to calculate
the 10-year CV risk. A risk<10% is classified as low, between 10% and 20% intermediate
and a risk 220% as high risk. According to the Dutch CV-RM guideline, preventive
treatment with an antihypertensive or statin is indicated in high risk patients with a
SBP >140 mmHg or a LDL> 2.5 mmol/l, respectively(21). The European Heart SCORE
risk model predicts the 10-year risk of a fatal heart attack, stroke or other circulatory
problems in low risk regions of Europe by gender, age, SBP, TC:HDL ratio and smoking
status. To calculate this Heart SCORE risk the results were multiplied with 1.5, which is
suggested for RA patients in the updated EULAR 2015/2016 recommendations(8). The
Heart SCORE considers a risk of <5% as low/medium, between 5 and 10% as high and
>10% as very high. To be able to compare the Heart SCORE with the Dutch SCORE, we
considered a Heart SCORE risk of <5% as low, a risk between 5 and 10% as medium and
a risk 210% as high.

Statistical analyses
Patient characteristics were expressed as number (percentage), means + standard
deviation (SD), when normally distributed or median [interquartile range], when
skewed distributed.
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Changes in inflammation markers and (components of) the risk scores over four weeks
of treatment were analyzed with a paired t-test (normal distributed) or Wilcoxon test
(skewed distributed). The relation between the two CV risk scores was determined with
a Spearman correlation coefficient, the percentage of agreement, as well as a weighted
kappa. Kappa can be interpreted as the percentage of agreement after correcting
for chance(<0 indicates no agreement, 0 to 0.2 slight, 0.21 to 0.40 fair, 0.41 to 0.60
moderate, 0.61 to 0.80 substantial and 0.81 to 1.0 as almost perfect agreement)(22;23).
The numbers of patients that were reassigned to another CV risk group (low, medium
or high) after four weeks of treatment, according to the two risk scores were calculated,
and Stuart-Maxwell analyses were applied.

To analyse the association between CV risk score and disease activity, tobit mixed model
analyses were performed. Tobit mixed model analysis can be used when the outcome
is either left- or right censored (like the maximum risk score in de CVD models)(24). The
individual components of the CV risk scores were compared with disease activity, by
linear mixed model analyses and excluded patients who used antihypertensive drugs
or statins in analysis which involved blood pressure or cholesterol, respectively. In the
mixed model analyses time and the interaction between time and the independent
variable were added to assess the relationship at the different time points and all
analyses were performed separately for males and females and were adjusted for
age and smoking. The tobit and Stuart-Maxwell analyses were performed with Stata
(version 14), all other statistical analyses were performed using SPSS (version 21.0).

RESULTS

In total 153 patients were eligible to participate, of which 104 were included in the
current analyses. Reasons not to include patients for analyses were: three patients
did not reach week four, 37 patients did not start on methotrexate in combination
with prednisolone, four patients dropped out before week four, three patients had no
complete data at baseline and two patients did not fulfil the ACR/EULAR 2010 criteria
for RA.

The mean age of the included patients was 49 years and 67% was female. The mean
DAS44 was 3.5 which decreased after one month of anti-rheumatic treatment to 1.6.
A history of CVD was present in seven patients (7%). The following conditions were
present: one patient with a myocardial infarction, one patient with a percutaneous
coronary intervention, one patient with a coronary artery bypass surgery, three patients
with a cerebral vascular disease and one patient with peripheral arterial disease. No
patients experienced a CV event during the first four weeks of anti-rheumatic treatment.
Twenty-six (25.0%) patients smoked at baseline, and one quit smoking during these four
weeks. Five patients used a statin and 16 patients used antihypertensive drugs, which
did not change during follow-up (Table 1).
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Table 1. Demographics and outcomes at baseline and after four weeks of anti-rheumatic
treatment

Demographics Baseline After 4 weeks
Age 485  (12.4)
Gender (females) 70 (67.3%)
Symptom duration (months) 7.0 [3.0-21.0]
RF positive 82 (78.8%)
ACPA positive 86 (82.7%)
RF or ACPA positive 89 (86%)
RA disease
DAS44 3.5 (3.3) 1.6 (0.9)*
VAS44 61.4  (27.2) 22.3 (22.6)*
SJC44 8.0 [3.0-13.0] 2.0 [0.0-3.3]*
TIC44 8.0 [4.0-16.0] 1.5 [1.5-5.0]*
ESR 20.5 [9.0-32.8] 7.0 [5.0-12.0]*
CRP 7.2 [3.8-25.0] 2.0 [0.9-4.1]*
HAQ 1.0 [0.5-1.6] 0.3 [0.0-0.6]*
CV risk components
History of CV events 7 (6.7%) 7 (6.7%)
Current smoking 26 (25.0%) 25 (24%)
Statin use 5 (4.8%) 5 (4.8%)
Antihypertensive use 16 (15.4%) 16 (15.4%)
BMI 26,1 (5.3) 263 (5.4)
Syst RR¥ 130.8 (22.5) 127.8  (17.7)
Dia RR¥ 80.5  (11.5) 78.4 (10.0)*
TCt 5.0 (0.9) 5.7 (1.1)*
HDLt 1.4 (0.4) 1.9 (0.5)*
LDLT 3.2 (0.8) 3.3 (0.9)*
Triglyt 1.3 (0.6) 1.5 (0.8)*
TC:HDL ratiot 3.9 (1.3) 3.2 (1.0)*
CV risk scores
Dutch SCORE linear risk score A 11.0 [3.5-23.5] 10.0 [3.0-22.0]*
Dutch SCORE low risk scoreA 43 (44.3%) 46 (47.4%)
Dutch SCORE medium risk scoreA 25 (25.8%) 20 (20.6%)
Dutch SCORE high risk scoreA 29 (29.9%) 31 (32.0%)
Heart SCORE linear risk scoreA 0.0 [0.0-1.5] 0.0 [0.0-1.5]*
Heart SCORE low risk scoreA 90 (92.8%) 94 (96.9%)
Heart SCORE medium risk scoreA 4 (4.1%) 1 (1.0%)
Heart SCORE high risk scoreA 3 (3.1%) 2 (2.1%)
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Numbers are presented as frequency (percentage), mean (SD) or median [IQR].

A Patients without cardiovascular events, n=97

¥ Patients without antihypertensives, n=88

T Patients without statins, n=99

* Statistical difference (p<0.05) between baseline and after four weeks

ACPA: anti-citrullinated protein antibody, BMI: body mass index, CRP: C-reactive protein,
CV: cardiovascular, DAS: disease activity score, Dia RR: diastolic blood pressure, ESR:
erythrocyte sedimentation rate, HAQ: health assessment questionnaire, HDL: high-density
lipoprotein, IQR: interquartile range, LDL: low-density lipoprotein, RA: rheumatoid arthritis,
RF: rheumatoid factor, SCORE: Systematic Coronary Risk Evaluation, SD: standard deviation,
SIC: swollen joint count, Syst RR: systolic blood pressure, TC: total cholesterol, TIC: tender
joint count, trigly: triglycerides, VAS: visual analogue scale

Cardiovascular risk score at baseline

At baseline median Dutch SCORE and Heart SCORE were 11.0% [3.5-23.5] and 0.0%
[0.0-1.5], respectively, see table 1. The correlation between absolute values of the
Dutch SCORE and Heart SCORE gave a spearman coefficient of 0.79 with a p-value of
<0.01. The agreement between the different risk categories (low, medium, high) was
62.4%, and gave a slight correlation (K=0.13, p<0.01). The Dutch risk model classified
29.9% of the patients as high risk, were the Heart SCORE risk model classified 3.1% of
the patients as high risk. Three patients (3.1%) had a high risk according to both the CV
risk models.

Of the 29 (29.9%) high CV risk patients according to the Dutch SCORE, 28 patients
had an increased LDL and, according to the CV-RM guidelines, a statin indication. One
patient already used a statin and thus needed dose optimization. Nineteen of the 29
patients had an increased SBP and therefore needed antihypertensive treatment, of
those patients seven already had an antihypertensive, but needed dose optimization.
In total all 29 high risk patients (29.9%) had an indication for (adaptations of) preventive
treatment.

The change in cardiovascular risk score after four weeks

The number of patients that changed in CV risk category (low, medium, high) was not
significantly different in both calculators. According to the Dutch SCORE nine (9.3%)
patients switched from risk category, of which five patients went to a lower category
and four patients to a higher category. In the Heart SCORE four (4.1%) patients changed
from category, see figure 1.

The Dutch SCORE risk model showed that 31 (32.0%) patients were at high risk after
four weeks. Twenty-seven (27.8%) patients had an increased LDL, thus an indication
for statin treatment. Of the 27 patients, one already used a statin. Of the 31 patients,
13 (13.4%) patients had an increased blood pressure, thus in need of antihypertensive
treatment of which five needed dose optimization.
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In total three patients were indicated for a statin at baseline, but not anymore after
four weeks and two patients did not need statins at baseline, but did after four weeks.
Six patients had an antihypertensive indication at baseline and two doses optimization,
but not at four weeks and two patients needed antihypertensives based at the values
of four weeks, but not at baseline. This included one patient who was indicated for a
statin and an antihypertensive at baseline, but not after four weeks, and one patient the
other way around. In conclusion, in 13 (13.4%) patients the advice for (adaptations of)
preventive treatment changed during the first four weeks of anti-rheumatic treatment.

Figure 1. Number of patients that changed from cardiovascular risk score category, during
the first month of anti-rheumatic treatment, according to the Dutch SCORE (A) and European
Heart SCORE (B), n=97

A.
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Stuart-maxwell analyses for Dutch SCORE, p=0.247.
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Stuart-maxwell analyses for Heart SCORE risk score, p=0.135.
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(Components of) Cardiovascular risk scores and the association with disease activity
The DAS44 of all patients improved during follow-up. Lipid levels increased during
treatment, especially HDL, which resulted in a decrease in TC:HDL ratio from 3.9 (1.3)
at baseline to 3.2 (1.0) after four weeks of anti-rheumatic treatment. The mean blood
pressure decreased with 3 mmHg for systolic and 2 mmHg for diastolic blood pressure
(Table 1).

The results of the tobit mixed model analyses relating disease activity with CV risk
scores were inconclusive. A higher DAS44 was associated with a lower CV risk score,
which showed a stronger effect after four weeks. However, the presence of a higher
ESR and CRP had no effect at baseline and were after four weeks related with higher CV
risk scores (Table 2).

The linear mixed model analyses relating disease activity with the separated components
of the CV risk scores showed that a higher DAS44 was associated with lower lipid levels,
and an increase in TC:HDL ratio, especially at baseline. For ESR and CRP comparable
results were observed. The association between disease activity and blood pressure
gave inconclusive results (Table 3).

Table 2. Mean effect over time for baseline and week four values, between disease activity
and cardiovascular risk scores (with interaction with the time)

Dutch SCORE HeartSCORE

Beta (Cl) p-value Beta (Cl) p-value
DAS44 -0.09 (-0.90-0.71) 0.819* -0.32 (-0.77-0.13) 0.158

-0.91 (-1.93-0.12) 0.084 -0.70 (-1.38--0.02) 0.041
SIC 0.01 (-0.13-0.15) 0.887 -0.01 (-0.08-0.07) 0.873

-0.04 (-0.35-0.27) 0.802 -0.07 (-0.27-0.13) 0.488
ESR 1.02 (-0.02-0.05) 0.364 0.00 (-0.01-0.02) 0.656

-0.02 (-0.12-0.09) 0.769 0.02 (-0.01-0.05) 0.244
CRP 0.00 (-0.03-0.04) 0.852 0.00 (-0.02-0.02) 0.858

0.09 (-0.04-0.21) 0.184 0.02 (-0.01-0.05) 0.232

Cl: confidence interval, CRP: C-reactive protein, DAS: disease activity score, ESR: erythrocyte
sedimentation rate, SIC: swollen joint count

Grey values: values after four weeks of treatment

* interaction with time p<0.10
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DISCUSSION

Comparison between the Dutch SCORE and Heart SCORE CV risk models revealed a
slight agreement between low, medium and high CV risk categories.

According to the Dutch CV-RM guidelines, 30% of the early RA patients had an indication
for (adaptations of) preventive treatment at baseline. However, 13% of all the patients
had a different indication after four weeks of anti-rheumatic treatment. If baseline CV
risk assessment would be applied, this would lead to potential overtreatment in 10% of
all the patients.

