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General introduction
Rheumatoid arthritis (RA) is a chronic, systemic auto-immune disorder characterized by 
synovial infl ammation of the joints and destruction of cartilage and bone (Figure 1). The 
worldwide prevalence of RA is estimated to be about 0.5-1%, and the disease is about two 
to three times more prevalent in females than males. RA can develop at any age, but most 
often presents between the ages of 50 and 60. The specifi c cause of RA is not yet fully 
understood, although genetic factors and environmental factors (for example infections 
and smoking) play a role.1-3

At the onset of RA, patients often present with chronic, symmetric infl ammation in the 
small joints of the hands and feet, and the wrists, although larger joints can be aff ected too. 
The infl amed joints are painful, swollen and stiff , and may cause movement restrictions 
and loss of function. Many patients experience general malaise or fever, and suff er from 
fatigue, even in periods with limited or no infl ammation. RA is a heterogeneous disease; 
the course of disease and prognosis varies strongly per patient.1-3

In RA, the chronically infl amed synovium may destroy bone, these bone destructions 
are also known as erosions. Furthermore, the infl amed synovium may produce enzymes 
that are involved in breakdown of cartilage (secondary osteoarthritis), which may cause 
reduced joint space width. Damage of bone, cartilage, and surrounding tissues may 
cause irreversible joint deformities and loss of function, which may have major impact on 
physical functioning in daily life.1-3

FIGURE 1. Comparison of a healthy joint and an inflamed joint

Treatment of rheumatoid arthritis
The treatment of RA has undergone some major changes in the last decades due to major 
scientifi c insights. First of all, early and intensive suppression of infl ammation may inhibit 
or delay the destruction of cartilage and bone, the so-called “window of opportunity”. 
Therefore, the treatment of RA should be started as soon as possible.1,2,4-6
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Second, combination therapy of disease-modifying anti-rheumatic drugs (DMARDs) 
proved to be more effective than monotherapy.7-12 Therefore, the majority of early RA 
patients, especially those who present with moderate or high disease activity, preferably 
starts treatment with a combination of two or three DMARDs simultaneously, almost 
invariably with glucocorticoids. The therapy will be tapered in a later phase of treatment, 
when a status of low disease activity or remission (a state of absence of disease activity) 
is maintained.1,4-6,13

Third, treatment targeted to decrease disease activity, and ultimately aimed to achieve 
clinical remission, has been shown to maximize long-term health-related quality of life 
through control of symptoms, prevention of structural joint damage, normalization of daily 
functioning and participation in social and work-related activities. Therefore, RA patients 
are preferably treated according to a so-called “treat-to-target strategy”, in which disease 
activity is regularly monitored (every 1-3 months during active disease), and treatment is 
intensified if disease activity is high, or continued or tapered if disease activity is moderate 
or low. The ultimate aim of the treatment is to rapidly achieve remission in early RA 
patients. A state of low disease activity may be an acceptable alternative therapeutic goal, 
particularly in patients with long-standing disease.1,4-6,13-15

Fourth, much more is known about the pathophysiology of RA nowadays, which 
contributed to the development of new anti-rheumatic drugs specifically targeted 
at immune cells (for example B- or T-cells), immune mediators (for example TNF-α and 
interleukins) or specific intracellular compounds (for example JAK proteins). These 
new drugs are called biological DMARDs (bDMARDS) and targeted synthetic DMARDs 
(tsDMARDs). The development of bDMARDs and tsDMARDs offers new treatment 
opportunities, especially for those patients who experience limited or no effect of 
treatment with (a combination of ) traditional synthetic DMARDs. Generally, bDMARDs 
and tsDMARDs are started when patients do not achieve a therapeutic effect of treatment 
with (a combination of ) traditional synthetic DMARDs.1,2,6

COBRA and COBRA-light combination therapy
An example of successful combination therapy is COBRA therapy (Dutch acronym for 
‘COmbinatietherapie Bij Reumatoïde Artritis’, combination therapy for rheumatoid 
arthritis), which combines initially high-dose prednisolone (60 mg/day), with methotrexate 
(MTX) and sulfasalazine (SSZ).7 Despite confirmed clinical effectiveness, safety and cost-
effectiveness on the short and long term, COBRA therapy was infrequently prescribed by 
rheumatologists due to the complexity of the treatment schedule, the large number of 
pills, the possible side effects of high-dose prednisolone use, and the possible interaction 
between SSZ and MTX.16,17 Therefore, an attenuated combination therapy was designed, 
“COBRA-light”, combining a lower initial prednisolone dose (30 mg/day), with a higher 
dose of MTX, but no SSZ.18
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In the COBRA-light trial, COBRA-light therapy was compared with COBRA therapy in 
an open-label, randomized controlled, non-inferiority trial design.18 In brief, COBRA-light 
therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 weeks and MTX escalated 
to 25 mg/week in 8 weeks) was compared with COBRA therapy (prednisolone 60 mg/
day, tapered to 7.5 mg/day in 6 weeks, MTX 7.5 mg/week and SSZ 2 g/day) on clinical and 
radiological outcomes in 162 early RA patients (Figure 2). A treat-to-target protocol was 
used, with minimal disease activity as treatment goal (Disease Activity Score in 44 joints 
(DAS)<1.6, at that time defined as clinical remission). In the period of 6 months to 1 year, 
treatment intensification of MTX (in COBRA) and addition of etanercept was mandated 
per protocol in patients who did not reach minimal disease activity (DAS<1.6). After 1 
year, treatment was continued without protocol, and therapy was adjusted by the treating 
physician according to clinical judgment, preferably in a treat-to-target design. Patients 
were intensively monitored up to two years and visited their rheumatologist and research 
nurse 3, 6, 9, 12, 18 and 24 months after trial initiation. 

COBRA-light therapy proved to be non-inferior to COBRA therapy in clinical and 
radiological efficacy and safety after 6 and 12 months.18,19 Although the results of the 
first year of treatment with COBRA-light therapy were favourable, long-term data were 
lacking. Therefore, we developed the COBRA-light extension study, in which the efficacy 
and safety of initial COBRA-light versus COBRA therapy after a 4-year follow-up period was 
studied (Chapter 2).

Remission
The ultimate target for treatment of RA is a state of clinical remission, defined as the 
absence of signs and symptoms of significant inflammatory disease activity.14 In the past, 
various definitions of remission were used interchangeably, measuring different states of 
disease activity.20,21 Therefore, a new, uniform, strict and easy-to-use definition of remission 
was developed in 2011: the ACR/EULAR remission criteria.21 The criteria were validated 
for their potential to predict good functional and radiographic outcome in future.21 The 
criteria require, intentionally, no minimum duration of remission, because it was beyond 
the scope of the committee to determine a minimum clinically relevant duration. However, 
since RA is a chronic, progressive and destructive disease, with disease activity over time 
as best predictor of progression and destruction,22-24 the duration of remission is a very 
important aspect. In addition, RA patients themselves find duration an important aspect 
of remission as well.25 Therefore, we studied whether sustained periods of remission could 
predict good functional and radiographic outcome in RA patients (Chapter 3). 
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Physical activity
It is well-known that regular physical activity has multiple health benefits, such as 
decreased mortality and decreased morbidity of cancer, cardiovascular disease, and 
other chronic diseases.26 Regular physical activity might have additional health benefits 
for RA patients, such as positive effects on aerobic capacity, muscle strength and muscle 
function, without exacerbating disease activity and pain.27,28 However, it might be difficult 
for RA patients to perform physical activities regularly, especially during periods of 
high disease activity. The relation between disease activity and physical activity in RA 
has been described cross-sectionally, but not longitudinally.29,30 Therefore, we studied 
this longitudinal relation between disease activity and self-reported physical activity in 
COBRA-light patients during their first year of treatment (Chapter 4).

Body composition
Body composition describes the ratio of fat mass, lean body mass, bone mass and water 
in the human body. It can be estimated by relative simple methods like the assessment 
of body weight and height to calculate the Body Mass Index (BMI), the assessment of skin 
folds and circumferences, and from conductivity, which uses the resistance of an electrical 
flow through the body to estimate body fat (bioelectrical impedance analysis (BIA)). More 
complex and expensive methods are based on total body scans (e.g. dual-energy X-ray 
absorptiometry (DXA)), body density (e.g. underwater weighing) and body volume (e.g. 
air displacement plethysmography).

The chronic, systemic inflammation in RA is not only associated with destruction of 
cartilage and bone, but impacts body composition of RA patients as well. The underlying 
mechanism may be that chronic, systemic inflammation is associated with changes 
in levels of cytokines that cause a state of hyper-metabolism, which increases energy 
demands that contribute to the loss of fat-free mass (FFM).31-35 During exacerbations of 
disease, decreased physical activity and disuse of muscles can result in further loss of 
FFM. FFM is important as it contributes to multiple vital body functions. A loss of FFM 
may decrease functional capacity and may have serious consequences for morbidity 
and mortality of RA patients.31-35 Fat mass (FM), or adipose tissue, can be considered as 
an active, endocrine organ, secreting several pro-inflammatory cell signaling proteins, 
the so-called adipocytokines.36 Increased FM and obesity are frequently observed in RA 
patients, and are associated with an increased risk of the development of hypertension, 
diabetes mellitus and cardiovascular disease.31,34 

Prednisolone, a glucocorticoid, is well known for reducing inflammation in RA patients 
rapidly and effectively, and is often used in the initial treatment strategy of RA patients. 
Next to its anti-inflammatory properties, prednisolone may cause alterations in energy 
metabolism, and high doses can lead to muscle wasting, fat accumulation and fat 
redistribution from peripheral to central tissues.37 The short-term effects of prednisolone 
on body composition of prednisolone-naive early RA patients are unknown. Therefore, 
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we performed a study to investigate the effects of two different prednisolone regimens 
(COBRA and COBRA-light therapy) on body composition in early RA patients after 26 
weeks of treatment (Chapter 5).

Rheumatoid cachexia is a condition of altered body composition, in which patients 
present with an involuntarily loss of FFM and a stable or increased FM. Rheumatoid 
cachexia probably results from the complex interplay between inflammation, physical 
activity, drug treatment and nutritional intake (Figure 3).31,33 The condition often remains 
undetected in routine clinical examination, since the loss in FFM is masked by a gain in 
FM, resulting in little or no weight loss.31 Still, rheumatoid cachexia can be demonstrated 
in 20-50% of patients with RA, depending on the definition used, and is associated with 
patient’s disability, increased morbidity and premature mortality.32,38-44 New consensus 
definitions of “pre-cachexia” and “cachexia” have been published for use in different patient 
populations. 45,46 We studied the applicability and relevance of these new definitions in RA 
patients (Chapter 6).

FIGURE 3. Overview of potential causes and clinical manifestations of rheumatoid cachexia by Summers et al31

Summary of current knowledge regarding the underlying mechanism and clinical manifestations of rheumatoid 
cachexia. The questions marks denote areas in which the current state of knowledge is still preliminary; CVD = 
cardiovascular disease.
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Assessment of body composition 
Since chronic, systematic inflammation may have impact on body composition of RA 
patients, careful and regular assessment of body composition is important. BMI is a simple, 
easy and widely used parameter to assess body composition in clinical practice, but fails 
to identify the changes in FFM and FM often present in (weight stable) RA patients.33,47 
DXA is a valid and reliable method to assess both FFM and FM accurately, and is often 
used as a reference method for body composition measurement in clinical studies.48-50 
However, the use of this method is expensive, patients are exposed to small amounts of 
radiation, the device is non-portable, and requires trained radiologists for interpretation, 
which makes it unsuitable for every-day use in clinical practice.

BIA might be a more suitable method to assess body composition in RA patients 
in clinical practice, as it is relatively cheap, simple, rapid, safe and non-invasive, uses a 
portable device and can be easily performed after minimal training.49-52 A limitation of BIA 
is that the precision and accuracy of its assessments depends on the fluid and electrolyte 
status of patients.48-51 Furthermore, BIA has not been sufficiently validated in RA patients. 
Therefore, we initiated a study to investigate the differences between the assessment 
of body composition by BMI and BIA in a cohort of 65 RA patients (Chapter 7). After 
promising results, we decided to compare BIA with two different DXA devices in a cohort 
of 43 RA patients (Chapter 9). 
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Outline of this thesis

Part I
The first part of my thesis describes outcomes of the COBRA-light trial. In chapter 2, we 
describe the efficacy and safety of initial COBRA-light and COBRA therapy after a 4-year 
follow-up period. We compare both treatment strategies on their effect on disease activity, 
remission, functional and radiological outcomes, and in terms of survival, comorbidities 
and overall medication use. In chapter 3, we present the validity of the new ACR/EULAR 
remission criteria for both short and sustained periods of remission in early RA patients. 
For this chapter, 2-year follow-up data of the COBRA-light trial was used, and the main 
clinical outcomes over a 2-year follow-up period are described as well. In chapter 4, we 
describe the longitudinal relation between disease activity and self-reported physical 
activity in COBRA-light patients during their first year of treatment. In chapter 5, we 
present the effects of two different prednisolone regimens (COBRA and COBRA-light) on 
body composition in prednisolone-naive RA patients after 26 weeks of treatment. 

Part II
The second part of my thesis focuses on the assessment of body composition in RA 
patients. In chapter 6, we describe the relevance of the new “pre-cachexia” and “cachexia” 
definitions for RA. In chapter 7, we present the differences between the assessment of 
body composition by BMI and BIA in a cohort of RA patients. In chapter 8, we comment 
on an article published by Wolfe and Michaud, who used BMI as a measure for overweight 
and obesity in RA patients. In chapter 9, we present the results of a comparison study, in 
which BIA is compared with two DXA devices for the assessment of body composition in 
RA patients.

In chapter 10, the most important findings of this thesis are summarized and discussed. 
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Objective: To assess the effi  cacy and safety of initial COBRA-light vs COBRA therapy in RA 
patients after a 4-year follow-up period.

Methods: In the COBRA-light trial, 162 consecutive patients with recent-onset RA were 
randomized to either COBRA-light (prednisolone and MTX) or COBRA therapy (prednisolone, 
MTX and SSZ) for 1 year. After 1 year, treatment was continued without protocol, and 
adjusted by the treating physician according to clinical judgement, preferably with a treat-
to-target strategy. Four years after trial initiation, all patients were invited to participate 
in the COBRA-light extension study, in which patients were interviewed and physically 
examined, patient reported outcomes were assessed, radiographs were made, and clinical 
records were examined for comorbidities and medication use. 

Results: In the extension study, 149 out of 162 (92%) original trial patients participated: 
72 COBRA-light and 77 COBRA patients. Initial COBRA-light and COBRA therapy showed 
similar eff ect on disease activity, physical functioning, radiological outcome and Boolean 
remission over the 4-year follow-up period. In addition, both treatment groups showed 
similar survival and major comorbidities, although the power to detect diff erences was 
limited. Besides protocolled diff erences in prednisolone, MTX and SSZ use, the use of 
other synthetic and biologic DMARDs and intra-articular and intramuscular glucocorticoid 
injections was similar in both treatment groups over the 4-year period. 

Conclusion: Early RA patients initially treated with COBRA-light or COBRA therapy had 
similar effi  cacy and safety outcomes over a 4-year follow-up period. 
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Introduction
Combination therapy is effective and safe in early RA patients with respect to clinical and 
radiological outcomes in the short and long term.1-17 An early and well-known example 
of successful combination therapy is COBRA (Dutch acronym for “COmbinatietherapie Bij 
Reumatoïde Artritis”) therapy, which combines initial high-dose prednisolone (60 mg/
day), with MTX and SSZ.2-4 However, despite confirmed clinical effectiveness, safety and 
cost-effectiveness on the short and long term, COBRA therapy is infrequently prescribed 
by rheumatologists due to concerns about the complexity of the treatment schedule, the 
large number of pills, and the possible side effects of high-dose prednisolone use.18,19 

Therefore, an attenuated and simplified combination therapy was designed, combining 
a lower initial prednisolone dose (30 mg/day), with a higher dose of MTX and without 
SSZ. In an open-label randomized controlled trial, COBRA-light therapy proved to be non-
inferior to COBRA therapy in clinical and radiological efficacy and safety after 6 and 12 
months in early RA patients.5,6 The majority of early RA trials monitor their patients over 
a 1- or 2-year period, while studies with longer observation time are scarce. Therefore, 
the aim of the present study was to compare efficacy and safety of initial COBRA-light vs 
COBRA therapy in RA patients after a 4-year follow-up period. 

Methods

Study design and study population
This study is a follow-up of the multicentre COBRA-light trial, which assessed the non-
inferiority of COBRA-light vs COBRA therapy on clinical and radiological outcomes in 162 
early RA patients at VU University Medical Center, Reade and Westfriesgasthuis in The 
Netherlands (ISRCTN Clinical Trial Registration Number: 55552928).5,6 In brief, COBRA-light 
therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 weeks and MTX escalated 
to 25 mg/week in 8 weeks) was compared with COBRA therapy (prednisolone 60 mg/day, 
tapered to 7.5 mg/day in 6 weeks, MTX 7.5 mg/week and SSZ 2 g/day), with DAS<1.6 as 
treatment goal. After 6 months, COBRA-light patients had received 1750 mg prednisolone 
and 550 mg MTX; COBRA patients 2275 mg prednisolone and 188 mg MTX.

In the period of 6 months to 1 year, treatment intensification of MTX (in COBRA) 
and addition of etanercept was mandated per protocol in patients who did not reach 
minimal disease activity (DAS<1.6). Per protocol, 61 COBRA-light and 47 COBRA patients 
needed treatment intensification with etanercept. In practice, only 40 COBRA-light and 27 
COBRA patients actually started etanercept, due to treatment deviations and/or protocol 
violations.6 After 1 year, treatment was continued without protocol, and adjusted by the 
treating physician according to clinical judgment, preferably in a treat-to-target design. 
Intra-articular and intramuscular glucocorticoid injections were allowed. Patients were 
intensively monitored up to two years and visited their rheumatologist and research 
nurse 3, 6, 9, 12 ,18 and 24 months after trial initiation.
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Outcome measures

Disease activity and remission
DAS (44 joints) assessed disease activity, and was corrected for intra-articular and 
intramuscular glucocorticoid injections, as previously described.6 A 100 mm Visual 
Analogue Scale (VAS) recorded physician assessment of disease activity. Clinical remission 
was defined according to the ACR/EULAR Boolean and SDAI remission criteria;20 and 
minimal disease activity as DAS<1.6. 

Patient reported outcomes
Patient reported outcomes comprised physical functioning (Dutch HAQ);21 patient 
assessments of pain, disease activity and general well-being (100 mm VAS); quality of life 
(EuroQol (EQ-5D-3L) and its health status VAS);22,23 impact of RA (Rheumatoid Arthritis 
Impact of Disease (RAID));24,25 comparison of current health status with one year ago 
(1 item of the Short Form questionnaire 36 (SF-36));26 and fatigue (Bristol Rheumatoid 
Arthritis Fatigue questionnaire (BRAF), both the multi-dimensional questionnaire (MDQ) 
and numerical rating scales (NRS) on severity, effect on life and coping ability).27 

Radiological outcome
Radiographs of hands and feet at 4 year were scored independently according to the 
Sharp – van der Heijde Score (SHS) method28 by two trained assessors who also had scored 
all previous study radiographs. The assessors were aware of the sequence, but blinded 
for treatment group and study centre, as previously described.6 In 9 out of 149 patient 
sets, the two assessors differed by ≥5 points, and the score of a third assessor (D.v.S) was 
applied. The intraclass correlation coefficient for agreement between the two assessors was 
0.97 (95% CI: 0.95 to 0.98). Results are reported as the mean of the two assessors’ scores. 

Survival and comorbidities
Clinical records, and information from the general practitioner or medical specialist, 
where necessary, were queried for survival, including information on date and cause of 
death. All patients were queried and clinical records were examined according to a fixed 
protocol to identify new comorbidities developed during the follow-up period. Serious 
deteriorations of comorbidities present at baseline were also noted. Only comorbidities 
and events that were confirmed by a clinical record were used in the primary analysis; 
a sensitivity analysis was performed to evaluate the impact of including data of patient 
reported comorbidities and events that were not confirmed by clinical records. When a 
joint was replaced after a clinical fracture, only the fracture was counted as comorbidity; 
remaining joint replacements were thus mainly due to OA. DXA was performed at the 
4-year visit to identify changes in bone mineral density to assess osteoporosis (T-score less 
than -2.5) in lumbar spine (L1-L4), femoral neck or total hip. X-rays of thoracic and lumbar 
spine were made at the 4-year visit to identify vertebral fractures according to Genant’s 
method.29 The X-rays were scored by two assessors (I.B, W.L.), unaware of treatment group, 
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and compared with baseline X-rays. Chest X-rays or instant vertebral assessment were 
used if no or incomplete spine X-rays were available for assessment. A prevalent vertebral 
fracture with more than 10% increase in vertebral height loss after 4 years was considered 
as a clinically relevant ‘new vertebral fracture’ during the follow-up period. 

Medication use
Clinical records were examined from baseline until the 4-year visit for prednisolone 
and MTX use (both: duration, mean and cumulative dose), and use of other synthetic 
and biologic DMARDs (duration only), and number of administered intra-articular and 
intramuscular glucocorticoid injections. 

Other outcomes
Other disease-related outcomes that were assessed in this study were the following: 
duration of morning stiffness; life style factors such as smoking status and BMI; and 
ESR and CRP.

Statistical analyses
Results are presented as mean (S.D), or as median (interquartile range), where appropriate. 
Follow-up data of deceased patients (n=5) were included as far as possible. 

Independent t-tests or Mann Whitney U tests (continuous outcome measures), and 
Chi-square or Fishers Exact tests (dichotomous outcome measures) evaluated differences 
between the groups, where appropriate.

Generalized Estimating Equations (GEE) and mixed model analyses assessed changes 
in disease activity, physical functioning, radiological outcome, and Boolean remission over 
time between treatment groups, correcting for repeated measures. Baseline measures were 
included in all analyses to correct for regression to the mean, except Boolean remission, 
absent by definition at baseline. Mixed models analysis (Gaussian distribution) analyzed 
DAS. Tobit regression (Gaussian distribution) analyzed skewed HAQ data, with 0 as lower 
limit. SHS data was extremely skewed and Poisson regression was not possible because of 
overdispersion. Therefore, SHS data was analyzed as counts outcome (all scores were rounded 
up) with the negative binomial (log link) distribution. A sensitivity analysis was performed 
with scores rounded down. Logistic GEE analysis (binomial distribution) analyzed Boolean 
remission. The exchangeable correlation matrix was used in all analyses. All outcomes were 
corrected for potential confounding or effect modification through mandatory inclusion in 
the analysis model of the terms sex, age, baseline DAS, baseline RF, baseline ACPA, baseline 
erosive disease according to 2013 EULAR definition,(30) baseline BMI and baseline smoking 
status. Sensitivity analyses were performed to evaluate the potential impact of the deceased 
patients (n=5) and drop outs (n=8) on DAS, HAQ and SHS over time. In these 13 patients, 
missing values were imputed: a missing value at an in-between visit was replaced by the 
mean score of the visit before and after the missing visit, a missing value at 48 months or 
a range of missing values (in case of drop out) was predicted per patient via the trend of 
simple linear regression over all earlier visits (n=1). 
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In the above described longitudinal analyses, in which the primary outcomes were 
tested, p-values<0.05 were considered significant. Bonferroni corrections were applied 
to all secondary analyses, to retain an overall alpha level of 0.05. A total of 60 secondary 
analyses resulted in a Bonferroni corrected alpha level of 0.05/60=0.0008. 

All descriptive statistical analyses were performed with IBM SPSS Statistics, release 
22 (SPSS Inc, Chicago, IL, USA) and all longitudinal analyses were performed with Stata, 
release 12 (StataCorp LP, College Station, TX, USA).

Results
In the extension study, 149 out of 162 (92%) original trial patients participated: 72 
COBRA-light and 77 COBRA patients (Figure 1); 5 patients died during the follow-up 
period (3 COBRA-light, 2 COBRA), and 8 patients were not able or willing to participate 
(6 COBRA-light, 2 COBRA) of whom 2 patients were in drug-free remission and out of 
routine care. Comorbidities and medication use of one COBRA patient who dropped 
out the study after 3 months and died during the follow up period, was incomplete 
due to an undocumented hospital switch after 3 months. 
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FIGURE 1. Flow chart of the COBRA-light trial and its extension study
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Baseline patient characteristics were extensively reported in previous COBRA-
light publications.5,6 At the 4-year visit, the median follow-up period was 49 months 
(range: 34-74 months), and the median disease duration was 55 months (range: 36-
85 months) in both treatment groups. Patients of the initial COBRA-light and COBRA 
group showed similar clinical parameters and patient reported outcomes at the 4-year 
visit (Table 1). 

Main clinical outcomes over time
Longitudinal data analyses showed similar effects of both initial COBRA-light and COBRA 
therapy on DAS, HAQ, SHS and Boolean remission over time (Figure 2). Sensitivity analyses 
including imputed data of deceased patients and drop outs showed similar results for all 
four outcome measures. The mean changes in DAS and HAQ over time were highly similar 
between the treatment groups in both crude and corrected models, and no significant 
effect modifiers were found (Figure 2A and 2B, respectively). 

At 4 year, the median SHS was 0.8 [0;3] for COBRA-light and 1.5 [0;5.5] for COBRA 
(p=0.06). The median increase over 4 years was similar for both groups: 0.5 [0;2.0] for 
COBRA-light and 0.5 [0;2.5] for COBRA (p=0.72). The overall mean annual progression 
rate was 0.16 (95%CI: 0.11 to 0.21) SHS units per year. During the follow-up period, 42% 
COBRA-light versus 43% COBRA patients did not show any radiological progression; 
an increase in damage of ≥5 points occurred in 8% COBRA-light versus 15% COBRA 
patients (p=0.25), and ≥10 points in 4% COBRA-light versus 7% COBRA patients (p=0.53) 
(Figure 3). Longitudinal analyses demonstrated that the mean change in SHS over time 
was highly similar between the treatment groups in both crude and corrected models 
(Figure 2C). Although baseline DAS was an effect modifier in the longitudinal relationship 
between SHS and treatment group, there was no significant difference in the prevalence 
of remission between treatment groups over time when stratified for low versus high 
baseline DAS.

The mean prevalence of Boolean remission over time was similar between the treatment 
groups in both crude and corrected models (Figure 2D). Although baseline BMI was an 
effect modifier in the longitudinal relationship between remission and treatment group, 
there was no significant difference in the prevalence of remission between treatment 
groups over time when stratified for low versus high baseline BMI. Age was also an effect 
modifier in the longitudinal relationship between remission and treatment group, and 
stratification for low versus higher age resulted in a significant difference in prevalence of 
remission between treatment groups in younger patients, but not in older patients.
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TABLE 1. Study population characteristics at the 4-year visit of the COBRA-light extension study (n=149)

n COBRA-light (n=72) COBRA (n=77)

Demographics & life style factors

Female, n (%) 149 48 (67) 52 (68)
Age in years 149 56 (12) 58 (13)
Smoking, n (%) a 145 16 (22) 17 (22)
Alcohol use in units per week 141 2 [1;7] 2 [0;7]
Body mass index in kg/m2 a 148 25.5 [23.0;29.1] 25.7 [23.2;27.4]
Clinical parameters

Disease duration in months 149 55 (11) 55 (11)
DAS a 149 1.6 (0.9) 1.9 (1.2)
Tender joint count in 53 joints 149 2 [0;6] 2 [0;8]
Swollen joint count in 44 joints 149 0 [0;2] 1 [0;3]
DAS28 149 2.2 [1.5;3.2] 2.5 [1.6;3.2]
Physician assessment of disease activity a 149 13 [4;30] 20 [10;35]
SHS a 149 0.8 [0;3.0] 1.5 [0;5.5]
ESR in mm/h 149 8 [3;17] 8 [3;15]
CRP in mg/l a 131 2 [2;3] 3 [2;6]
Duration of morning stiffness in minutes 149 10 [1;41] 15 [2;60]
Patient reported outcomes

HAQ a 147 0.6 [0;1.1] 0.6 [0.1;1.3]
RAID a 141 2.4 [0.4;4.5] 2.7 [1.1;4.5]
EQ-5D-3L a 141 0.81 [0.69;1.00] 0.81 [0.69;0.97]
EQ VAS health state 142 75 [58;90] 75 [61;85]
SF36 health status

Better than last year, n (%) 143 19 (26) 21 (27)
Same as last year, n (%) 143 41 (59) 44 (60)
Worse than last year, n (%) 143 9 (13) 9 (12)

Patient global assessment 149 19 [5;45] 30 [10;56]
Patient assessment of disease activity a 142 14 [3;32] 15 [7;50]
Patient assessment of pain a 145 17 [3;37] 21 [9;50]
BRAF 

Multi-Dimensional Questionnaire a 139 19 [5;31] 20 [10;26]
NRS severity a 140 4 [1;7] 5 [3;7]
NRS effect on life a 140 4 [1;7] 5 [2;7]
NRS coping ability a 140 7 [5;9] 7 [5;8]

Minimal disease activity and remission

Minimal disease activity 
DAS<1.6, n (%) a 149 34 (47) 38 (49)

ACR/EULAR remission
Boolean-based definition, n (%) a 131 17 (26) 8 (12)
Index-based definition: SDAI≤3.3, n (%) a 130 22 (34) 14 (21)

Results are presented as mean (SD) or median [25th percentile; 75th percentile], unless indicated otherwise; There were no significant 
differences between the treatment groups after application of the Bonferroni correction for secondary analyses (p<0.0008 is considered 
significant); a Only these main variables were tested for significance; Patient and physician assessments by visual analogue scale (VAS) 
in mm; ACR = American College of Rheumatology, BRAF = Bristol Rheumatoid Arthritis Fatigue, CRP = C-reactive protein, DAS = Disease 
Activity Score in 44 joints, ESR = erythrocyte sedimentation rate, EULAR = European League Against Rheumatism, EQ-5D-3L = EuroQol 
version 5D 3L, EQ VAS health state = EuroQol visual analogue scale health state, HAQ = Health Assessment Questionnaire, NRS = 
Numerical Rating Scale, RAID = Rheumatoid Arthritis Impact of Disease, SDAI = Simplified Disease Activity Index, SF36 Health status = 
Health status assessed by 1 item of the Short Form 36 Health Survey (SF36), SHS = Sharp - van der Heijde Score.
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FIGURE 3. Radiographic progression during the 4-year follow-up period of the COBRA-light extension study 
(n=149)
SHS = Sharp - van der Heijde Score

Survival and comorbidities
After a mean follow-up period of 4 years, 5 patients died: 3 COBRA-light patients (dementia 
(n=1); acute death: assumed pulmonary embolism (n=1), assumed cardiac cause (n=1)) and 
2 COBRA (both cancer). Overall, 72% of the patients developed at least one comorbidity 
during the 4-year follow-up period (Table 2). Cardiovascular events, hypertension, 
hypercholesterolemia, diabetes mellitus (DM) type 2 and other comorbidities occurred 
similarly in both treatment groups. Seven patients developed cancer during the follow-
up-period: 5 COBRA-light (lung cancer (n=3), basal cell carcinoma (n=1) and meningioma 
(n=1)) and 2 COBRA (both lung cancer, both deceased during follow-up). In addition to 
these new cancer cases, 2 patients (COBRA-light (n=1), COBRA (n=1)) with a history of 
basal cell carcinoma before trial initiation suffered from a recurrent basal cell carcinoma 
during the follow-up period.

In addition to the new developed comorbidities, 3 COBRA patients with DM at baseline 
developed insulin-dependent DM during the follow-up period, and 1 COBRA patient with 
intermittent claudication at baseline received angioplasty and 2 peripheral stents in the 
iliac arteries during the follow-up period. 

In additional sensitivity analyses, inclusion of patient-reported comorbidities and 
events that were not confirmed by clinical status had no effect on the main results, 
although the number of patients with ≥1 infection treated with antibiotic or antiviral 
drugs increased from 40% to 52%. 
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TABLE 2. Overview of comorbidities developed during the 4-year follow-up period of the COBRA-
light extension study (n=154) 

COBRA-light (n=75) COBRA (n=79)

Any comorbidity 55 (73) 56 (71)
Any cardiovascular event a 7 (9) 6 (8)

Myocardial infarction 1 (1) 2 (3)
Stroke 5 (7) 2 (3)

CVA 0 (0) 0 (0)
TIA 3 (4) 2 (3)
Other † 2 (3) 0 (0)

Angina pectoris 0 (0) 0 (0)
Heart failure 0 (0) 0 (0)
Arrhythmia 1 (1) 3 (4)
Peripheral vascular disease 1 (1) 0 (0)

Hypertension a 5 (7) 7 (9)
Hypercholesterolaemia a 7 (9) 5 (6)
Diabetes mellitus a 3 (4) 1 (1)
Any joint surgery a 10 (13) 5 (6)

Replacement 5 (6) 1 (1)
Synovectomy 1 (1) 0 (0)
Arthroscopy 1 (1) 1 (1)
Other joint surgery 3 (4) 3 (4)

Any clinical fracture a 13 (17) 6 (8)
Hip 2 (3) 0 (0)
Vertebra 3 (4) 0 (0)
Other 10 (13) 6 (8)

Osteoporosis at 4 year DXA a,‡ 4 (6) 1 (1)
Vertebral facture at 4 year spine X-ray a,¥ 8 (13) 8 (11)
Bone necrosis a 1 (1) 0 (0)
Any infection a,£ 30 (40) 31 (39)

Treated with antibiotics 30 (40) 26 (33)
Treated with antibiotics during hospital admission 1 (1) 4 (5)
Treated with antiviral drugs 2 (3) 2 (3)
Tuberculosis 0 (0) 0 (0)

Any gastrointestinal event a 3 (4) 1 (1)
Duodenal ulcer 1 (1) 0 (0)
Cholelithiasis 2 (3) 0 (0)
Intestinal perforation (colon) 0 (0) 1 (1)

Glaucoma a 1 (1) 0 (0)
Cataract a 3 (4) 5 (6)
Cancer a 5 (7) 2 (3)

Lung 3 (4) 2 (3)
Basal cell carcinoma 1 (1) 0 (0)
Meningioma 1 (1) 0 (0)

Other disease(s) a 19 (25) 20 (25)
Pulmonary embolism and thrombosis 2 (3) 1 (1)
Dementia 0 (0) 2 (3)
Depression 1 (1) 2 (3)

Deceased a 3 (4) 2 (3)
Results are reported as frequencies (%); There were no significant differences between the treatment groups after 
application of the Bonferroni correction for secondary analyses (p<0.0008 is considered significant);  a Only these main 
categories were tested for significance; † Other = eye infarct and venous occlusion left eye; ‡ T score<-2.5 at spine and/
or hip, results based on DXA’s of 135 patients (66 COBRA-light and 69 COBRA); ¥ Results based on spine X-rays of 134 
patients (63 COBRA-light and 71 COBRA), of which 19 baseline and 11 follow-up assessments were (partially) based 
on chest X-rays or IVA instead of spine X-rays; £ Any infection treated with at least antibiotics or antiviral drugs; CVA = 
cerebrovascular accident, DXA = dual-energy X-ray absorptiometry, TIA = transient ischaemic attack.
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Medication use
After the 1 year trial period, 41% COBRA-light versus 43% COBRA patients continued 
prednisolone use for a consecutive period of ≥90 days (p=0.83); 43% COBRA-light versus 
33% COBRA patients started with ≥1 synthetic DMARD (p=0.21); and 29% COBRA-light 
versus 39% COBRA patients started with ≥1 biologic DMARD (p=0.20).

At the 4-year visit, 14% COBRA-light versus 17% COBRA patients were drug free (no 
prednisolone or DMARD use) (p=0.61), 11% COBRA-light versus 8% COBRA patients were 
in drug-free minimal disease activity (p=0.49), and 11% COBRA-light versus 2% COBRA 
patients were in drug free ACR/EULAR Boolean remission (p=0.03). In addition, 19% 
COBRA-light versus 22% COBRA patients used prednisolone (p=0.69), 72% COBRA-light 
versus 68% COBRA patients used MTX (p=0.53), 19% COBRA-light versus 27% COBRA 
patients used another synthetic DMARD (p=0.26), and 18% COBRA-light versus 22% 
COBRA patients used a biologic DMARD at the 4-year visit (p=0.54). These drugs were in 
55% COBRA-light versus 39% COBRA patients prescribed in the form of monotherapy, and 
thus in 45% COBRA-light versus 61% COBRA patients as combination therapy. At the 4 
year visit, 5% COBRA-light versus 7% COBRA patients used etanercept.

After the 4-year follow-up period, cumulative and mean weekly MTX dose were 
significantly higher in initial COBRA-light group, whereas mean daily prednisolone dose 
was significantly higher in the initial COBRA group, but similar after correction for initial 
dosing per protocol (Table 3). Use of intramuscular and intra-articular glucocorticoid 
injections and biologic DMARDs was similar in both groups. With respect to etanercept 
use, 48% COBRA-light patients versus 34% COBRA patients started etanercept per protocol 
during the 1-year trial period. Of these patients, 7% COBRA-light versus 8% COBRA patients 
stopped etanercept after the 1-year trial period, but re-started etanercept use at some 
point in time during the 4-year follow up period (the stop period with etanercept was 
at least 3 months), at the discretion of their treating physician. Furthermore, 4% COBRA-
light versus 14% COBRA patients did not use etanercept during the 1-year trial period, 
but did start etanercept after the first treatment year, at the discretion of their treating 
physician. Overall, 52% COBRA-light versus 48% COBRA patients have used etanercept at 
some point in time during the 4-year follow up period of the COBRA-light study, with a 
median duration of 6 months.
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TABLE 3. Overview of medication use from baseline until the 4-year visit of the COBRA-light extension study 
(n=154) 

COBRA-light (n=75) COBRA (n=79)
Glucocorticoids

Prednisolone (oral)
Cumulative dose in mg a 2618 [1943;5903] 3158 [2468;6155]
Duration use in days 324 [239;899] 348 [239;738]
Mean daily dose in mg a 8.1 [7.4;8.1] 9.6 [8.0;10.4]*

Injections, n (%) a 29 (39) 34 (43)
Intramuscular, n (%) 20 (27) 23 (29)
Intra-articular, n (%) 16 (21) 18 (23)

Synthetic DMARDs

Methotrexate
Cumulative dose in mg a 3828 [2584;4550] 2525 [1524;3639]*
Duration of use in weeks 189 [149;230] 188 [143;245]
Mean weekly dose in mg a 20.4 [17.0;23.3] 13.7 [9.6;19.6]*

Sulfasalazine
Ever used, n (%) a 9 (12) 79 (100)*
Duration of use in days 273 [28;953] 799 [392;1178]

Hydroxychloroquine
Ever used, n (%) a 26 (35) 18 (23)
Duration of use in days 281 [93;912] 151 [42;669]

Leflunomide
Ever used, n (%) a 7 (9) 2 (3)
Duration of use in days 117 [59;356] 184 [43;324]

Biologic DMARDs

Etanercept
Ever used, n (%) a 39 (52) 38 (48)

Protocolled start during 1-year trial period b 36 (48) 27 (34)
Non-protocolled re-start after 1-year trial period c 5 (7) 6 (8)
First use after 1-year protocolled trial period d 3 (4) 11 (14)

Duration of use in days 169 [98;464] 186 [87;599]
Other TNF-α inhibitors e

Ever used, n (%) a 9 (12) 10 (13)
Total duration of use in days 403 [173;997] 243 [122;628]

Interleukin inhibitors f

Ever used, n (%) a 0 (0) 3 (4)
Total duration of use in days 301 [241;348]

B- and T-cell inhibitors g

Ever used, n (%) a 3 (4) 5 (6)
Duration of use in days 610 [363;723] 562 [396;1018]

Results are reported as median [25th percentile;75th percentile] unless indicated otherwise;  a Only these main categories were tested 
for significance; b Protocolled start of etanercept during the 1-year trial period (these numbers are different from the published 52 
weeks results by Ter Wee et al. because not all patients who started with etanercept in the trial did participate in the extension study); 
c Non-protocolled re-start of etanercept after the 1-year protocolled trial period, at the discretion of the treating physician (after ≥3 
months stop);  d First use of etanercept after the 1-year protocolled trial period, at the discretion of the treating physician;  e Other TNF-α 
inhibitors = infliximab, adalumimab, golimumab and certolizumab pegol, but not etanercept; f Interleukin inhibitors = tocilizumab 
and anakinra; g B- and T-cell inhibitors = abatacept and rituximab; DMARDs = disease-modifying anti-rheumatic drugs, TNF = tumor 
necrosis factor. *Significant difference between the treatment groups after application of the Bonferroni correction for secondary 
analyses (P<0.0008 is considered significant).
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Discussion
This study demonstrates that early RA patients initially treated with COBRA-light or COBRA 
combination therapy had similar efficacy and safety outcomes over a 4-year follow-
up period, with strong and sustained improvements in disease activity and physical 
functioning and good suppression of radiological progression. Both groups showed 
similar patterns of synthetic and biologic DMARD use in the 3 years following the trial 
period, and overall use of the biologic DMARDs was low: 20% on current treatment at 4 
years. As a whole, these results confirm the long-term efficacy of starting with induction 
therapy with combination therapy including glucocorticoids, followed by a maintenance 
therapy based on a treat-to-target strategy in early RA patients.31,32

Comparisons with results of other trials is highly speculative because of differences 
in study design and study populations, nevertheless our data on physical function seem 
comparable with the 4- and 5-years results of the BeSt trial,12,13 and slightly better than 
the 5-years results of the PREMIER trial.16 The NEO-RACo10 and CIMESTRA33 trial reported a 
lower median HAQ at their 5-year visits compared to our 4-year visit (0 and 0.1 versus 0.6, 
respectively). Furthermore, 42% of the COBRA-light trial patients showed no radiographic 
progression (change in SHS≤0 from baseline) during the follow-up period, which is lower 
than the combination therapy group of the PREMIER trial (53%)16 and the infliximab group 
of the NEO-RACo trial (64%),10 but comparable to the NEO-RACo placebo group (43%) 
(10) and CIMESTRA (47%),33 and better than the two monotherapy groups of the PREMIER 
trial (34% and 33%, respectively), although different definitions were used across trials.16 
Moreover, our mean annual progression rate of 0.16 SHS units per year is smaller than 
the 0.32 and 0.73 units reported for the NEO-RACo treatment groups10 and 0.90 reported 
for CIMESTRA;33 and clearly below the progression rates reported for the four treatment 
groups of the BeSt-trial, which were all >1.1.13 

A combination of success factors may be attributable to our good results: effective 
combination therapy; 2,5,6 intensive monitoring, especially in the first year of the trial; 
and the treat-to-target treatment strategy that aimed at minimal disease activity. The 
NEO-RACo trial10 reported excellent 5-year follow-up results that might be even better 
than ours; this difference is probably caused by their intense treatment strategy (three 
traditional DMARDs, prednisolone, and infliximab or placebo), and could be related to the 
3-monthy follow-up up to 5 years. However, their slightly different study population of 
younger patients with shorter disease duration and a lower baseline HAQ gave this trial a 
different, more favourable, start position too.

Our treatment groups showed a similar safety profile after 4 years. No significant 
differences were found in commonly reported side effects of prednisolone, such as 
cardiovascular events, hypertension and DM type 2, despite a higher daily prednisolone 
dose in the COBRA group. The count of malignancies and deaths was comparable to that 
of the BeSt,12,13 PREMIER,15,16 and CIMESTRA trial,33 whereas no malignancies and only 1 
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death was reported in the NEO-RACo trial.9,10 Again, comorbidity results are very difficult 
to compare between studies, because of the strictness of definitions (e.g. with respect 
to seriousness), the method used to examine comorbidities, the classification/categories, 
and study population characteristics (age, ethnicities, in- and exclusion criteria of original 
trial). 

Strengths of our study include the high percentage of patients with at least partial 
follow-up: 92% of the original trial population participated, and the 4-year follow-up 
period. In addition, we used a specific long-term analysis method for each of the main 
outcome measures. Other strengths of this study include a detailed calculation of 
medication use, and the protocolled examination of all clinical files to detect comorbidities. 
Nevertheless, detection of signals in medical records were dependent on availability, and 
the comprehensiveness and accuracy of recording; patient reported outcome dependent 
on memory, with risk of recall bias, resulting in relative over-reporting in more intensively 
treated patients.

A limitation of our study is that the initial power calculation was based on the short, 
rather than the long-term outcome of the COBRA-light trial. Consequently, the power to 
detect subtle differences in comorbidity patterns is low, especially when correction for 
multiple comparisons is applied. A longer follow-up period (e.g. 10 or 15 years) is needed 
to study survival and long-term effects on major comorbidities. 

Practical implications of our findings include a free choice for both physicians and 
patients to either start their treatment with COBRA-light or COBRA therapy; and assuming 
that barriers towards the use of COBRA therapy continue to exist, COBRA-light is an equally 
effective and safe therapy to use in early active RA.

In summary, both COBRA-light and COBRA therapy are effective and safe treatment 
strategies for early RA patients in the short and long term. Our study confirms the 
importance and beneficial effects of early, treat-to-target combination therapy with 
traditional DMARDs and glucocorticoids in recent-onset RA patients over a 4-year period.
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Objective: To investigate whether remission at single and consecutive visits predicts 
good outcome in early rheumatoid arthritis (RA).

Methods: The presence of remission according to ACR/EULAR and other criteria (Boolean 
clinical, CDAI, DAS, DAS28, RAPID3) was assessed in early RA patients during the fi rst 
year of the COBRA-light trial. Likelihood ratios were used to assess whether meeting the 
remission criteria at single visits (13, 26, 39 or 52 weeks) and consecutive visits (13+26, 
26+39 or 39+52 weeks) predicted good outcome in the second year (52-104 weeks). 
Good outcome was defi ned for function (HAQ consistently ≤0.5 and no deterioration), 
radiographic damage progression (no deterioration in Sharp-Van der Heijde Scores) and 
both (‘overall good outcome’). 

Results: Of the original 164 trial patients, 144 had evaluable data. In the second year, 
good functional outcome was observed in 35%, good radiographic outcome in 79%, 
and both in 28% of the patients. Almost all criteria predicted good functional and good 
overall outcome, at both single and consecutive visits; only single DAS remission did 
not signifi cantly predict good overall outcome (p=0.07). Sustained remission periods 
resulted in higher likelihood ratios than remission at single visits. None of the criteria 
predicted good radiographic outcome. 

Conclusion: Early RA patients who reached remission according to ACR/EULAR and other 
criteria during short or sustained periods were likely to retain good physical function 
in the subsequent months. Sustained remission periods were a stronger predictor than 
remission at single visits. However, in the setting of low overall damage progression, 
(sustained) remission was not predictive of good radiographic outcome.A
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Introduction
Patients with rheumatoid arthritis (RA) who achieve a state of remission show less 
deterioration in functional and radiographic outcomes than patients who do not reach a 
state of remission.1 Over the past years, remission rates have increased, due to advances in 
therapy including biologic agents and new combination therapy strategies such as BEST, 
COBRA, and COBRA-light.1-7 Remission may now be a feasible target for RA patients, which 
is reflected in the latest recommendations for RA management.8-11 

Remission is not only a major therapeutic target in clinical practice, but also a primary 
or secondary end point in clinical trials.2,3,7,12-16 The definition of remission often differs 
between studies, resulting in the measurement of different aspects of disease state.2,3 
In 2011, a committee of the American College of Rheumatology (ACR) and European 
League Against Rheumatism (EULAR) was constituted to form a new, uniform, easy-to-
use definition of remission. The committee validated candidate remission definitions to 
their potential to predict good functional and radiographic outcome in future, which 
resulted in two new definitions of remission: a Boolean-based definition and an index-
based alternative, both able to predict RA prognosis.2 Nevertheless, other definitions are 
still being used.

A feature of the ACR/EULAR remission criteria is that it, intentionally, has no minimum 
duration requirement, as the committee felt that such a requirement could only be based 
on prospective validation once the criteria were in place, including information on the 
frequency of assessment. However, RA is a chronic, progressive and destructive disease, 
with disease activity over time as best predictor of progression and destruction;17-19 it is 
a given that duration of remission matters. Patients have also identified duration as an 
important aspect of the concept of remission.20 

Thus, the ACR/EULAR criteria were only validated for remission at one point in time, 
although sustained remission could be an even stronger predictor of RA prognosis. 
Furthermore, the patients in the validation study mainly had established RA, whereas 
results might be different for early RA patients. Therefore, our study aimed to investigate, 
in the context of the COBRA-light trial, whether remission (according to ACR/EULAR and 
other criteria) at single and consecutive visits could predict good outcome in early RA.

Patients and methods

Study design and study population
This study was part of the larger multicenter COBRA-light trial, which assessed the non-
inferiority of ‘COBRA-light’ versus COBRA therapy on clinical and radiologic outcomes in 
164 early RA patients (ISRCTN Clinical Trial Registration Number: 55552928).4,21 In brief, 
COBRA-light therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 weeks and MTX 
escalated to 25/mg week in 8 weeks) was compared with COBRA therapy (prednisolone 
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60 mg/day, tapered to 7.5 mg/day in 6 weeks, MTX 7.5 mg/week and SSZ 2 g/day), with 
Disease Activity Score in 44 joints (DAS) <1.6 as treatment goal. 

Patients visited their study center at baseline and 13, 26, 39, 52, 78 and 104 weeks 
after start of treatment. In the period of 26 to 52 weeks; treatment intensification of MTX 
and addition of etanercept was protocolled. After 52 weeks, treatment was continued 
without protocol, and therapy was adjusted by the treating physician according to clinical 
judgment. Intra-articular and intramuscular glucocorticoid injections were allowed, and for 
possible influence on disease activity assessments was corrected, as reported earlier.21 

Eligibility criteria, randomisation process and study design have been reported 
previously.4 Medical ethics committees at each participating centre approved the protocol; 
patients gave written informed consent, and the study was conducted in accordance with 
the Declaration of Helsinki/Good Clinical Practice. 

Functional and radiographic outcome 
The Dutch consensus version of the Health Assessment Questionnaire (HAQ)22 assessed 
physical function at each visit, except at 39 weeks. Radiographs of both hand and feet 
were obtained at baseline and at 26, 52 and 104 weeks after start of treatment, and scored 
by two independent trained assessors according to the Sharp - Van der Heijde Score (SHS) 
method.23 Details about the SHS scoring method were reported earlier.4,21

Remission criteria 
Remission was defined according to the criteria below and assessed at every visit after 
baseline. ACR/EULAR criteria are summarized as follows: 1) Boolean: tender joint count 
(based on 53 joints) ≤1, swollen joint count (based on 44 joints) ≤1, C-reactive protein 
(CRP) level ≤1 mg/dl, and patient global assessment (0–10 scale) ≤1;2 and 2) the Simplified 
Disease Activity Index (SDAI): sum of tender joint count (based on 28 joints), swollen joint 
count (based on 28 joints), patient and physician global assessment (0–10 scale), and CRP 
level ≤3.3 mg/dl.2,24 Other criteria are summarized as follows: 1) Boolean clinical: tender 
joint count (based on 53 joints) ≤1, swollen joint count (based on 44 joints) 1, and patient 
global assessment (0–10 scale) ≤1;2 2) Clinical Disease Activity Index (CDAI): sum of tender 
joint count (based on 28 joints), swollen joint count (based on 28 joints), and patient and 
physician global assessment (0–10 scale) ≤2.8;2,25 3) DAS≤1.6;26 4) DAS28≤2.6;27 and 5) 
Routine Assessment of Patient Index Data 3 (RAPID-3): sum of HAQ, patient assessment of 
pain, and patient global assessment (0–30 scale) ≤3.0.28-30

Sustained remission was defined as the fulfilment of remission criteria on two 
consecutive visits (i.e. 13+26, 26+39 or 39+52 weeks). RAPID3 remission could not be 
calculated at week 39, as no HAQ was assessed at this visit. Therefore, sustained RAPID3 
remission was calculated at 13+26 weeks and 26+52 weeks.
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Validation of remission criteria
Following the methodology of the ACR/EULAR committee,2 the predictive value of each 
remission definition for the second year was assessed. We hypothesized that patients who 
met a particular definition of remission at least once at 13, 26, 39 and/or 52 weeks would 
be more likely to have a good outcome in the second year of the trial than patients who 
were never in remission. Applying the same definitions used in the original ACR/EULAR 
validation study, good physical function (∆HAQ≤0 and HAQ consistently ≤0.5) and good 
radiographic outcome (∆SHS≤0) were both tested as separate outcomes and combined 
together (‘good overall outcome’).

Likewise, we hypothesized that patients who experienced ‘sustained remission’ at two 
consecutive visits at least once at 13+26, 26+39 or 39+52 weeks would be more likely 
to have a good outcome in the second year of the trial, than patients who were never in 
sustained remission.

Radiographic outcome was scored by two independent assessors, and the mean 
score of both assessors was reported. In cases where one assessor scored 1 SHS unit of 
progression and the other assessor scored 0, the mean would be 0.5. Such cases could also 
be considered as ‘stable’. Therefore, a sensitivity analysis was performed where absence of 
radiologic progression was defined as ≤0.5 SHS units. 

Missing data
Dropouts during the 104 weeks treatment period after baseline (n=13) and patients with 
missing data on elements of the DAS, HAQ, SHS, ESR, CRP and VAS assessments at ≥2 visits 
at week 13, 26, 39, 52, 78 and 104 (n=7) were excluded from the analyses.

Missing data on elements of the DAS, HAQ, SHS, ESR, CRP and VAS assessments at one 
of the visits were imputed to a predefined protocol: a missing value at an in-between visit 
was replaced by the parameter’s mean score of the visit before and after the missing visit. 
A missing value at week 104 was predicted via the trend of simple linear regression over 
all earlier visits, by using the data of the single patient only (n=1). 

Missing data was also imputed via the Last Value Carried Forward (LVCF) method: a 
missing value was replaced by the value of the last available visit. The LVCF method is 
considered conservative, as improvement was expected over time. 

In total, 1% (96/8640 data points) of the above reported variables were imputed. 
Sensitivity analyses were performed to evaluate the influence of both imputation methods. 

Statistical analyses
Data are presented as mean (standard deviation), or median [25th percentile, 75th 
percentile] in case of skewed data, unless otherwise specified.

Generalised Estimating Equations (GEE) was used to assess changes in disease activity, 
physical functioning and radiologic outcome over time, correcting for repeated measures. 
DAS was analysed with linear GEE analysis. Skewed HAQ data was log transformed before 
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linear GEE analysis. SHS data was extremely skewed and Poisson regression was not 
possible because of over dispersion. SHS data was therefore analysed with two different 
methods: 1) as counts outcome with the negative binomial (log link) distribution, and 2) 
as dichotomous outcome (radiologic damage: yes/no) with the binomial distribution. The 
exchangeable correlation matrix was used in all analyses. β or odds ratio’s (OR), and 95% 
confidence intervals (CI) are reported. 

Following the methodology of the ACR/EULAR committee,2 positive likelihood ratios 
(LR) were used to compare the proportion of patients having the good outcome whose RA 
was in remission at least once, with the proportion of patients having the good outcome 
whose RA was never in remission, both at single visits (versus never remission at 13, 26, 
39 or 52 weeks) and according to the three defined periods of sustained remission (versus 
never sustained remission at 13+26, 26+39 or 39+52 weeks). The p-values from logistic 
regression chi-square tests were used. While we have made association models, we do 
use the term ‘predict’ throughout the manuscript, as our main outcomes lie in the future.

All statistical analyses were performed with IBM SPSS Statistics, release 22.0 (SPSS Inc, 
Chicago, Illinois, United States). P-values<0.05 were considered significant.

Results

Main clinical outcomes
In this study, 144 early RA patients of the COBRA-light trial (88% of original trial population; 
68% women, mean age 52 year) were included for analyses (Table 1). During the two year 
follow-up period of the trial, mean DAS decreased significantly from 4.0 at baseline, to 1.8 
after 52 weeks, and 1.7 after 104 weeks (GEE over time: β=-0.17, CI=-0.19;-0.15, p<0.001) 
(Figure 1). Median HAQ decreased significantly from 1.3 at baseline, to 0.4 after 52 weeks, 
and 0.5 after 104 weeks (GEE over time: β=-0.02, CI=-0.03;-0.02, p<0.001). Median SHS 
increased significantly from 0 at baseline, to 0.5 after 52 weeks, and 1.0 after 104 weeks 
(GEE over time: 1) counts outcome: OR=1.05, CI=1.03;1.06, p<0.001; 2) dichotomous 
outcome: OR=1.08, CI=1.05;1.12, p<0.001).
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TABLE 1. Baseline patient characteristics and remission criteria over time (n=144)

Baseline Week 13 Week 26 Week 39 Week 52 Week 78 Week 104

Female, n (%) 98 (68) - - - - - -

Age in years 52 (13) - - - - - -

Disease duration in weeks 16 [9;30] - - - - - -

Sharp - Van der Heijde Score 0 [0;2.0] - 0.3 [0;2.0] - 0.5 [0;2.9] - 1.0 [0;3.0]

HAQ 1.3 [0.9;1.8] 0.5 [0;1.0] 0.4 [0;1.0] - 0.4 [0;0.9] 0.5 [0;1.0] 0.5 [0;1.1]

DAS 4.0 (0.8) 1.9 (1.1) 1.7 (1.1) 1.7 (1.0) 1.8 (1.0) 1.7 (1.1) 1.7 (1.1)

Tender joint count in 53 joints 14 [9;19] 3 [0;9] 2 [0;6] 2 [0;6] 3 [0;8] 2 [0;7] 2 [0;8]

Swollen joint count in 44 joints 13 [9;17] 2 [0;6] 2 [0;4] 1 [0;4] 1 [0;4] 1 [0;4] 1 [0;4]

DAS28 5.4 (1.1) 2.7 (1.3) 2.4 (1.3) 2.4 (1.3) 2.6 (1.3) 2.5 (1.3) 2.5 (1.3)

Tender joint count in 28 joints 8 [5;11] 1 [0;4] 1 [0;3] 1 [0;3] 1 [0;4] 1 [0;3] 1 [0;3]

Swollen joint count in 28 joints 8 [6;12] 1 [0;4] 1 [0;3] 1 [0;3] 1 [0;2] 1 [0;2] 0 [0;2]

ESR in mm/h 27 [12;48] 7 [3;18] 5 [3;13] 5 [3;12] 6 [3;12] 6 [3;15] 6 [3;16]

CRP in mg/l 13 [4;29] 3 [1;6] 3 [1;4] 3 [1;5] 3 [1;4] 3 [1;5] 3 [1;4]

Patient global assessment 6.1 [4.3;7.7] 2.2 [0.5;4.7] 2.0 [0.5;4.8] 2.6 [0.6;5.0] 2.2 [0.7;4.9] 2.2 [0.6;5.0] 2.2 [0.6;5.1]

Patient assessment of disease activity 6.6 [5.0;8.0] 1.6 [0.3;3.9] 1.6 [0.3;4.5] 1.9 [0.4;5.1] 1.5 [0.4;4.8] 1.7 [0.4;4.2] 1.5 [0.6;5.2]

Patient assessment of pain 6.1 [4.0;7.6] 1.7 [0.3;3.1] 1.6 [2.2;4.5] 2.1 [0.4;4.7] 1.8 [0.4;4.7] 1.8 [0.4;4.8] 1.9 [0.6;5.1]

Physician assessment of disease activity 4.8 [4.0;6.0] 1.6 [0.8;2.5] 1.1 [0.5;2.5] 1.3 [0.5;2.5] 1.5 [0.5;2.6] 1.3 [0.4;2.7] 1.5 [0.5;2.3]

Data are presented as mean (standard deviation) for normally distributed variables and as median [25th percentile, 75th percentile] 
for non-parametric variables, unless otherwise specified; Patient and physician assessments by visual analogue scale (VAS) in cm; 
CRP = C-reactive protein; DAS = Disease Activity Score of 44 joints, DAS28 = Disease Activity Score of 28 joints; ESR = Erythrocyte 
Sedimentation Rate, and HAQ = Health Assessment Questionnaire.
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FIGURE 1. Main clinical outcomes in early RA patients during the two year follow-up period of the COBRA-light 
trial (n=144)
*Significant change over time in GEE analyses (p<0.05); DAS = Disease Activity Score of 44 joints, HAQ = Health 
Assessment Questionnaire, and SHS = Sharp - Van der Heijde Score
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Remission 
Highest mean remission rates over the two-year follow-up period of the COBRA-light trial 
were observed for DAS28 (55%), followed by DAS (44%), CDAI and SDAI (28%), RAPID3 
(21%), and Boolean clinical and Boolean criteria (19%) (Figure 2). 