The risk estimation of the two different CV risk calculators resulted in a significant
difference in CV risk score. Clinically this will have an impact on the therapy and
prevention strategies chosen, as a patient who is regarded as low risk by one calculator
could be classified as high risk by another, and vice versa(7). The Dutch SCORE estimates
more patients as high risk, 10 times more often than the Heart SCORE. Overestimating
the CV risk can lead to unnecessary treatment, while underestimating may result in CV
diseases which could have been prevented. This is partly explained as the Dutch SCORE
measures the 10-year risk on CV morbidity and mortality, and the Heart SCORE only
assesses the risk on mortality and does not take non-fatal CV events into account(5).
However, morbidity can cause functional limitations, therefore it is important for
patients and society, and should be taken into account in a CV risk model. In conclusion,
it is important to know the limitations of the CV risk calculator which estimated the CV
risk of your patient.

CV preventive treatment is proven to be effective, therefore it is important to assess
CV risk(25-27). As an increased CV risk is already present in early RA, and might even
be present in the preclinical phase, CV risk management should be applied early in the
disease course(5;28-32). In the present study, we found that, according to the Dutch
SCORE, already 30% of the patients were classified as high CV risk at the onset of RA.
However, many patients were classified in a different risk category after the first month
of anti-rheumatic treatment. In 13% of the patients, this led to a change in preventive
treatment advice. This percentage would probably be lower when applying Heart
SCORE, as more patients were calculated as low risk according to this risk model, and
so less patients switched from risk category during follow-up. Still, both at baseline
and after four weeks of anti-rheumatic treatment many patients needed CV preventive
treatment according to the Dutch CV-RM guidelines and did not receive this, reflecting
under-treatment, confirming previous reports(33-35).

A higher disease activity was associated with an increased TC:HDL ratio, however the
effect of disease activity on the Dutch CV risk SCORE gave inconclusive results. On
the one hand, an increase in DAS44 was associated with lower CV risk, but on the
other hand, higher ESR and CRP were associated with higher CV risk scores. Because
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inflammation generally leads to an increased TC:HDL ratio, a higher CV risk is expected
if markers of inflammation are high(18;19). This association was opposite for DAS44,
a possibility is that other components of the DAS like the visual analogue scale and/
or tender joint count disturb this association. The association between measures of
inflammation and cholesterol levels, especially TC:HDL ratio was strongest at baseline,
when all patients had a high disease activity. At four weeks, nearly all patients had low
disease activity, which explains why this association was not present anymore after four
weeks. Although there was no unambiguous association between disease activity and
CV risk score, we do think that it is important to calculate CV risk during a time of low
disease activity.

The change in CV risk score and so the advice about preventive treatment is probably
correlated with the reduction of disease activity or the initiation of anti-rheumatic
treatment. Previous literature described a reduction in acute myocardial infarction with
the use of methotrexate (RR 0.81), but a dose-dependent increase with glucocorticoid
use (RR 1.32)(36-38). An improvement in TC:HDL ratio was found after one and two
years of COBRA-light treatment, however this did not had a favorable effect on CV risk
prediction(18;19). Furthermore, lower disease activity (obtained with anti-rheumatic
treatment) was associated with a lower blood pressure(39;40).

Unfortunately, we could not take into account some additional CV risk factors, such as
renal function, physical activity and family history of CVD. These factors are considered
as CV risk modifying factors which can be an additional reason to give CV risk prevention
treatment. Therefore, the lack of these factors may have influenced our results.

In addition to the Dutch SCORE and Heart SCORE, different CV risk scores are available.
For example, the Framingham risk score is commonly used in the United States.
However, this score is not generally applied in Europe and is limited to estimating the
10-year risk of a myocardial infarction and coronary heart disease-related death, thus
underestimating the total atherosclerotic vascular disease risk(31;41). Especially, risk
calculators that correct for the systemic inflammation are interesting. For example, the
QRISK-2 and QRISK-3 calculators are used to predict CV risk in the United Kingdom,
these calculators take RA into account as a separate CV risk factor. As a zip code is
also a component of these algorithms, these calculators are not feasible in other
countries(5;42). The Reynolds Risk score includes high-sensitivity CRP levels into the
risk model, however this risk score is not recommended for patients with a systemic
inflammatory disease, as CRP levels will be increased due to the inflammatory disease.
(5) Further efforts were already performed to develop a RA-specific risk calculator,
however, a new calculator (including DAS or HAQ) did not demonstrate an improvement
compared to the current CV risk models which are used in the general population(43;44).
The influence of fluctuations in disease activity over time in RA patients is difficult to
incorporate in risk prediction models; single disease activity measurements (as DAS,
CRP and ESR) are maybe not good enough, a biomarker that measures cumulative RA
disease activity might fulfill this unmet need(44).
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In conclusion, CVrisk managementisimportant earlyin the course of RA, as preventive CV
treatmentis provento be effective and should be applied as early as possible(5;25-27;31).
However, the timing of CV risk assessment, as well as the availability of different CV risk
models, influences the advice on the need for (adaptations of) CV preventive treatment.
Further research is needed to determine which risk model is optimal and when in the
course of RA it should be applied.
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CHAPTER 7

ABSTRACT

BACKGROUND. Clinical response and remission are defined in multiple ways and
measured with different instruments, resulting in substantial variation of the proportion
of patients classified as being in remission. Therefore, the agreement between patient-
perceived, physician-perceived remission and clinical response and remission definitions
was determined in early rheumatoid arthritis (RA) patients. And secondly, differences
in clinical and patient-reported outcomes, in patients in physician-perceived remission,
between patients in and not in self-perceived remission were assessed.

METHODS. In 84 early RA patients, who received methotrexate and glucocorticoids,
DAS44, ACR/EULAR Boolean-based remission, EULAR good and ACR70 response were
determined after 12 weeks. Agreement between patient-perceived (phrased: “Would
you say that, at this moment, your disease activity is as good as gone?”), physician-
perceived remission (based on a visual analogue scale for global disease severity) and
clinical response and remission definitions were calculated with the percentage of
agreement and with kappa values (which corrects for change). In patients in physician-
perceived remission, improvement in clinical and patient-reported outcomes (RAID)
were compared between patients in and not in self-perceived remission.

RESULTS. Agreement between the assessed outcome measures differed enormously.
The agreement between physician-perceived and patient-perceived remission was
64% (kappa 0.25, p<0.01). Physician-perceived remission had the best agreement with
EULAR good response (79%), and patient-perceived remission with EULAR good and
ACR70 response (both 69%). Patients not in self-perceived remission improved less on
RAID components, especially on pain, sleep and emotional well-being.

CONCLUSION. One-third of the early RA patients disagreed with the physician on being
in remission. Those patients had less improvement on RAID components, especially
on pain, sleep and emotional well-being. Together with the variability in clinical
response and remission definitions, these results highlight the need to increase patient
involvement in their own health care decisions.
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BACKGROUND

Since rheumatoid arthritis (RA) patients are at risk for joint damage due to
inflammation(1), the treatment goal in these patients is to attain a state of absence of
disease activity, or remission(2). However, clinical response and remission are defined
in multiple ways and measured with different instruments, resulting in substantial
variation of the proportion of patients classified as being in remission(3;4). A particularly
common difference is seen between the physician and the patients view on the RA
disease activity(5-9).

The response to treatment as determined by the physician, is often based on the disease
activity score (DAS), which is mainly based on physical examination and laboratory
values(10;11). The DAS also contains a patient-reported outcome (PRO), i.e. the
patient global assessment, however this global view lacks information on the patient’s
perspective on remission(12). Furthermore, PROs such as fatigue and physical well-
being, which have a large impact on daily life, are not taken directly into account(7).
Nowadays, the importance of the patient’s perspective is increasingly recognized.
Even though the patient’s perspective on remission is increasingly being studied and
understood(12;13), it is unknown which determinants of disease activity explain the lack
of agreement between physician- and patient-perceived remission. Patient satisfaction,
the relationship between patient and physician, and treatment compliance can all be
improved when patient and physician agree on the state of the disease(14-17), which
can be reached by taking the opinion of the patient into account and thus with applying
shared decision-making(18-20).

The objective of this study was twofold. First, the frequencies were examined of patients
that achieved physician-perceived remission, patient-perceived remission, DAS44
remission, European League Against Rheumatism (EULAR) good response, American
College of Rheumatology (ACR) 70 response, and ACR/EULAR Boolean-based definition
of remission(21-23). With this data, the agreement between patient- and physician-
perceived remission with and between the different clinical definitions of response and
remission was determined. Second, the differences in clinical outcomes and PROs, in
patients who did and did not agree with their physician on being in remission were
assessed. Our hypothesis was that we would find significant differences in patients
achieving remission according to the different response and remission criteria,
compared to those who do not. Secondly, we hypothesised that there would be a lack
of agreement between patient and physician perceived remission and several PROs.

METHODS
Study population

The study population is part of a cohort of consecutive patients with early arthritis
from the ‘Early Arthritis Cohort’ at Reade in Amsterdam, The Netherlands. This ongoing

135




CHAPTER 7

cohort includes patients aged 18 years and older with no prior treatment with disease-
modifying antirheumatic drugs (DMARDs). Patients who fulfilled the ACR/ EULAR 2010
criteria for RA(24), and consented to start treatment with methotrexate (escalated to
25 mg/ week) with 5 mg folic acid and glucocorticoids (30 mg/ day tapered to 7,5 mg in
nine weeks)(25), between June 2014 and December 2016, were selected for inclusion.
Approval was obtained from the local ethics committee (P0120, Ethics Committee of
the Slotervaart Hospital and Reade, Amsterdam, The Netherlands) and all patients gave
written informed consent according to the Declaration of Helsinki.

Measurements

Patients were interviewed by research nurses, at baseline and after 12 weeks to record
clinical characteristics as well as the DAS44. Erythrocyte sedimentation rate (ESR),
C-reactive protein (CRP), rheumatoid factor (RF) and anti-citrullinated protein (ACPA)
were determined. The Health Assessment Questionnaire (HAQ) and Rheumatoid
Arthritis Impact of Disease (RAID) questionnaires were filled out(4;26;27). The RAID
evaluates the impact of RA on daily activities and comprises 7 domains that are
evaluated as continuous variables from zero (best) to ten (worst).

Patient- and physician perceived remission were determined after 12 weeks of
treatment. To assess patient-perceived remission the following question was phrased:
“Would you say that, at this moment, your disease activity is as good as gone? Yes
or no?”(13). Patients answering ‘yes’ were in ‘self-perceived remission’. Physician-
perceived remission was assessed at the moment the physician assessed the patient in
the outpatient clinic, using the ‘VAS physician’, phrased as: “How active do you think the
rheumatoid arthritis of your patient is today?” and scored on a visual analogue (VAS)
scale of 0-100 mm. Where a VAS <10 mm was defined as physician-perceived remission,
according to the ACR/EULAR Boolean-based definition of remission(22).

Response after 12 weeks of treatment was determined, using the following clinical
response and remission definitions: DAS44 remission (DAS44 <1.6 points at week 12),
EULAR good response (defined as DAS44 improvement of 1.2 points and a DAS44 score at
week 12 <£2.4)(23), ACR70 response(21), and ACR/EULAR Boolean-based remission(22).

Statistical analyses

For descriptive purposes, mean (standard deviation (SD)), median (interquartile range
(IQR)) or frequencies (percentages) were used. Differences between baseline and week
12 data were determined by the paired t-test when outcome variables were normally
distributed. Otherwise, the Wilcoxon signed- rank test was applied.

First, the frequencies of patients who achieved DAS44 remission, EULAR good response,
ACR70 response and Boolean-based remission were calculated, as well as the number of
patients who were in physician- and patient-perceived remission. Second, the agreement
of physician-perceived remission and patient-perceived remission with and between all
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clinical response and remission definitions were calculated, using the percentage of
agreement as well as kappa values, according to the interpretation of Landis and Koch
(<0 indicates no agreement, 0 to 0.2 slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate,
0.61 to 0.80 substantial and 0.81 to 1.0 as almost perfect agreement). Kappa can be
interpreted as the percentage of agreement after correcting for chance(28;29). Third,
analyses were performed in a subgroup of patients in physician-perceived remission.
In this group, the differences between patients in and not in self-perceived remission,
were assessed on several outcome measures: the improvement on clinical, laboratory
and questionnaire data. This was analysed with the independent t-test (normal
distribution) or the Mann-Whitney U test (skewed distribution). A p-value <0.05 was
considered statistically significant, and all analyses were performed with SPSS software
(version 21).

RESULTS

Total population

In total 84 patients with early RA of the ‘Early Arthritis Cohort’ were included. At
baseline 10 patients did not complete the RAID questionnaire, and after 12 weeks three
patients did not fill out the RAID questionnaire.