Highest sustained remission rates at 13+26, 26+39, and 39+52 weeks were observed 
for DAS28 (40-43%), followed by DAS (32-38%), SDAI (15-17%), CDAI (14-17%), Boolean 
clinical (8-9%) and Boolean (7-8%) criteria. Rates for RAPID3 remission were 11% at 13+26 
weeks and 13% at 26+52 weeks (Figure 3).
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DAS28

DAS

SDAI
CDAI

Boolean
RAPID3

Boolean Clinical

13 26 52 78 104 weeks39

FIGURE 2. Remission in early RA patients during the two year follow-up period of the COBRA-light trial (n=144) 
Boolean Clinical = Boolean without CRP, CDAI = Clinical Disease Activity Index, DAS = Disease Activity Score of 44 
joints, DAS28 = Disease Activity Score of 28 joints, RAPID3 = Routine Assessment of Patient Index Data 3, and SDAI = 
Simplified Disease Activity Index.

Predictive value of remission
Between 52 and 104 weeks of follow-up, good functional outcome was observed in 
51 patients (35%), good radiographic outcome in 114 patients (79%), and both in 40 
patients (28%). In the group of patients with radiologic progression (21%), median 
increase in SHS was 1.3 [0.5;2.0], with a minimum increase of 0.5 and maximum of 5.0 
SHS units. Radiologic progression >0.5 SHS units was observed in 13% of the patients. 

Patients who were in remission at least once during the first trial year were more 
likely to experience good functional and good overall outcome between 52 and 104 
weeks follow-up, than patients who were never in remission (Table 2). This applied to all 
remission criteria, except for the prediction of good overall outcome by DAS (p=0.07). 
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FIGURE 3. Sustained remission in early RA patients during the first year of the COBRA-light trial (n=144) 
Boolean Clinical = Boolean without CRP, CDAI = Clinical Disease Activity Index, DAS = Disease Activity Score of 44 
joints, DAS28 = Disease Activity Score of 28 joints, RAPID3 = Routine Assessment of Patient Index Data 3, and SDAI = 
Simplified Disease Activity Index; * RAPID3 remission could only be assessed at 13+26 and 26+52 weeks.

Likewise, patients who were in sustained remission at least once during the first 
trial year were more likely to experience good functional and good overall outcome 
between 52 and 104 weeks follow-up, than patients who were never in sustained 
remission (Table 3). This applied to all remission criteria.

At both single and consecutive visits, the prediction of good functional outcome 
resulted in higher LRs than the prediction of good overall outcome. Boolean, Boolean 
clinical, and RAPID3 criteria demonstrated the highest LRs for good functional outcome, 
followed by CDAI and SDAI, and DAS and DAS28. A similar trend was demonstrated for 
good overall outcome. 

In contrast to above, none of the remission criteria were predictive of good 
radiographic outcome between 52 and 104 weeks follow-up in the context of low overall 
radiologic damage progression, although changing the cut-off for progression to 0.5 
increased the LRs, with that of 2 associations becoming significant (data not shown). 

Non-imputed and LVCF-imputed data demonstrated comparable LRs for both single 
and sustained periods of remission (data not shown).
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TABLE 2. Predictive value of remission at single visits during the first treatment year for good RA prognosis 
during the second treatment year in early RA patients of the COBRA-light trial (n=144)

Remission criteria Good functional outcome † Good radiographic outcome ‡ Good overall outcome ¥

LR+ £ 95% CI p-value $ LR+ 95% CI p-value LR+ 95% CI p-value

Boolean 3.6 2.3;5.7 <0.001* 1.3 0.7;2.4 0.34 2.8 1.9;4.1 <0.001*

Boolean clinical 3.3 2.1;5.0 <0.001* 1.2 0.7;2.1 0.48 2.6 1.8;3.8 <0.001*

CDAI 2.3 1.7;3.1 <0.001* 1.2 0.8;1.9 0.41 2.0 1.5;2.6 <0.001*

SDAI 2.3 1.7;3.1 <0.001* 1.3 0.9;2.1 0.22 2.1 1.6;2.8 <0.001*

DAS 1.4 1.1;1.6 <0.001* 1.0 0.8;1.3 0.84 1.2 1.0;1.5 0.07

DAS28 1.4 1.2;1.6 <0.001* 1.1 0.9;1.4 0.32 1.3 1.2;1.5 0.001*

RAPID3 § 3.5 2.3;5.6 <0.001* 0.9 0.5;1.5 0.68 2.7 1.8;4.0 <0.001*
† Good functional outcome = ∆HAQ≤0 and HAQ consistently ≤0.5 between 52 and 104 weeks; ‡ Good radiographic outcome = ∆SHS≤0 
between 52 and 104 weeks; ¥ Good overall outcome = good functional and good radiographic outcome between 52 and 104 weeks. 
£ Positive likelihood ratios were calculated to compare the proportion of patients having the good outcome whose RA was at least once 
in remission to the proportion of patients having the good outcome whose RA was never in remission at 13, 26, 39 or 52 weeks; $ The 
p-values from logistic regression chi-square tests were used to compare the definitions of remission, * Significant predictor (p<0.05); 
§ RAPID3 remission could only be assessed at 13, 26 and 52 weeks; 95% CI = 95% Confidence Interval, Boolean Clinical = Boolean 
without CRP, CDAI = Clinical Disease Activity Index, DAS = Disease Activity Score of 44 joints, DAS28 = Disease Activity Score of 28 joints; 
HAQ = Health Assessment Questionnaire, RAPID3 = Routine Assessment of Patient Index Data 3, SDAI = Simplified Disease Activity 
Index, and SHS = Sharp - Van der Heijde Score.

TABLE 3. Predictive value of sustained remission at consecutive visits during the first treatment year for good RA 
prognosis during the second treatment year in early RA patients of the COBRA-light trial (n=144)

Remission criteria Good functional outcome † Good radiographic outcome ‡ Good overall outcome ¥

LR+ £ 95% CI p-value $ LR+ 95% CI p-value LR+ 95% CI p-value

Boolean 29.2 4.0;213.7 <0.001* 0.6 0.2;1.7 0.35 4.8 1.9;12.0 <0.001*

Boolean clinical 31.0 4.2;226.3 <0.001* 0.7 0.3;1.8 0.44 5.2 2.1;12.9 <0.001*

CDAI 6.8 3.2;14.5 <0.001* 0.8 0.4;1.6 0.58 3.1 1.7; 5.6 <0.001*

SDAI 7.0 3.3;15.0 <0.001* 0.7 0.4;1.4 0.35 3.3 1.9; 5.8 <0.001*

DAS 2.4 1.7;3.5 <0.001* 1.0 0.6;1.6 0.96 2.1 1.5; 2.9 <0.001*

DAS28 1.8 1.4;2.4 <0.001* 1.3 0.8;1.9 0.20 1.8 1.4; 2.2 <0.001*

RAPID3 § 12.8 4.0;40.7 <0.001* 1.0 0.4;2.5 0.99 5.2 2.4;11.2 <0.001*
† Good functional outcome = ∆HAQ≤0 and HAQ consistently ≤0.5 between 52 and 104 weeks;  ‡ Good radiographic outcome = ∆SHS≤0 
between 52 and 104 weeks; ¥ Good overall outcome = good functional and good radiographic outcome between 52 and 104 weeks; 
£ Positive likelihood ratios were calculated to compare the proportion of patients having the good outcome whose RA was at least once 
in sustained remission to the proportion of patients having the good outcome whose RA was never in sustained remission at 13+26, 
26+39, or 39+52 weeks; $ The p-values from logistic regression chi-square tests were used to compare the definitions of remission, 
* Significant predictor (p<0.05); § RAPID3 remission could only be assessed at 13+26 and 26+52 weeks; 95% CI = 95% Confidence 
Interval, Boolean Clinical = Boolean without CRP, CDAI = Clinical Disease Activity Index, DAS = Disease Activity Score of 44 joints, DAS28 
= Disease Activity Score of 28 joints; HAQ = Health Assessment Questionnaire, RAPID 3= Routine Assessment of Patient Index Data 3, 
SDAI = Simplified Disease Activity Index, and SHS = Sharp - Van der Heijde Score.



Chapter 3 Validation of remission criteria in early RA

3

54  55  

Discussion
To our knowledge, this is the first study that validates the ACR/EULAR and other remission 
criteria for short and sustained periods in a cohort of early RA patients. We demonstrated 
that early RA patients who are in remission according to any definition are likely to 
retain good physical function in the subsequent year; being in remission according to a 
strict definition, and being in sustained remission both resulted in a higher likelihood of 
good functional outcome. In contrast, in the context of low overall damage progression, 
remission did not result in a higher likelihood of good radiographic outcome.

Remission according to the fully patient-reported RAPID3 instrument has been 
shown to be as stringent as the ACR/EULAR criteria,31,32 and sustained RAPID3 remission 
showed high LRs for good functional outcome, comparable with ACR/EULAR criteria. This 
reinforces the utility of the RAPID3 as an instrument fit for use in busy clinical settings.29

Our findings are in agreement with the literature. The 2-year results of the Finnish 
Rheumatoid Arthritis Combination Therapy (FIN-RACO) trial described in the article 
by Makïnen et al demonstrated that patients in sustained remission according to the 
modified ACR and DAS28 criteria showed less radiologic progression than patients who 
were in remission at one single visit.33 Moreover, in the two-year results of the PREMIER 
trial, Aletaha et al demonstrated that sustained SDAI remission was associated with a 
virtual arrest of joint damage, irrespective of type of treatment.34 This highlights the need 
to not only to aim for remission, but strive to maintain it as long as possible.

The methods of our study were based on those used in the development of the ACR/
EULAR remission criteria.2 However, our study population comprised early RA patients with 
no or limited damage, whereas the ACR/EULAR remission criteria were developed and 
validated in datasets of patients with mostly established RA and associated radiographic 
damage. Nonetheless, the trends in size and order of LRs are similar. 

Other strengths of our study include the prospective design and trial setting: all 
patients included in the COBRA-light trial had recent-onset RA and had active disease at 
start of treatment; there were no patients in remission at baseline and all patients were 
treated according to the COBRA or COBRA-light protocol, including regular study visits at 
which remission was systematically assessed. In addition, data was available to calculate 
all commonly used remission criteria, which gives an unique overview of the longitudinal 
performance of different definitions in an early disease setting. Moreover, this is the first 
study that validated sustained periods of remission as predictor of good RA outcome, 
rather than remission at one point in time, using the methodology of the ACR/EULAR 
committee.2

A limitation of our study and that of any longitudinal study is missing data. We 
therefore adopted both a realistic as well as a conservative imputation technique and 
showed that these imputations did not have any impact on the results yet increased the 
power of the analyses. Another limitation might be the lack of a wide range of radiologic 
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progression, which made our dataset less suitable for prediction of damage. However, this 
is the current situation in most early RA patients on modern treatment,4,21,33-35 so we posit 
that damage progression has become less important as factor for outcome in the first few 
years of disease. Further studies are needed to decide what degree of small radiologic 
progression may have clinical relevance for long-term outcomes.

At this moment, several definitions and time frames of sustained remission are used, 
ranging from ‘two consecutive visits, at least 1 month apart,36 to biannual,13,37 annual,35,38,39 
or even longer periods between assessments.40-43 Consensus is needed on the minimum 
period of remission that can be considered as clinically relevant, to form a single, uniform 
definition of sustained remission. Taking into account feasibility of frequent measurements, 
three months might be a good starting point as a minimum time frame, as demonstrated 
in this study.

In conclusion, in early RA remission is associated with good functional outcome in 
the subsequent year, with higher likelihoods on sustained remission by strict criteria. 
In contrast, in the context of low overall damage progression, remission did not result 
in a higher likelihood of good radiographic outcome. To interpret and compare future 
(validation) studies on sustained remission, a single, uniform definition of sustained 
remission is needed. 
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Objective: To investigate the longitudinal relationship between disease activity and self-
reported physical activity (PA) in patients with early rheumatoid arthritis during the fi rst 
year of treatment with combination therapy.

Methods: PA was measured with the Short QUestionnaire to ASsess Health-enhancing 
physical activity (SQUASH) at baseline, 13 weeks, 26 weeks, and 52 weeks after start 
of treatment in context of the COBRA-light trial. The reported PA classifi ed patients as 
meeting or not meeting the World Health Organization (WHO) PA guideline (cut off : 150 
minutes of moderate-to-intense activity per week). Other measurements included the 
Disease Activity Score (DAS). Since both treatment arms showed equal treatment eff ect, 
these were analysed as one group with simple before-after analyses and generalized 
estimating equations (GEE).

Results: In these analyses, 140 patients (86% of the trial population; 66% women, mean 
age 52 years) with complete data were included. At entry, 69% of the patients met the 
WHO PA guideline, increasing to 90% at week 13, and remaining stable at 89% after one 
year (p<0.001). Mean DAS improved from 4.0 to 1.8 during the fi rst year of treatment 
(p<0.001). In GEE analyses, DAS decreases were signifi cantly associated with PA increases 
(p=0.008). Patients with clinically relevant responses (expressed as DAS remission, 
EULAR good or ACR70 response) showed higher PA levels compared to non-responders, 
regardless of the defi nition of response, for both the WHO and Dutch PA guideline.

Conclusion: Early RA patients using combination therapy improved both disease activity 
and physical activity, a benefi cial eff ect persisting for at least one year.A
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Introduction
Extensive research has demonstrated multiple benefits of regular physical activity (PA) 
such as reduced incidence of osteoporotic fractures, decreased mortality and morbidity 
of cancer, cardiovascular disease and other chronic diseases, and improved psychological 
well-being.1 In patients with rheumatoid arthritis (RA), a chronic, inflammatory joint 
disease associated with osteoporotic fractures and increased risk of cardiovascular events, 
regular PA might have additional health benefits such as positive effects on aerobic 
capacity, muscle strength and muscle function without exacerbating disease activity and 
pain.2,3 

The World Health Organization (WHO) recommends adults to spend at least 150 
minutes per week on moderate to intense physical activities.4 This recommendation 
is often difficult to meet for RA patients, especially during exacerbations of disease. 
Combination therapy, including the original COBRA-scheme (‘COmbinatietherapie Bij 
Reumatoïde Artritis’, combination therapy for rheumatoid arthritis) from 19975 and the 
recently developed COBRA-light therapy,6,7 has proven to be a successful treatment for 
RA, reducing disease activity and improving physical functioning. Both therapies combine 
prednisolone and methotrexate (MTX), the COBRA treatment also includes sulfasalazine 
(SSZ). The effect of combination therapy on PA has not been studied before.

 The relation between disease activity and PA in RA patients has been described in 
some cross-sectional studies,8,9 but no prospective study on this relation in early RA 
patients has been performed during the last decade. Therefore, the purpose of this study 
was to investigate the longitudinal relationship between disease activity and PA in early, 
active RA patients.

Patients and methods

Study design and study population
This study was part of the larger multicenter COBRA-light trial,6,7 which assessed the 
noninferiority of COBRA therapy versus ‘COBRA-light’ therapy on clinical and radiologic 
outcomes in early RA. In brief, COBRA therapy (prednisolone 60 mg/day, tapered to 7.5 
mg/day in 7 weeks, MTX 7.5 mg/week and SSZ 2 g/day) was compared with COBRA-light 
therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 9 weeks and MTX escalated to 
25/mg week in 9 weeks). Patient-selection criteria, the randomisation process and study 
design have been reported previously.6 Medical ethics committees at each participating 
center approved the protocol; patients gave written informed consent before inclusion, 
and the study was conducted in accordance with the Declaration of Helsinki/Good Clinical 
Practice. Patients with missing data on PA or disease activity at one or more visits (n=22) 
were excluded from the analyses of this sub study on PA. 
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Outcome measures
Patients visited their study center at diagnosis (baseline) and after 13, 26, and 52 weeks. 
Primary outcome measure of the study was the Disease Activity Score in 44 joints (DAS); 
results were also expressed as percentage patients in DAS remission (DAS<1.6), and as 
percentage patients having an EULAR good response and ACR70 response, as specified by 
the EULAR/ACR recommendations for reporting disease activity in clinical trials.10 Physical 
functioning was assessed with the Health Assessment Questionnaire (HAQ). 

PA was measured with the Short QUestionnaire to ASsess Health-enhancing physical 
activity (SQUASH).11 In the SQUASH questionnaire, patients were asked to recall which 
PA was performed during the past week and comprises questions about commuting 
activities, activities at work and school, household activities, leisure time and sports 
activities. Patients were asked to fill in how many days per week and how many hours per 
day were spent executing the specific activity, allowing calculation of the total time per 
week spent on PA. The intensity of each activity is depicted by its metabolic equivalent 
(MET), the ratio of work metabolic rate to a standard resting metabolic rate. One MET is 
comparable to the resting metabolic rate obtained during quiet sitting, walking has a MET 
of 3.5, cycling has a MET of 5.0 and running has a MET of 8.0.12 

The WHO guideline for PA4 recommends adults to spend at least 150 minutes on 
moderate-to-intense PA throughout the week, with a minimally required intensity of 3.0 
MET. The Dutch guideline for PA13 recommends adults to spend at least five days per week 
30 minutes per day in moderate-to-intense activity. The minimally required intensity of PA 
of the Dutch guideline depends on age: adults younger than 55 years require a minimum 
MET value of 4.0, older adults require a minimum value of 3.0 MET. 

Missing, impossible or unrealistic answers on the SQUASH questionnaire were adjusted 
according to the SQUASH data handling instructions and protocolized assumptions of 
the researchers. In total 304 out of 18480 (1.7%) answers were manually adjusted. We 
performed sensitivity analyses to compare the crude and manually adjusted data. 

Statistical analysis
The COBRA and COBRA-light therapy are an equally effective treatment for early RA.6,7 
Therefore, patients of both treatment arms were analysed as one group in this sub study 
on PA. Data are presented as mean (standard deviation), or as median [interquartile range] 
in case of skewed data, unless otherwise specified. 

Paired t-tests, Wilcoxon and McNemar tests evaluated differences within subgroups 
over time, where appropriate. Chi Square tests evaluated differences in proportions 
between subgroups at one time point. Generalised Estimating Equation (GEE) was used to 
assess differences of disease activity, PA and the WHO-ILAR core set over time, correcting 
for repeated measures. Skewed data was first log transformed, after which GEE analyses 
were performed.
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We hypothesised that patients with decreasing disease activity would increase PA 
over time. Accordingly, we analysed the longitudinal association between PA (% patients 
meeting the PA guideline) and disease activity (DAS) for both the WHO and Dutch PA 
guideline. We performed logistic GEE analysis as PA (meeting the WHO or Dutch PA 
guideline) was a dichotomous outcome. The following variables were stepwise evaluated 
as confounding or effect modifying factors: age, sex, disease duration, morning stiffness, 
patient assessment of pain and body mass index. An odds ratio >1.0 indicates that 
exposure is associated with a higher odds of outcome and an odds ratio <1.0 indicates 
that exposure is associated with a lower odds of outcome. All statistical analyses were 
performed with IBM SPSS Statistics, release 20.0 (SPSS Inc, Chicago, Illinois, United States). 
P-values<0.05 were considered significant; no adjustments were made for multiple 
comparisons. 

Results

Disease activity and physical functioning over time
In this study, 140 early RA patients (86% of trial population; 66% women, mean age 52 
years, range 21 - 83 years) had complete data and were included for analyses (Table 1). 
During the first year of diagnosis, mean DAS score decreased significantly from 4.0 at 
baseline, to 2.0 after 13 weeks and 1.8 after 52 weeks (GEE over time: p<0.001) (Figure 1). 
Median HAQ score, indicator of physical functioning, improved significantly from 1.25 at 
baseline to 0.44 after 13 weeks and 0.50 after 52 weeks (GEE over time: p<0.001).

Physical activity over time
At baseline, 69% of the patients met the WHO PA guideline, increasing significantly to 90% 
at 13 weeks and stabilizing thereafter: 89% after 52 weeks (GEE over time: p<0.001) (Table 
1 and Figure 1). Median moderate-to-intense PA minutes per week increased significantly 
from 378 minutes at baseline to 570 at 13 weeks, 523 after 26 weeks, and 540 minutes 
after 52 weeks (GEE over time: p<0.001). This increase was driven by a significant increase 
in PA during leisure time (walking (p=0.008), cycling (p=0.002) and gardening (p=0.032)) 
and sports activities (p<0.001).

In addition, 59% of the patients met the Dutch PA guideline at baseline, increasing 
significantly to 81% at 13 weeks and stabilizing thereafter: 82% after 52 weeks (GEE over 
time: p<0.001). Median moderate-to-intense PA minutes per week increased significantly 
from 225 minutes at baseline to 420 at 13 weeks, 450 after 26 weeks, and 413 minutes 
after 52 weeks (GEE over time: p<0.001).

Sensitivity analyses showed no difference between crude and manually adjusted data 
in all major analyses of PA.
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TABLE 1. Patient characteristics including disease activity and physical activity (n=140)

Baseline Week 13 Week 26 Week 52

Female, n (%) 93 (66) - - -

Age at baseline in years, mean (SD) 52 (13) - - -

Disease duration at baseline in weeks, median [IQR] 16 [23] - - -

DAS, mean (SD) 4.0 (0.8) 2.0 (1.1) 1.6 (1.1) 1.8 (1.0)*

HAQ, median [IQR] 1.25 [1.00] 0.44 [1.00] 0.38 [1.00] 0.50 [1.00]*

Patients meeting the WHO guideline for PA, n (%) 96 (69) 126 (90) 120 (86) 125 (89)*

Patients meeting the Dutch guideline for PA, n (%) 82 (59) 114 (81) 108 (77) 115 (82)*

Moderate-to-intense PA minutes per week - WHO guideline, median [IQR] 378 [778] 570 [675] 523 [780] 540 [707]*

Moderate-to-intense PA minutes per week - Dutch guideline, median [IQR] 225 [723] 420 [626] 450 [799] 413 [510]*

Morning stiffness duration in min, median [IQR] ¥ 60 [90] 0 [26] 0 [15] 5 [30]*

Patient assessment of disease activity by VAS in mm, median [IQR] 66 [29] 16 [37] 16 [42] 20 [46]*

Patient assessment of pain by VAS in mm, median [IQR] 57 [38] 16 [30] 15 [44] 19 [43]*

Patient global assessment by VAS in mm, median [IQR] 59 [36] 22 [44] 20 [43] 22 [43]*

Physician assessment of disease activity by VAS in mm, median [IQR] ‡ 48 [21] 16 [17] 11 [21] 15 [22]*

Data are presented as mean (standard deviation) for normally distributed variables and as median [interquartile range] for non-
parametric variables, unless otherwise specified; *All changes were statistically significant (p<0.05) both compared to baseline 
and expressed as difference over time (GEE analyses), ‡n=120, ¥n=118; DAS = Disease Activity Score, HAQ = Health Assessment 
Questionnaire, IQR = interquartile range, min = minutes, mm = millimeters, PA = physical activity, SD = standard deviation, VAS = 
visual analogue scale, WHO = World Health Organization.

Week 0 Week 13 Week 26 Week 52
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DAS % Physically
active patients

FIGURE 1. Change in disease activity and physical activity in early RA patients over time (n=140)
Disease activity data are presented as mean Disease Activity Score (DAS) ± SD, physical activity data are presented as 
% patients meeting the WHO guideline for physical activity; *significant difference over time in GEE analyses (p<0.05).

Longitudinal association between disease activity and physical activity
In logistic GEE analyses, disease activity (DAS) was longitudinal associated with an odds 
ratio of 0.69 for meeting the WHO PA guideline (p=0.008) (Model 1 in Table 2). In other 
words: an increase of disease activity was associated with a decrease of PA. Opposing, a 
decrease of disease activity was associated with an increase of PA. 
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In addition, disease activity was longitudinal associated with an odds ratio of 0.72 for 
meeting the Dutch PA guideline (p=0.005), demonstrating a similar but weaker association 
between disease activity and PA (Model 2 in Table 2). 

Both longitudinal associations were significantly influenced by patient assessment of 
pain and duration of morning stiffness.

TABLE 2. Logistic GEE model of the longitudinal association between disease activity and physical activity in 
early RA patients (n=140)

Model Outcome parameter OR Constant OR DAS 95% CI p-value OR time Confounder OR

1 - Crude
1 - Adjusted

WHO PA guideline
WHO PA guideline

22.49
19.25

0.57
0.69

0.472; 0.691
0.525; 0.907

p<0.001
p=0.008

1.00
1.00

-
Patient assessment of 

pain by VAS (mm)
Duration of morning 

stiffness (min)

-
0.99

1.00

2 - Crude Dutch PA guideline 10.16 0.62 0.520; 0.728 p<0.001 1.00 - -

2 - Adjusted Dutch PA guideline  8.59 0.72 0.569; 0.905 p=0.005 1.00 Patient assessment of 
pain by VAS (mm)

0.99

CI = confidence interval, DAS = Disease Activity Score, OR = odds ratio, PA = physical activity (meeting the WHO or Dutch PA guideline), 
VAS = visual analogue scale, WHO = World Health Organization.

Remission and response to treatment
After 52 weeks, 45% of the patients were in DAS remission (DAS<1.6), 70% of the patients 
had an EULAR good response and 36% had an ACR70 response. At each individual time 
point after baseline, responders showed higher PA levels compared to non-responders, 
regardless of the definition of response, for both the WHO and Dutch PA guideline (data 
shown in online supplement).

Discussion
To our knowledge, this is the first study that shows that combination therapy is not only 
effective in decreasing disease activity, but also improves self-reported physical activity 
(PA) in early rheumatoid arthritis (RA) patients. This result was shown longitudinally for 
both continuous (DAS) and binary measures (response criteria).

Our study reported the largest improvement in PA between baseline and 13 weeks, 
when treatment with prednisolone and MTX (and in the COBRA-group also SSZ) was 
started and both disease activity (DAS) and functional capacity (HAQ) significantly 
improved. A small decline in PA was found after 26 weeks of treatment. This decline may 
be caused by the protocolized tapering of prednisolone, a medicine which may rapidly 
and strongly lower disease activity with a corresponding rapid improvement of physical 
functioning when given in a relative high dose at the start of treatment. In addition, 
protocolized intensification of treatment with etanercept was only possible from 26 
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weeks. As a consequence, patients failing on previous protocolized treatment may have 
decreased PA in the period between week 13 and 26. 

In general, this study shows a rapid increase of PA, which persists for at least one year. 
Regular PA has major health benefits for RA patients like increasing muscle strength 
and function, reducing risk on cardiovascular diseases and osteoporotic fractures, and 
improving psychological well-being.1-3

Remarkably, our study population appears more physically active than the general 
Dutch population after one year of treatment, as only 66% of an adult reference population 
met the PA guideline compared to 82% in our study.14 Age- and sex-specific results show 
similar trends: our patients are more physically active compared to matched reference 
groups.14 This is most likely due to the tendency of trials to include healthier patients than 
the general patient population, even a pragmatic trial such as this one.

Other studies2,3,8,15 have shown either comparable or lower PA levels in RA patients 
than the general population, but these vary widely in disease activity, disease duration, 
age, sex, measurement tools and cut off values of (national) PA guidelines. Furthermore, 
some differences might be partly explained by cultural influences.

A limitation of our study might be the use of cut-off points to categorize levels of PA. 
We were aware that dichotomizing data results in loss of precision, but this method is a 
common way to report PA levels in guidelines and literature, rather than a sum of active 
minutes per week. 

Other limitations of our study include the indirect measurement of PA through use of 
a questionnaire, with the risk of recall bias and socially desirable answers. The SQUASH 
has been described as a short and simple questionnaire.11 Still, our patients did not always 
fill out the questionnaire correctly and/or completely, which was reflected in missing, 
unrealistic or impossible answers (e.g. cycling 40 hours per day). In addition, some 
activities of the SQUASH domains overlap, in which case patients may fill out the same 
activity two or three times, overestimating PA. In our study 2% of the SQUASH answers 
were manually adjusted, however, sensitivity analyses of our study showed no difference 
between crude and adjusted data. 

The SQUASH has also been described as a fairly reliable and reasonably valid tool to 
assess habitual activity level.11 Still, eight patients (6%) scored zero minutes PA at baseline. 
Although disease activity and pain will be high at the moment of diagnosis, it seems 
impossible that patients are completely inactive during one whole week. Therefore, we 
wonder if the questionnaire reflects the entire habitual PA pattern of daily activities. If not, 
PA may be systematically underestimated. 

In conclusion, we demonstrated a longitudinal, inverse association between disease 
activity and PA in early RA patients treated in the COBRA-light trial. This study shows that 
our treat-to-target combination therapy is effective in decreasing disease activity and 
improves PA in early RA patients, a beneficial effect persisting for at least 1 year.
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Online supplements
TABLE 1. Physical activity and DAS remission over time (n=140)

DAS remission
after 13 weeks

DAS remission 
after 26 weeks

DAS remission 
after 52 weeks

DAS≥1.6
n=83 (59%)

DAS<1.6
n=57 (41%)

DAS≥1.6
n=72 (51%)

DAS<1.6
n=68 (49%)

DAS≥1.6
n=77 (55%)

DAS<1.6
n=63 (45%)

Patients meeting the WHO guideline for PA, n (%) 71 (86%) 55 (97%) * 58 (81%) 62 (91%) 66 (86%) 59 (94%)

Patients meeting the Dutch guideline for PA, n (%) 63 (76%) 51 (90%) * 51 (71%) 57 (84%) 57 (74%) 58 (92%) *

*Statistically significant different (p<0.05) compared to DAS≥1.6 group (Chi square analyses); DAS = Disease Activity Score, PA = 

physical activity, WHO = World Health Organization.

TABLE 2. Physical activity and EULAR response over time (n=140)

EULAR response 
after 13 weeks

EULAR response
 after 26 weeks

EULAR response 
after 52 weeks

None + 

moderate

n=47 (34%)

Good

n=93 (66%)

None + 

moderate

n=36 (26%)

Good

n=104 (74%)

None + 

moderate

n=42 (30%)

Good

n=98 (70%)

Patients meeting the WHO guideline for PA, n (%) 37 (79%) 89 (96%)* 28 (78%) 92 (89%) 33 (79%) 92 (94%)*

Patients meeting the Dutch guideline for PA, n (%) 30 (64%) 84 (90%)* 24 (67%) 84 (81%) 28 (67%) 87 (89%)*

*Statistically significant different (p<0.05) compared to none + moderate responder group (Chi square analyses); DAS = Disease 
Activity Score, PA = physical activity, WHO = World Health Organization.

TABLE 3. Physical activity and ACR70 response over time (n=140)

ACR70 response 
after 13 weeks

ACR70 response 
after 26 weeks

ACR70 response 
after 52 weeks

No response

n=92 (66%)

ACR70 

response

n=48 (34%)

No response

n=76 (54%)

ACR70 

response

n=64 (46%)

No response

n=89 (64%)

ACR70 

response 

n=51 (36%)

Patients meeting the WHO guideline for PA, n (%) 80 (87%) 46 (96%) 63 (83%) 57 (89%) 75 (84%) 50 (98%)*

Patients meeting the Dutch guideline for PA, n (%) 69 (75%) 45 (94%)* 53 (70%) 55 (86%)* 66 (74%) 49 (96%)*

*Statistically significant different (p<0.05) compared to no ACR70 response group (Chi square analyses); DAS = Disease Activity Score, 
PA = physical activity, WHO = World Health Organization.
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Objective: To investigate the eff ect of two diff erent high-dose, step-down prednisolone 
regimens on body composition in early RA patients after 26 weeks of treatment.

Methods: Prednisolone-naive patients with recent-onset RA (n=108) were randomized 
to either COBRA (prednisolone 60 mg/day, tapered to 7.5 mg/day in 6 weeks; MTX and 
SSZ) or COBRA-light therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 weeks 
and MTX). Body composition was assessed at baseline (before or soon after start of 
treatment) and after 26 weeks with DXA, and recorded as total body mass (TBM), total 
fat mass (FM), total lean mass (LM) and trunk/peripheral fat ratio. Log-ratio analyses 
assessed the proportional distribution of TBM (between LM, FM and bone mass) and FM 
(between trunk, extremities and head). The subgroup of patients with a DXA before start 
of treatment (n=38) was analysed separately.

Results: In the subgroup of patients with a DXA before start of treatment, TBM increased 
by 1.6 kg (p<0.001) and total FM by 1.3 kg (p<0.001). The trunk/peripheral fat ratio and 
the proportional distribution of TBM and FM remained stable over time. There were no 
diff erences between the treatment groups. Similar results were obtained in the study 
population as a whole. 

Conclusion: Both high-dose, step-down prednisolone regimens caused increases in TBM, 
mainly caused by an increase in FM, but we found no fat redistribution from peripheral to 
central tissues. This absence in fat redistribution contradicts the widely held assumption 
of rapid adverse eff ects of prednisolone on body composition in RA.A
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Introduction
RA is a chronic, systemic autoimmune disorder characterized by inflammation of the joints, 
destruction of joint cartilage and bone, and changes in body composition. Chronic, systemic 
inflammation is associated with changes in cytokine levels that cause hyper-metabolism, 
followed by an increase in energy demand that causes loss of lean mass (LM).1-3 During 
exacerbations of disease, decreased physical activity and disuse of muscles may lead 
to a further loss of LM.2 Decreased LM may decrease functional capacity and has serious 
consequences for morbidity and mortality of RA patients.1-3

RA patients with decreased LM often demonstrate a concurrent increase in fat mass (FM). 
This condition, in which loss of LM is compensated by a gain in FM, is called ‘rheumatoid 
cachexia’.1,2 FM, or adipose tissue, is considered to be an active, endocrine organ, secreting 
several adipokines.4,5 Increased FM and obesity are associated with increased risk of 
hypertension, diabetes mellitus and cardiovascular diseases, also in RA.1,5-7 Individuals with 
mainly abdominal or central FM are at greater cardiovascular risk than those with mainly 
peripheral FM.5,7 The trunk/peripheral fat ratio (TPFR), a measure of central obesity, is an 
important predictor of this cardiovascular risk.7-9 

Prednisolone, a glucocorticoid (GC), is often used in the initial treatment strategy of 
RA patients, as it is well-known to reduce inflammation rapidly and effectively. In clinical 
practice, it is often used as part of combination therapy with other disease-modifying anti-
rheumatic drugs (DMARDs). 

Combination therapy, including the original COBRA therapy (Dutch acronym for 
‘COmbinatietherapie Bij Reumatoïde Artritis’, combination therapy for rheumatoid arthritis) 
published in 199710 and the more recent COBRA-light therapy,11,12 has proven to be a 
successful treatment for early RA, reducing disease activity, limiting radiological progression 
and improving physical functioning rapidly. Both therapies combine prednisolone and 
methotrexate (MTX); the COBRA treatment also includes sulfasalazine (SSZ).

Next to its anti-inflammatory properties, prednisolone may cause alterations in energy 
metabolism, and high doses lead to muscle wasting, fat accumulation and fat redistribution 
from peripheral to central tissues.13 Therefore, careful assessment of body composition is 
important when prescribing prednisolone.

Body Mass Index (BMI) is a simple and easy parameter to assess body composition, 
however, it fails to identify the loss in LM and gain in FM often present in (weight stable) RA 
patients.14-16 Preferably, both LM and FM components are assessed, which can be done with 
dual-energy X-ray absorptiometry (DXA), a commonly applied method in clinical studies.1

At this moment, the short-term effects of prednisolone on body composition of early, 
prednisolone- and DMARD-naive, RA patients is unknown. Therefore, our aim was to 
investigate the effect of two different high-dose, step-down prednisolone regimens on 
body composition in early RA patients after 26 weeks of treatment. 
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Patients and methods

Study design and study population
This study was part of the larger multi-centre COBRA-light trial, which assessed the non-
inferiority of ‘COBRA-light’ versus COBRA therapy on clinical and radiological outcomes 
in 164 patients with recent-onset RA at VU University Medical Center (VUmc), Reade and 
Westfriesgasthuis in The Netherlands.11,12 

In brief, COBRA-light therapy (prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 
weeks and MTX escalated to 25 mg/week in 8 weeks) was compared with COBRA therapy 
(prednisolone 60 mg/day, tapered to 7.5 mg/day in 6 weeks, MTX 7.5 mg/week and SSZ 2 
g/day). Patients in the COBRA-light treatment group received a cumulative dose of 1750 
mg prednisolone after 26 weeks (mean daily dose: 9.6 mg), and patients in the COBRA 
treatment group 2275 mg (mean daily dose: 12.5 mg). 

Patients previously treated with glucocorticoids or DMARDs other than antimalarial 
agents were excluded from participation.11 Eligibility criteria, the randomisation process 
and study design have been reported previously.11 

Primary outcome measures of this main study were the Disease Activity Score in 
44 joints (DAS), physical functioning assessed with the Dutch consensus version of the 
Health Assessment Questionnaire (HAQ),17 and radiological damage of both hand and 
feet, according to the Sharp – van der Heijde Score (SHS) method.18 

Ethics committees at each participating centre approved the protocol; patients 
gave written informed consent, and the study was conducted in accordance with the 
Declaration of Helsinki/Good Clinical Practice. 

It was not possible to perform DXA scans at the Westfriesgasthuis, and patients of this 
study centre were therefore excluded from analyses (n=29). Patients with a lacking DXA 
at baseline and/or at 26 weeks (n=26), and with intentional weight loss >10 kg within 26 
weeks of treatment (n=1) were also excluded from analyses. Altogether, 108 patients with 
complete data were included for analyses.

Body composition
To assess BMI, current body weight was measured, without shoes and clothing, to the 
nearest 0.1 kg on a digital scale (Seca, Hamburg, Germany). Height was also measured, 
without shoes, to the nearest 0.1 cm. BMI was calculated as ratio weight/height2 (kg/m2) 
and categorized according to the sex independent World Health Organisation categories.19 

To assess FM and LM, whole body DXA scans were performed according to the 
protocol of the manufacturer. Patients of VUmc (n=24) were scanned with the Hologic 
Delphi (Hologic, Inc; Bedford, Massachusetts, United States), and patients of Reade (n=84) 
with GE Lunar iDxa (GE Corporate, Madison, Winconsin, United States). 

FM was reported as total FM (sum of trunk, both arms and legs, and head (including 
neck)), FM on trunk, FM on arms and legs, TPFR (ratio FM on trunk/sum of FM on both 
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arms and legs) and body fat percentage (ratio total FM/TBM). LM was reported as total LM 
and LM on arms and legs. Total Body Mass (TBM) is the sum of total FM, total LM and bone 
mineral content (BMC).

Analysis groups
Due to logistic reasons and our aim to start treatment in early, active RA patients as soon as 
possible, 65% of the baseline DXA’s were performed after patients started their treatment. 
Therefore, we conducted two separate analyses. In the primary analyses, we included the 
patients who started treatment after baseline DXA (n=38). In the secondary analyses, we 
included all patients (n=108): both patients who started treatment before baseline DXA 
and patients who started treatment soon after baseline DXA. 

Statistical analysis
Data are presented as mean (standard deviation), or as median [25th percentile, 75th 
percentile] in case of skewed data, unless otherwise specified.

If we would have tested all individual body composition parameters for significance, the 
mutual, proportional and interrelated character of these parameters would be neglected, 
which likely leads to overanalysis and multiplicity of statistical testing. Therefore, only 
TBM, total FM and TPFR were tested for significance in this study: two simple and easy 
interpretable parameters (TBM, FM) and an important predictor of cardiovascular risk 
(TPFR).7 These analyses were complemented by log-ratio analyses to evaluate differences 
in changes in the composition of TBM and distribution of FM over the body.

Differences in changes in TBM, FM and TPFR over time were compared between the 
treatment groups using a mixed model with fixed effects for time point (0 or 26 weeks), 
treatment group and their interaction. In case we did not observe a significant treatment 
group by time interaction, we performed an additional analysis in which we ignored 
treatment group and tested for a change over time in the total group of (primary analysis) 
patients using a paired t-test. 

Log-ratio analyses, as described by Faes et al,20 were used to evaluate changes in 
composition of TBM, given as the proportions LM, FM and BMC of TBM, over time and 
to evaluate differences in changes in composition of TBM between treatment groups. 
Log-ratio analysis is suitable for studying trends of multiple relative contributions 
simultaneously, taking into account that the sum of all contributions must equal 1. We 
used LM as reference component and calculated separate log-ratios for FM and BMC 
per patient per time point as y=log(FM/LM)=log(proportion FM/proportion LM) and 
y=log(proportion BMC/proportion LM). We created a long dataset containing the four log 
ratios per patient in separate rows and included an indicator variable for time point (0 
or 26 weeks) and component (FM or BMC). We fitted mixed models with fixed effects for 
time (0, 26 weeks), treatment group (COBRA, COBRA-light), component (FM, BMC), and 
all interactions between these variables. We included a random effect for patient and an 
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unstructured correlation matrix modelled the correlation between the two log-ratios for 
FM and BMC for the same patient at the same time. In case we did not observe significant 
differences in change between treatment groups over time, we ignored treatment group 
in subsequent analyses in which we tested whether TBM composition changed over time 
in the total group of (primary analysis) patients. We tested for differences in changes in 
distribution of total FM over the body (proportion of total FM on trunk, extremities, and 
head including neck) between the two treatment groups in a similar way. 

Due to extreme adiposity, 12 patients (11% of total study population) did not fit 
completely under the DXA scan. In these cases, one side of the body was accurately 
measured and the other side of the body was estimated based on this measurement. 
Sensitivity analyses were performed to compare regular scans with partly estimated scans.

All statistical analyses were performed with IBM SPSS Statistics, release 20.0 (SPSS Inc, 
Chicago, Illinous, United States); p-values<0.05 were considered significant.

Results

Study populations
In the primary analysis group, 38 early RA patients (68% women, mean age 51 years) with 
a baseline DXA before start of treatment were included (Table 1). These patients had a 
mean DAS of 3.9, a median HAQ of 1.3 and a median SHS of 0.3 at baseline.

In the secondary analysis group, 108 early RA patients (68% women, mean age 53 years) 
with a baseline DXA before or soon after start of treatment were included. Within this 
analysis group, 35% of the patients underwent the baseline DXA before start of treatment, 
51% within one week after start of treatment, 72% within two weeks, 81% within three 
weeks and 90% within a month after start of treatment. The patients in this group had a 
mean DAS of 4.0, a median HAQ of 1.3 and a median SHS of 0 at baseline. 

We found no statistically significant differences in patient characteristics between the 
COBRA and COBRA-light treatment group of both analysis groups at baseline. 

Body mass index 
In the primary analysis group, 45% of the patients had a normal BMI at baseline, 45% 
was overweight, and 10% was obese (Table 2). At 26 weeks, prevalence of normal BMI 
decreased to 37%, and prevalence of overweight and obesity increased to 50% and 13%, 
respectively. In the secondary analysis group, a similar trend was shown. 
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TABLE 1. Baseline patient characteristics 

Primary analysis group
 (n=38)

Secondary analysis group 
(n=108)

COBRA group
(n=20)

COBRA-light group
(n=18)

COBRA group
(n=54)

COBRA-light group
(n=54)

Female, n (%) 15 (75) 11 (61) 37 (69) 36 (67)

Age in years 52 (11) 50 (13) 54 (13) 51 (12) 

Smoking, n (%) 5 (25) 9 (50) 19 (35) 15 (28)

Disease duration in weeks 17 [10;29] 13 [7;26] 16 [9;33] 20 [9;40]

DAS 4.0 (0.9)  3.9 (0.7)  4.0 (0.8)  3.9 (0.9)

HAQ 1.3 [1.0;1.6] 1.4 [0.7;1.9] 1.3 [1.0;1.8]  1.2 [0.61.8]

SHS 0 [0;1.8] 0.8 [0;3.0] 0 [0;2.0] 0 [0;1.6]

Weight in kg 73.1 (10.7) 74.1 (13.5) 72.9 (12.3) 76.6 (16.1)

Height in m 1.69 (0.07) 1.71 (0.09) 1.69 (0.09) 1.70 (0.10) 

Body Mass Index in kg/m2 26.0 [22.5;27.1] 25.2 [21.4;28.6] 25.4 [23.0;27.2] 25.5 [22.0;29.3]

Patient assessment of disease activity 66 [51;77] 69 [50;76] 64 [44;75] 69 [51;80]

Patient assessment of pain 70 [48;81] 55 [33;79] 64 [47;77] 59 [35;78]

Patient global assessment 69 [49;86] 64 [45;80] 60 [48;74] 62 [35;79]

Physician assessment of disease activity 46 [38;56] 40 [40;55] 47 [40;60] 40 [35;54]

Data are presented as mean (standard deviation) for normally distributed variables and as median [25th percentile;75th percentile] for 
non-parametric variables, unless otherwise specified; patient and physician assessments by visual analogue scale in mm; there were 
no statistically significant differences between the COBRA and COBRA-light treatment groups at baseline; DAS = Disease Activity Score 
of 44 joints, HAQ = Health Assessment Questionnaire, SHS = Sharp - Van der Heijde Score.

TABLE 2. Changes in body mass index after 26 weeks of prednisolone treatment

Primary analysis group 
(n=38)

Secondary analysis group 
(n=108)

COBRA group
(n=20)

COBRA-light group
(n=18)

COBRA group
(n=54)

COBRA-light group 
(n=54)

BMI category Cut of point (kg/m2) week 0 week 26 week 0 week 26 week 0 week 26 week 0 week 26

Underweight <18.5 - - - - 1 (2) 2 (4) - -

Normal 18.5 - 24.9 8 (40) 6 (30) 9 (50) 8 (44) 21 (39) 15 (28) 25 (46) 24 (44)

Overweight 25.0 - 29.9 10 (50) 11 (55) 7 (39) 8 (44) 26 (48) 30 (56) 16 (30) 17 (32)

Obese ≥30.0 2 (10) 3 (15) 2 (11) 2 (11) 6 (11) 7 (13) 13 (24) 13 (24)

Results presented as frequencies (%), BMI = Body Mass Index.

Changes in total body mass
In the primary analysis group, changes in TBM did not differ significantly between both 
treatment groups, as indicated by a non significant treatment group by time interaction 
(data not shown). When we analysed data of both treatment groups as one group, TBM 
increased significantly by 1.6 kg after 26 weeks (p<0.001) (Table 3). In the secondary 
analysis group, a similar pattern was shown (Table 4).
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Sensitivity analyses showed no relevant differences between the results of the regular 
DXA scans and the estimated DXA scans of the 12 extreme adipose patients for all major 
body composition analyses in both analysis groups. 

TABLE 3. Changes in body composition components after 26 weeks of prednisolone treatment in the primary 
analysis group (n=38)

 
All patients 

(n=38)
COBRA group 

(n=20)
COBRA-light group 

(n=18)

  baseline week 26  baseline  week 26  baseline week 26 

Total Body Mass (kg) ¥ 73.6 (11.9) 75.2 (12.2)* 73.1 (10.7) 75.2 (11.2) 74.1 (13.5) 75.2 (13.6)

Fat Mass

 - total (kg) ¥ 25.0 (9.8) 26.3 (10.3)* 25.3 (8.5) 26.8 (8.8) 24.6 (11.2) 25.8 (11.9)

 - on trunk (kg) 11.1 [7.7;17.1] 12.0 [9.0;17.3] 11.8 [8.7;16.3] 12.7 [9.3;17.1] 11.1 [7.0;17.7] 11.4 [8.2;17.5]

 - on arms and legs (kg) 10.2 [9.0;13.5] 10.8 [9.1;14.5] 10.1 [9.0;15.2] 10.8 [9.0;16.2] 10.5 [9.0;11.5] 10.8 [9.1;12.8]

 - trunk/peripheral fat ratio ¥ 1.1 (0.4) 1.2 (0.4) 1.1 (0.4) 1.1 (0.4) 1.2 (0.5) 1.2 (0.5)

 - body fat % 33.5 (9.2) 34.4 (9.2) 34.2 (8.2) 35.1 (7.9) 32.7 (10.5) 33.7 (10.7)

Lean Mass

 - total (kg) 46.1 (8.7) 46.4 (8.2) 45.4 (7.4) 46.0 (6.9) 47.0 (10.1) 46.8 (9.7)

 - on arms and legs (kg) 20.4 (4.6) 20.5 (4.2) 20.1 (4.1) 20.4 (3.8) 20.8 (5.2) 20.7 (4.7)

Body Mass Index (kg/m2) 25.6 (4.5) 26.2 (4.8) 25.6 (3.8) 26.3 (4.1) 25.6 (5.2) 26.0 (5.6)

Data are presented as mean (standard deviation) for normally distributed variables and as median [25th percentile;75th percentile] for 
non-parametric variables;  ¥ only total body mass, total fat mass, and trunk/peripheral fat ratio were tested for significance; * significant 
change between baseline and week 26 (p<0.05).

TABLE 4. Changes in body composition components after 26 weeks of prednisolone treatment in the secondary 
analysis group (n=108)

 
All patients

 (n=108)
COBRA group 

(n=54)
COBRA-light group 

(n=54)

  baseline week 26  baseline week 26  baseline week 26 

Total Body Mass (kg) ¥ 74.8 (14.4) 76.4 (15.0)* 72.9 (12.3) 74.8 (12.9) 76.6 (16.1) 78.0 (16.7)

Fat Mass 

 - total (kg) ¥ 25.7 (10.5) 27.0 (11.1)* 25.1 (8.5) 26.3 (9.0) 26.4 (12.1) 27.8 (12.8)

 - on trunk (kg) 12.2 [7.6;17.2] 12.8 [9.3;17.5] 12.2 [8.4;16.4] 12.4 [9.6;16.3] 12.2 [7.1;17.6] 12.9 [8.7;19.4]

 - on arms and legs (kg) 10.5 [8.8;13.5] 10.9 [9.0;14.3] 10.4 [8.7;13.5] 11.0 [9.0;14.0] 10.5 [9.0;13.5] 10.8 [9.0;14.4]

 - trunk/peripheral fat ratio ¥ 1.1 (0.4) 1.2 (0.4) 1.1 (0.4) 1.1 (0.4) 1.1 (0.4) 1.2 (0.4)

 - body fat % 33.9 (9.3) 34.7 (9.4) 34.0 (8.3) 34.6 (8.2) 33.7 (10.3) 34.7 (10.5)

Lean Mass 

- total (kg) 46.6 (9.4) 46.9 (9.2) 45.4 (8.3) 46.1 (8.0) 47.7 (10.3) 47.8 (10.2)

 - on arms and legs (kg) 20.6 (5.1) 20.8 (4.9) 20.0 (4.9) 20.5 (4.6) 21.1 (5.2) 21.1 (5.2)

Body Mass Index (kg/m2) 26.2 (5.0) 26.8 (5.3) 25.7 (4.0) 26.3 (4.2) 26.8 (5.9) 27.2 (6.3)

Data are presented as mean (standard deviation) for normally distributed variables and as median [25th percentile;75th percentile] for 
non-parametric variables; ¥ only total body mass, total fat mass and trunk/peripheral fat ratio were tested for significance; * significant 
change between baseline and week 26 (p<0.05).
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Changes in total fat mass
In the primary analysis group, changes in total FM over time did not differ significantly 
between both treatment groups. When we analysed data of both treatment groups as one 
group, total FM increased significantly by 1.3 kg after 26 weeks (p<0.001) (Table 3). In the 
secondary analysis group a similar pattern was shown (Table 4).

Changes in trunk/peripheral fat ratio
In the primary analysis group, changes in TPFR over time did not differ significantly 
between both treatment groups. When we analysed data of both treatment groups as one 
group, TPFR increased by 1% after 26 weeks (p=0.506) (Table 3). In the secondary analysis 
group, a similar pattern was shown (Table 4). 

Changes in composition of TBM: proportion LM, FM and BMC 
In the primary analysis group, log-ratio analyses did not demonstrate a significant 
difference in the longitudinal course of the composition of TBM (LM, FM and BMC 
proportions) between both treatment groups. When we analysed data of both treatment 
groups as one group, we found no significant change in the composition of TBM over time 
(Figure 1). In the secondary analysis group, a similar pattern was shown.

Changes in distribution of FM over the body: proportion on trunk, extremities 

and head 
In the primary analysis group, log-ratio analyses did not demonstrate a significant 
difference in the longitudinal course of the distribution of FM over trunk, extremities and 
head between both treatment groups. When we analysed data of both treatment groups 
as one group, we found no significant change in the distribution of FM over time (Figure 
2). In the secondary analysis group, a similar pattern was shown.

FIGURE 1. Changes in total body mass composition 
after 26 weeks of prednisolone treatment in the 
primary analysis group (n=38)
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FIGURE 2. Changes in fat mass distribution over 
the body after 26 weeks of prednisolone treatment 
in the primary analysis group (n=38)
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Discussion 
This is the first prospective study that investigates the short-term effects of two high-
dose, step-down prednisolone regimens on body composition in early RA patients. In this 
study, GC- and DMARD-naive RA patients increased their TBM and FM after 26 weeks of 
GC treatment, but more importantly: maintained their TPFR and proportional distribution 
of TBM and FM.

Earlier studies on side effects of GC’s often focused on the effect on bones, glucose 
sensitivity, blood pressure and cardiovascular events such as myocardial infarctions and 
strokes.21,22 The original COBRA trial reported a significant but limited increase in TBM after 
28 weeks of treatment: 2.5 kg in the COBRA group, versus 0.7 kg in the SSZ monotherapy 
group.10 No data on body composition was reported. Other GC combination therapy 
studies only reported effects on TBM after two years of treatment, with a significant weight 
gain of 3 kg in the GC treatment group,23,24 and some did not report on body composition 
at all.25,26

The effect of GC’s on body composition is thus often neglected, however, assessment 
of body composition is important in RA patients. Increased FM may cause unfavourable 
cosmetic effects and, since abdominal FM is an important reservoir of pro-inflammatory 
cytokines, it is also associated with cardiovascular morbidity and mortality.1,4-7 Furthermore, 
decreased LM may decrease functional capacity and has serious consequences for 
morbidity and mortality.1-3 

In this study, we did not demonstrate a dose-dependent effect of COBRA versus 
COBRA-light treatment on body composition. Perhaps, the difference in prednisolone 
doses between both treatment groups, 525 mg after 26 weeks, was not large enough 
to cause a dose-dependent effect. Hence, we based our conclusions on the results of all 
patients of the primary analysis group, and not per treatment group.

Overall, there was a general worsening of BMI status in our study population: more 
patients became overweight and obese after 26 weeks of GC treatment. However, BMI 
has a very limited value for assessment of body composition in RA patients, as it does 
not distinguish between FM and LM, while RA patients often have an abnormal body 
composition.14-16 In addition, high doses prednisolone may lead to fat accumulation 
and fat redistribution from extremities to the trunk and abdominal area.13 Therefore, we 
focused on the specific effects on FM, and in particular on the TPFR and the proportional 
distribution of TBM and FM.

The TPFR remained stable after 26 weeks of GC treatment. In addition, no significant 
redistribution of trunk and peripheral FM was found in the log-ratio analyses. Furthermore, 
there was no significant change in the proportional distribution of TBM between LM, 
FM and BMC over time. Earlier reports about the efficacy of the COBRA-light study 
demonstrated a rapid decrease in DAS and inflammation parameters,11,12 which may 
decrease hyper-metabolism and the likelihood of cachexia. In addition, we recently 
reported a rapid, significant increase in physical activity in these patients, which may have 
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positive effects on both FM and LM.27 Thus, effective treatment with GC’s counteracted 
the negative effects of inflammation on body composition, whereas increase in physical 
activity contributed to a healthier body composition, both preventing a significant change 
in the FM distribution. 

A limitation of our study is the lack of a control group of patients who did not use 
prednisolone. However, a study population without prednisolone would have introduced 
a significant selection bias: prednisolone is not prescribed when disease is relatively 
mild or when patients have contra indications (e.g. diabetes mellitus or uncontrolled 
hypertension), indicating impaired health situation. As such, results presented in this 
paper cannot be solely attributed to the use of GC’s.

Another potential limitation of our study might be the relative short follow up period 
of 26 weeks. However, all patients received the highest and largest prednisolone dose in 
this period, and thus the largest impact could be expected here. In addition, patients with 
low disease activity tapered and stopped prednisolone after 26 weeks, leading to larger 
differences between patients with respect to cumulative and mean prednisolone doses.

Another limitation might be the relatively small sample of patients who had a baseline 
DXA before start of treatment. The main results and conclusion of this study are based on 
the results of this smaller study population in the primary analyses, although the larger 
study population in the secondary analyses showed similar trends.

Furthermore, body weight, or more specifically FM and LM, were not available in 
the period before disease onset. Therefore, it was not possible to discriminate between 
increase and recovery. We hypothesized that patients with high disease activity at baseline 
were more likely to be ‘cachectic’, i.e. lost more weight before diagnosis than those with 
low disease activity, and thus would gain more weight after start of treatment. Yet, no 
clear association was shown between baseline DAS and change in body weight between 
baseline and 26 weeks (data not shown). It is therefore not very likely that the gain in 
bodyweight is largely attributable to recovery.

Strengths of our study include the prospective design and trial setting: all patients 
were GC- and DMARD-naive, had recent-onset RA, and active disease at baseline. Another 
major strength is the performance of log-ratio analysis, which is an advanced analysis 
method specifically designed for analyzing compositional data such as body composition 
parameters. So far, this analysis method has been used rarely, if at all, in earlier studies on 
body composition; neglecting the mutual, proportional relation of variables, which likely 
leads to overanalysis and multiplicity of statistical tests. 

In sum, this study demonstrates that early RA patients treated for 26 weeks with two 
different high-dose, step-down GC regimens increase their TBM, because of an increase in 
FM. This may have some negative impact on patient health. Yet, we did not demonstrate 
a dose-dependent effect of the described GC treatments, nor fat redistribution, fat 
accumulation or muscle wasting, which would have been worse for patient health. Our 
results suggests that the recently reported rapid decrease in inflammation and increase in 
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physical activity in this study population counteracted negative side effects of short-term 
GC treatment on body composition in early RA patients. The absence of fat redistribution 
from peripheral to central tissues contradicts the widely held assumption of rapid adverse 
effects of prednisolone on body composition in RA.
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Background & aims: The recently proposed defi nitions of 'pre-cachexia' and 'cachexia' 
might off er new possibilities for the detection of malnutrition in patients with rheumatoid 
arthritis (RA).