The mean (SD) age of the included patients was 50 (12) years, and 67% were female
(Table 1). Mean (SD) DAS44 at baseline was 3.4 (1.2) and the seven questions on
the RAID all had a median score between 4.0 and 7.0 at baseline. After 12 weeks of
treatment, mean DAS44 (SD) improved to 1.4 (0.9) (p<0.01), and all questions on the
RAID improved to a median score between 2.0 and 4.0 (p<0.01).

Patients who fulfil the different response and remission criteria

After 12 weeks of treatment, 65 patients (77%) reached an EULAR good response,
25 patients (30%) an ACR70 response and 23 patients (27%) were in Boolean-based
remission (Additional file 1). Fifty-one patients (61%) reached DAS44 <1.6 and 50
patients (60%) had a HAQ score <0.5.

All analyses were repeated for a cut-off of VAS physician remission of <20 mm and
showed similar results (data not shown) .

Remission according to the physician and patient
According to physician-perceived remission, 55 patients (66%) were in remission after
12 weeks of treatment.

Patients in self-perceived remission versus those not at week 12 (n=45, 54%) had a
significantly lower DAS, tender joint count (TJC) and swollen joint count (SJC) of 44 joints
and scored lower on all questions on the RAID (Table 1). The VAS physician was lower
in patients who perceived themselves in remission, compared to those who did not 5.0
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(2.5-9.5) versus 13.0 (7.0-34.0) (p<0.01), respectively. Differences at baseline were seen
between patients in and not in self-perceived remission after 12 weeks. Patients in self-
perceived remission scored significantly lower at baseline on the VAS global, the HAQ,
and on the RAID questions about functional disability assessment, fatigue and physical
well-being. Of the clinical outcomes, only ESR was significantly lower in patients in
self-perceived remission compared to those who were not: 15.0 (7.0-30.0) versus 23.0
(15.0-40.0) mm/hour (p<0.01; Table 1), respectively.

Agreement between physician, patient and clinical response and remission definitions
The agreement between physician-perceived remission and patient-perceived remission
was 67% (kappa 0.32, p<0.01; Table 2).

The physician-perceived remission had the best agreement with EULAR good response:
79% agreement, with a kappa of 0.48; p<0.01(Table 2).

The agreement with patient-perceived remission was highest for EULAR good
response as well as ACR70 response: both 69% (kappa 0.36 (p<0.01) and 0.40 (p<0.01),
respectively). The agreement with Boolean-based remission was slightly lower and the
lowest agreement was seen with DAS44 remission.

Concordance between the different clinical response and remission definitions differed
enormously. For example, the agreement between EULAR good response and DAS44
remission was 83% (kappa 0.62, p<0.01), but the agreement between EULAR good
response and ACR70 response was 52% (kappa 0.22, p<0.01; Table 2). Agreement
between physician- and patient perceived remission differed as well within the different
response and remission criteria (Additional file 1).
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Table 2. Agreement between different definitions of response and remission

Physician-  Patient- DAS44 EULAR good ACR70 Boolean
perceived perceived remission response response remission
remission  remission

Physician- 67% 74% 79% 60% 57%
perceived X K=0.318 K=0.439 K=0.484 K=0.281 K=0.248
remission P=0.003 P<0.001 P<0.001 P=0.001 P=0.002
Patient- 67% 46% 69% 69% 67%
perceived K=0.318 X K=0.516 K=0.356 K=0.398 K=0.354
remission P=0.003 P<0.001 P<0.001 P<0.001 P<0.001
DAS44 74% 46% 83% 64% 67%
remission K=0.439 K=0.516 X K=0.622 K=0.343 K=0.392
P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
EULAR good 79% 69% 83% 52% 50%
response K=0.484 K=0.356 K=0.622 X K=0.220 K=0.199
P<0.001 P<0.001 P<0.001 P=0.001 P=0.002
ACR70 60% 69% 64% 52% 74%
response K=0.281 K=0.398 K=0.343 K=0.220 X K=0.359
P=0.001 P<0.001 P<0.001 P=0.001 P=0.001
Boolean 57% 67% 67% 50% 74%
remission K=0.248 K=0.354 K=0.392 K=0.199 K=0.359 X

P=0.002 P<0.001 P<0.001 P=0.002 P=0.001
Numbers are presented as level of agreement (%), kappa value (K) and p-value (P).
Physician-perceived remission was defined as a VAS of <10 mm as answer to the question:
“How active do you think the rheumatoid arthritis of your patient is today?”.
Patient-perceived remission was defined as “yes” or “no” as answer to the question: “Would
you say that, at this moment, your disease activity is as good as gone?”
ACR70: American College of Rheumatology 70 response, DAS44: disease activity score of 44
joints, EULAR: European League Against Rheumatism, mm: millimeter

Discordance between physicians and patients in remission

In this subgroup analyses, only patients in physician-perceived remission were
included. Patients in self-perceived remission showed the same improvement in DAS44,
tender and swollen joint count after 12 weeks of treatment, compared to those who
categorized themselves not in self-perceived remission (Figure 1). A trend was seen in
the difference on the change in ESR: 3.5 versus 13.0 mm/hour (p=0.07). An improvement
on all questions on the RAID was seen, however, patients in self-perceived remission
improved significantly more on the question about sleep, compared to patients not
in self-perceived remission: 2.9 versus 0.6 (p=0.01). A significant difference was seen
in improvement on the questions pain and emotional well-being, between patients in
self-perceived remission compared to those not in self-perceived remission (p-value
for both 0.04). Looking retrospectively at the baseline values for the differences
between patients in and not in self-perceived remission no significant differences were
found(Table 3)(30).
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Figure 1. Comparison of improvement in patient-reported and clinical outcomes after 12
weeks of treatment, in patients in physician-perceived remission, who were in and not in
patient-perceived remission

Physician perceived remission at cut-off £10mm, n=55. No remission {patient), n=19, remission (patient) n=36.
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Table 3. Differences in baseline values of patients in physician-perceived remission, stratified
into patients in and not in self-perceived remission after 12 weeks of treatment

In physician-perceived remission, n=55

In patient-perceived Not in patient-perceived

remission, n=36 remission, n=19
DAS44 3.0 (1.1) 3.2 (1.0
VAS global (mm) 47.5 [28.3-72.0] 66.0 [50.0-76.0]
TJC44ritchie 4.0 [3.0-9.0] 6.0 [4.0-11.0]
SJC44ritchie 6.0 [2.3-12.0] 6.0 [3.0-12.0]
ESR (mm/hour) 14.5 [8.0-31.0] 20.0 [12.0-40.0]
CRP (mg/l) 10.7 [4.2-24.8] 7.2 [3.9-32.0]
RAID pain 7.0 [3.0-8.0] 7.0 [4.8-8.0]
RAID FDA 6.0 [2.0-7.0] 5.0 [4.0-8.0]
RAID fatigue 5.0 [1.0-8.0] 6.0 [3.0-8.0]
RAID sleep 6.0 [2.0-8.0] 5.5 [2.0-7.3]
RAID physical well-being 3.0 [1.0-6.0] 3.5 [3.0-6.8]
RAID emotional well-being 3.0 [1.0-7.0] 4.0 [2.5-7.0]
RAID coping 3.0 [1.0-8.0] 5.0 [2.5-8.0]
HAQ 0.6 [0.1-1.1] 0.8 [0.4-1.5]

Numbers are presented as mean (SD) or median [IQR] where appropriate.

CRP: C-reactive protein, DAS44: disease activity score of 44 joints, ESR: erythrocyte
sedimentation rate, FDA: functional disability assessment, HAQ: Health Assessment
Questionnaire, IQR: interquartile range, . liter, mg: milligram, mm: millimeter, n:number,
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RAID: Rheumatoid Arthritis Impact of Disease questionnaire, SD: standard deviation, SIC44:
swollen joint count of 44 joints, TJC44: tender joint count of 44 joints, VAS: visual analogue
scale.

*significant difference (p<0.05) in baseline values for patients in and not in self-perceived
remission after 12 weeks of treatment

DISCUSSION

More than one-third of early RA patients disagreed with their physician on being in
remission after 12 weeks of treatment. The agreement between physician and patient
was higher in patients who did achieve DAS44 remission, ACR70 response or were
in Boolean-based remission. Patients who judged themselves as not being in self-
perceived remission showed less improvement on the RAID questions on sleep, pain
and emotional well-being, compared with patients who judged themselves as being in
self-perceived remission.

In this study all patients received the same anti-rheumatic treatment, which led to an
improvement in disease activity of all patients. The improvement of mean two points in
the DAS44 score after 12 weeks of treatment was similar to the results of the COBRA-
light trial. The improvement on RAID was in agreement with the results of the study of
Ledingham et al.(31;32). Clinical response and remission definitions in RA are defined
in several ways and the stringency of these different definitions has been shown to vary
widely and lead to enormous differences in results, which is comparable to our results
as 61% reached DAS44 remission, while 27% of the patients achieved Boolean-based
remission(33).

Our results showed a similar percentage of agreement between physician- and patient-
perceived remission, as in existing literature an agreement between 51% and 79% is
seen(5-9). For example, the Danish DANBIO registry found a 51% agreement between
8300 RA patients and physicians. Disagreement in this study was defined as a difference
of >20 mm on the global assessment between the patient and the physician(8).
However, the DANBIO registry described patients with a mean disease duration of
seven years and patients with lower disease activity, while the current study included
patients at the onset of RA, who generally have a higher disease activity. The higher
agreement between patients and physicians in the present study was probably due to
higher disease activity scores, as a higher swollen joint count is found to be associated
with lower odds of discordance(5). This is also visible in the variability of agreement
between physicians and patients within different response and remission definitions, as
agreement was higher in patients who achieved ACR70 response or Boolean remission.
In the present study, both patients and physicians had the best agreement with EULAR
good response, which was predictable as (improvement in) DAS is the most commonly
used measurement in clinical practice(33).
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A difference was not found in the improvement of DAS44 score, SIC or TIC between
patients who did and did not agree with the physician on being in remission. But, where
physicians focus on disease activity (inflammation), patients also incorporate other
domains(7;10;11). Patients who did not agree with their physician on being in remission
did show less improvement on components of the RAID about sleep, pain and emotional
well-being. A non-significant difference in fatigue was found between patients who did
and did not perceive themselves in remission. This is in contrast with other studies, in
which fatigue was an important explanation of patients perception of disease activity
(7,34). However, in these studies fatigue covered fatigue and sleep problems, which
was separated in our study. This might explain the difference as instead of the disease
itself, the side effects of medication, especially glucocorticoids, can also explain a
part of the sleep difficulties and fatigue symptoms. In this study, all patients received
the same dose of glucocorticoids, however some patients may experience more side
effects than others. Patients who did not agree also showed more improvement in
ESR after 12 weeks. These patients showed a trend of a higher ESR at baseline, but
no significant difference was found after 12 weeks of anti-rheumatic treatment. We
hypothesized that patients who did not perceive themselves in remission, had more
low grade inflammation during the 12 weeks, which might be associated with more
fatigue and sleep difficulties(34;35). At baseline their mean ESR was higher, but they
improved more in ESR to reach the same ESR levels at week 12 as patients who were
in self-perceived remission. However, this was not seen for CRP-levels. The comparison
between the RAID score and the discordance of physician- and patient-perceived
remission has not yet been performed before, as far as we know, which is a strength of
this study. Our study has some limitations. First, there is no widely accepted cut-off point
for discordance and therefore we used the same cut-off as the ACR/EULAR Boolean-
based definition of remission(23) were a VAS<10 mm was accepted to define physician-
perceived remission. We also performed a sensitivity analysis with a cut-off VAS<20mm,
which showed similar results. However, similar results were found in a study performed
in 800 RA patients, where a median VAS physician of 15 mm was found in patients who
were in physician-perceived remission(9). Second, the number of patients included in
this study was small, which influences the possibility to find significant relationships in
the data. However, this was of minimal influence as similar results in previous articles
were found(5-9). Finally, we did not take adverse effects as well as other concomitant
diseases into account that could influence the self-assessment of RA activity. However,
the measurements of RA disease activity that are used in general care, do not consider
this aspect either(10). Nonetheless, for future perspectives questions on adverse
effects, comorbidity and mental state might be useful. Future studies are needed to
confirm our findings and to determine the optimal set of patient-reported outcomes.
And eventually to compare the current treat-to-target treatment strategy with patient-
reported outcome guided treatment.
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CONCLUSIONS

In conclusion, more than one-third of the patients disagreed with their physician on being
in remission. This might have consequences for patient satisfaction, the relationship
between patient and physician and treatment compliance of the patient. Patients who
disagreed with their physician on being in remission showed less improvement on
questions about sleep, pain and emotional well-being of the RAID. However, not only
patients and physicians showed discordance, there were also many differences between
clinical response and remission definitions. This makes it necessary to increase patient
involvement in their own health care decisions, improving shared decision making.