Methods: The prevalence of diff erent components of nutritional status and the compiled 
defi nitions of 'precachexia' and 'cachexia' were measured in a cohort of 103 patients with 
moderately active RA. Nutritional status was determined by measuring unintentional 
weight loss, BMI, and muscle strength. Bio-electrical Impedance Analysis (BIA) was used 
to determine fat free mass index (FFMI) and fat mass index. In addition, appetite, pain, 
fatigue, and infl ammatory activity were assessed. The prevalence of 'pre-cachexia' and 
'cachexia' was calculated from diff erent combinations of these parameters.

Results: 20% of the study population had a low FFMI (<10th percentile), and 95% had 
a decreased muscle strength (<lowest tertile). Weight loss and loss of appetite, both 
essential elements in the newly proposed (pre-)cachexia defi nitions, were uncommon. 
The prevalence of 'pre-cachexia' and 'cachexia' was both 1% (n=1).

Conclusions: In spite of altered body composition and impaired body function, the 
recently proposed defi nitions of both 'pre-cachexia' and 'cachexia' were unable to 
identify and diagnose impaired nutritional status in RA patients mainly because of low 
prevalences of weight loss and decreased appetite.A
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Introduction
Both ‘cachexia’ and ‘pre-cachexia’ have recently attracted much attention in the 
international literature. Consensus definitions have been drafted and are now ready to be 
applied in different patient populations.1,2

In patients with rheumatoid arthritis (RA), an altered body composition, specifically 
a decreased fat free mass (FFM) in combination with a stable or increased fat mass (FM) 
has been described, so-called ‘rheumatoid cachexia’.3 Low physical activity, joint stiffness, 
pain, swelling, disuse of muscles, and metabolic changes in the body are all factors which 
may contribute to loss of muscle mass and strength in RA patients. The prevalence of 
‘rheumatoid cachexia’ has been described to occur in up to two thirds of patients.4,5 

In daily clinical practice, easy bed-side methods for the early detection of malnutrition 
in RA patients are lacking. If the new definitions of pre-cachexia and cachexia would be 
able to identify patients at increased nutrition risk, their practical application could be of 
additional value in the evaluation of RA patients. 

Therefore, we studied the applicability of the new consensus definitions of pre-
cachexia and cachexia in patients with rheumatoid arthritis. 

Methods

Population
From March to June 2011 we cross-sectionally determined the nutritional status of 
103 consecutive RA patients visiting the outpatient or day treatment department of 
Rheumatology at the VU University Medical Center, Amsterdam, the Netherlands. This 
study was approved by the medical ethical committee of the VU University Medical Center 
and all patients gave their written informed consent before inclusion. 

Measurements of disease activity and nutritional status
Mean disease duration was recorded and disease activity was measured using the disease 
activity score based on 28 joints (DAS28)6 and Rheumatoid Arthritis Disease Activity Index 
(RADAI).7 Physical activity was assessed using the Health Assessment Questionnaire – 
Disability Index (HAQ-DI).8 

Nutritional status was determined by measuring unintentional weight loss, BMI, and 
hand grip strength. Decreased hand grip strength was defined as handgrip strength below 
the third tertile of an age and sex matched reference population.9 Fat free mass index 
(FFMI) and fat mass index (FMI) were determined by bioelectrical impedance analysis 
(BIA). BIA measures were made using a QuadScan 4000 device (Bodystat Ltd, Isle of Man, 
UK), and the 50 kHz data were applied to a published equation generated from a cohort 
of healthy elderly adults: FFM (kg) = - 4.104 + (0.518 height2/resistance) + (0.231 weight) + 
(0.130 reactance) + (4.229 sex).10
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Low FFMI was defined as FFMI below the 10th percentile, based on reference values of 
a large age- and sex-matched Swiss reference population.11 In addition, appetite (both the 
anorexia/cachexia section of the Functional Assessment of Anorexia/Cachexia Therapy 
(FAACT) questionnaire and a visual analogue scale (VAS)), pain (VAS), fatigue (VAS), and 
inflammatory activity (Erythrocyte sedimentation rate (ESR) >10.0 mm/h, C-reactive 
protein (CRP) serum level >8.0 mg/L, and anemia (defined as hemoglobin (Hb) level <7.5 
mmol/L for women or <8.5 mmol/L for men) were assessed. 

The prevalence of ‘pre-cachexia’ was assessed following criteria as described in a recent 
consensus paper by Muscaritoli et al1: underlying chronic disease, unintentional weight 
loss ≤5% of usual body weight during the last six months, chronic or recurrent systemic 
inflammatory response, and anorexia or anorexia-related symptoms. 

The prevalence of ‘cachexia’ was based on diagnostic criteria of Evans,2 which include 
weight loss of at least 5% in twelve months or less in the presence of underlying illness 
and three of the following criteria: decreased muscle strength, fatigue, anorexia, low FFMI, 
or abnormal biochemistry.

Results
One hundred and three RA patients were included, median age 60 year (range 26-90 
year), median disease duration 8 years. The disease activity score based on 28 joints 
(DAS28, mean 3.32 points) and Rheumatoid Arthritis Disease Activity Index (RADAI, mean 
3.30 points) indicated moderate disease activity in this cohort. Based on the results of 
the Health Assessment Questionnaire – Disability Index (median 0.88 points), patients 
indicated mild to moderate disability. 

The table (Table 1) depicts the different parameters of nutritional status in our 
cohort of 103 patients: 11% (n=11) of the patients experienced unintentional weight 
loss (≤5% bodyweight) during the past six months. Only one patient (1%) experienced 
≥5% unintentional weight loss during the past twelve months. In addition, 3% of our 
population had a BMI <20 kg/m2, 57% of our population was defined overweight (BMI 
>25 kg/m2), and 18% obese (BMI >30 kg/m2). 

In total, 65 patients underwent BIA measurements. Of these 65 patients, 20% had 
a low muscle mass according to their FFMI (<10th percentile), and 31% had a high FMI 
(>90th percentile) which may indicate obesity. When comparing the patient subgroup 
with (n=65, 63%) and without (n=38, 37%) BIA measurements, age was significantly lower 
in the patient subgroup with BIA measurements, compared with the patient subgroup 
without BIA measurement (58 vs. 64 year, respectively). In addition, disease duration 
and number of comorbidities were significantly lower in the patient subgroup that was 
analyzed by BIA. 

Furthermore, 95% of the total cohort had a hand grip strength below the lowest tertile, 
reflecting decreased muscle strength.
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TABLE 1. Nutritional status parameters, determinants and prevalence of (pre-)cachexia

All (n=103)
n (%)

Women (n=79)
n (%)

Men (n=24)
n (%)

Unintentional weight loss 

≤5% weight loss, past 6M (n=103) 11 (10.7) 7 (8.9) 4 (16.7)

≥5% weight loss, past 12M (n=103) 1 (1.0) - 1 (4.2)

Body composition parameters (BIA)

FFMI <10th percentile (n=65) 13 (20.0) 12 (22.2) 1 (9.1)

FMI >25th percentile (n=65) 62 (95.4) 51 (94.4) 11 (45.8)

FMI >90th percentile (n=65) 20 (30.8) 16 (29.6) 4 (36.4)

Muscle strength < lowest tertile (n=103) 98 (95.1) 75 (94.9) 23 (95.8)

Anorexia

VAS <50 (n=103) 11 (10.7) 9 (11.4) 2 (8.3)

FAACT ≤24 (n=103) 6 (5.8) 5 (6.3) 1 (4.2)

Fatigue (VAS >50) (n=103) 58 (56.3) 46 (58.2) 12 (50.0)

Abnormal biochemistry (n=100) 61 (59.2) 45 (59.2) 16 (66.7)

‘Pre-cachexia’ (n=103) 1 (1.0) 1 (1.3) -

‘Classic cachexia’ (n=103) 1 (1.0) - 1 (4.2)

BIA = Bioelectrical Impedance Analysis, FFMI = Fat-Free Mass Index, FMI = Fat Mass Index, VAS = Visual Analogue Scale, FAACT = 
Functional Assessment of Anorexia/Cachexia Therapy, Abnormal biochemistry = Erythrocyte Sedimentation Rate>10 mm/h, or 
C-Reactive Protein> 8.0 mg/L or anemia (♂: hemoglobin<7.5 mmol/L, ♀: hemoglobin<8.5 mmol/L). 

Moreover, our cohort of RA patients generally exhibited relatively high appetite scores, 
with anorexia being present in 6% of the population when assessed with the FAACT 
questionnaire (cut-off value 24 points), and in 11% of the population when assessed by 
VAS (cut-off value 50 mm). Furthermore, fatigue was a commonly reported symptom in 
our cohort (56%). In addition, elevated ESR (59%), elevated CRP (24%) and anemia (14%) 
resulted in an ‘abnormal biochemistry’-status in 59% of the study population. 

Discussion
Although the nutritional status of RA patients seems to be distorted in a large proportion 
of patients, the recently published ‘pre-cachexia’ and ‘cachexia’ definitions do not seem to 
offer new possibilities for the early detection of a deteriorated nutritional status in these 
RA patients with moderate disease activity, all treated according to standard guidelines, 
targeted at inducing remission. 

Unintentional weight loss and loss of appetite are considered essential criteria for both 
‘pre-cachexia’ and ‘cachexia’, however, these were both not very common in our study 
population. Often, patients with newly detected RA present themselves with loss of body 
weight, which increases again when the disease goes into remission. In the long term, 
as a result of pain and low activity levels, loss of FFM is often compensated by a gain in 
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FM, resulting in maintained or even increased body weight. Patients participating in this 
cross-sectional study had a median disease duration of 8 years. We therefore anticipated 
stable or even increased body weights in the majority of patients, which was confirmed 
by our data.

Anorexia could be a decisive component in the diagnosis of pre-cachexia in patients 
with RA. Disease, weight changes and inflammatory parameters belong to the routine 
measurements at outpatient visits. If pre-cachexia could be diagnosed easily by only 
adding an appetite questionnaire to the usual diagnostic palette, this could be very 
helpful in the early diagnosis of early malnutrition. However, only few patients reported 
low appetite. Increasing the FAACT cut-off point from 24 to 30, as has been suggested at 
ESPEN 2011, did not change our conclusions.

BIA could play an important role in the early detection of patients at increased 
nutritional risk, as it is described as a relatively easy bedside method used for assessment 
of body composition. Still, BIA may be too time-consuming for daily use during patient 
examinations, requiring at least ten minutes per patient. This was indeed the most 
important reason for not having BIA measurements in our complete cohort. In general, 
only patients who were treated at the day treatment unit had time enough to undergo 
the BIA measurements. Furthermore, to date there have been no validation studies of BIA 
in the RA population. We chose the Kyle single-frequency BIA equation for FFM because 
it was derived from elderly adults, which most closely matched our study population, and 
because healthy reference data could be compared to our study population.10,12 However, 
because the equation was generated in healthy elderly individuals, it may not be valid 
in our elderly RA population. Although RA patients are not known to exhibit significant 
deviation from normal hydration status, it is possible that the BIA-derived FFM estimates 
were inaccurate due to potential violation of methodological assumptions due to the 
RA disease activity. However, RA patients are not well-known with large deviations from 
normal hydration status, and therefore we suppose that the outcomes give a reliable 
estimate of body composition. An earlier study found a relatively good agreement 
at the group level between dual-energy x-ray absorptiometry (DXA, often used as the 
gold standard a reference method for the estimation of FFM body composition) and BIA 
measurements in RA patients, although the limits of agreement were wide, suggesting 
poor agreement at the individual level.13 

Almost all patients showed a handgrip strength below the lowest tertile of the 
reference population. This confirms earlier reported prevalence rates of up to 80%.14 In 
post-hoc analyses, grip strength measurements were negatively correlated to disease 
duration, but not to actual disease activity. In our opinion, the outcome of handgrip 
strength measures are, therefore, more reflective of the consequences of the rheumatic 
disease than of nutritional status. In addition, the measure is too insensitive as an indicator 
of malnutrition, as it identifies 95% of the patients at reduced strength. 
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Conclusion
The recently proposed definitions of both ‘pre-cachexia’ and ‘cachexia’ are not clinically 
useful to identify and diagnose impaired nutritional status in RA patients treated with 
currently available antirheumatic drugs. They clearly underestimate the diminished 
nutritional status, as characterized by the individual components. We, therefore, advise 
to rely on individual components of nutritional status when performing nutritional 
assessment in RA patients. 
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Objective: To examine diff erences between the assessment of body composition by 
body mass index (BMI) and bioelectrical impedance analysis (BIA) in patients with 
rheumatoid arthritis (RA).

Method: The body composition of RA patients was assessed during their visit to the 
outpatient department of a Dutch academic hospital using BMI, Fat Free Mass Index 
(FFMI) and Fat Mass Index (FMI). FFMI and FMI were determined by single-frequency BIA. 

Results: Sixty-fi ve consecutive RA patients (83% women, mean age 58 years, median 
disease duration 7 years) with moderately active disease (mean DAS28: 3.40; mean RADAI: 
3.49) and moderate disability (mean HAQ: 0.87) were included. Based on BMI, 2% of our 
study population were underweight, 45% had a healthy body composition, and 54% was 
overweight or obese. Based on BIA, 18% of the patients showed a low FFMI, and 74% had 
a high or very high FMI. Low FFMI was found in 44% of the women with a normal BMI, 
and high FMI was found in 40% of the women and 75% of the men with a normal BMI.

Conclusions: A high frequency of unfavourable body composition, predominantly 
reduced FFMI and elevated FMI, was found in a cohort of RA patients with moderately 
active disease, turning BMI into an unreliable method for assessment of body composition 
in RA. BIA, however, might be the preferred method to assess FFMI and FMI in RA patients 
in clinical practice, as it is easy-to-use and relatively inexpensive.A
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Introduction
Rheumatoid arthritis (RA) is characterized by chronic systemic inflammation, causing 
joint inflammation, disuse of muscles, and metabolic changes in the body, which in 
turn contribute to loss of fat free mass (FFM). In the last decade, multiple studies have 
demonstrated abnormal, unfavourable body composition in RA patients, often showing 
reduced FFM, which may have serious consequences for their morbidity and functional 
capacity.1-8 However, increased fat mass (FM) and obesity are also often observed in RA, 
factors which are, at least in non-rheumatoid populations, associated with an increased 
risk of diabetes, hypertension and cardiovascular disease.3,7,9-11 

Therefore, careful assessment of body composition seems to be of major importance 
in RA patients. Body mass index (BMI) is a simple parameter that has been widely used 
as an indication of body composition in healthy populations. However, BMI may fail to 
identify the loss of FFM and gain in FM often present in (weight stable) RA patients, a 
condition called ‘rheumatoid cachexia’ .3,5,6 An estimator of FFM and FM may be potentially 
more useful in evaluating body composition in RA patients.

Preferably, FFM and FM should be assessed by dual-energy X-ray absorptiometry 
(DXA), which is considered to be a reference method for body composition, used in many 
clinical research studies. However, DXA is an expensive and time-consuming technique, 
requiring a non-portable DXA instrument and trained radiologists. In the current financial 
climate, a less expensive and mobile, easy-to-use method, with acceptable accuracy and 
reliability, would be preferred. Bio-electrical impedance analysis (BIA), a method that 
requires a relatively inexpensive BIA device that is easy to use in clinical practice, might be 
a second best method to assess FFM and FM in RA patients. 

In this study, we investigated the differences in assessment of body composition by 
BMI and BIA in RA patients.

Method

Study population
RA patients were recruited consecutively during their regular visit to the outpatient 
rheumatology department at the VU University Medical Center in Amsterdam (The 
Netherlands) between February and April 2011, and examined on the same day. 
Patients were included when they met the 1987 ACR criteria for RA. Because of possible 
disturbance in body composition, exclusion criteria were: chronic heart failure, moderate 
or severe renal failure (estimated glomerular filtration rate <40 ml/min), liver disease, 
current malignancy, and pregnancy. As BIA measurements cannot be performed on 
patients wearing a pacemaker or having artificial joints or metal elements in their body, 
these patients were also excluded from participation. The study protocol was approved by 
the local Medical Ethical Committee. 
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Body composition parameters 
To assess BMI, current body weight was measured during the patients’ visit, without 
shoes, to the nearest 0.1 kg on a digital scale (Seca Deutschland, Hamburg, Germany) and 
corrected for clothing.12 Height was also measured, without shoes, to the nearest 0.1 cm. 
BMI was calculated as ratio weight/height2 (kg/m2) and categorized as ‘low’ (<18.5 kg/m2), 
‘normal’ (18.5-24.9 kg/m2), ‘high’ (25.0-29.9 kg/m2), or ‘very high’ (≥30.0 kg/m2) according 
to the sex independent World Health Organisation (WHO) categories.13 

To assess FFM, single-frequency BIA measurements were made using a Quadscan 4000 
device (Bodystat Ltd., Isle of Man, United Kingdom). The measurements were performed 
with patients lying ten minutes in the supine position on a flat, non-conductive bed, 
without wearing any metal and without parts of the body touching one another. The 50 
kHz data were applied to a published equation generated from a cohort of healthy elderly 
adults: FFM (kg) = - 4.104 + (0.518 height2/resistance) + (0.231 weight) + (0.130 reactance) 
+ (4.229 sex).14 Because absolute FFM is dependent on height, Fat Free Mass Index (FFMI) 
was calculated: FFMI (kg/m2) = FFM (kg) / height2 (m2). FFMI data of men and women, 
respectively, were categorized as ‘low’ (≤16.6 kg/m2), (≤14.5 kg/m2); ‘normal’ (16.7-19.7 kg/
m2), (14.6-16.7 kg/m2); ‘high’ (19.8-21.6 kg/m2), (16.8-18.1 kg/m2); and ‘very high’ (≥21.7 
kg/m2), (≥18.2 kg/m2) using normative values from a large healthy European reference 
population as published by Kyle et al.15

FM was calculated by subtracting FFM from current body weight. Subsequently, FMI 
was calculated as: FMI (kg/m2) = FM (kg) / height2 (m2). FMI data of men and women, 
respectively, were categorized as ‘low’ (≤1.7 kg/m2), (≤3.8 kg/m2); ‘normal’ (1.8-5.1 kg/m2), 
(3.9-8.1 kg/m2); ‘high’ (5.2-8.2 kg/m2), (8.2-11.7 kg/m2); and ‘very high’ (≥8.3 kg/m2), (≥11.8 
kg/m2) using the normative values of Kyle et al.15 

To compare our results with earlier studies on this topic,3,16 low muscle mass was defined 
as FFMI<10th percentile, and obesity as FMI>90th percentile,17 using percentile values for FFMI 
and FMI from the large healthy European reference population of Schutz et al.18 Prevalence 
of ‘rheumatoid cachexia’, defined as FFMI<10th percentile and FMI>25th percentile in earlier 
studies,3,16,19 was also calculated using the percentile values of Schutz et al.18 

Clinical parameters
Disease activity was assessed using both the Disease Activity Score of 28 joints (DAS28) 
and the Rheumatoid Arthritis Disease Activity Index (RADAI) questionnaire. Physical 
functioning of patients was determined by the Health Assessment Questionnaire (HAQ). 
To assess inflammatory activity, erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP) and haemoglobin (Hb) levels were obtained from medical files. Pain and fatigue 
were assessed with a 100 mm visual analogue scale. Information about disease duration, 
medication use, comorbidities, presence or absence of IgM rheumatoid factor, antibodies 
against cyclic citrullinated peptides, and radiographic erosions was obtained from 



Chapter 7 Body composition by BMI and BIA in RA 

106  107  

7

the medical files of the patients. Information about demographic and lifestyle factors 
was acquired from medical files and from a short patient interview at the moment of 
examination. 

Statistics
Data are presented as mean (SD) or median (interquartile range), depending on whether 
data were normally distributed or not. Likewise, differences between patient subgroups 
were analysed by Independent T-Tests and Mann Whitney-U tests. Chi Square tests were 
used to evaluate differences in proportions. All data were analyzed using the statistical 
software program IBM SPSS Statistics, release 20.0 (SPSS Inc, Chicago, Illinois, United 
States). P-values<0.05 were considered significant. 

Results

Patient characteristics 
Patient characteristics are presented in Table 1. Our cohort consisted of 65 RA patients 
(54 women and 11 men), with a mean age of 58 years (range 26-88 years). Men were 
significantly older than women (67 versus 56 years, respectively). Otherwise, there were 
no significant differences between men and women, except for the sex-dependent 
parameters FFMI, FMI and Hb. Median disease duration was 7 years. The majority of our 
study population showed a moderate disease activity (mean DAS28: 3.40; mean RADAI: 
3.49), whereas 32% of the patients were in clinical remission (DAS28<2.60). The mean HAQ 
score of 0.87 indicates a mild to moderately disabled RA population. Sixty-nine percent 
of the patients had one or more concomitant disorders, of which hypertension was most 
common (40%). 

Body composition parameters
The mean BMI of our study population was 26.1 kg/m2, which is in the overweight range 
(Table 1). Table 2 shows the frequency distribution of BMI, FFMI and FMI categories within 
our study population. Based on WHO cut-off points for BMI,13 2% of our study population 
were underweight, 45% had a healthy body composition, 37% were overweight, and 17% 
obese. 

The results of BIA, allowing us to distinguish between FFMI and FMI, show that 18% 
of our study population had a low FFMI, 55% a normal FFMI and 26% a high or very high 
FFMI. Low FFMI was found in 44% of the women with a normal BMI. In addition, 26% of our 
study population had a normal FMI, 46% high FMI and 28% very high FFMI. High FMI was 
found in 40% of the women and in 75% of the men with a normal BMI.
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TABLE 1. Patient characteristics

Variables All (n=65) Women (n=54) Men (n=11)

Demographic & RA-related

Age (y)  58 (14) 56 (14) 67 (9)

Disease duration (y)  7 [10]  7 [9] 7 [12]

IgM RF positivity (%)  59.4  57.4 70.0

aCCP positivity (%) †  75.0  72.9 87.5

Radiographic erosions (%)  46.2  42.6 63.6

DAS28 ‡  3.40 (1.44)  3.37 (1.38) 3.62 (1.95)

RADAI  3.49 (1.91)  3.52 (1.87) 3.36 (2.15)

HAQ  0.87 (0.60)  0.91 (0.61) 0.69 (0.56)

Pain (100 mm VAS)  50 [50] 50 [50] 50 [60]

Fatigue (100 mm VAS)  60 [20] 60 [20] 60 [50]

Anthropometrics

BMI (kg/m2)  26.1 (5.0)  26.0 (5.3)  26.5 (3.2)

FFMI (kg/m2)  16.31 (2.17)  15.76 (1.88)  19.04 (1.31)

FMI (kg/m2)  9.79 (3.58)  10.26 (3.62)  7.49 (2.38)

Inflammatory activity

CRP (mg/l) ¥  2.50 [4.50]  2.50 [4.30]  4.00 [11.50]

ESR (mm/h) £  13.50 [19.00]  12.50 [19.00] 15.00 [13.00]

Hb (g/dl) §  13.81 (1.25)  13.51 (1.07)  15.12 (1.15)

Comorbidities

Total number of comorbidities  1 [2] 1 [2]  1 [3]

 Hypertension (%)  40.0  35.2  63.6

 Mild heart disease (%)  16.9  13.0  36.4

 Hypercholesterolemia (%)  10.8  7.4  27.3

 Diabetes Mellitus (%)  9.2  9.3  9.1

Medication use

Total number of prescriptions  6 [4] 6 [4]  7 [6]

 Corticosteroids (%)  36.9  35.2  45.5

 Synthetic DMARDs (%)  89.2  88.9  90.9

 Biological agents (%)  41.5  46.3  18.2

 NSAIDs or coxibs (%)  46.2  46.3  45.5

Data are presented as mean (SD) for normally distributed variables and as median [interquartile range] for non-parametric variables;  
† n=56, ‡ n=38, ¥ n=39, £ n=58, § n=59; aCCP = Anti Cyclic Citrullinated Peptide, BIA = Bio-electrical Impedance Analysis, BMI = Body Mass 
Index, CRP = C-Reactive Protein, DAS28 = Disease Activity Score based on 28 joints, DMARDs = Disease Modifying Anti-Rheumatic Drugs, 
ESR = Erythrocyte Sedimentation Rate, FFMI = Fat Free Mass Index, FMI = Fat Mass Index, HAQ = Health Assessment Questionnaire, 
Hb = Haemoglobin, IgM RF = IgM Rheumatoid Factor, NSAIDs = Non-Steroidal Anti-Inflammatory Drugs, RA = Rheumatoid Arthritis, 
RADAI = Rheumatoid Arthritis Disease Activity Index and VAS = Visual Analogue Scale. 
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Furthermore, 20% of the patients in our study had an FFMI<10th percentile (22% women 
and 9% men), indicating low muscle mass, and 31% of our study population had an 
FMI>90th percentile (30% women and 36% men), which could classify these patients 
as obese. The prevalence of ‘rheumatoid cachexia’, defined as FFMI<10th percentile and 
FMI>25th percentile, in our cohort was 17% (19% women and 9% men).

In this study, chronic steroid use was not associated with parameters of body 
composition.

TABLE 2. Frequency distribution of BMI, FFMI and FMI categories within our study population

A. All: n=65 (100%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI 1 (1.5%) 11 (16.9%) - - 12 (18.4%)
Normal FFMI - 18 (27.7%) 18 (27.7%) - 36 (55.4%)
High FFMI - - 6 (9.2%) 4 (6.2%) 10 (15.4%)
Very high FFMI - - - 7 (10.8%) 7 (10.8%)
Total 1 (1.5%) 29 (44.6%) 24 (36.9%) 11 (17.0%) 65 (100.0%)
Low FMI - - - - -
Normal FMI 1 (1.5%) 16 (24.6%) - - 17 (26.1%)
High FMI - 13 (20.0%) 17 (26.2%) - 30 (46.2%)
Very high FMI - - 7 (10.8%) 11 (16.9%) 18 (27.7%)
Total 1 (1.5%) 29 (44.6%) 24 (37.0%) 11 (16.9%) 65 (100.0%)

B. Women: n=54 (83%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI 1 (1.8%) 11 (20.4%) - - 12 (22.2%)
Normal FFMI - 14 (25.9%) 15 (27.8%) - 29 (53.7%)
High FFMI - - 3 (5.6%) 3 (5.6%) 6 (11.2%)
Very high FFMI - - - 7 (12.9%) 7 (12.9%)
Total 1 (1.8%) 25 (46.3%) 18 (33.4%) 10 (18.5%) 54 (100.0%)
Low FMI - - - - -
Normal FMI 1 (1.8%) 15 (27.8%) - - 16 (29.6%)
High FMI - 10 (18.5%) 15 (27.8%) - 25 (46.3%)
Very high FMI - - 3 (5.6%) 10 (18.5%) 13 (24.1%)
Total 1 (1.8%) 25 (46.3%) 18 (33.4%) 10 (18.5%) 54 (100.0%)

C. Men: n=11 (17%)

Low BMI Normal BMI High BMI Very high BMI Total

Low FFMI - - - - -
Normal FFMI - 4 (36.3%) 3 (27.3%) - 7 (63.6%)
High FFMI - - 3 (27.3%) 1 (9.1%) 4 (36.4%)
Very high FFMI - - - - -
Total - 4 (36.3%) 6 (54.6%) 1 (9.1%) 11 (100.0%)
Low FMI - - - - -
Normal FMI - 1 (9.1%) - - 1 (9.1%)
High FMI - 3 (27.3%) 2 (18.2%) - 5 (45.5%)
Very high FMI - - 4 (36.3%) 1 (9.1%) 5 (45.4%)
Total - 4 (36.4%) 6 (54.5%) 1 (9.1%) 11 (100.0%)

BMI = Body Mass index, FFMI = Fat Free Mass Index and FMI = Fat Mass Index.
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Discussion
This cross-sectional study examined the differences between the assessment of body 
composition by BMI and BIA in 65 patients (83% women) with moderate to active RA, mild 
to moderate disability and a median disease duration of seven years. 

Based on BMI, 2% of our study population were underweight, 45% had a healthy body 
composition, and 54% were overweight or obese. The results of BIA, which allowed us to 
distinguish between FFMI and FMI, showed that 18% of our study population had a low 
FFMI and 74% had a high or very high FMI. In 22% of our female patients and in 9% of 
our male patients, FFMI was below the 10th percentile of a healthy reference population. 
Furthermore, 30% of our female study population and 36% of our male study population 
reported a FMI>90th percentile, indicating obesity. Moreover, 17% of the study population 
had both a low FFMI (<10th percentile) and a high FMI (>25th percentile), a condition 
defined as ‘rheumatoid cachexia’.6 Our female results are in agreement with results of 
earlier studies by Elkan et al. In males, Elkan observed an even higher frequency of low 
FFMI and high FMI measured by the DXA method.3,16 

Our data confirm that an abnormal body composition is highly prevalent in RA 
patients, even when patients are treated following modern guidelines aimed at remission, 
and remains undetected by the measurement of BMI alone: the percentages of obesity 
among women (19%) and men (9%) based on BMI measurement were much lower than 
the percentages of obesity for women and men based on a conservative cut-off point FMI 
>90th percentile (30% and 36%, respectively), indicating that the obesity problem may be 
even larger than described. Furthermore, low FFMI was found in 44% of the women with 
a normal BMI and high FMI was found in 40% of the women and 75% of the men with a 
normal BMI, results that underline the limited value of BMI measurement in RA patients.20 

Stavropolous-Kalinoglou21 and Katz22 both suggested new RA specific BMI cut-
off points, which are lower than the current WHO cut-off values, therefore classifying 
an even larger proportion of RA patients as overweight and obese. However, standard 
anthropometric measurements, including body weight and BMI, are insensitive to 
demonstrate the changes in body composition that often occur in (weight stable) RA 
patients.23 Actual assessment of body composition by methods such as BIA seem to be 
essential in this patient group, providing valuable and detailed information in terms 
of FFMI and FMI, facilitating early recognition of abnormal and unfavourable body 
composition in everyday clinical practice.11,23

The abnormal body composition demonstrated in our RA subjects could have multiple 
serious consequences in terms of increased morbidity and decreased functional capacity. 
Low FFMI may affect their quality of life by causing decreased muscle strength, altered 
energy metabolism and depressed immune function.1-8 Increased FM and obesity may 
increase the risk of diabetes, hypertension and cardiovascular disease.3,7,9-11 Preservation 
of FFM and a healthy FMI is therefore of significant importance in RA patients. Physical 



Chapter 7 Body composition by BMI and BIA in RA 

110  111  

7

exercise programmes that combine aerobic exercises with progressive skeletal muscle 
strength training have been shown to be the most effective therapeutic intervention and 
clinically relevant countermeasure for RA patients with a low FFMI and/or high FMI.24,25 

Assessment of FFMI and FMI is preferable to BMI measurements in RA patients as 
it permits a more precise and detailed evaluation of nutritional status.15,17,18 FFMI and 
FMI can both be assessed by DXA, often considered a reference standard for body 
composition. However, DXA is relatively expensive, which might make it less acceptable 
in the current financial situation if accurate, less expensive methods are readily available. 
Furthermore, DXA is time-consuming and requires trained radiologists. BIA might be the 
preferred option to assess FFMI and FMI in clinical practice, as it is an easy-to-use, portable 
and relatively inexpensive method that can be performed in less than ten minutes by 
nurses and rheumatologists themselves. In addition, BIA might be particularly useful for 
monitoring changes in body composition in RA patients when starting a (new) treatment 
strategy.3

However, both the BIA method and the equation used to calculate FFM,14 and thus 
FFMI and FMI, have not yet been validated against DXA or another reference method in RA 
patients, and potential violations of underlying assumptions due to the disease could lead 
to questionable results. On the other hand, RA patients are not known to demonstrate 
large deviations from normal hydration status, and therefore we expect that 50 kHz BIA 
measures could give a reasonable estimate of FFM and FM. One earlier study reported 
relatively good agreement between DXA and BIA measurements in RA patients, although 
limits of agreement were wide.3

In summary, the results of this cross-sectional study demonstrate that RA patients 
often show abnormal, unfavourable body composition, predominantly reduced FFMI and 
elevated FMI. Because of this imbalance between FFMI and FMI, BMI measurement has 
limited value for assessment of body composition in RA patients. BIA, on the other hand, 
might be a convenient easy-to-use, rapid and relatively inexpensive method to assess 
body composition, in particular FFMI and FMI, in RA patients in clinical practice. As BIA is 
not yet validated in RA, it is important to test its accuracy and reliability in this population; 
validation work is currently being performed by our research group in Amsterdam.
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To the Editor:
We read with great interest the article by Wolfe and Michaud published recently in 
Arthritis Care & Research.1 We would like to compliment the authors on their interesting 
study demonstrating that overweight and obesity in patients with rheumatoid arthritis 
(RA) reduce the risk of mortality and, conversely, increase the risk of certain comorbid 
conditions.

Wolfe and Michaud gave several explanations for the reduced mortality risk in 
overweight and obese patients; however, to our surprise, none were directed at the 
value of body mass index (BMI) as a measure for overweight or obesity. Although BMI 
is widely used to assess under- and overweight in all populations, there is an increasing 
understanding that BMI is not a valid tool to assess body composition, since it does not 
distinguish between muscle mass and fat mass.2,3

In past decades, a lot of research has been done in the field of rheumatoid cachexia 
or rheumatoid cachectic obesity, described as the condition of involuntary loss of muscle 
mass with little or no weight loss in the presence of stable or increased fat mass that 
is frequently found in RA patients.4 Our research group has recently confirmed high 
prevalence rates of overweight (57%) and obesity (18%) in RA patients in combination 
with a decreased fat-free mass index (FFMI; <10th percentile: 20%) and a high fat mass 
index (>90th percentile: 31%).5

Although BMI was probably the only measure of body composition available in the 
study by Wolfe and Michaud, it has limited value for the assessment of body composition 
in RA patients, since BMI fails to identify abnormal body composition and therefore 
the effect of abnormal body composition on mortality in RA patients.2,6,7 Stavropoulos-
Kalinoglou and colleagues have suggested that BMI cutoff points should be reduced by 2 
kg/m2 in RA patients to accurately predict body fat, an important aspect of cardiovascular 
morbidity.3

Preferably, one would use FFMI when evaluating body composition in RA patients, 
since this parameter has been demonstrated to be useful in identifying individuals with 
decreased fat-free mass despite having a normal BMI.2,6,7 FFMI can be assessed by dual 
x-ray absorptiometry (DXA), often used as the gold standard for body composition. 
Because DXA is relatively expensive, bioelectrical impedance analysis (BIA) might be 
a second-best option to assess body composition in clinical practice. A relatively good 
agreement between both methods was described at group level in a recent study of RA 
patients,6 although BIA measurements are not yet validated in RA (work that is currently 
being performed by our research group in Amsterdam).

Based on results from the current available literature, we conclude that the body 
composition of RA patients should not be assessed by BMI when studying relative risks 
between body composition and mortality in RA. Assessment of FFMI, on the other hand, 
might be very useful in this population.
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Objectives: To compare bioelectrical impedance analysis (BIA) with two diff erent dual-
energy X-ray absorptiometry (DXA) devices for the assessment of body composition in 
patients with rheumatoid arthritis (RA).

Methods: This cross-sectional study was performed in RA patients who visited study 
center A or B in the context of the COBRA-light extension study. Body composition 
was assessed by DXA (center A: Hologic; center B: GE Lunar) and multi-frequency BIA 
(Quadscan 4000) at the same day, and recorded as absolute and relative Fat Free mass 
(FFM(kg), FFM%), and Fat Mass (FM(kg), FM%), respectively. Agreement between both 
methods was assessed by paired t-tests, Bland-Altman plots and intra-class correlation 
coeffi  cients (ICC); DXA was used as reference method. 

Results: The study included 43 patients (63% women, mean 56±14 years, median disease 
duration 5 years). In center A (n=25), BIA underestimated FFM(kg) by 2.2 kg (p<0.001), but 
not FM(kg) (diff erence: 0.2 kg; p=0.71); FFM% and FM% were respectively underestimated 
and overestimated by 1.1% (both p=0.05). In center B (n=18), BIA systematically 
overestimated FFM(kg) by 2.2 kg and underestimated FM(kg) by 3.1 kg; FFM% and FM% 
were respectively overestimated and underestimated by 3.6% (all: p<0.001). Bland-
Altman plots showed wide limits of agreement demonstrating large absolute diff erences 
at individual level. ICCs showed moderate to good agreement (>0.85).

Conclusion: This study demonstrated the unreliability of BIA for the assessment of body 
composition in RA patients, especially at individual level. Diff erences between BIA and 
DXA were strongly depended on the DXA device used, and therefore methods cannot be 
used interchangeably.A
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Introduction
Rheumatoid arthritis (RA) is a chronic, systemic autoimmune disorder characterized by 
inflammation of the joints and destruction of cartilage and bone. Chronic, systemic inflammation 
is associated with changes in cytokine levels that cause hyper-metabolism and subsequently 
increased energy demands which induces loss of fat-free mass (FFM).1-5 During disease 
exacerbations, decreased physical activity and disuse of muscles can result in further loss of 
FFM, which may decrease functional capacity and have serious consequences for morbidity and 
mortality of RA patients.1-5 

Increased fat mass (FM) and obesity are frequently observed in RA patients, and are associated 
with increased risk of the development of hypertension, diabetes mellitus and cardiovascular 
disease.1,4 In addition, chronic glucocorticoid use and anti-TNF drugs might also influence body 
composition of RA patients.3,4,6-8 

Rheumatoid cachexia (RC), the condition of reduced FFM and increased FM, might result from 
the complex interplay between inflammation, physical activity, drug treatment and nutritional 
intake.3 RC is demonstrated in 20-50% of patients with RA, depending on the definition used, and 
is a key contributor to the patient’s disability, increased morbidity and premature mortality.2,7,9-16 
Careful, regular assessment of body composition is thus important in RA.7 

Body Mass Index (BMI) is a simple, easy and the most widely used parameter to assess body 
composition in clinical practice. However, it fails to identify the loss in FFM and gain in FM often 
present in (weight stable) RA patients.3,11,17,18 Preferably, both FFM and FM components are 
assessed when body composition of RA patients is monitored. 

Dual-energy X-ray absorptiometry (DXA) is a valid and reliable method to assess both FFM 
and FM accurately, and is often used as reference method for body composition in clinical 
studies, since no gold standard is available in clinical practice.19-21 Yet, the use of this method is 
expensive, time-consuming, the device is non-portable and requires trained radiologists, which 
makes it unsuitable for every-day use in clinical practice.

Bioelectrical impedance analysis (BIA) might be a more convenient method to assess body 
composition in clinical practice, as it is relatively cheap, rapid, uses a portable device and can 
be easily performed after minimal training.20-23 Yet, a limitation of BIA is that its precision and 
accuracy depend on patient and environmental factors, such as the fluid and electrolyte status 
of patients.19-22 

Since careful, regular assessment of body composition is important in RA, it is essential to 
have an accurate, reliable and convenient method to assess body composition in daily practice. 
Therefore, the main aim of our study was to compare BIA with DXA for the assessment of body 
composition in RA patients, in which DXA was considered to be the reference method reflecting 
the correct, true body composition. Since we included RA patients from two different study 
centers, with two different DXA devices, we were able to compare BIA with two different DXA 
devices. To include a more clinical and pragmatic point of view, a secondary aim of our study 
was to investigate whether DXA and BIA were able to classify patients in the same nutritional 
status.
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Patients and methods

Study design and study population
This study was performed as part of the larger multi-center COBRA-light extension 
study, in which the efficacy and safety of ‘COBRA-light’ versus COBRA therapy was 
assessed in 149 RA patients after 4 year follow-up at VU University Medical Center 
(VUmc), Reade and Westfriesgasthuis in The Netherlands.24 Additional information 
on the study population, study design and main results of the COBRA-light extension 
study were reported previously.24 In the extension study, all patients of the original 
COBRA-light trial25,26 were invited for a single visit to their study center, and had a DXA 
and BIA assessment at the same day, if possible. DXA was used as reference method, 
and was considered to reflect the correct, true body composition. DXA scans were not 
performed at the Westfriesgasthuis, and patients of this study centre were therefore 
excluded from analyses (n=23). Additional exclusion criteria related to BIA measurement 
were: pregnancy (n=0), large metal implants (n=0), pacemaker (n=1), or hip and/or knee 
replacements on both sides (n=2). Patients with a lacking DXA and/or BIA assessment 
(n=14), or >4 weeks between both assessments (n=4) were also excluded from 
analyses. Both body composition assessments were performed after an overnight fast.  
A supplementary protocol was applied for BIA assessments to avoid perturbation of 
hydration status: no alcohol and caffeine intake and no strenuous physical activity in the 
24 hours before measurement; and refrain from drinking any fluid 2 hours before the 
measurement. Protocol deviations were reported. Ethics committees at each participating 
center approved the protocol; patients gave written informed consent, and the study was 
conducted in accordance with the Declaration of Helsinki/Good Clinical Practice.

Anthropometrics
To assess BMI, body weight was measured, without shoes, to the nearest 0.1 kg on a digital 
scale (Seca, Hamburg, Germany), and corrected for clothing.27 Height was measured, 
without shoes, to the nearest 0.1 cm. BMI was calculated as ratio weight/height2 (kg/m2). 
To assess the waist/hip ratio, waist and hip circumferences were measured in cm. 

Assessment of body composition by DXA 
Whole body DXA scans were performed according to the protocol of the manufacturer. 
Patients of VUmc (study center A, n=25) were scanned with the Hologic Delphi (Hologic, 
Inc; Bedford, Massachusetts, US), and patients of Reade (study center B, n=18) with 
GE Lunar iDxa (GE Corporate, Madison, Winconsin, US). Both DXA devices were daily 
calibrated according to the protocol of the manufacturer, and are frequently used in 
DXA-BIA validation studies.21 FFM(kg) was calculated as the sum of LM and bone mineral 
content. FM and FFM were both expressed in absolute (kg) and relative terms (% of total 
body weight, as assessed by DXA). 
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Assessment of body composition by BIA 
All BIA assessments were performed by one researcher (NK), who used the multi-
frequency QuadScan 4000 (Bodystat Ltd, Isle of Man, UK) according to the protocol of the 
manufacturer. Patients emptied their bladder before the measurement, and were lying on 
a flat, non-conductive bed, without any metal on their body and without parts of the body 
touching one another. The QuadScan provides data of 5, 50, 100 and 200 kHz frequencies. 
The previously published, most widely used Geneva equation of Kyle et al was used to 
assess FFM from the 50 kHz frequency: FFM(kg) = – 4.104 + (0.518 * height2 / resistance) 
+ (0.231 * weight) + (0.130 * reactance) + (4.229 * sex; men=1, women =0).28 FM(kg) was 
calculated by subtracting FFM(kg) from current body weight (which was corrected for 
clothing). FM and FFM were both expressed in absolute (kg) and relative terms (% of total 
body weight, as assessed by digital scale).

Nutritional status classification by DXA and BIA 
Different parameters of nutritional status were evaluated based on both DXA and BIA 
assessments. First, the fat-free mass index (FFMI) was calculated, as absolute FFM(kg) is 
dependent on height: FFMI (kg/m2) = FFM (kg)/height2 (m2). Subsequently, the fat mass 
index (FMI) was calculated: FMI(kg/m2) = FM (kg)/height2 (m2). 

All nutritional status parameters were compared to percentile values for FFMI and FMI 
from the large healthy European reference population of Schutz et al.29 Low muscle mass was 
defined as FFMI<10th percentile11-17, and obesity was defined as FMI>90th percentile.11-17,22 
As there is no consensus about the definition of RC, three previously published definitions 
were used: 1) FFMI<10th percentile and FMI>25th percentile;11,13-16 2) FFMI<25th percentile 
and FMI>50th percentile;14 3) FFMI<10th percentile and FMI>90th percentile.1 Prevalence of 
wasting, defined as FFMI<10th percentile and FMI<25th percentile, was also calculated.13

Statistical analyses
Results are presented as mean (standard deviation), or as median [25th percentile, 75th 
percentile] in case of skewed data, unless otherwise specified. All results are presented per 
study center, as they used different DXA devices. Main analyses were performed on data 
of patients who were assessed by DXA and BIA at the same day (n=43), sensitivity analyses 
were performed in a larger dataset including patients who were not assessed by DXA and 
BIA on the same day, but within 7 or 14 days.

Paired t-tests were performed to evaluate systematic differences in the assessment 
of FFM(kg), FFM%, FM(kg) and FM%, between DXA and BIA on individual level. There is 
no consensus regarding the level of error that is acceptable when measuring these body 
composition parameters. In this study, the systematic difference between both methods 
was defined beforehand to be <5% for each parameter to be able to conclude that BIA is 
sufficiently accurate to measure body composition on individual level in clinical practice, 
a cut-off point that has been used in other studies as well.30 
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Limits of agreement were calculated (Difference +/- 1.96* SDdifference) to evaluate both 
systematic and random errors in the assessment of FFM(kg), FFM%, FM(kg) and FM%, by 
DXA and BIA on individual level, and were visually depicted in Bland-Altman plots.

Intra-class correlation coefficients (ICC) were calculated to evaluate systematic and 
random measurement errors in the assessment of FFM(kg), FFM%, FM(kg) and FM%, by 
DXA and BIA on group level. ICCs were calculated with a two way mixed ANOVA model 
with fixed effects and absolute agreement for single measurements. Each ICC had to be 
>0.90, and preferably >0.95, to conclude that BIA is sufficiently accurate to measure body 
composition on group level. 

Univariate linear regression analysis was used to evaluate gender, age, smoking status, 
disease activity, CRP level, SHS, and BMI (WHO obese class I (BMI≥30kgm2, n=8) and WHO 
obesity class II (BMI≥35kgm2, n=5)31 as potential effect modifiers of the difference in the 
assessment of all body composition parameters between DXA and BIA.

Sensitivity analyses were performed to evaluate the influence of small deviations of 
the predefined protocol (no overnight fast or no emptied bladder ≤90 minutes before 
BIA assessment) and patient-specific details (use of diuretics or use of diuretics and/or 
medication that influences the renin-angiotensin (RAS) system) on the assessment of 
body composition by DXA and BIA. 

McNemar tests were performed to evaluate differences in the classification of 
nutritional statuses between DXA and BIA. 

All statistical analyses were performed with IBM SPSS Statistics, release 22.0 (SPSS Inc, 
Chicago, Illinois, United States); p-values<0.05 were considered significant.

Results

Patient characteristics 
In this cross-sectional comparison study, 43 RA patients (63% women, mean age 56±14 
years and median disease duration 5 years) with a DXA and BIA assessment at the same 
day were included for analyses (Table 1). Overall, patients had mild disease activity, mild 
functional impairment and little radiographic damage. Patients in study center B (n=18) 
showed a higher prevalence of smoking (p=0.002), higher ESR (p=0.02), and reported 
more pain (p=0.04), disease activity (p=0.004) and lower general well-being scores 
(p=0.02) than patients in study center A (n=25).
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TABLE 1. Patient characteristics (n=43)

All 
(n=43)

Study center A 
(n=25)

Study center B 
(n=18)

Demographic and life style characteristics

Female, n (%) 27 (63) 16 (64) 11 (61)
Age, years 56 (14) 56 (15) 56 (13)
Smoking, n (%) 9 (21) 1 (4) 8 (44)*
RA characteristics

Disease duration, years 5 [4;5] 5 [4;5] 5 [4;5]
Disease Activity Score in 44 joints 1.9 [0.8;2.7] 1.5 [0.6;2.3] 2.0 [1.2;2.8]
Health Assessment Questionnaire 0.5 [0.0;1.0] 0.4 [0.0;0.8] 0.7 [0.2;1.6]
Sharp - Van der Heijde Score 2.0 [0.5;5.5] 2.5 [0.5;5.3] 1.8 [0.5;8.4]
ESR, mm/h 9 [3;17] 5 [2;10] 15 [5;23]*
CRP, mg/l 3 [3;5] 3 [3;5] 2 [2;6]
Morning stiffness, min 10 [5;60] 10 [5;60] 8 [4;75]
Patient assessment of pain, mm 22 [5;50] 12 [1;30] 33 [15;61]*
Patient assessment of disease activity, mm 20 [5;35] 11 [1;21] 33 [19;70]*
Patient assessment of general well-being, mm 25 [6;50] 14 [2;33] 42 [22;59]*
Anthropometrics

Height, cm 171.5 (8.9) 171.5 (9.6) 171.5 (8.1)
Weight, kg 77.0 (18.3) 78.1 (21.5) 75.5 (13.0)
Body Mass Index, kg/m2 26.1 (5.6) 26.4 (6.4) 25.7 (4.5)
Waist/hip ratio 0.90 (0.09) 0.89 (0.09) 0.92 (0.10)
Hand grip strength, kg 25.6 (12.8) 26.9 (11.0) 23.9 (15.2)

Results presented as mean (standard deviation) for normally distributed variables and as median [25th percentile, 75th percentile] 
for non-parametric variables, unless otherwise specified; * indicates a statistically significant difference between both study centers 
(p<0.05); Patient assessments by visual analogue scales in mm; ESR = erythrocyte sedimentation rate, CRP = C reactive protein, RA = 
rheumatoid arthritis.

TABLE 2. Differences in the assessment of body composition by DXA and BIA in RA patients (n=43)

Study center Parameter Assessment by DXA Assessment by BIA
Difference

DXA-BIA
% Difference 

DXA-BIA
A (n=25) FFM(kg) 53.3 (11.9) 51.1 (11.7) 2.2 (2.0)* 4.1 (3.9)

FFM% 67.6 (8.5) 66.5 (7.4) 1.1 (2.7)† 1.4 (3.9)
FM(kg) 26.9 (12.7) 27.0 (12.3) -0.2 (2.1) -2.1 (10.9)
FM% 32.4 (8.5) 33.5 (7.4) -1.1 (2.7)† -5.0 (10.7)

B (n=18) FFM(kg) 49.0 (8.8) 51.2 (8.9) -2.2 (2.2)* -4.7 (4.6)
FFM% 64.7 (9.4) 68.3 (7.9) -3.6 (2.7)* -6.1 (4.8)
FM(kg) 27.4 (10.3) 24.3 (8.8) 3.1 (2.4)* 10.6 (6.7)
FM% 35.3 (9.5) 31.7 (7.9) 3.6 (2.7)* 9.5 (6.5)

Results presented as mean (standard deviation); * Indicates a statistically significant systematic difference between DXA and BIA 

(p<0.05); † Indicates a trend for a statistically significant systematic difference between DXA and BIA (p<0.10); BIA = bioelectrical 
impedance analysis, DXA = dual-energy X-ray absorptiometry, FFM = Fat Free Mass, FM = Fat Mass, RA = rheumatoid arthritis.
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Differences in the assessment of body composition by DXA and BIA on individual 

level
In study center A, BIA systematically underestimated FFM(kg) by 2.2 kg (4.1%) (p<0.001), 
but not FM(kg) (difference: 0.2 kg (2.1%); p=0.71) (Table 2). FFM% and FM% were 
respectively systematically underestimated and overestimated by 1.1% (both p=0.05). 
In study center A, the percentage differences between DXA and BIA were within the 5% 
accuracy limit for all body composition parameters.

In study center B, results were found in opposite direction: BIA systematically 
overestimated FFM(kg) by 2.2 kg (4.7%) (p=0.001) and underestimated FM(kg) by 3.1 kg 
(10.6%) (p<0.001). FFM% and FM% were respectively systematically overestimated and 
underestimated by 3.6% (both p<0.001). In study center B, the percentage differences 
between DXA and BIA exceeded the 5% accuracy limit for all body composition parameters, 
except for FFM(kg) (-4.7%).

0 20 40 60 80 100
-10

-5

0

5

10

6.0

2.2*

-1.7

Study center A (n=25)

Di
ffe

re
nc

e
in

FF
M

(k
g)

(D
XA

-B
IA

)

A

0 20 40 60 80 100
-10

-5

0

5

10

6.4

1.1

-4.2

Di
ffe

re
nc

e
in

FF
M

%
(D

XA
-B

IA
)

Study center A (n=25)

0 20 40 60 80 100
-10

-5

0

5

10

1.7

-3.6*

-8.9

Study center B (n=18)

Mean FFM%

B

0 20 40 60 80 100
-10

-5

0

5

10

2.3

-2.2*

-6.6

Study center B (n=18)

Mean FFM(kg)

 
FIGURE 1. Bland Altman plots of the differences in the assessment of FFM(kg) (A) and FFM% (B) between DXA 
and BIA in RA patients per study center 
*Indicates a statistically significant systematic difference between DXA and BIA (p<0.05)
BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, FFM(kg)= Fat Free Mass in kg, FFM% 
= Fat Free Mass percentage
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Bland-Altman plots showed wide limits of agreement for all body composition 
parameters assessed in both study centers; the limits of agreement for both FFM(kg) and 
FM(kg) were approximately 9 kg and for FFMI and FMI approximately 11% (Figures 1 + 2). 

Univariate linear regression analysis indicated radiographic outcome (SHS) as a 
significant effect modifier of the difference in the assessment of FFM%, and consequently 
FM%, between DXA and BIA (β=-0.16, p=0.02). This effect was only found in study center 
A, and not for FFM(kg) (p=0.13) and FM(kg) (p=0.12).

Differences in the assessment of body composition by DXA and BIA on group level
The ICCs showed a good overall agreement between DXA and BIA assessments for all 
body composition parameters in study center A; all ICCs were >0.90 and ICCs of FFM(kg) 
and FM(kg) assessments were >0.95 (Table 3). Measurements in study center B showed 
a moderate-to-good overall agreement between DXA and BIA assessments; all ICCs were 
>0.85, and ICCs of FFM(kg) and FM(kg) assessments were >0.90. 
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FIGURE 2. Bland Altman plots of the differences in the assessment of FM(kg) (A) and FM% (B) between DXA and 
BIA in RA patients per study center
*Indicates a statistically significant systematic difference between DXA and BIA (p<0.05)
BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, FM(kg)= Fat Mass in kg, FM% = Fat 
Mass percentage
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TABLE 3. Intra-class correlation coefficients of body composition parameters assessed by DXA and BIA (n=43)

Study center A (n=25) Study center B (n=18)
ICC 95% CI ICC 95% CI

FFM(kg) 0.970 0.697;0.992 0.940 0.614;0.983
FFM% 0.935 0.851;0.972 0.879 0.123;0.970
FM(kg) 0.986 0.968;0.994 0.922 0.245;0.981
FM% 0.936 0.852;0.972 0.878 0.123;0.969

95% CI = 95% confidence interval, BIA = bioelectrical impedance analysis, DXA = dual-energy X-ray absorptiometry, ICC = Intra-class 
correlation coefficient, FFM = Fat Free Mass, FM = Fat Mass.

Sensitivity analyses
Sensitivity analyses demonstrated that refraining from overnight fasting or an emptied 
bladder before BIA assessment, and use of diuretics and/or medication that influences the 
RAS-system had no influence on the results of this study. Including patients who were not 
assessed by DXA and BIA on the same day, but within 7 (n=89) or 14 days (n=102), gave 
similar results as those of patients who were assessed by both methods at the same day, 
although limits of agreement increased by approximately 1 kg in for both FFM and FM in 
study center B.

Nutritional status classification by DXA and BIA 
In study center A, BIA tended to overestimate the classification into low muscle mass, 
wasting and RC defined as FFMI<25th percentile and FMI>50th percentile when compared 
to the classifications based on DXA results, although no statistically significant differences 
were found (Table 4).

TABLE 4. Classification of nutritional status based on assessments by DXA and BIA (n=43)

Study 
Center

Nutritional 
status

Cut-off point FFMI Cut-off point FMI
Number of
 patients 

identified by DXA

Number of
 patients 

identified by BIA

Number of identical 
patients identified by 

both DXA and BIA

A Low muscle mass <10th percentile - 4 (16) 7 (28) 4 (16)
Obesity - >90th percentile 9 (36) 9 (36) 9 (36)
Wasted <10th percentile <25th percentile 1 (4) 3 (12) 1 (4)
Rheumatoid Cachexia † <10th percentile >25th percentile 3 (12) 4 (16) 3 (12)
Rheumatoid Cachexia ‡ <10th percentile >90th percentile 1 (4) 1 (4) 1 (4)
Rheumatoid Cachexia ¥ <25th percentile >50th percentile 3 (12) 7 (28) 3 (12)

B Low muscle mass <10th percentile - 7 (39) 2 (11)¤ 2 (11)
Obesity - >90th percentile 7 (39) 4 (22) 4 (22)
Wasted <10th percentile <25th percentile 1 (6) 1 (6) 1 (6)
Rheumatoid Cachexia † <10th percentile >25th percentile 6 (33) 1 (6)¤ 1 (6)
Rheumatoid Cachexia ‡ <10th percentile >90th percentile 4 (22) 0 (0) 0 (0) 
Rheumatoid Cachexia ¥ <25th percentile >50th percentile 6 (33) 2 (11) 2 (11)

Results presented as frequencies (%); There are no statistically significant differences between classification in nutritional status 
assessed by DXA and BIA (p<0.05); ¤ Trend for significant difference between classification in nutritional status assessed by DXA and 
BIA (p<0.10); † According to Engvall et al. 2008; ‡ According to Elkan et al. 2009; ¥ According to Summers et al. 2010; BIA = bioelectrical 
impedance analysis, DXA = dual-energy X-ray absorptiometry, FFMI = Fat Free Mass Index, FMI = Fat Mass Index.
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In study center B, BIA tended to underestimate the classification into low muscle mass, 
obesity, and RC (all definitions) when compared to classifications based on DXA results, 
although no statistically significant differences were found. Low muscle mass and RC 
defined as FFMI<10th percentile and FMI>25th percentile did show a trend for a statistically 
significant different classification between DXA and BIA (both p=0.06).

Discussion
To our knowledge, this is the first study in which BIA is compared with two different, 
widely used DXA devices for the assessment of body composition in RA patients. In this 
two-center comparison study, large systematic differences were found for the assessment 
of FFM(kg), FFM%, FM(kg) and FM% between DXA and BIA in both study centers at 
individual level. Moreover, the systematic differences found in study center A pointed in 
the opposite direction as those found in study center B, and limits of agreement were 
wide, demonstrating large absolute differences at individual level. Moderate to good 
agreement was found at group level. Altogether, our study demonstrated the unreliability 
of BIA for the assessment of body composition in RA patients.

Our findings are in accordance with an earlier study by Elkan et al, who compared DXA 
(GE-Lunar Prodigy) and BIA (Tanita) in a similar study design in 80 Swedish RA patients. 
Although the report of their analyses and results was rather brief described, main results 
were comparable to those found in our study center B: BIA overestimated FFM(kg) and 
underestimated FM(kg) by 2 kg, with even wider limits of agreement (>11 kg).15 

A clinically relevant, systematic difference between two methods may be easily 
amended if a correction formula can be developed. In our study, however, study center 
A and B showed systematic differences in opposite directions using the same BIA device, 
which cannot be simply corrected for. These systematic differences in opposite direction 
might be explained by differences between the study populations of center A and B. Yet, the 
mean FFM(kg), FFM%, FM(kg) and FM% did not differ significantly between both centers. 
Furthermore, the significant differences that were present (with respect to smoking status, 
ESR and patient reported outcomes) might point at a study population with somewhat 
poorer health status in center B. However, this was not reflected by significant differences 
in other important measures of disease activity and daily functioning such as CRP, DAS or 
HAQ.