LIST OF ABBREVIATIONS

ACPA: anti-citrullinated protein

ACR: American College of Rheumatology

CRP: C-reactive protein

DAS: disease activity score

DMARDs: disease modifying antirheumatic drugs
ESR: Erythrocyte sedimentation rate

EULAR: European League Against Rheumatism
HAQ: Health Assessment Questionnaire

IQR: interquartile range

RA: rheumatoid arthritis

SD: standard deviation

PRO: patient-reported outcome

RAID: Rheumatoid Arthritis Impact of Disease
RF: rheumatoid factor

TJC: tender joint count

SJC: swollen joint count

VAS: visual analogue scale
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CHAPTER 8

ABSTRACT

OBJECTIVE. Rheumatoid arthritis (RA) patients identified a return to normal as one of
the three major themes of remission. Therefore, this study investigated the relationship
between patient perceived concepts of normality and remission, and the ability of a
‘normality scale’ to discriminate between remission and non-remission states.

METHODS. Newly diagnosed RA patients with a high disease activity or unfavourable
prognostic factors, received treat-to-target combination therapy. At baseline, week 13
and week 26, disease impact was assessed, including a scale measuring the perception
of normality (score 7-35, higher scores indicating higher feelings of normality), Disease
Activity Score of 28 joints, and two definitions of remission: 1. patient perceived
remission (“Would you say that, at this moment, your disease activity is as good as
gone?”); 2. ACR/EULAR Boolean remission.

RESULTS. Forty-seven patients completed all assessments: 34 (72%) females, mean+SD
age 50114 years. Normality score at baseline was 20+7, and increased significantly to
2318 in week 13 and to 2418 in week 26 (both, p<0.001). Compared to patients not in
remission, patients in remission felt more normal: this was significant for patients in
self-perceived remission at week 13 (p<0.001) and week 26 (p=0.007), and for patients
in Boolean remission at week 26 (p<0.001).

CONCLUSION. Patients in self-perceived remission felt more normal after 13 and 26
weeks; patients in Boolean remission only after 26 weeks of therapy. The normality
scale discriminates between patients in and not in remission, and aligns with patient-
perceived remission. Further research is needed to study normality as a patient-relevant
target of RA treatment.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic illness characterized by inflammation of the joints
that strongly impacts quality of life. However, improved treatment strategies now more
frequently result in remission (1), so that ‘returning back to normal’ might be a realistic
goal for some patients.

According to the American College of Rheumatology and the European League Against
Rheumatism (ACR/EULAR) definition, remission in RA is achieved when tender joint
count, swollen joint count, patient global assessment of disease activity (PtGA) and
C-reactive protein (CRP) level are all <1, or when the simple sum of the tender joint
count, swollen joint count, PtGA, physician global assessment (PhGA) and CRP level
is £3.3 (2). The definition contains one patient reported outcome, namely the PtGA,
formulated as “Considering all of the ways your arthritis has affected you, how do you
feel your arthritis is today?” with the anchors very well and very poor (2). Although
some have suggested that the PtGA should be removed from the remission definition
for the sake of diagnostic accuracy (3), others, especially patients and clinicians have
suggested that with only one patient-reported outcome the definition lacks information
from the patients’ perspective on remission (4).

Qualitative research from our group identified three major themes of patient perceived
remission: 1) reduction or absence of symptoms, 2) reduction of impact, 3) return to
perceived normality (5). This return to perceived normality was either referred to as
a return to the ‘old’ normal life, as well as a ‘new’ normal situation referring to work,
family role and perception of others (5). This theme has also emerged in other studies,
where maintaining a normal life, returning to normality, or perceptions of normality
were identified as important treatment outcomes to RA patients (6-8).

While ‘returning back to normal’ was identified by patients as one of the three
most important themes of patient perceived remission, ‘normality’ is a complicated
concept and a consensus definition is not documented in literature. Normality is often
equated to quality of life or well-being, but it might be more than that. Sanderson et al
defined normality as ‘the person conceptualises the illness as normal, which involves
incorporating the illness more fully into a person’s identity and public self through a
redefinition of values and beliefs’ (9). In 2009, a ‘normality scale’ was developed to
assess the perception of normality in RA patients (9). This study aims to investigate
the relationship between patient perceived concepts of normality and remission, and
the ability of the normality scale to discriminate between remission and non-remission
states.
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PATIENTS AND METHODS

Study population

All newly diagnosed RA patients (ACR/EULAR 2010 criteria (10)) aged 18 years
or above with a disease duration of less than two years, and either high disease
activity or unfavourable prognostic factors, were invited to participate in this study.
Recruitment took place in the outpatient rheumatology department of the Amsterdam
Rheumatology and immunology Center, locations VU University medical center and
Reade, the Netherlands. Treatment according to a treat-to-target regime comprised
initial methotrexate and step-down prednisolone; if good EULAR response was not
achieved after 13 weeks, patients were randomized to continue treatment or intensify
treatment. Exclusion criteria were: a history of DMARD use, the use of >7.5 mg/day of
glucocorticoids in the past four weeks, or fulfilling any contra-indications for the use of
the study medication. All patients that had completed the week 26 visit in January 2016
were eligible for inclusion in the current study.

This study was approved by the local Ethics Committee and qualified as a study carrying
no extra risk for the participants. All patients received written information about the
study and provided informed consent for their participation.

Measurements
Measurements took place at baseline and after 13 and 26 weeks of treatment, and
included:

e The normality scale

The ‘normality scale’, developed in 2009, is a questionnaire that measures the perception
of normality in RA patients in 7 items (Figure 1, column A) (9). The items were derived
from interviews with RA patients about living with their chronic condition (11). The
scale was translated from English to Dutch by two separate forward and backward
translations. This resulted in the final Dutch version used for this study (Figure 1,
column B). All items were scored on a 5-point Likert scale: 1 for strongly disagree and 5
for strongly agree for items 1 and 3-7; reverse scoring for item 2. Simple addition leads
to a total score that ranges between 7 and 35, with higher scores indicating a higher
feeling of normality.

e Disease activity

The WHO-ILAR core set (12) evaluated disease activity. Joints were assessed by a trained
researcher or (research) nurse. PtGA as well as assessor global assessment (AssGA) and
patient pain were expressed on a 0-100 scale. Since the PhGA was not assessed at all
time points, AssGA was used instead. The AssGA is similar to the PhGA, only assessed
by the researcher or (research) nurse instead of the physician. Physical functioning was
assessed with the Health Assessment Questionnaire (HAQ). Disease Activity Score of
44 joints (DAS44) was calculated, which was converted to the Disease Activity Score
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of 28 joints (DAS28) (13). Finally, both CRP and erythrocyte sedimentation rate were
determined.

e Remission

Remission was measured in two ways: 1) patient perceived remission in patients
answering ‘yes’ to the question “Would you say that, at this moment, your disease
activity is as good as gone?”. This definition was developed during our work on the
patient perspective on remission in close collaboration with patient research partners
(4); 2) ACR/EULAR Boolean-based definition of remission (2).

Figure 1. Normality scale

Item A. Original (English) B. Dutch translation

1. On most days, | don’t think about my Op de meeste dagen denk ik niet aan mijn
arthritis reuma

2. My life is not normal now that | live with RA Mijn leven is niet normaal nu dat ik reuma

heb

3. | socialise as much as someone Mijn sociale leven is hetzelfde als dat
without arthritis van iemand zonder reuma

4. I sleep as well as before symptoms Ik slaap even goed als voordat
of my RA started mijn reuma-klachten begonnen

5. | have maintained my normal life Ik heb mijn normale leven behouden
since | was diagnosed with RA sinds ik de diagnose reuma kreeg

6. When | am well, my life is relatively normal Wanneer het goed met me gaat is mijn leven
redelijk normaal

7. | have as much energy as someone my age |k heb evenveel energie als iemand
without arthritis van mijn leeftijd zonder reuma

The items are scored with a 5-point Likert scale. Items 1 and 3-7 are scored as 1= strongly
disagree / helemaal mee oneens, 2= partially disagree / een beetje mee oneens, 3= neither
agree or disagree / niet mee eens, niet mee oneens, 4= partially agree / een beetje mee eens,
5= strongly agree / helemaal mee eens. Item 2 is scored in reverse with 1= strongly agree /
helemaal mee eens, 2= partially agree / een beetje mee eens, 3= neither agree or disagree /
niet mee eens, niet mee oneens, 4= partially disagree / een beetje mee oneens, 5= strongly
disagree / helemaal mee oneens. The scale can be used free of charge.

Statistical analyses

Descriptive statistics summarized patient characteristics: mean + standard deviation,
median [25" and 75" percentile], and frequency (percentage) where appropriate.
The normality scale items were examined both as total score and individually (by
calculating mean item scores). Paired t-tests compared changes over time in the total
study population, and after stratification for being in remission or not. Linear regression
assessed the unadjusted relationship between normality (dependent) and remission
(independent variable). McNemar tests assessed concordance between patient self-
reported remission and the ACR/EULAR Boolean based remission definition. P-values
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<0.05 were considered significant.
RESULTS

Of the 65 patients that completed the 26-week visit in January 2016, 47 patients
completed the normality scale at baseline and after 13 weeks of treatment, 44 patients
after 26 weeks of treatment. The demographic and clinical characteristics of these
patients are depicted in Table 1. At baseline, the mean normality score was 20 + 7,
mean DAS28 was 4.5 + 1.1, median PtGA was 58 (38;75), median AssGA was 49 (34,58),
median patient pain was 60 (35;75), and the median HAQ was 0 (0;0.5).

Table 1. Patient characteristics at baseline (n=47)

Characteristics Baseline
Females (%) 34 (72)
Age 50+ 14
DAS28 45+1.1

- Tender joint count (44 joints, Ritchie Articular Index) 7 [4;12]

- Swollen joint count (44 joints) 6 [4;13]

- Patient global assessment (0-100) 58 [38;75]

- Erythrocyte sedimentation rate (mm/hr) 20[8;53]

- C-reactive protein (mg/L) 10 [4;33]
Assessor global assessment (0-100) 49 [34,58]
Patient pain (0-100) 60 [35;75]
Health Assessment Questionnaire (0-3) 0[0;0.5]
Normality score (7-35) 207
Remission:

- Patient self-reported remission (%) 6 (13)

- Boolean remission (%) 0 (0)

Values are reported as mean + SD, median [IQR] or frequency (%)

From baseline, the normality score increased significantly to 23 + 8 in week 13 (p=0.001)
and 24 £ 8 in week 26 (p<0.001). Correspondingly, DAS28 decreased significantly to 2.5 +
1.0in week 13 (p<0.001) and 2.2 + 0.7 in week 26 (p<0.001), PtGA to 12 (2;49) (p<0.001)
and 15 (3;35) (p<0.001), AssGA to 20 (5;30) (p<0.001) and 16 (6;24) (p<0.001), patient
pain to 10 (1;40) (p<0.001) and 10 (2;33) (p<0.001), and HAQ to 0 (0;0.3) (p=0.003) and
0 (0;0.1) (p=0.01), respectively. The number of patients with a normality score of at
least 30 increased from 6 (13%) at baseline to 17 (36%) at week 26, with 4 (9%) scoring
the maximum of 35.

Remission was self-reported by 6, 30 and 31 patients at baseline and after 13 and 26
weeks of therapy respectively; 3 patients were in self-reported remission at all three
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time points, and another 4 at both 13 and 26 weeks. Correspondingly, 0, 13 and 13
patients were in Boolean remission respectively, with 8 at both 13 and 26 weeks. Self-
reported and Boolean remission were often not concordant (Table 2).

Table 2. Concordance between patient self-reported remission and the ACR/EULAR Boolean
based remission definition (in percentage)

Patient self-reported remission

Week 13 Week 26
Yes No Total Yes No Total
(n) (30) (17) (47) (31) (13) (44)
ACR/EULAR Boolean Yes (13) | 24 4 28 27 2 30 (13)
remission No (34) |40 32 72 43 27 70 (31)
Total (47) | 64 36 100 70 30 100 (44)

Compared to patients not in remission, those in remission felt more normal at follow up
(Figure 2). At week 26, the results for normality were numerically similar and significant
for both self-perceived and Boolean remission definitions: patients in remission
scored mean (95%Cl) 6.6 (1.9; 11.1, p=0.007) and 8.2 (3.5; 12.9, p=0.001) higher on
the normality scale, respectively. At week 13, only patients in self-perceived remission
scored significantly higher: 7.6 (3.6; 11.7, p<0.001) and 3.8 (-1.0; 8.7, p=0.119),
respectively.

Figure 2. Normality scores, categorized by presence of (n/N): Patient perceived remission
(week 0: 6/47; week 13: 30/47; week 26: 32/46); ACR/EULAR Boolean remission (week O:
0/47; week 13: 13/47; week 26: 13/45)

Normality score B In remission: yes
40 B In remission: no

* * *

35
30
25
20

15
10

5 Patient perceived Boolean
remission remission
I T ]

* significant difference in normality score between patients in, and patients not in
remission (p<0.05)
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Of the separate normality items of the normality scale, more than half of the patients
answered item 6 with ‘strongly agree’ to the statement “When | am well, my life is
relatively normal” (24, 26, and 24 patients respectively at baseline, after 13 weeks, and
after 26 weeks). This is also the item with the highest item score at all time points,
followed by item 3 “I socialise as much as someone without arthritis”. The other items
have a wider range in their scores. Furthermore, item 1 (“On most days, | don’t think
about my arthritis”) show large improvements in the scores: at baseline, most patients
disagree with this sentence (17 patients strongly disagree and 11 patients partially
disagree), while after 26 weeks most patients agree with the sentence (15 patients
strongly agree and 13 patients partially agree).

Of the 65 eligible patients, 18 patients had incomplete data and had to be excluded
from these analyses. These patients did not differ significantly from those included
with regards to gender, age, or disease activity at baseline. However, patients with
incomplete data were less likely to experience remission: 18% and 7% were in remission
at week 13 and week 26 respectively, compared to 28% and 29% in the included patients
(significant at 26 weeks: p=0.03).

DISCUSSION

This study demonstrates that the perception of normality as measured by the normality
scale is sensitive to change in the context of the start of treatment in early RA in a
treat-to-target regime aiming at clinical remission, and that it discriminates between
patients in and not in remission. Of note is that the responsivity of this fully patient-
reported outcome is similar to that of the DAS28, widely regarded as one of the most
sensitive indices of disease activity. Finally, occurrence of patient-perceived remission
was discordant with Boolean remission, preponderantly in the direction of Boolean
being more strict than the patient perception.

Research on the perception of normality in patients with RA is limited. Almén et al.
studied perceptions of RA patients relating particular topics. One of these topics was
‘normal life’ that they expressed as: regaining full health, living a normal live, not to be
regarded as differing from ordinary people, not be seen as different because of disability,
feeling no limitations, managing the household, and normal social functioning, in sum
“..to be able to live the life | had before” (14). The chronic, progressive nature of RA
likely complicates a comparison of life with RA to that before RA; nevertheless, in our
study of early RA patients 9% indicated their life had returned to normal as it was before
the start of RA, scoring the maximum score on each item of the normality scale after 26
weeks of therapy.

Research on normality in RA is limited. The normality scale used in this study was

developed as part of a doctoral thesis (9), but has to date not been published in a
scientific journal, limiting its exposure and dissemination. This is the first study to
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validate aspects of the scale in the context of RA remission. A limitation of this study is
its size (47 patients only). Most likely, selection also occurred in the included patients,
increasing the proportion of patients experiencing remission. However, as remission is
still relatively infrequent, such a selection is actually favourable in this study of normality
in the context of remission, as it creates more balanced groups, and does not influence
the scores of the normality scales in either remission or non-remission states.

Toour knowledge, nootherinstrumentisavailable that measures the feeling of normality,
specifically in patients with RA. More or less simultaneously to the development of
the normality scale, O’Neal et al. developed a normalization assessment measure for
rheumatic conditions containing 20 questions (15). However, this assessment includes,
but is not limited to, RA since it is also developed in patients with lupus, osteoarthritis,
and fibromyalgia. A comparison of the scales developed by Sanderson and O’Neal and
their relation to disease activity measures would be of interest.

The discordance between patient perceived remission and Boolean remission was
picked up by the normality score, that appeared more sensitive to occurrence of the
former, at least in the first 13 weeks. These results confirm our impression that patient
perception of remission is not (completely) the same as the clinician’s, and that at least
part of this difference lies in information captured by the normality scale.

The normality scale was originally designed in Bristol and contains 7 items (9). All items
are carefully formulated and selected out of interview data with patients about living
with RA. In the analyses of separate items, an outlier occurred in the answers of one of
the items: more than half of the patients answered ‘strongly agree’ to item 6 “When |
am well, my life is relatively normal”. This is in contrast to the answers that were given
to all other items, where is more diversity in the number of patients that chose for a
specific answer. According to the formulation of the question, this might not be very
surprising, as a RA patient that is feeling well does only have a few or maybe even no
complaints like pain. The large improvements in the scores for item 1 (“On most days,
I don’t think about my arthritis”) are also notable, given that all patients in the trial are
still taking anti-rheumatic drugs on a daily basis. This suggests they no longer think
about their RA every time they take a pill, pointing to adaptation. This is in accordance
with the definition of normality of Sanderson et al: ‘the person conceptualises the
illness as normal, which involves incorporating the illness more fully into a person’s
identity and public self through a redefinition of values and beliefs’ (9). In other words,
it may be that patients adjust their expectations and values, they get used to a new
way of life and they adapt to ‘a new normal situation’. However, when the normality
anchor shifts, patients will feel more normal when the disease improves, even when
the problems are not completely gone. This is a problem when there are still unresolved
problems that should be addressed by the therapy.
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The study population comprised patients with newly diagnosed and treatment-
naive RA starting anti-rheumatic treatment according to recent EULAR guidelines,
i.e. methotrexate and prednisolone (1). Response was rapid and sustained, and
characterized by relatively high rates of both self-reported and Boolean remission. It is
highly likely that the perception of normality will further increase over time, once more
patients reach remission and once the natural process of accepting and adapting to a
chronic illness is further completed. It is therefore of interest to see if the perception
of normality will further increase after one or two years after diagnosis. Furthermore,
additional research is needed to see whether progressive disease (development of
deformities or functional limitation) is reflected in the normality score and to what
extent. In the context of states of low disease activity and remission, further data in
specific disease states is needed to develop cut-off points.

To conclude, the feeling of normality appears to be a relevant aspect of remission as
experienced by the patient. The normality scale is responsive, discriminates between
patients in and not in remission, and aligns with patient-perceived remission. As
treatment should be targeted at patient-relevant outcomes and given the favorable
measurement properties suggested by this small study, it warrants further exploration
as measurement instrument in the context of remission.
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SUMMARY

Rheumatoid arthritis (RA) is a systemic autoimmune disease, which is characterized by
inflammation. This thesis is devoted to the early phase of RA and focused on three
areas: (rheumatoid) arthritis development, cardiovascular comorbidity and remission
from the perspective of the patient.

PART I: REVIEWING THE AT-RISK PHASE OF RHEUMATOID ARTHRITIS

The adverse consequences on physical functioning make RA a personal and socioeco-
nomic burden. To avoid this burden, the onset of RA should ideally be prevented, and
in this context the following questions are relevant: which risk factors are known for
the development of RA? How can these risk factors be combined in a risk model for the
prediction of RA? Which persons have an increased risk to develop RA? To answer these
guestions, we reviewed in chapter 2 and 3 the data from studies on risk factors for de-
veloping RA. Risk factors for RA include among others family history, high birth weight,
smoking, silica exposure, alcohol nonuse, coffee consumption, sugar-sweetened soda
intake, physical inactivity, obesity, diabetes mellitus, sleep disorders, thyroid disease,
the presence of autoantibodies and genetic variants. Several risk models have been
published. However, the measured risk is a life-time population risk, hence, for an indi-
vidual person at risk this is difficult to interpret. Currently, no drug or other intervention
exists with proven efficacy in the at-risk phase to prevent the development of RA. How-
ever, certain lifestyle changes may provide a risk reduction, such as smoking cessation,
dietary changes, and weight reduction.

Another relevant question is when to speak of ‘early RA” and when of ‘established RA’
and can this transition be prevented? In chapter 3 we argue that there is no biological
basis for a ‘phase of transition” from early to established RA. The pathology already
starts before the onset of early RA, which suggests that the onset of chronic inflamma-
tion also takes place before the onset of clinically apparent arthritis. The immunological
driving process of RA does not seem to differ between early and established RA, howev-
er, it is well known that a better prognosis can be obtained with an early diagnosis and
early aggressive treatment.

PART Il: CARDIOVASCULAR RISK IN EARLY RHEUMATOID ARTHRITIS

In part Il we focused on cardiovascular (CV) disease, a comorbid condition in RA patients,
as the inflammation not only affects the joints, but also the cardiovascular system. In
chapter 4 the presence of an unfavorable body composition was analysed in early ar-
thritis patients and compared to the general population. We analyzed 317 dual-energy
x-ray absorptiometry (DXA) scans of patients at the onset of arthritis and compared
them with 1268 age-, gender- and ethnicity-matched non-arthritis scans of controls. A
low muscle mass for ages was 4-5 times more common in early arthritis patients than in
controls. Furthermore, in early arthritis patients an unfavorable body composition was
associated with a higher blood pressure and an atherogenic lipid profile, indicating an
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increased cardiovascular risk. However, no relationship with disease activity or acute
phase proteins was found. This might be explained by the small number of early arthri-
tis patients with a low muscle mass for age, as well as that only a single measurement
of disease activity is not representative for the (subclinical) inflammation before the
onset of arthritis.

In chapter 5 the prevalence of conduction disorders in early arthritis patients was deter-
mined, as well as the relationship with inflammation and traditional CV risk factors. As
the risk of sudden cardiac death is increased in RA patients, we assessed, using electro-
cardiography, whether the prevalence of conduction disorders was already increased
at the onset of arthritis. Of the 480 early arthritis patients, 12.5% had a conduction
disorder. This prevalence is similar to the general population. This similar prevalence at
the onset of arthritis might be explained by the cumulative time of exposure to inflam-
mation. Early arthritis patients have been exposed for a shorter period, and it might be
that exposure for a longer period of time to inflammation causes conduction disorders
(especially QTc prolongation). Conduction times at baseline were not associated with
inflammation markers and did not change after one year of anti-rheumatic treatment.
However, a higher inflammatory load was associated with an increased heart rate,
higher blood pressure, and an atherogenic lipid profile. A higher blood pressure and a
more atherogenic lipid profile were also associated with an increased QRS time. CV risk
factors improved after anti-rheumatic treatment. Especially the improvement in heart
rate with the improvement in disease activity was outstanding. Therefore, the focus in
patients with early arthritis should be on CV risk management as well as on optimizing
anti-inflammatory treatment.

Next, we determined the role of anti-rheumatic treatment on CV risk, traditional risk
factors and the indication for preventive CV treatment. For this, in chapter 6, CV risk was
determined retrospectively according to two CV risk scores (Dutch Systemic Coronary
Risk Evaluation (SCORE) and European HeartSCORE, both corrected for RA patients),
before and after four weeks of anti-rheumatic treatment in 104 early RA patients. Ex-
ploratory analyses were performed to determine the effect of inflammation on CV risk
score, as well as the relation between inflammation, CV risk scores and the different
components of the risk scores. In total 7% of the RA patients already had a history of
CV disease at the moment of diagnosis. Comparison between the two different CV risk
models revealed only a slight agreement, of which the Dutch SCORE classified 30% of
patients as being at high risk for CV disease, and the European HeartSCORE classified
3% as high risk. According to the Dutch CV risk management guideline, all the patients
who were scored as high risk using the Dutch SCORE had an indication for (adaptations
of) preventive treatment. After anti-rheumatic treatment, the lipid profile and blood
pressure improved. In total 13% had a different advice for preventive CV treatment after
four weeks of anti-rheumatic treatment. Inconclusive results were found regarding the
association between disease activity and CV risk scores. Nevertheless, a higher total
cholesterol (TC): high-density lipoprotein (HDL) ratio (implying an increased cardiovas-
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cular risk) was associated with a higher disease activity. Therefore, we recommend to
calculate CV risk during a time of low disease activity.

PART Ill: PATIENT-REPORTED OUTCOMES AND REMISSION IN EARLY RHEUMA-
TOID ARTHRITIS

The goal in RA patients is to achieve a state of low disease activity or even remission.
However, many different definitions for remission exist. Therefore, in chapter 7 the fre-
guencies of patients that achieved response or remission after 3 months of anti-rheu-
matic treatment, according to different definitions, were examined. We found that
the agreement between the assessed outcome measures varied widely. Of the 84 RA
patients, 64% of the patients agreed with the physician about being in remission. To
determine why some patients did not agree with the physician, the clinical outcomes
and patient-reported outcomes were also assessed in patients who did and in patients
who did not agree with their physician on being in remission. The results showed that
patients not in self-perceived remission improved less on components of the Rheu-
matoid Arthritis Impact of Disease (RAID) questionnaire, especially on pain, sleep and
emotional well-being. Together with the variability in clinical response and remission
definitions, these results highlight the need to increase patient involvement in their
own healthcare decisions.