In addition to systematic differences, the wide limits of agreement reported in both 
Elkan’s15 and our study suggest an accuracy problem, which may create large errors 
when body composition is assessed at individual level.32 In our study, we found absolute 
differences up to plus or minus 5 kg for FFM(kg). In an individual female patient, this can 
make the difference between assessing a healthy FFM or a very low FFM.33 Although the 
acceptability of the wideness of the limits of agreement is a matter of clinical judgment at 
which consensus should be formed by a panel of experts,32,34 we consider BIA unsuitable 
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for the replacement of DXA especially because of these large absolute differences at 
individual level.

At group level, ICCs showed moderate to good agreement between DXA and BIA in 
our study, although the ICC of FFM%, and consequently FM%, in study center B was lower 
than the predefined cut-off point of 0.90. ICCs contain both information on correlation 
and systematic difference between methods, in contrast to Spearman rank correlations, 
used by Elkan et al,15 which do not reveal information about the presence of a systematic 
difference.32,34 Nevertheless, a limitation of both ICCs and correlation coefficients is that 
they are sensitive for the range of values through a population.32,34 Our study population 
had a range of approximately 50 kg in both FFM(kg) and FM(kg), which might be 
accountable for the high ICCs in our study. As a consequence, the agreement between 
DXA and BIA might well be worse in subpopulations with a limited range of values.

In additional analyses focused on a clinical and pragmatic instead of a merely 
methodological perspective, we investigated whether DXA and BIA were able to classify 
patients in the same nutritional status. Unfortunately, DXA and BIA did not identify the 
same patients as having low muscle mass or being overweight, wasted or cachectic in either 
center. Although no statistically significant differences were found, probably because of 
the small number of patients having low muscle mass or being wasted or cachectic, the 
differences in identification of patients with a unfavourable body composition might 
still be considered as clinically relevant, especially at individual level, herewith further 
restricting the use of BIA as a reliable bedside method in clinical practice.

An explanation for the lack of agreement between DXA and BIA in our study population 
might be a deviating hydration status, as a normal fluid and electrolyte balance is a 
prerequisite for valid, accurate BIA assessments,19-22 and although less well-known, 
for accurate DXA assessment as well.35,36 Although we used a protocol to standardise 
hydration conditions during all measurements, and RA patients are not clinically known 
to demonstrate large deviations from normal hydration status, we did not assess oedema 
by a trained medical specialist, or serum albumin, a marker for dehydration. Therefore, 
we cannot rule out that some patients had an abnormal hydration status. Although it is 
possible to optimize the hydration status of patients before performing the BIA-procedure, 
this is not always feasible in elderly patients with multiple - including cardiovascular – 
comorbidities, which limits the advantage of BIA as a diagnostic tool in clinical practice. 

In addition to potential hydration status abnormalities, other disease specific 
characteristics might have interfered as well. At the moment, no RA-specific BIA equation 
is available, and therefore we used the single-frequency Geneva BIA equation that was 
generated in a similar but healthy Caucasian study population aged 20-94 years, which 
demonstrated a relative small standard error of the estimate.20,28 Multiple RA-related 
variables were evaluated as potential effect modifiers and radiological damage turned 
out to be the only significant effect modifier when assessing FFM%, and consequently 
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FM%, exclusively in study center A. Since interference of disease specific effects seemed 
small in our study, we wonder whether an RA-specific equation is able to bridge the gap 
between DXA and BIA.

Outside rheumatology, BIA has also shown to be an unreliable method for the 
assessment of FFM(kg) and FM(kg), for example in patients with cystic fibrosis, heart 
failure, and advanced cancer, in whom especially accuracy at individual level was poor.23,37-

39 Taken all together, BIA might not be a suitable device for the assessment of body 
composition in a clinical settings.23

A strength of our study is its unique design, in which BIA was compared with two 
different reference method devices. So far, only a few DXA-BIA comparison studies 
have been performed this way, if performed at all. There is often no gold standard for 
the assessment of body composition available in clinical practice, and all commonly 
used reference methods are indirect, requiring various assumptions, and creating some 
error.19 DXA might be one of the most suitable reference methods for use in clinical 
studies. However, our study supports the growing body of evidence that measurements 
of different DXA scanners cannot be used interchangeably.20,40,41 Therefore, we strongly 
advise to analyze results of multiple DXA devices in future comparison studies. 

A limitation of our study might be the relatively small study population. However, 
additional sensitivity analyses performed in larger datasets confirmed our main results. 
Additional tests for selection bias showed no significant differences between the larger 
study populations and our main study population of 43 patients (data not shown). Yet, we 
have to keep in mind that additional error might be introduced in the sensitivity analyses, 
caused by the larger time lap between the measurements.

Another potential limitation might be that some patients deviated from the protocol, 
or had characteristics that might have influenced BIA assessment, like no overnight fast 
or use of diuretics. Yet, elaborate sensitivity analyses showed that all major results of the 
comparison study were maintained, and that these deviations did not have a large impact 
after all. In addition, research has shown that food and fluid intake do not have a large 
impact on the assessment of FFM(kg) and FM(kg) by DXA or BIA.42

Summarizing, this study demonstrated the unreliability of BIA for the assessment of 
body composition in RA patients, especially since large absolute differences were found 
at individual level. Differences between DXA and BIA assessment were depended on 
the DXA device used, and therefore both methods cannot be used interchangeably. We 
recommend to use DXA for an accurate and reliable assessment of both FFM and FM 
components of body composition of RA patients in clinical practice. 
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Rheumatoid arthritis (RA) is a chronic, systemic auto-immune disorder, characterized by 
synovial inflammation of the joints and destruction of cartilage and bone. The treatment 
of RA has undergone enormous changes in the last decades due to major scientific 
insights. Today, treatment is started as soon as possible, during the so-called “window of 
opportunity”; treatment often consists of combination therapy with concomitant use of 
multiple DMARDs; patients are preferably treated according to a “treat-to-target” strategy 
with the aim to rapidly achieve remission; and patients who experience limited or no 
effect of treatment with (a combination of ) traditional synthetic DMARDs can be treated 
with bDMARDs and tsDMARDs nowadays: new medicines targeted at specific cytokines, 
immune cells or intracellular compounds.1-3 

In the COBRA-light trial, two combination therapy strategies (COBRA-light and COBRA) 
were compared in an open-label, randomized controlled, non-inferiority trial design. 
The trial combined the latest scientific insights: in early RA patients (disease duration ≤2 
years), treatment was initiated as soon as possible, with combination therapy of synthetic 
DMARDs, following a treat-to-target strategy, in which the bDMARD etanercept was 
introduced if patients did not reach minimal disease activity on the initial therapy. After 
6 and 12 months, COBRA-light therapy proved to be non-inferior to COBRA therapy in 
clinical and radiological efficacy and safety.4,5 

The first part of this thesis described the results of the COBRA-light extension study, 
in which the efficacy and safety of initial COBRA-light versus COBRA therapy was studied 
after a 4-year follow-up period. In addition, the COBRA-light trial generated a large dataset 
with unique data about early DMARD-naive RA patients who were treated and monitored 
according to the latest scientific insights. With this large dataset, we were able to study 
other important outcomes in this specific population of RA patients as well. First of all, 
we were interested in the concept of sustained remission in early RA patients. Second, 
we were interested in the relation between disease activity and physical activity during 
the first year of treatment. And last but not least, we were highly interested in the effects 
of short-term prednisolone use on body composition in early glucocorticoid-naive RA 
patients. The secondary outcomes of the COBRA-light trial are also described in the first 
part of this thesis.

The second part of this thesis focused on the body composition of RA patients. In RA, 
20-50% of the patients has an unfavourable body composition, which is associated with 
the patient’s disability, increased morbidity and premature mortality.6-13 Therefore, we 
focused on the assessment of body composition in RA patients in daily clinical practice, 
which should be accurate, but also easy, quick and not too expensive. We were interested 
in the applicability of new (pre-)cachexia definitions; differences between the assessment 
of body composition by BMI and BIA; and last but not least: the validity of BIA in RA 
patients. 
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Part I
In chapter 2, we described the COBRA-light extension study to investigate the efficacy 
and safety of initial COBRA-light versus COBRA therapy after a 4-year follow-up period. 
Both therapies showed similar effect on disease activity, physical functioning, radiological 
outcome and remission over the 4-year follow-up period. In addition, both treatment 
groups showed similar survival and major comorbidities and, besides protocolled 
differences in use of prednisolone, methotrexate and sulfasalazine, similar use of synthetic 
and biologic DMARDs over the 4-year period. In summary, both COBRA-light and COBRA 
therapy were effective and safe treatment regimens for early RA patients. 

Comparisons with results of other trials remain highly speculative because of 
differences in study design, outcome measures and study populations. Still, our 
data on physical function seem comparable with the 4- and 5-year results of the BeSt 
trial,14,15 slightly better than the 5-year results of the PREMIER trial,16 and slightly worse 
than those of the NEO-RACo17 and CIMESTRA trial18. The proportion of 42% of COBRA-
light trial patients without radiographic progression (change in SHS≤0 from baseline) 
is worse than the infliximab group of the NEO-RACo trial (64%)17 and the combination 
therapy group of the PREMIER trial (53%),16 comparable to both treatment groups of the 
CIMESTRA trial (47%)18 and the NEO-RACo placebo group (43%),17 and better than the two 
monotherapy groups of the PREMIER trial (34% and 33%),16 although we have to keep in 
mind that different definitions were used across trials (PREMIER: change in SHS≤0.5 from 
baseline; CIMESTRA: change in SHS≤0 from baseline; NEO-RACo: not specified). In the 
BeSt-trial, progression of joint damage was defined as a change in SHS greater than the 
smallest detectable change of 4.6 units, which was observed in 49% of the patients in the 
sequential monotherapy group, 46% of the patients in the step-up combination therapy 
group, 62% of the patients in the initial combination with prednisone group and 69% of 
the patients in the initial combination with infliximab group.14 Moreover, our mean annual 
progression rate of 0.16 SHS units per year is smaller than 0.32 and 0.73 units reported 
for the NEO-RACo treatment groups17 and 0.90 reported for the CIMESTRA18 treatment 
groups; and clearly below the progression rates reported for the four treatment groups 
of the BeSt-trial, which were all >1.115. Comorbidity and survival results are very difficult 
to compare between studies, because of the strictness of definitions (e.g. with respect 
to seriousness), the method used to examine comorbidities, the classification/categories, 
and study population characteristics (age, ethnicities, in- and exclusion criteria of original 
trial). Nevertheless, the count of malignancies and deaths was comparable to that of the 
BeSt,14,15 PREMIER,16 and CIMESTRA trial,18 whereas no malignancies and only 1 death was 
reported in the NEO-RACo trial.17 

Major strengths of our study include a median follow up period of 4 year, and loss to 
follow up of only 8%. This is similar to the follow up rate at 5 years of NEO-RACo,17 but 
lower than the loss to follow up rate of other studies with similar follow up periods (13% 
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for CIMESTRA18, 15% for BeSt15, 31% for CAMERA19, and 51% for PREMIER16). In addition, we 
used a specific long-term analysis method for each of the main outcome measures. Other 
strengths of this study include the detailed documentation of medication use, and the 
protocolled examination of all clinical files to detect comorbidities. Nevertheless, detection 
of signals in medical records is dependent on availability, and the comprehensiveness and 
accuracy of recording; patient reported outcome depends on memory, with risk of recall 
bias, resulting in relative over-reporting in more intensively treated patients.

The power calculation of the COBRA-light trial was based on short-term outcomes of 
the trial. Consequently, the power to detect subtle differences in comorbidity patterns 
during the extension study was low, especially after correction for multiple comparisons. 
It would be interesting to perform a second COBRA-light follow-up study after a follow-up 
period of 10 or 15 years. After this period, survival and long-term effects of both treatment 
strategies on major comorbidities can be more accurately studied. Although we would 
not expect large differences between the treatment groups, the long-term results of the 
COBRA-light trial group as a whole will still be interesting, since long-term studies in these 
unique populations of early DMARD-naive RA patients who were treated and monitored 
according to the latest scientific insights are still scarce and very valuable. 

In addition, it would be interesting to investigate whether both treatment regimens 
have a similar impact on cardiovascular risk of RA patients as well. It’s well-known that 
RA patients have an increased risk on cardiovascular mortality; the chronic inflammation 
contributes both directly (e.g. it promotes atherogenesis) and indirectly (e.g. via 
unfavourable body composition) to this increased risk. Although we did not find large 
differences in cardiovascular events between the treatment groups, it is still possible that 
clinically relevant differences emerge in the planned analysis of cardiovascular biomarkers 
collected during the COBRA-light trial. 

Furthermore, the effects of COBRA-light and COBRA therapy on bone were discussed 
in a rather limited way in chapter 2, but it would be interesting to know whether there 
are differences between the treatment groups with respect to changes in bone mineral 
density (BMD) over a longer period of time. Obviously, the COBRA group received a higher 
dose of prednisolone during the first six months of therapy. However, the cumulative 
prednisolone dose and the duration of prednisolone use were not significantly different 
between both treatment groups after 4 years. We are wondering whether the differences 
at the start, and similarities at the end of the follow-up period, are reflected in BMD levels 
over time.

Patient reported outcomes (PRO’s) were not extensively discussed as well. PRO’s are 
increasingly recognized as important in clinical research, since they reflect outcomes that 
are important for patients when managing RA in daily life. For example, fatigue often has 
major impact in RA patients, due to its far-reaching effects on physical activity, emotions, 
relationships, and social and family roles. It has shown to be the result of a combination 
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of factors (disease activity, pain, disturbed sleep, increased physical efforts, depression, 
etc.) and is therefore often difficult to manage. Fatigue can be easily measured with a 
single question (visual analogue or Likert scale) or questionnaire. Future research should 
investigate the impact of combination therapy on fatigue, since this could be another 
major benefit of these treatment regimens that has a major positive impact on the quality 
of life of RA patients.

In the current financial climate, treatment costs are becoming increasingly important 
in clinical decision making. Ter Wee et al20 have studied the cost-effectiveness of COBRA-
light and COBRA therapy after the first treatment year, and compared direct medical, 
direct non-medical, and indirect costs. They demonstrated that COBRA-light therapy 
did not significantly differ from COBRA-therapy in cost-effectiveness, when actual costs 
were compared. However, the larger number of patients in the COBRA-light arm that 
should have started etanercept per protocol (but not actually did) would have made the 
strategy more expensive than COBRA. In the COBRA-light extension study, both treatment 
groups showed a similar pattern in medication use after the follow-up period of 4 years. 
Still, it could be interesting to extend the study of Ter Wee et al and investigate the cost-
effectiveness of both treatment strategies after the 4-year follow-up period, including 
long-term analyses on sick leave and loss of work productivity, and the costs of bDMARD 
use after the 1-year trial period in a real world setting. Again, we might not expect large 
differences between the treatment groups, but long-term results of this well-characterized 
trial group as a whole would be interesting as well.

Overall, the main conclusion of the COBRA-light extension study is that early RA 
patients initially treated with COBRA-light or COBRA therapy had similar efficacy and 
safety outcomes over a 4-year follow-up period. Still, the most important question for 
rheumatologists remains whether they should prescribe COBRA-light or COBRA therapy 
in clinical practice. Assuming that barriers towards the use of COBRA therapy have 
continued to exist,21,22 rheumatologists will prefer to prescribe COBRA-light therapy. In the 
context of shared decision making, RA patients are likely to prefer COBRA-light therapy as 
well, because of the lower complexity of the treatment regimen, smaller number of pills, 
and lower start-dose of prednisolone.21,22 

In chapter 3 of this thesis, we were interested in the concept of sustained remission, and 
we were the first to study the validity of sustained ACR/EULAR remission in a group early 
RA patients that participated in the COBRA-light trial. More specifically, we investigated 
whether remission at single and consecutive visits in the first treatment year predicted 
good functional and radiographic outcome in the second treatment year. In the context 
of low overall damage progression, remission did not result in a higher likelihood of good 
radiographic outcome. However, our study did demonstrate that sustained periods of 
remission are a stronger predictor of good functional outcome than remission at single 
visits. Furthermore, early RA patients who are in remission according to any definition are 
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likely to retain good physical function in the subsequent year; being in remission according 
to a strict definition resulted in a stronger prediction of good functional outcome.

In the context of treat-to-target therapy3 and translating research into clinical practice, 
rheumatologists should therefore preferably target treatment on remission defined by 
relative stringent criteria in clinical practice, for example CDAI or SDAI, and limit the use of 
the relatively weak DAS and DAS28 criteria. 

Furthermore, the 2011 ACR/EULAR remission criteria were partly developed because 
of the heterogeneity of definitions used for remission, which resulted in the measurement 
of different aspects of disease state.23 Our study analyzed 7 different remission criteria that 
are currently used in clinical practice: Boolean, Boolean clinical, SDAI, CDAI, DAS, DAS28 
and RAPID3. Remission according the fully patient-reported RAPID3 instrument (sum of 
HAQ, patient assessment of pain and patient global assessment)24,25 has shown to be as 
stringent as the ACR/EULAR criteria,26,27 and also our study demonstrated that RAPID3 was 
more stringent than the commonly used SDAI, CDAI, and both DAS and DAS28 remission 
criteria. Although careful joint examinations are an essential part of the assessment of 
remission, RAPID3 might be a good alternative instrument for busy clinical settings,24 or 
for treatment advice on distance during telephone consults or in e-health settings. 

Although the treatment of RA should be targeted at a state of clinical remission, 
treatment recommendations do not define a minimum duration of remission.3 However, 
duration of remission does matter: earlier studies already showed that patients with 
sustained remission according to the modified ACR and DAS28 criteria develop less 
radiological damage progression than patients who were in remission at one single visit,11 
and that sustained SDAI remission is associated with a virtual arrest of joint damage, 
irrespective of type of treatment.28,29 Our study, which analyzed the most recent and most 
frequently used remission criteria, showed that being in sustained remission resulted in a 
higher likelihood of good future outcome, and adds to the growing body of knowledge 
that rheumatologists should not only aim for a state of clinical remission, but need to 
strive to maintain this state as long as possible. 

Still, different time frames are used in studies investigating sustained remission, 
ranging from “two consecutive visits, at least 1 month apart”, to annual or even longer 
periods between assessments.30-36 Clearly, consensus is needed on the minimum period 
of remission that can be considered as clinically relevant. Future studies should focus 
on a single, uniform definition of sustained remission. Taking into account feasibility of 
frequent measurements, three months might be a good starting point as a minimum time 
frame, as demonstrated in our study.

In our study, we analyzed data of patients who participated in the COBRA-light study. 
These patients were treated with combination therapy and intensively monitored with 
DAS<1.6 as treatment goal. As a consequence, overall damage progression after two 
treatment years was very low. This lack of damage progression made our dataset less 
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suitable for prediction of damage; (sustained) remission was not predictive of good 
radiographic outcome. However, this is the current situation for most early RA patients 
on modern treatment. The 4-year follow-up results of the COBRA-light trial also showed 
very limited radiographic progression, with a mean annual progression rate of only 0.16 
SHS units per year, which was lower than that of comparable trials (chapter 2). We are 
wondering whether radiographic damage progression becomes a less important outcome 
in the first few treatment years of currently treated early RA patients. Therefore, future 
studies should investigate what degree of small radiological progression is still clinically 
relevant for long-term outcomes in RA patients, especially those who are treated with 
modern treatment strategies and currently available treatment options. 

 In chapter 4 of this thesis, we were interested in the relation between disease activity and 
physical activity in early RA patients. Regular physical activity has major health benefits 
for RA patients,37-39 but it may be difficult to exercise regularly, especially during periods of 
high disease activity. Although the relation between disease activity and physical activity 
has been described in some cross-sectional studies, we were the first to study this relation 
prospectively, in a group of early RA patients who were about to start treatment. 

More specifically, we investigated the relationship between disease activity and self-
reported physical activity in 140 early RA patients of the COBRA-light trial during their 
first year of treatment. Here, we demonstrated that disease activity was longitudinally 
inversely associated with physical activity: a decrease in disease activity was associated 
with an increase in physical activity. This beneficial effect persisted at least one year. 

Previous research has shown that regular physical activity has major health benefits for 
RA patients, without exacerbating disease activity and pain.38-40 Therefore, rheumatologists 
should promote regular physical activity among RA patients in clinical practice. Although 
patients may not be able to exercise or be physically active at the moment of diagnosis, 
our study supports the positive perspective that the physical activity of RA patients can 
quickly improve when (combination) therapy is initiated. Especially at the moment of 
diagnosis, when patients suffer from a lot of pain, fatigue and perhaps also some dark and 
depressing thoughts, this positive perspective may give patients hope for future. 

In our study, physical activity was measured retrospectively with a questionnaire. 
Ideally, we would have measured physical activity directly but since this study was part 
of the larger COBRA-trial, time and (financial) resources for this sub-study were limited. 
We used the SQUASH questionnaire, which has been described as a fairly reliable and 
reasonable valid tool to assess habitual activity level,41 but still may give rise to recall 
bias and socially desirable answers. In addition, the questionnaire has been described as 
short and simple,41 but in our study it was not always filled in correctly and/or completely. 
Moreover, a few patients scored zero minutes of physical activity at the week before start 
of treatment. Disease activity and pain are obviously high at moment of diagnosis, but 
being completely inactive during 1 whole week seems unrealistic. Therefore, we wonder 
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whether the questionnaire reflects the entire routine physical activity pattern of daily 
activities, or that physical activity is systematically underestimated. 

Our study population appeared to be more physically active than the general Dutch 
population. This might be due to the tendency of clinical trials to include the most healthy 
and active patients. In addition, rheumatologists and research nurses may have instructed 
our patients to stay active and keep exercising despite having RA. Still, the percentage of 
patients that meets the recommendation for physical activity seems high. Therefore, our 
results should be confirmed in a larger study population, with physical activity measured 
directly. 

Since the start of the COBRA-light trial in 2008, almost a decade has passed, with rapid 
development of small electronic tools that are able to measure physical activity accurately. 
Today, mobile phone apps and other physical activity trackers are easily accessible and 
affordable. Moreover, both researchers and patients are getting more and more familiar 
with them, which makes the use and applicability in both research and clinical practice 
easier as well. Therefore, future research should focus on the validity of these new apps 
and physical activity trackers, and investigate their accuracy and possibilities for use in 
clinical research. 

In chapter 5 of this thesis, we investigated the effects of two different prednisolone 
regimens (COBRA and COBRA-light) on body composition in early RA patients. 
Prednisolone, a glucocorticoid, is well-known for reducing inflammation in RA patients 
rapidly and effectively, but may also cause side effects on bones, glucose sensitivity, blood 
pressure and cardiovascular events.42,43 The possible side effect on body composition 
was not properly studied in RA and, to our knowledge, we were the first to study this 
prospectively. In our study, we showed that glucocorticoid- and DMARD-naive RA patients 
increase their total body mass and fat mass after 26 weeks of glucocorticoid treatment. 
Yet, we did not demonstrate fat redistribution from peripheral to central tissues, fat 
accumulation, or muscle wasting.

In general, an increase in fat mass is unfavourable for RA patients, unless they recover 
to a healthy body composition. Next to unpleasant cosmetic effects, increased fat mass 
is associated with cardiovascular morbidity and mortality.11,44-47 However, the location of 
(increased) fat mass is even more important: individuals with mainly abdominal or central 
fat mass are at greater cardiovascular risk than those with mainly peripheral fat mass.46,47 
The trunk/peripheral fat ratio, a measure of central obesity, is therefore an important 
predictor of cardiovascular risk.47-49 In our study, patients maintained their trunk/
peripheral fat ratio after the 26 weeks treatment period with prednisolone. In addition, 
the proportional distribution of total body mass (ratio lean mass/fat mass/bone mineral 
content) and total fat mass (ratio trunk/extremities/head) over the body did not change 
significantly after 26 weeks. In other words: there was no evidence of fat redistribution 
from peripheral to central tissues, which would have been worse for patient health.
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Ideally, we would have compared our results with a control group of early RA patients 
that was not treated with prednisolone. However, in our setting a study population 
without prednisolone would have introduced significant selection bias: in our clinics 
prednisolone is not prescribed in patients with relative mild disease, or when patients 
have contra indications, pointing at an impaired health situation. 

When we compare the results of patients treated with the higher and lower dosed 
prednisolone regimen (COBRA vs. COBRA-light), no dose-dependent effect of prednisolone 
on body composition was shown. Possibly, the difference in prednisolone doses between 
the treatment groups was not large enough. Still, this study shows that the higher dosed 
COBRA regimen does not aggravate the effect of prednisolone on body composition 
compared to the lower dosed COBRA-light regimen. This is important for rheumatologists 
in their daily practice, since they may feel uncomfortable when prescribing high doses 
of prednisolone.22 Since our study shows that COBRA therapy is as safe as COBRA-light 
therapy with respect to its effects on body composition, rheumatologists do not longer 
have to fear larger side effects of the higher prednisolone dose on body composition 
when considering to prescribe COBRA or COBRA-light therapy. 

Furthermore, our study may support rheumatologists in daily practice by managing 
expectations towards patients about the possible side effects of glucocorticoid treatment 
on their body weight and appearances. For example, in early RA patients a mean increase 
of 2 and 1 kg in total body weight can be expected after 6 months of treatment with the 
COBRA and COBRA-light regimen, respectively. Managing expectations might diminish 
the possible negative thoughts of RA patients about prednisolone treatment as well,22 
increasing adherence. 

Future research is necessary to confirm our results. Preferably, a larger study 
population would be investigated, in which the effect of disease activity and gender on 
body composition can be studied as well. In an ideal situation, body composition would 
be measured in the period of 6 to 12 months before disease onset as well, to be able 
to discriminate between recovery, caused by successful treatment, or real gain in e.g. fat 
mass. 

Furthermore, it would be relevant to investigate whether the changes in body 
composition demonstrated after 6 months stabilize or not. Since accurate long-term data 
about prednisolone use was collected in the COBRA-light extension trial (Chapter 2), we 
have planned to investigate the long-term relation between the use of prednisolone (and 
other medication) and changes in body composition in this cohort of early RA patients. 
The disease activity component, which impacts body composition and is related to the 
use of prednisolone (and other medication) after the protocolled trial period, will be taken 
into account as well. 
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The study population of the COBRA-light trial has been extensively investigated in this first 
part of my thesis. Overall, we found little differences between both treatment strategies, 
and conclude that COBRA and COBRA-light therapy are equally effective and safe treatment 
strategies for early RA patients. In the past, COBRA therapy was infrequently prescribed by 
rheumatologists, and therefore the attenuated COBRA-light combination therapy regimen 
was designed. This first part of my thesis provides scientific rationale for COBRA-light 
therapy as first choice treatment. This is an important message for clinical practice, since 
this offers both rheumatologists and early RA patients an effective and safe alternative 
for triple combination therapy with a lower prednisolone dose. Obviously, it is important 
to investigate whether COBRA-light therapy is frequently prescribed by rheumatologists 
in clinical practice, or that barriers remain. If so, we should focus on the implementation 
of COBRA-light therapy in clinical practice, to improve the accessibility of COBRA-light 
therapy, a proven safe and effective therapy for early RA patients. Furthermore, long-term 
efficacy and safety outcomes remain important in this well-established study population. 
Therefore, future research should also focus on joint damage, comorbidities and survival 
in this population after a follow-up period of 10 or 15 years.

Part II
Rheumatoid cachexia is a condition of altered body composition, in which patients present 
with an involuntarily loss of FFM and a stable or increased FM. The condition might result 
from the complex interplay between chronic inflammation, physical activity, drug treatment 
and nutritional intake.44,50 Rheumatoid cachexia remains easily undetected during routine 
clinical examination, since the loss in FFM is masked by a gain in FM, resulting in little or 
no weight loss.44 Still, rheumatoid cachexia is demonstrated in 20-50% of patients with 
RA, depending on the definition used, and is a key contributor to the patient’s disability, 
increased morbidity and premature mortality.6-13 Therefore, regular and careful assessment 
of body composition is important in RA patients. But how can we measure this accurately in 
clinical practice?

In this thesis, we performed two exploratory studies in which nutritional status and 
body composition were examined in a cohort of RA patients. In the first study, in chapter 
6, we investigated the applicability of the recently proposed consensus definitions of pre-
cachexia and cachexia by Muscaritoli et al51 and Evans et al52 in RA patients. We concluded 
that, despite altered body composition and impaired body function, the recently proposed 
definitions of both pre-cachexia and cachexia were not clinically useful, being unable to 
identify and diagnose impaired nutritional status in RA patients. This was mainly because 
unintentional weight loss and decreased appetite, two essential criteria for both pre-
cachexia and cachexia, were not very common in our study population. Therefore, we 
advise to rely on individual components of nutritional status when performing nutritional 
assessment in RA. 
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In the second exploratory study, in chapter 7 of this thesis, we examined differences 
between the assessment of body composition by body mass index (BMI) and bioelectrical 
impedance analysis (BIA) in RA patients. We demonstrated that our RA patients often show 
abnormal, unfavourable body composition: 20% of the patients had a low muscle mass 
(<10th percentile), and 31% of the patients had a high fat mass (>90th percentile), which may 
indicate obesity. Because of this imbalance between muscle and fat mass, and since BMI 
cannot discriminate between these two tissues, BMI has limited value for the assessment 
of body composition in RA. However, BIA might be a convenient method to assess body 
composition, in particular FFMI and FMI, in RA patients. In addition, BIA has several 
advantages for use in clinical practice: it is easy to use, rapid and relative inexpensive. Yet, 
there is one major disadvantage: BIA has not been validated in RA patients. 