Previous literature identified three themes of patient-perceived remission, of which ‘re-
turn to normality’ was a major theme. Although a consensus definition of ‘normality’ is
not documented in the literature, a ‘normality scale’ has been developed. In chapter 8
the patient-perceived concepts of normality and remission, and the ability of the nor-
mality scale to discriminate between remission and non-remission was investigated.
Therefore, 47 RA patients were followed for 6 months after initiation of treat-to-target
anti-rheumatic treatment and ACR/EULAR Boolean remission criteria plus the normal-
ity scale were assessed before, after 13 weeks and after 26 weeks of treatment. The
perception of normality increased with 20% after treatment. Patients in self-perceived
remission had a higher feeling of normality at week 13 and week 26, while patients in
ACR/EULAR Boolean remission only had a higher feeling of normality at week 26. This
study showed that the normality scale is able to discriminate between patients in and
not in remission.

171













GENERAL DISCUSSION

CONCLUSION, DISCUSSION AND FUTURE PERSPECTIVES

From part | of this thesis we conclude that there are many risk factors of varying strength
for the development of RA, most of which confer only a low risk on their own. It is im-
portant to note that there is not yet a proven intervention, medicinal or otherwise, to
prevent RA during the at-risk phase. However, primary prevention of RA is an important
and widely studied topic, and we look forward to the results of several drug trials, such
as the STAtins To Prevent Rheumatoid Arthritis (STAPRA) study, Arthritis Prevention in
the Pre-Clinical Phase of RA with Abatacept (APIPPRA) study, TREAT EARLIER study (us-
ing methotrexate and intramuscular corticoids) and the Strategy to Prevent the Onset
of Clinically-Apparent Rheumatoid Arthritis (StopRA) study in which RA prevention is
attempted with hydroxychloroquine. Until primary prevention has been developed, it is
of great importance that patients are diagnosed with their disease as early as possible,
for a prompt initiation of anti-rheumatic treatment.

Part Il showed that the body composition of arthritis patients was already unfavorable
at the moment of diagnosis in comparison with the general population. For future per-
spectives, it would be of interest to determine body composition before the onset of
arthritis, i.e. in persons with an increased risk of arthritis, to determine when this un-
favorable composition develops and whether this could possibly be prevented. Also, it
should be determined whether the unfavorable body composition, which is present at
the onset of arthritis, can be normalized. Furthermore, the prevalence of conduction
disorders was not increased at baseline, but it would be interesting to follow these pa-
tients over time to determine if they develop more conduction disorders when they are
exposed to inflammation for a longer period of time. Remarkably, we found a decreased
heart rate of 7 beats/ min when comparing the lowest with the largest improvement
of disease activity. On a population level this would mean a ten-year CV mortality risk
difference of 24% between no or minimal versus substantial improvement in Disease
Activity Score (DAS).

The last chapter showed that different CV risk results are obtained, depending on which
CV risk prediction tool was used. Therefore, follow-up research is necessary to deter-
mine which CV risk screening model is optimal in RA patients. Of interest would be
to see in ten years which CV risk model best predicted the CV outcome of the pres-
ent cohort and if additional corrections for RA-associated factors can improve this risk
prediction model. Obviously, this model should be validated in other cohorts. Another
important conclusion is that the advice for preventive CV risk medication, according
to the Dutch SCORE and risk management guidelines, varied widely before and after
four weeks of anti-rheumatic treatment. Overall, RA patients should be in remission
or have minimal disease activity in the long-term course of their disease. Therefore, it
appears rational to perform CV risk management at a time of low disease activity. Our
findings indicate that CV risk management should not be implemented at disease onset
but at least four weeks after initiation of anti-rheumatic treatment. To further optimize
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the ideal moment to assess CV risk management additional research is necessary. For
instance, the current literature is contradictory about the effect of prednisolone on the
lipid profile. Therefore, an even more optimal moment might be a situation of low dis-
ease activity after cessation of prednisolone, but this remains to be shown.

Part Il demonstrates that it is difficult to develop a definition of remission that compris-
es all of its aspects. Many different definitions exist, and the amount of patients that
fulfill these varied widely. After three months of treatment, one-third of the patients
disagree with the physician about being in remission. Patients take other domains of
disease activity into account (e.g. pain, sleep and emotional wellbeing) than physicians.
Patient satisfaction, the relationship between patient and physician, and treatment
compliance can all be improved when patient and physician agree on the state of the
disease. Therefore, it is important to increase patient involvement in their own health-
care decisions, and so improve shared decision making. Physician- and patient-per-
ceived remission both had the best agreement with European League Against Rheu-
matism (EULAR) good response. However, further research is necessary to determine
which definition of response or remission, is best to use in clinical practice and which
predicts a good prognosis without leading to overtreatment. Possibly new definitions of
remission, with more patient-reported outcomes, can earlier sustain or further improve
an optimal state of physical functioning. A good candidate could be the normality scale,
as patients indicated returning back to normality as one of the three important domains
of remission, and the normality scale is able to discriminate between remission and
non-remission. The perception of normality also increased after initiation of anti-rheu-
matic treatment. The definition of remission according to the patient is very important,
therefore it would be interesting to see if perception of normality will further increase
over time and if the normality scale is able to predict disease activity, and eventually
might even be able to replace the DAS.
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NEDERLANDSE SAMENVATTING EN DISCUSSIE

SAMENVATTING

Reumatoide artritis (RA) is een systemische auto-immuunziekte, die door ontsteking
wordt gekarakteriseerd. Dit proefschrift is gewijd aan de vroege fase van RA en richt zich
op drie verschillende onderwerpen: de ontwikkeling van (reumatoide) artritis, het risico
op hart- en vaatziekten bij RA patiénten en het perspectief van de patiént op remissie
(het hebben van een rustige ziekte).

DEEL 1: EEN OVERZICHT VAN DE FASE VOOR HET ONTSTAAN VAN REUMATOIDE
ARTRITIS

De nadelige consequenties voor het fysiek functioneren maakt RA tot een persoonlijke
en sociaaleconomische belasting. Om deze belasting te verminderen, zou idealiter het
ontstaan van RA voorkomen moeten worden. In dit kader zijn daarom de volgende
vragen relevant: welke risicofactoren zijn er bekend voor het ontstaan van RA? Hoe
kunnen deze risicofactoren gecombineerd worden tot een risicomodel voor de predictie
van RA? Welke personen hebben een verhoogd risico op de ontwikkeling van RA? Om
deze vragen te beantwoorden hebben we in hoofdstuk 2 en 3 een overzicht gegeven
van de literatuur over risicofactoren voor de ontwikkeling van RA. Risicofactoren
voor RA zijn onder meer aanwezigheid van RA in de familie, hoog geboortegewicht,
roken, blootstelling aan silica, het niet gebruiken van alcohol, koffie consumptie,
frisdrank consumptie, fysieke inactiviteit, obesitas, suikerziekte, slaapstoornissen,
schildklierziekten, de aanwezigheid van auto-antistoffen (wanneer de afweer zich
keert tegen het eigen lichaam in plaats van tegen infecties van buitenaf) en genetische
varianten. Verschillende risico modellen zijn al gepubliceerd. Echter, het gemeten
risico is een risico op het ontstaan van RA, zonder specifiek tijdelement, en gericht op
de gehele populatie, en daarom is dit risico voor een individueel persoon moeilijk te
interpreteren. Momenteel bestaan er geen medicinale of andere interventies waarvan
is bewezen dat het ontstaan van RA ermee kan worden voorkomen. Echter, verschillende
leefstijl veranderingen zouden kunnen zorgen voor een verlaging van het risico, zoals
stoppen met roken, wijzigingen in dieet en gewichtsverlies.

Een andere relevante vraag is wanneer we van ‘vroege RA’ kunnen spreken en wanneer
van een ‘gevestigde RA’ (dat wil zeggen een chronische, meer onveranderlijke fase van
de ziekte) en of deze overgang voorkomen kan worden? In hoofdstuk 3 beargumenteren
we dat er geen basis is voor een ‘overgangsfase’ van vroege naar gevestigde RA. De
pathologie begint al voor de aanvang van vroege RA, dit suggereert dat een chronische
ontsteking ook al aanwezig is voor het optreden van de kenmerkende zwelling van de
gewrichten (artritis). Het immunologische proces lijkt niet te verschillen tussen vroege
en gevestigde RA. Echter, het is bekend dat een beter resultaat kan worden behaald met
een vroege diagnose en vroege en agressieve behandeling.
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DEEL II: CARDIOVASCULAIR RISICO BlJ VROEGE REUMATOIDE ARTRITIS

In deel 2 ligt de focus op hart- en vaatziekten oftewel cardiovasculaire (CV) ziekten,
een veel voorkomende en bijkomende aandoening in RA patiénten. De ontsteking treft
namelijk niet alleen de gewrichten, maar ook het cardiovasculaire systeem. In hoofdstuk
4 is de aanwezigheid van een ongunstige lichaamssamenstelling geanalyseerd in vroege
artritis patiénten en vergeleken met de algemene bevolking. Daarvoor hebben we 317
dual-energy x-ray absorptiometry (DXA) scans, van patiénten op het moment van de
diagnose artritis, vergeleken met 1268 scans van voor leeftijd, geslacht en etniciteit
gematchte personen uit de algemene bevolking. Een verlies in spiermassa welke soms
wordt gecompenseerd met een toename in (abdominale) vetmassa, waren weliswaar
zeldzaam, echter kwam dit 4 tot 5 keer vaker voor bij vroege artritis patiénten in
vergelijking met de algemene bevolking. Verder was in vroege artritis patiénten een
ongunstige lichaamssamenstelling geassocieerd met een hogere bloeddruk en een
ongunstig cholesterol profiel, wat in combinatie leidt tot een verhoogd cardiovasculair
risico. Er werd geen relatie gevonden met ziekteactiviteit of acute fase eiwitten
(een maat voor ontsteking in het bloed). Dit zou verklaard kunnen worden door
het kleine aantal vroege artritis patiénten met een lage spiermassa, en doordat één
ziekteactiviteit meting niet representatief is voor de mate van (subklinische) ontsteking
in de voorafgaande periode voor het ontstaan van de artritis.

In hoofdstuk 5 is het voorkomen van hartgeleidingsstoornissen in vroege artritis
patiénten gemeten, evenals de relatie met ontsteking en traditionele CV risicofactoren.
Omdat het risico op plotselinge hartdood verhoogd is in RA patiénten, hebben we, door
middel van een elektrocardiogram, bepaald of de prevalentie van geleidingsstoornissen
al verhoogd was op het moment van de diagnose artritis. Van de 480 vroege artritis
patiénten had 12.5% een geleidingsstoornis. Deze prevalentie is gelijk aan de prevalentie
in de algemene bevolking. De overeenkomst in prevalentie kan verklaard worden
door de totale tijd dat er blootstelling aan ontsteking heeft plaats gevonden. Vroege
artritis patiénten zijn voor een kortere periode blootgesteld, en het zou kunnen dat
een langere blootstelling aan ontsteking geleidingsstoornissen veroorzaakt (vooral QTc
verlenging). Geleidingstijden op het tijdstip van de diagnose waren niet geassocieerd
met ontstekingsparameters en dit veranderde niet na een jaar anti-reumatische
behandeling. Echter, hogere inflammatoire waarden waren geassocieerd met een
toename in hartslag, een hogere bloeddruk en een ongunstig cholesterol profiel. Een
hogere bloeddruk en een ongunstig cholesterol profiel waren ook geassocieerd met een
toegenomen QRS tijd. CV risicofactoren verbeterden na anti-reumatische behandeling.
Vooral de verbetering in hartfrequentie die samenhing met de verbetering in
ziekteactiviteit was opvallend. Daarom moet de focus in vroege artritis patiénten liggen
op zowel CV risico management als op het optimaliseren van de anti-inflammatoire
behandeling.
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Vervolgens bepaalden we de rol van anti-reumatische behandeling op het CV risico,
de traditionele risicofactoren en de indicatie voor preventieve CV behandeling.
Hiervoor hebben we in hoofdstuk 6 het CV risico retrospectief bepaald, volgens twee
verschillende CV risico scores (Dutch Systemic Coronary Risk Evaluation (SCORE) en de
European HeartSCORE, beide gecorrigeerd voor RA patiénten). Deze scores hebben
we berekend véor en vier weken na de start van anti-reumatische behandeling in 104
vroege RA patiénten. Explorerende analyses zijn uitgevoerd om het effect te bepalen
van inflammatie op CV risico scores en de relatie tussen inflammatie, CV risico scores
en de verschillende componenten van de risico scores. In totaal had 7% van de RA
patiénten al een CV ziekte doorgemaakt op het moment van de diagnose RA. De mate
van overeenkomst tussen de twee verschillende CV risico modellen was gering: waar
de Dutch SCORE 30% van de patiénten als hoog risico classificeerde, classificeerde
de European HeartSCORE slechts 3% als hoog. Volgens de Nederlandse CV risico
management richtlijnen hadden alle patiénten met een hoog CV risico classificatie
een indicatie voor (wijzigingen in) preventieve CV behandeling. Na start van de anti-
reumatische behandeling verbeterden het cholesterol profiel en de bloeddruk. In
totaal had 13% een ander advies na 4 weken anti-reumatische behandeling ten
aanzien van preventieve CV behandeling. Resultaten betreffende de associatie tussen
ziekteactiviteit en CV risico scores zijn niet conclusief. Maar een hoger totaal cholesterol
(TC): high-density lipoproteine (HDL) ratio (wat een toegenomen CV risico impliceert)
was geassocieerd met een hogere ziekteactiviteit. Daarom bevelen wij aan om het CV
risico te meten op een moment van lage ziekteactiviteit.

DEEL Ill: PATIENT-GERAPPORTEERDE UITKOMSTEN EN REMISSIE BlJ VROEGE
REUMATOIDE ARTRITIS

Het doel van de behandeling van RA patiénten is om een lage ziekteactiviteit te
bereiken of zelfs remissie. Er bestaan echter veel verschillende definities voor remissie.
Daarom hebben we in hoofdstuk 7 het aantal patiénten bepaald die een goede
respons of remissie behaalden na 3 maanden anti-reumatische behandeling, volgens
verschillende definities. We vonden dat de overeenkomst tussen het aantal patiénten
dat respons of remissie bereikten erg varieerde tussen de verschillende definities. 64%
van de 84 RA patiénten, waren het met de arts eens over de aanwezigheid van remissie.
Om te bepalen waarom sommige patiénten het niet met de arts over remissie eens
waren, hebben we de klinische uitkomsten en de patiént-gerapporteerde uitkomsten
gemeten in patiénten die het wel en niet met de arts eens waren. Het resultaat liet
zien dat patiénten die zelf vonden dat ze niet in remissie waren, minder verbeterden
op onderdelen van de Rheumatoid Arthritis Impact of Disease (RAID) vragenlijst, vooral
op de vragen over pijn, slaap en emotioneel welbevinden. Dit samen met de variatie
in klinische respons en remissie definities, wijzen ons erop dat niet alle aspecten van
remissie gemeten worden met de gangbare instrumenten en dat we patiénten moeten
betrekken bij beslissingen over de zorg voor hun gezondheid.
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Eerdere literatuur heeft drie thema’s geidentificeerd over patiént-gerapporteerde
remissie, waarvan ‘de terugkeer naar normaliteit’ een belangrijk thema was. Hoewel
een algemene definitie van de normale toestand ofwel ‘normaliteit’ niet is omschreven
in de literatuur, is er wel een ‘normaliteit schaal’ ontwikkeld. In hoofdstuk 8 is gekeken
naar wat patiénten als normaliteit en remissie beschouwen en is er gekeken naar de
mogelijkheid van de normaliteit schaal om onderscheid te maken tussen remissie en
niet-remissie. Hiervoor zijn 47 RA patiénten gevolgd gedurende de eerste zes maanden
na start van een op het bereiken van remissie gerichte anti-reumatische behandeling.
De ACR/EULAR Boolean remissie criteria en de normaliteit schaal zijn bepaald véér, na
13 weken en na 26 weken behandeling. De perceptie van normaliteit nam met 20% toe
na behandeling. Patiénten die zelf vonden dat ze in remissie waren hadden een hoger
gevoel van normaliteit op week 13 en week 26, terwijl patiénten in ACR/EULAR Boolean
remissie alleen een hoger gevoel van normaliteit hadden op week 26. Deze studie liet
zien dat de normaliteit schaal onderscheid kan maken tussen patiénten in en niet in
remissie.

DISCUSSIE, CONCLUSIE EN TOEKOMST PERSPECTIEVEN

Uit deel I van dit proefschrift kunnen we concluderen dat er vele risicofactoren zijn, met
een variabele invloed, op de ontwikkeling van RA, waarvan de meeste op zichzelf een
laag risico geven. Het is belangrijk om te realiseren dat er momenteel geen bewezen
interventie bestaat, medicinaal of anderszins, om RA te kunnen voorkomen in de fase
waarin mensen een verhoogd risico lopen op RA. Echter, primaire preventie van RAis een
belangrijk en veel bestudeerd onderwerp, wij kijken dan ook uit naar de resultaten van
verschillende medicatie trials, zoals de STAtins To Prevent Rheumatoid Arthritis (STAPRA)
studie, Arthritis Prevention in the Pre-Clinical Phase of RA with Abatacept (APIPPRA)
studie, TREAT EARLIER study (met methotrexaat and intramusculaire corticosteroiden)
en de Strategy to Prevent the Onset of Clinically-Apparent Rheumatoid Arthritis
(StopRA) studie, waarin geprobeerd wordt RA te voorkomen met hydroxychloroquine.
Totdat primaire preventie is ontwikkeld, is het belangrijk dat patiénten zo vroeg mogelijk
gediagnosticeerd worden met hun ziekte, zodat een snelle start van anti-reumatische
therapie kan plaatsvinden.

Deel Il liet zien dat artritis patiénten op het moment van de diagnose al een ongunstige
lichaamssamenstelling hebben in vergelijking met de algemene bevolking. Voor
toekomstig onderzoek zou het interessant zijn om de lichaamssamenstelling te
bepalen véér het ontstaan van artritis, dat wil zeggen bij personen met een verhoogd
risico op artritis, om zo te kunnen bepalen wanneer deze ongunstige samenstelling
ontstaat en om te bepalen of dit mogelijk voorkomen kan worden. Ook is het
belangrijk om te onderzoeken of de ongunstige lichaamssamenstelling, die aanwezig
is op het moment van de diagnose artritis, genormaliseerd kan worden. Verder was
de prevalentie van hartgeleidingsstoornissen ten tijde van de diagnose niet verhoogd,
maar het zou interessant zijn om deze patiénten over de tijd te volgen om te zien of
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zij geleidingsstoornissen ontwikkelen naarmate de tijd van blootstelling aan ontsteking
toeneemt. Merkwaardig was het verschil van 7 hartslagen per minuut tussen de
patiénten met de kleinste versus de grootste verbetering in ziekteactiviteit. Op populatie
niveau zou dit een gemiddelde tien-jaars CV mortaliteit risico verschil opleveren van 24%
tussen geen of minimale versus substantiéle verbetering in ziekte-activiteit gemeten
met de Disease Activity Score (DAS).

Het laatste hoofdstuk liet zien dat verschillende CV risico resultaten verkregen werden,
afhankelijk van welk CV risico predictie model werd gebruikt. Daarom is vervolg
onderzoek noodzakelijk om te bepalen welk CV risico screening model optimaal is voor
RA patiénten. Interessant zou zijn om over tien jaar te bepalen welk CV risico model het
beste de CV gebeurtenissen voorspelde in het huidige cohort en tevens of aanvullende
correcties voor RA geassocieerde factoren dit risico model nog verder kan verbeteren.
Eenandere belangrijke conclusie is dat het advies voor preventieve CV risico behandeling,
volgens de Dutch SCORE en risico management richtlijnen, erg varieerde véér en na vier
weken behandeling met anti-reumatica. In het algemeen zouden RA patiénten op de
lange termijn van hun ziekte in remissie moeten zijn of in ieder geval een minimale
ziekteactiviteit hebben bereikt. Daarom lijkt het rationeel om CV risico management
uit te voeren op een moment van lage ziekteactiviteit. Onze bevindingen laten zien
dat het CV risico management niet op het moment van de diagnose uitgevoerd moet
worden, maar minimaal vier weken na de start van anti-reumatische behandeling. Om
het ideale tijJdsmoment voor CV risico management verder te optimaliseren is verder
onderzoek noodzakelijk. Bijvoorbeeld, de huidige literatuur is tegenstrijdig over het
effect van prednisolon op het lipiden profiel. Daarom zou een optimaler moment een
situatie kunnen zijn met lage ziekteactiviteit en na het staken van de prednisolon, maar
dit moet nog bepaald worden.

Deel lll demonstreert dat het moeilijk is om een definitie voor remissie te ontwikkelen,
die alle aspecten van remissie bevat. Veel verschillende definities bestaan, en de
hoeveelheid patiénten die aan de verschillende definities voldoet verschilt erg. Na drie
maanden behandeling was een-derde van de patiénten het niet eens met de arts over
het al of niet behaald hebben van remissie. Patiénten nemen andere domeinen van
ziekteactiviteit mee in hun beoordeling (zoals pijn, slaap en emotioneel welbevinden)
dan artsen. Patiént-tevredenheid, de relatie tussen patiént en arts, en therapietrouw
kunnen alle verbeterd worden wanneer de patiént en de arts het eens zijn over de
status van de ziekte. Daarom is het belangrijk om patiénten meer te betrekken bij
beslissingen rondom hun gezondheid, en zo gedeelde besluitvorming te verbeteren.
Door de arts en door de patiént waargenomen remissie kwamen het beste overeen met
een goede respons volgens de European League Against Rheumatism (EULAR). Echter
is verder onderzoek noodzakelijk om te bepalen welke definitie van respons of remissie
het beste is om te gebruiken in de dagelijkse praktijk en welke hiervan een goede
uitkomst voorspelt, zonder patiénten bloot te stellen aan overbehandeling. Mogelijk
zijn er nieuwe definities van remissie, met meer door de patiént gerapporteerde
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uitkomstmaten, die eerder in het ziekteproces toegepast kunnen worden of een betere
uitkomst van de ziekte kunnen bereiken. Een goede kandidaat zou de normaliteit schaal
kunnen zijn, aangezien patiénten de terugkeer naar normaliteit als één van de drie
belangrijkste domeinen van remissie beschouwen. Tevens is de normaliteit schaal in
staat om het onderscheid te maken tussen remissie en niet-remissie. De waarneming
van normaliteit nam toe na het starten van anti-reumatische behandeling. De definitie
van remissie volgens de patiént is erg belangrijk, daarom zou het interessant zijn om
te bepalen of het normaliteit gevoel verder toeneemt over de tijd en of de normaliteit
schaal in staat is om ziekteactiviteit te voorspellen, en op deze manier zelfs de DAS zou
kunnen vervangen.
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DANKWOORD

Veel mensen hebben bijgedragen aan dit proefschrift en verdienen daarom een eervolle
vermelding.

Klinisch onderzoek is niet mogelijk zonder deelnemers, daarom wil ik als eerste alle
patiénten bedanken die aan verschillende onderzoeken wilden deelnemen. Ondanks
dat ze vaak net de diagnose reuma hadden gekregen, waren er velen bereid om ook nog
het wetenschappelijk onderzoekgedeelte aan te horen en om deel te nemen, hartelijk
dank! En natuurlijk alle reumatologen, AIOS en ANIOS die patiénten doorverwezen voor
wetenschappelijk onderzoek, bedankt voor de verwijzingen.

Ook wil ik graag mijn promotoren en copromotor bedanken. Promotor Prof. dr. D. van
Schaardenburg, beste Dirkjan, wat was ik blij dat jij me een baan aanbood, wel op een
ander project, aangezien de vacature waarvoor ik gesolliciteerd had al vervuld was.
Nadat de inhoud van mijn boekje een aantal keer was gewijzigd, konden we er ons vol
op storten. De wekelijkse gesprekjes en de wekelijkse overleggen hebben ertoe geleid
dat mijn promotietraject vlot werd afgerond. Hopelijk is er in de toekomst ook nog
ruimte voor onderzoek, er zijn genoeg projecten! Prof. dr. M.T. Nurmohamed, beste
Mike, mijn tweede promotor, bedankt voor de mogelijkheid om onderzoek te doen op
het cardiovasculaire gebied. Je hebt me voor dit onderwerp enthousiast gemaakt! Het
woord ‘consecutive’, hetgeen wat jij in ieder van mijn artikelen hebt toegevoegd, is denk
ik heel toepasselijk. De hoeveelheid opeenvolgende studies waar jij je mee bezig hield
was verbazingwekkend, onbegrijpelijk hoe je dit allemaal kan combineren! Copromotor
dr. W.F. Lems, beste Willem, de derde professor op rij. Bedankt voor je nuchtere blik en
je positieve instelling, ik vond het een erg prettige samenwerking.

Ook de leescommissie wil ik bedanken voor het beoordelen van dit proefschrift: prof. Dr.
R.F. van Vollenhoven, prof. Dr. R.B.M. Landewé, prof. Dr. K. Raza, prof. Dr. S. Middeldorp,
prof. Dr. R.J.G. Peters, dr. W.H. Bos en prof. Dr. Y.M. Smulders, hartelijk dank.

Promotie is onmogelijk zonder hulp van andere afdelingen. Daarom wil ik als eerste graag
de verpleegkundigen bedanken, hartelijk dank voor jullie inzet! Met name Véronique,
Sylvia en Marjolein wil ik bedanken voor het includeren van alle ‘Early Arthritis
Patiénten’ (later zorgpad artritis) en natuurlijk alle COBRA-bezoeken. Verder Maaike
en Marja voor alle STAPRA-patiénten, hopelijk lukt het om spoedig veel patiénten te
includeren. En natuurlijk de verpleegkundigen (Dorien, Astrid, Judith, Marjolein, Marja,
Martine, Maaike, Sylvia) op de dagbehandeling: het was gezellig. Wilfred bedankt voor
de vele overleggen over de patiénten op de dagbehandeling, fijn dat je daar altijd tijd
voor wist vrij te maken. Daarnaast wil ik alle secretaresses bedanken, vooral Ada, Afra,
Brigitta, Kavyo en Simone, voor het eindeloos mappen voorbereiden, patiénten bellen
en afspraken maken; zonder jullie lukte het niet! Hetzelfde geldt voor alle hartfilmpjes
die altijd op kamer A9 gemaakt konden worden, dankjewel. En Linda voor het invoeren
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en drs. J. Dekker voor het beoordelen van al die hartfilmpjes. En de apotheek, Renske en
Judith, bedankt voor alle COBRA-medicatie en natuurlijk de gezelligheid in de apotheek!
Graag bedank ik ook de radiologie afdeling, alle réntgenfoto’s en DXA-scans, Nazan, llse,
Yvonne en Cindy, bedankt voor jullie geduld.

Collega-onderzoekers, bedankt voor jullie input en gezelligheid! Sjoerd en Maaike,
bedankt voor jullie cardiovasculaire ondersteuning. lJill, je was een gezellige buuf.
Willem, je nuchtere mannelijke blik werd gewaardeerd. Leonieke, bedankt voor de
gezelligheid, jammer dat je meestal op het AMC was. Ingrid, bedankt voor je statistische
en database hulp. Laurette, hopelijk heb ik alles overgedragen, het gaat je zeker lukken
je krijgt een mooi boekje. Hetzelfde geldt natuurlijk voor Annelies, Daisy en Wendy!
Linda en Nicki van het VUmc, bedankt voor de COBRA samenwerking. Na wat hobbels
hebben wij een mooie studie (bijna) afgerond! Maaike, Merel, Erik en Milad, bedankt
voor de hardloopsessies iedere dinsdag en vrijdag, goed voor de afleiding en om
even te kunnen ‘sparren’. Zet het voort! De collega’s die de promotie eerder hadden
afgerond; Charlotte, Inge, Alper, Eva, jullie waren een voorbeeld! De biobank; Toni en
Corrie, bedankt voor het verwerken van alle samples. De researchafdeling: Remke en
Ellen, bedankt voor de gezelligheid.

Voor alle statistische problemen wil ik graag Maarten Boers, Jos Twisk en Marieke ter
Wee bedanken. Maarten, we hebben geen makkelijke artikelen gehad, bedankt voor
je rust en je goede adviezen. Jos bedankt voor het onderwijs en je Stata hulp, ik kan
nu zeggen dat ik het begrijp! Marieke bedankt voor het PRO artikel, het artikel dat het
snelste en vlotste is voltooid!

Buiten Reade zijn er ook nog veel mensen die ik wil bedanken. Uiteraard mijn vriendinnen
van geneeskunde: Diane, Tamara, Michelle, Nina, Inge en Suk-Yee. Bedankt voor de
gezellige uitjes en dat ik bij jullie mijn hart kon luchten. Vriendinnen van de middelbare
school: Noortje, Birgit, Danielle, Daphne, Bianca, Lidewij en Anouk. Ik ben blij dat we
elkaar nog steeds regelmatig zien, bedankt voor de nodige afleiding. Dear Chami, | am
glad you became my neighbor at Reade for your internship. Unfortunately, you needed
to go back to Madrid, but | am sure we will see each other on a regular bases (congresses
are a good reunion). Meiden van dames 3 van Qui Vive, wat fijn dat we nog steeds een
team zijn en iedere week gezellig hockeyen, bedankt! De ‘boodschappen-club’, Marja,
Sara, Alie en Myron, iedere vrijdagavond door de supermarkten en daarna thee met
taart, altijd een goede (en nuttige) afsluiting van de week! De yoga-club, fijn dat er ook
af en toe ontspanning was.

190



DANKWOORD

Mijn paranimf en mijn back-up: Marian. Bedankt voor je samenwerking, je statistische
kennis en je rust. Twee kinderen en een promotie, ik weet niet hoe je het hebt gedaan;
maar wauw! Hopelijk komt die opleiding tot kinderarts er snel. En Inge, paranimf,
hartelijk dank voor je steun! De uitjes en bruitlofts app waren erg fijn om af en toe
te kunnen ‘luchten’. Inmiddels allebei getrouwd, en hopelijk binnenkort allebei
gepromoveerd: je kan het!

Tot slot wil ik nog de belangrijkste mensen bedanken, mijn familie. Alle verjaardagen
en feestjes die gevierd werden waren een welkome afleiding. Ondanks de omvang van
de familie zien we elkaar regelmatig, ik besef hoe kostbaar dat is. Myron en Ronald,
ik vergeet jullie trouwuitnodiging over de app nooit, nu een mooi gezin met Imme en
Freek erbij. Papa en mama, inmiddels met pensioen, maar niet minder druk. Altijd in
voor leuke activiteiten en een 24/7 (klus)hulp die paraat staat. Nieuwe meubels, ramen
lappen, ontplofte tuinslang of een accu die het niet zou doen, ik waardeer jullie hulp
en het vertrouwen dat jullie in mij hebben. Uiteraard ook mijn schoonouders, Pieter en
Irene, bedankt voor jullie interesse en de leuke tussendoor uitjes.

Lieve Bart, mijn promotietraject was een grote zoektocht, maar het allerbelangrijkste
wat ik gevonden heb ben jij! Dank voor je luisterend oor en steun tijdens dit traject.
We hebben inmiddels al vele mooie reizen gemaakt, een huis gekocht en zijn zelfs
getrouwd, ik kijk uit naar de vele jaren die nog volgen!
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PHD PORTFOLIO

Name PhD Student S.A. Turk
PhD period sept 2013- sept 2017
Names PhD supervisors Prof. dr. D. van Schaardenburg

and prof. dr. M.T. Nurmohamed
Courses
Good Clinical Practice (GCP) 2014
Sharp van der Heijde scoring method 2014
Meldcode huiselijk geweld en kindermishandeling 2014
EpidM: Principes van epidemiologische data-analyse 2014
EpidM: regressietechnieken 2014
EpidM: longitudinale data-analyse 2015
Praktisch projectmanagement 2016
Basis cursus Regelgeving en Organisatie Klinisch Wetenschappelijk 2017

Onderzoek (BROK)

Presentations

14-3-3nis an independent predictor of radiographic changes in early RA, EULAR 2014
Annual European Congress of Rheumatology in Paris, France (poster presentation)

93% of early RA patients are positive for 14-3-3 n markers and 14-3-3 n auto- 2014
antibodies inform a favourable prognosis, irrespective of RF or ACPA status, EULAR
Annual European Congress of Rheumatology in Paris, France (poster presentation)

Conduction disorders & heart rate in early rheumatoid arthritis and the effects 2015
of anti-inflammatory treatment thereon, EULAR Annual European Congress of
Rheumatology in Rome, Italy (poster presentation)

Determination of the lipid profile in active disease leads to incorrect cardiovascular 2016
risk predication in early rheumatoid arthritis patients, EULAR Annual European
Congress of Rheumatology in London, UK (poster presentation)

Determination of the lipid profile in active disease leads to incorrect 2016
cardiovascular risk predication in early rheumatoid arthritis patients, ACR/ARHP
Annual Scientific Meeting in Washington, USA (poster presentation)

Glucocorticoid treatment for 12 Weeks in early rheumatoid arthritis is related to an 2016
increase in BMI, ACR/ARHP Annual Scientific Meeting in Washington, USA (poster
presentation)

Physician, but not patients, agree that EULAR good response indicates remission 2016
after 12 weeks treatment of early rheumatoid arthritis, ACR/ARHP Annual Scientific
Meeting in Washington, USA (poster presentation)

Unfavorable body composition already at the onset of clinical arthritis, EULAR 2017
Annual European Congress of Rheumatology in Madrid, Spain (poster presentation)
Unfavorable body composition already at the onset of clinical arthritis, NVR 2017

(Nederlandse Vereniging voor Reumatologie) Najaarsdagen in Arnhem, the
Netherlands (oral presentation)
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Patient reported outcomes explain the lack of agreement between physician 2017
and patient perceived remission in early rheumatoid arthritis, NVR (Nederlandse
Vereniging voor Reumatologie) Najaarsdagen in Arnhem, the Netherlands (oral
presentation)

Conferences

EULAR Annual European Congress of Rheumatology in Paris, France 2014

NVR (Nederlandse Vereniging voor Reumatologie) Najaarsdagen in Arnhem, the 2014
Netherlands

EULAR Annual European Congress of Rheumatology in Rome, Italy 2015

NVR (Nederlandse Vereniging voor Reumatologie) Najaarsdagen in Arnhem, the 2015
Netherlands

ACR/ARHP Annual Scientific Meeting in San Francisco, USA 2015
EULAR Annual European Congress of Rheumatology in London, UK 2016
ACR/ARHP Annual Scientific Meeting in Washington, USA 2016
EULAR Annual European Congress of Rheumatology in Madrid, Spain 2017

NVR (Nederlandse Vereniging voor Reumatologie) Najaarsdagen in Arnhem, the 2017
Netherlands

Seminars and workshops

Weekly department research seminars 2013-2017
LEAN workshop 2016
Lecturing

Dyslipidemia in the pathogenesis of RA. Can RA be prevented?, symposium 2015

cardiovascular rheumatology, Amsterdam, The Netherlands (oral presentation)

Supervising

L. Britsemmer, conduction disorders in early RA, Rheumatology 2014
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Samina Turk, auteur van dit proefschrift, werd geboren op 27 april 1989, in De Kwakel. Zij
behaalde in 2007 haar vwo-diploma, met het profiel ‘natuur en gezondheid’ en ‘natuur
en techniek’, aan het Alkwin Kollege in Uithoorn. Waarna zij startte zij met de studie
geneeskunde aan het VU medisch centrum te Amsterdam en in 2010 haar Bachelor of
Science behaalde. Vervolgens ging zij voor een half jaar naar Edmonton, Canada om
onderzoek te doen naar de ziekte van Crohn, als wetenschappelijke stage. Om in 2011
haar co-schappen te continueren, waarvoor zij haar huisartsenstage voltooide in Boyup
Brook, Australié en een semi-arts stage deed op de MDL-afdeling van het Kennemer
Gasthuis. In 2013 haalde zij haar Master of Science en startte haar promotietraject
op de reumatologie afdeling van Reade (inmiddels het Amsterdam Rheumatology &
immunology Center | Reade) onder leiding van Prof. dr. D. van Schaardenburg, Prof.
dr. M.T. Nurmohamed en Prof. dr. W.F. Lems. Hier heeft ze de STAPRA studie (STAtins
to Prevent Rheumatoid Arthritis) opgezet en samen met het VUmc de COBRA T2T
opgestart. In haar proefschrift heeft zij zich gericht op de ontwikkeling van vroege
artritis, het risico op cardiovasculaire ziekten in reumatoide artritis (RA) patiénten en
het behalen van remissie vanuit het perspectief van de RA patiént. Op verschillende
congressen heeft ze de resultaten van dit onderzoek mogen presenteren. Dit werk heeft
geleid tot het proefschrift dat voor u ligt.

Op 1 november 2017 startte zij in het kader van de opleiding tot reumatoloog met de
vooropleiding interne geneeskunde in het Spaarne Gasthuis.
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