Therefore, we decided to perform a comparison study. In chapter 9 of this thesis, we 
compared BIA with two different DXA devices in a cohort of RA patients. All patients were 
measured with both a multi-frequency BIA and whole-body DXA at the same day, but 
patients from study center A were scanned with a different DXA device than patients from 
study center B. Unfortunately, large systematic differences were found for the assessment 
of FFM, FFM%, FM and FM% between DXA and BIA in both study centers at individual 
level. Moreover, the systematic differences found in study center A pointed in the opposite 
direction to those found in study center B, and limits of agreement were wide, with large 
absolute differences. Therefore, we concluded that BIA might be an inaccurate method for 
the assessment of body composition in RA, especially at individual level. 

As each clinical study, our study had some limitations: the study population of the 
primary analyses was small (n=43), and some patients deviated from our study protocol. 
Still, elaborate sensitivity analyses confirmed our main results, and therefore we are able to 
conclude that BIA might not be an accurate method to assess body composition in RA.

In our particular situation of having two different DXA devices and one BIA device, we 
preferably would have performed a cross-validation study, in which body composition was 
measured with two DXA devices and the BIA device all in the same patient. However, time 
and financial resources were limited. In addition, a DXA measurement causes exposure to 
radiation, and since the comparison study was part of the larger COBRA-light extension 
study, patients were already exposed to radiation because X-rays of hands and feet, and 
thoracic and lumbar spine were made, and a second separate DXA scan was already 
performed to identify changes in bone mineral density. Especially in these chronic patients, 
with regular radiological examinations for RA, and perhaps even more intense examinations 
for related comorbidities, longer exposure to radiation was not desirable. 

 In view of above, rheumatologists should order a DXA if they want to assess body 
composition in their RA patients. At the same time, we realize that rheumatologists will not 
often use DXA in clinical practice, although it has proven to be a valid method and assesses 
FFM and FM accurately, mainly because of the costs, which might no longer be acceptable 
in the current financial climate of our health care systems. Therefore we encourage the 
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search for alternative low-cost methods to assess body composition accurately in RA 
patients in clinical practice. 

In this search for alternative methods to assesses body composition in RA, we should 
perhaps not focus on an individual method, such as BIA, but use a combination of specific, 
accurate, easily available and relative cheap tools to create a more complete picture of 
both the body composition and nutritional status of our patients. For example, in the 
Karolinska Institute in Sweden, Elkan et al53 have used Mini Nutritional Assessment 
(MNA; a dietary questionnaire), the Subjective Global Assessment (patient history + 
clinical examination), Malnutrition Universal Screening Tool (composite of three clinical 
variables: BMI, weight loss and acute disease) and Nutritional Risk Screening tool 2002 
(nutritional score + severity of disease score + age adjustments for patients>70 years) to 
assess nutritional status and DXA to assess body composition in RA patients. In this study, 
patients demonstrated decreased FFM and increased FM. Unfortunately, neither BMI, nor 
the nutritional assessment and screening tools could detect the low FFMI with a sufficient 
sensitivity and specificity to be used to assess cachexia. The authors proposed to use MNA 
as a screening instrument, followed by the determination of body composition.53

One year later, Elkan et al12 used BMI, BIA, DXA, waist circumference and MNA to 
evaluate body composition and nutritional status in RA patients. Waist circumference 
is an easy, quick and cheap method to measure body composition, and was helpful to 
demonstrate central obesity in the majority of the patients. Unfortunately, MNA was not 
able to detect reduced FFM.12

To date, the perfect set of tools to accurately assess body composition and nutritional 
status in RA patients thus remains to be determined. Future research should focus on the 
development of an accurate RA-specific tool or composite index that is easy, quick and 
relatively cheap, and can be used by rheumatologists and nurses in daily clinical practice, 
with the ultimate aim to diagnose and monitor rheumatoid cachexia in our RA patients as 
early as possible. 

Although there might not be a specific treatment algorithm for rheumatoid cachexia 
yet, accumulating evidence supports the clinical benefits of tight control of disease 
activity along with appropriate nutritional management and physical exercise programs 
that combine aerobic exercises or endurance training with progressive skeletal muscle 
strength training. Especially the physical exercise programs have shown to be an effective 
therapeutic intervention and a clinically relevant countermeasure for RA patients 
with low FFM and/or high FM, and also improved disease activity, pain, and physical 
functioning.8,40,50,54-57 A multidisciplinary approach, combining treatment advices and 
expert opinions from rheumatologists, physician assistants and nurses, dietitians, and 
physical therapists, may therefore be helpful to counteract the possible devastating 
effects of rheumatoid cachexia.
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Moreover, we believe that the assessment of body composition, and acknowledging 
the consequences of an unfavourable body composition, deserves more attention in 
clinical practice. Although rheumatoid cachexia has been demonstrated in 20-50% of 
patients with RA and is associated with patient disability and well-being,6-13 we wonder 
whether rheumatologists discuss body composition sufficiently with their patients 
in practice, limited by time constraints or unawareness. Still, the negative effects of 
decreased FFM and increased FM on health are evident: even with as little as 5% loss of 
FFM there are demonstrable changes in morbidity, including loss of muscle strength, 
altered energy metabolism, and increased susceptibility to infections, and in all situations 
in which it has been studied (starvation, critical illness, and normal aging) loss of greater 
than 40% of baseline FFM is associated with death.44,58,59 Increased FM and obesity, on the 
other hand, are associated with an increased risk of the development of hypertension, 
diabetes mellitus and cardiovascular disease. Perhaps physician assistants and nurses 
could play a role in prevention and early identification of unfavourable body composition, 
by supporting regular assessment of body composition, and creating awareness by both 
the rheumatologist and its patient for the possible devastating consequences of an 
unfavourable body composition already early in the course of RA. With a multidisciplinary 
approach, we should be able beat rheumatoid cachexia and improve the body composition 
and nutritional status of our RA patients. 
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Rheumatoid arthritis (RA) is a chronic, systemic auto-immune disorder characterized by 
synovial inflammation of the joints and destruction of cartilage and bone. RA patients 
often present with chronic, symmetric inflammation in the small joints of the hands and 
feet, although larger joints can be affected too. The inflamed joints are painful, swollen 
and stiff, and may cause movement restrictions and loss of function. Many patients 
experience general malaise or fever, and suffer from fatigue, even in periods with limited 
or no inflammation. In RA, the chronically inflamed synovium may destroy bone tissue. 
Furthermore, inflamed synovium may produce enzymes that are involved in breakdown 
of cartilage, which may cause reduced joint space width. Damage of bone, cartilage, and 
surrounding tissues may cause irreversible joint deformities and loss of function, which 
may have major impact on physical functioning in daily life. RA is a heterogeneous disease; 
the course of disease and prognosis varies strongly per patient. 

In chapter 1 of this thesis, the general introduction, more information is given about 
the epidemiology, signs and symptoms, and treatment of RA. The treatment of RA has 
undergone enormous changes in the last decades due to major scientific insights. Today, 
treatment is started as soon as possible, during the so-called “window of opportunity”; 
treatment often consists of combination therapy, with concomitant use of multiple 
DMARDs; patients are preferably treated according to a “treat-to-target” strategy with 
the aim to achieve remission rapidly; and patients who experience limited or no effect 
of treatment with (a combination of ) traditional synthetic DMARDs can be treated with 
bDMARDs and tsDMARDs nowadays: new medicines targeted at specific cytokines, 
immune cells or intracellular compounds.

Furthermore, chapter 1 provided information about the COBRA-light study, a scientific 
study in which the effectiveness and safety of COBRA-light therapy (starting with 
prednisolone 30 mg/day, tapered to 7.5 mg/day in 8 weeks and MTX increased to 25 mg/
week in 8 weeks) and COBRA therapy (starting with prednisolone 60 mg/day, tapered to 
7.5 mg/day in 6 weeks, MTX 7.5 mg/week and sulfasalazine 2 g/day) were compared in 
a group of 162 early RA patients. In addition, the first chapter of this thesis elucidated 
the new ACR/EULAR remission criteria and the importance and role of physical activity in 
RA. Moreover, the role of body composition (the ratio between FM, FFM, bone mass and 
body water) in RA, and how to measure body composition accurately in RA are described. 
Finally, rheumatoid cachexia, a condition of altered, unfavourable body composition in 
which patients present with an involuntarily loss of FFM and a stable or increased FM, is 
discussed. 

Part I
The first part of my thesis describes outcomes of the COBRA-light trial: we studied the 
efficacy and safety of initial COBRA-light and COBRA therapy over a 4-year follow-up period; 
the validity of short and sustained periods of ACR/EULAR remission; the longitudinal 
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relation between disease activity and physical activity; and the effects of prednisolone 
treatment on body composition. Please find below a more detailed overview of each of 
the studies. 

In chapter 2, we investigated the efficacy and safety of initial COBRA-light versus COBRA 
therapy in 149 out of the 162 original trial patients (72 COBRA-light and 77 COBRA patients) 
after a 4-year follow-up period. All patients from the original COBRA-light trial were invited 
to participate in this COBRA-light extension study, in which they were interviewed and 
physically examined, patient reported outcomes were assessed, radiographs were made, 
and clinical records were examined for comorbidities and medication use. 

The extension study demonstrated that initial COBRA-light and COBRA therapy 
have a similar effect on disease activity, physical functioning, radiological outcome and 
remission over the 4-year follow-up period. In addition, both treatment groups showed 
similar survival and major comorbidities and, besides protocolled differences in use of 
prednisolone, methotrexate and sulfasalazine use, similar use of synthetic and biologic 
DMARDs and intra-articular and intramuscular glucocorticoid injections over the 4-year 
period. 

This study demonstrated that early RA patients treated with COBRA-light and COBRA 
combination therapy had similar efficacy and safety outcomes over a 4-year follow-up 
period, comprising strong and sustained improvements in disease activity and physical 
functioning, and good suppression of radiological progression. Therefore, both COBRA-
light and COBRA therapy are effective and safe treatments for early RA patients over a 
4-year follow-up period. 

In chapter 3, we investigated whether remission in the first year of treatment could predict 
good outcome in the second year of treatment. This was studied in a group of 144 early RA 
patients, all participants of the COBRA-light trial. The presence of remission was assessed 
according to ACR/EULAR and other criteria, and periods of short-term remission during 
single visits and sustained periods of remission during consecutive visits were compared. 
Good outcome was defined for functional outcome (low HAQ score and no deterioration), 
radiographic outcome (no deterioration in SHS), and both (“overall good outcome”). 

In the second treatment year, good functional outcome was observed in 35% patients, 
good radiographic outcome in 79% patients, and both in 28% of the patients. Patients 
who were at least once in remission or sustained remission in the first treatment year 
were more likely to experience good functional and good overall outcome in the second 
treatment year, than patients who were never in remission in the first treatment year. 
Sustained periods of remission were stronger predictors of good outcome during the 
second treatment year than remission at single visits. Remission or sustained remission, in 
any definition, during the first treatment year was not a predictor of a good radiographic 
outcome during the second treatment year. 
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This study demonstrated that early RA patients who are in remission according to 
any definition are likely to retain good physical function in the subsequent year; being in 
remission according to a strict definition, and being in sustained remission both resulted 
in a stronger prediction of good functional outcome in the subsequent year. In contrast, 
in the setting of low overall damage progression, (sustained) remission, according to any 
definition, was not predictive of good radiographic outcome in the subsequent year. 

In chapter 4, we investigated the longitudinal relationship between disease activity and 
physical activity in 140 early RA patients of the COBRA-light trial during their first year 
of treatment. Physical activity was measured at baseline, and after 13, 26, and 52 weeks, 
with the Short QUestionnaire to ASsess Health-enhancing physical activity (SQUASH) and 
reported as the percentage of patients meeting the international guideline for physical 
activity (150 minutes of moderate-to-intense activity per week). 

At baseline, 69% of the patients met the international guideline for physical activity, 
which increased significantly to 90% at 13 weeks, and stabilized thereafter, with 89% 
after 1 year. The mean disease activity score improved significantly during the first year 
from 4.0 to 1.8. Furthermore, disease activity was longitudinally inversely associated 
with physical activity; a decrease in disease activity was significantly associated with 
an increase in physical activity. At each time point after baseline, patients with clinically 
relevant treatment responses (expressed as DAS remission, EULAR good response or ACR 
70% improvement score) showed higher levels of physical activity than non-responders, 
regardless of the definition of response.  

This was the first study that demonstrated that combination therapy is not only 
effective in decreasing disease activity, but also improve self-reported physical activity in 
early RA patients. This beneficial effect persisted at least one year. 

In chapter 5, we investigated the short-term effects of two different high-dose, step-down 
prednisolone regimens (COBRA-light and COBRA) on body composition in prednisolone- 
and DMARD-naive, early RA patients. Body composition was assessed with DXA at baseline 
and after 26 weeks. The sub-group of patients that started treatment after baseline DXA 
(n=38) was used as primary analysis group. 

After 26 weeks of treatment, both treatment groups showed a significant increase of 
1.6 kg in total body mass, which was mainly caused by an increase of 1.3 kg in total fat 
mass. The trunk/peripheral fat ratio and the proportional distribution of total body mass 
and fat mass did not change over time, and there were no significant differences between 
the treatment groups. 

This study demonstrated that both COBRA-light and COBRA therapy increase total 
body mass, mainly because of an increase in total fat mass, after 26 weeks of treatment. 
This may have negative impact on patient health. Yet, we did not demonstrate fat 
redistribution form peripheral to central tissues, which would have been worse for patient 
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health. This absence of fat redistribution contradicts the widely held assumption of rapid 
adverse effects of prednisolone on body composition in RA. Furthermore, the effect of 
both prednisolone treatments on body composition was not dose-dependent.

Part II
The second part of my thesis focused on the assessment of body composition in RA 
patients: we studied the relevance of (pre-)cachexia definitions; differences between the 
assessment of body composition by BMI and BIA; and last but not least: the validity of BIA. 
Please find below a more detailed overview of each of the studies.

In chapter 6, we investigated the applicability of new consensus definitions of “pre-
cachexia” and “cachexia” in a cohort of 103 patients with moderately active RA, mild to 
moderate disability, and a median disease duration of 8 years. The prevalence of different 
components of nutritional status and the compiled definitions of “pre-cachexia” and 
“cachexia” were assessed in a cross-sectional study design by measuring unintentional 
weight loss, muscle strength, fat-free mass index, appetite, fatigue and inflammatory 
response.

In this study, 20% of the study population had a low fat-free mass index, and 95% 
showed decreased muscle strength. Unintentional weight loss and loss of appetite, both 
essential elements of the newly proposed definitions of (pre-)cachexia, were relative 
uncommon. Overall, the prevalence of both “pre-cachexia” and “cachexia” was both 1%. 

This study demonstrated both impaired body composition and function in a cohort 
of RA patients. Yet, the new proposed definitions of both “pre-cachexia” and “cachexia” 
were unable to identify and diagnose impaired nutritional status in this cohort. Both 
definitions clearly underestimated the diminished nutritional status, as characterized by 
the individual components. This was mainly because of the low prevalence of both weight 
loss and decreased appetite. 

In chapter 7, we investigated the differences between the assessment of body 
composition by BMI and BIA in a cohort of 65 patients with moderately active RA, mild to 
moderate disability, and a median disease duration of 7 years. Single-frequency BIA was 
used to determine fat-free mass index (FFMI) and fat mass index (FMI) in this study with a 
cross-sectional study design.

Based on BMI, 2% of the study population were underweight, 45% had a healthy 
body composition, and 54% were overweight or obese. Based on BIA, which allows to 
distinguish between FFMI and FMI, 18% had a low FFMI, 55% a normal FFMI, and 26% high 
of very high FFMI; 26% had a normal FMI, and 74% a high or very high FMI. Low FFMI was 
found in 44% of the women with a normal BMI. High FMI was found in 40% of the women 
and 75% of the men with a normal BMI. 
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This study demonstrated a high frequency of unfavourable body composition, 
predominantly reduced FFMI and elevated FMI, in a cohort of RA patients. Because of the 
imbalance between FFMI and FMI, BMI is an unreliable method for the assessment of body 
composition in RA. BIA might be a more convenient method to assess FFMI and FMI in RA 
patients in clinical practice, but should be validated first. 

In chapter 8, we comment on the article published by Dr. Wolfe and Dr. Michaud, who 
demonstrated that overweight and obesity in RA patients reduce the risk of mortality, but 
increase the risk of certain comorbidities. In this study, Wolfe and Michaud used BMI as 
measure for overweight and obesity. 

In our letter to the editor, we emphasized that BMI has limited value for the assessment 
of body composition in RA patients, since RA patients often present with loss of muscle 
mass, with little or no weight loss, in the presence of stable or increased fat mass. Since 
BMI cannot discriminate between muscle and fat mass, it cannot identify abnormal body 
composition in RA patients, and should not be used when studying the effect of abnormal 
body composition on mortality in RA. 

Furthermore, we suggested to measure FFMI instead of BMI, which has been 
demonstrated to be useful in identifying patients with decreased muscle mass despite 
having a normal BMI. FFMI can be assessed by DXA or BIA. 

In chapter 9, we compared BIA with two different DXA devices for the assessment of 
body composition in a group of 43 RA patients, who all participated in the COBRA-light 
extension-study. In this cross-sectional comparison study, all patients were measured 
with both a multi-frequency BIA and whole-body DXA at the same day. Patients from 
study center A (n=25) were scanned with a different DXA device than patients from study 
center B (n=18).

At individual level, large systematic differences were found for the assessment of 
absolute and relative fat-free mass and fat mass between DXA and BIA in both study 
centers. Moreover, the systematic differences found in study center A pointed in the 
opposite direction as those found in study center B, and limits of agreement were wide, 
with large absolute differences. At group level, moderate to good agreement was found. 

This was the first study in which BIA was compared with two different, widely used DXA 
devices for the assessment of body composition in RA patients. We demonstrated that BIA 
might be an inaccurate method for the assessment of body composition in RA patients, 
especially at individual level. The differences between DXA and BIA were dependent on 
the DXA device used. 
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Reumatoïde artritis (RA) is een chronische, systemische auto-immuunziekte die wordt 
gekenmerkt door ontsteking van de synoviale gewrichten en afbraak van bot- en 
kraakbeen. De wereldwijde prevalentie van RA wordt geschat op ongeveer 0.5-1% en de 
ziekte komt ongeveer twee tot drie keer vaker voor bij vrouwen dan mannen. RA kan zich 
op alle leeftijden ontwikkelen, maar ontstaat meestal tussen het 50e en 60e levensjaar. 
De oorzaak van RA is niet bekend, al spelen genetische factoren en omgevingsfactoren 
(bijvoorbeeld infecties en roken) een rol. 

In de beginfase van de ziekte hebben patiënten vaak last van chronische, symmetrische 
ontstekingen in de kleine gewrichten van de handen, voeten en polsen, alhoewel grotere 
gewrichten zoals ellenboog, schouder en knie ook aangedaan kunnen zijn. De ontstoken 
gewrichten zijn vaak pijnlijk, gezwollen en stijf, waardoor bewegingsbeperkingen en 
functieverlies ontstaan. Veel patiënten ervaren bovendien een gevoel van algehele malaise 
of koorts en zijn vaak erg vermoeid, ook in perioden met lagere tot geen ziekteactiviteit. 
Bij RA kan er door de chronische ontstekingen schade aan bot, kraakbeen en omliggende 
weefsels van gewrichten ontstaan, wat tot gewrichtsvervormingen en verder functieverlies 
kan leiden. Dit kan grote gevolgen hebben voor het fysiek functioneren in het dagelijkse 
leven. RA is een heterogene ziekte; het verloop van de klachten en de prognose verschilt 
sterk van patiënt tot patiënt. 

In hoofdstuk 1 van dit proefschrift, de algemene introductie, wordt dieper ingegaan op 
het ziektebeeld en de behandeling van RA. De behandeling van RA heeft de afgelopen 
decennia een aantal grote veranderingen doorgemaakt. Zo wordt er tegenwoordig zo snel 
mogelijk met de behandeling gestart tijdens de zogenaamde “window of opportunity”; 
wordt er meestal een combinatie van meerdere DMARDs tegelijkertijd voorgeschreven 
(combinatietherapie) en wordt er behandeld met als doel snel lage ziekteactiviteit 
of remissie (de afwezigheid van klachten en symptomen) te behalen, waarbij de 
ziekteactiviteit regelmatig wordt gemonitord en het medicatiebeleid eventueel wordt 
aangepast. Bovendien zijn er de laatste jaren veel nieuwe medicijnen voor de behandeling 
van RA ontwikkelt. Deze nieuwe medicijnen zijn gericht op specifieke cytokines (zoals 
TNF-α en IL-6), immuuncellen (zoals B- en T- cellen) of intracellulaire stoffen (zoals JAK 
eiwitten) en bieden nieuwe behandelmogelijkheden voor patiënten die weinig tot geen 
effect ervaarden van de klassieke DMARDs. 

Daarnaast wordt in hoofdstuk 1 de COBRA-light studie toegelicht, een 
wetenschappelijke studie waarin de effectiviteit en veiligheid van COBRA-light therapie 
(start met prednisolon 30 mg/dag, afgebouwd naar 7.5 mg/dag in 8 weken en MTX 
opgehoogd naar 25 mg/week in 8 weken) en COBRA therapie (start met prednisolon 
60 mg/dag, afgebouwd naar 7.5 mg/dag in 6 weken, MTX 7.5 mg/week en sulfasalazine 
2 g/dag) werd vergeleken in een groep van 162 vroege RA patiënten. Verder wordt er 
in het eerste hoofdstuk dieper ingegaan op nieuwe ACR/EULAR remissie criteria en het 
belang en de rol van fysieke activiteit bij RA. Tenslotte wordt er dieper ingegaan op 
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lichaamssamenstelling (de verhouding tussen spier-, vet- en botmassa en water in het 
lichaam), reumatoïde cachexie (een situatie van een ongezonde lichaamssamenstelling 
waarbij er sprake is van ongewenst verlies van spiermassa en stabiel of toegenomen 
vetmassa), waarom een gezonde lichaamssamenstelling belangrijk is bij RA en hoe je dit 
kunt meten. 

Deel I
In het eerste deel van mijn proefschrift worden resultaten van de COBRA-light studie 
beschreven: de effectiviteit en veiligheid van initiële COBRA-light en COBRA therapie 
is bestudeerd over een periode van 4 jaar; de geldigheid van kort- en langdurige 
periodes van ACR/EULAR remissie is onderzocht; de longitudinale relatie tussen 
ziekteactiviteit en lichamelijke activiteit is bestudeerd; en de effecten van prednisolon op 
lichaamssamenstelling zijn onderzocht. Hieronder vindt u een uitgebreider overzicht van 
elk van de studies.

In hoofdstuk 2 wordt de effectiviteit en veiligheid van initiële COBRA-light versus 
COBRA-therapie beschreven bij 149 patiënten (72 COBRA-light en 77 COBRA-patiënten) 
na een periode van 4 jaar. Alle patiënten uit de oorspronkelijke COBRA-light studie 
werden uitgenodigd om deel te nemen aan de COBRA-light vervolgstudie, waarin 
ze werden geïnterviewd, lichamelijk werden onderzocht, vragenlijsten werden 
afgenomen, röntgenfoto’s werden gemaakt en het medisch dossier werd nagekeken op 
medicatiegebruik en comorbiditeiten.

Uit de vervolgstudie bleek dat initiële COBRA-light en COBRA-therapie een vergelijkbaar 
effect hadden op ziekteactiviteit, lichamelijk functioneren, radiografische progressie 
en remissie tijdens de 4 jaar durende opvolgperiode. Bovendien vertoonden beide 
behandelgroepen vergelijkbare resultaten op overleving, de belangrijkste comorbiditeiten 
en, naast geprotocolleerde verschillen in het gebruik van prednisolon, methotrexaat en 
sulfasalazine, vergelijkbaar medicatiegebruik van synthetische en biologische DMARDs en 
intra-articulaire en intramusculaire glucocorticoïdinjecties.

Deze studie heeft aangetoond dat vroege RA-patiënten die behandeld werden 
met COBRA-light en COBRA combinatietherapie dezelfde resultaten vertoonden op het 
gebied van effectiviteit en veiligheid na een periode van 4 jaar, met sterke en langdurige 
verbeteringen in ziekteactiviteit en lichamelijk functioneren en een goede onderdrukking 
van de radiografische progressie. COBRA-light en COBRA therapie zijn daarom beide 
effectieve en veilige behandelingen voor vroege RA-patiënten over een periode van 4 jaar.

In hoofdstuk 3 wordt beschreven of remissie tijdens het eerste jaar van de behandeling 
een goede uitkomst kan voorspellen voor het tweede behandeljaar. Dit werd onderzocht 
in een groep van 144 vroege RA-patiënten, allen deelnemers van de COBRA-light studie. 
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De aanwezigheid van remissie werd beoordeeld volgens ACR/EULAR en andere criteria en 
er werd onderscheid gemaakt tussen kortdurende remissie tijdens een eenmalig bezoek 
en langdurige remissie tijdens meerdere opeenvolgende bezoeken. Goede uitkomst 
werd gedefinieerd voor fysiek functioneren (lage HAQ score en geen verslechtering), 
radiografische uitkomst (geen verslechtering van SHS) en beide ("goede algehele 
uitkomst").

In het tweede behandeljaar werd goed fysiek functioneren waargenomen bij 35% van 
de patiënten, goede radiografische uitkomst bij 79% van de patiënten en beide bij 28% 
van de patiënten. Patiënten die in het eerste behandeljaar tenminste één keer in kort- 
of langdurige remissie waren, hadden een grotere kans op goed fysiek functioneren en 
goede algehele uitkomst in het tweede behandeljaar dan patiënten die nooit in remissie 
waren tijdens het eerste behandeljaar. Langdurige periodes van remissie tijdens meerdere 
opeenvolgende bezoeken waren een sterkere voorspeller van een goede uitkomst in het 
tweede behandeljaar dan een kortdurende remissie tijdens een eenmalig bezoek. Kort- of 
langdurige remissie tijdens het eerste behandeljaar, volgens welke definitie dan ook, bleek 
geen voorspeller van een goede radiografische uitkomst tijdens het tweede behandeljaar. 

Deze studie heeft aangetoond dat vroege RA-patiënten die volgens een bepaalde 
definitie in remissie zijn zeer waarschijnlijk een goede lichamelijke functie behouden in het 
daaropvolgende jaar; in remissie zijn volgens een strengere definitie of voor een langdurige 
periode leidde tot een sterkere voorspelling van een goed fysiek functioneren in het 
daaropvolgende jaar. Echter, in een studiepopulatie met weinig radiografische progressie 
bleek kort- of langdurige remissie, volgens welke definitie dan ook, niet voorspellend te 
zijn voor een goede radiografische uitkomst in het daaropvolgende jaar .

In hoofdstuk 4 wordt de longitudinale relatie tussen ziekteactiviteit en lichamelijke 
activiteit tijdens het eerste behandeljaar beschreven. Dit werd onderzocht bij 140 vroege 
RA-patiënten, allen deelnemers aan de COBRA-light studie. Fysieke activiteit werd gemeten 
bij start van de behandeling en na 13, 26 en 52 weken met de Short QUestionnaire to 
ASsess Health-improving physical activity (SQUASH) vragenlijst en gerapporteerd als het 
percentage patiënten dat voldeed aan de internationale richtlijn voor lichamelijke activiteit 
(150 minuten matig tot intense activiteit per week).

Bij de start van de behandeling voldeed 69% van de patiënten aan de internationale 
richtlijn voor lichamelijke activiteit, die aanzienlijk toenam tot 90% na 13 weken 
behandeling, en daarna stabiliseerde, met 89% na het eerste behandeljaar. De gemiddelde 
score van de ziekteactiviteit werd in het eerste jaar aanzienlijk verbeterd van 4.0 naar 1.8. 
Bovendien was de ziekteactiviteit longitudinaal omgekeerd geassocieerd met fysieke 
activiteit; een vermindering van de ziekteactiviteit was significant geassocieerd met een 
toename van de fysieke activiteit. Op elk tijdstip na de start van de behandeling bleken 
patiënten die een klinisch relevante verbetering lieten zien (uitgedrukt als DAS remissie, 
EULAR goede respons of ACR 70% verbeteringsscore) een hogere fysieke activiteit te 
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hebben dan patiënten die geen klinisch relevante verbetering lieten zien, ongeacht de 
definitie van de klinische relevante verbetering. 

Dit was de eerste studie die heeft aangetoond dat combinatietherapie niet alleen 
effectief is bij het verminderen van ziekteactiviteit, maar ook bij het verbeteren van zelf-
gerapporteerde lichamelijke activiteit bij vroege RA-patiënten. Dit gunstige effect hield 
tenminste één jaar aan. 

In hoofdstuk 5 wordt het effect van twee verschillende prednisolon afbouwschema’s 
(COBRA-light en COBRA) op lichaamssamenstelling bij prednisolon- en DMARD-
naïeve vroege RA-patiënten na een behandelperiode van 26 weken beschreven. 
Lichaamssamenstelling werd gemeten met een DXA-scan bij de start van de behandeling 
en na 26 weken. De subgroep van patiënten die startte met de prednisolonbehandeling 
na de DXA nulmeting (n=38) werd gebruikt als de primaire analysegroep.

Na 26 weken behandeling vertoonden beide behandelgroepen een significante 
toename van 1.6 kg in totaal lichaamsgewicht, die hoofdzakelijk werd veroorzaakt door 
een toename van 1.3 kg in totale vetmassa. De verhouding van vetweefsel tussen de romp 
en perifere weefsels en de proportionele verdeling van het totale lichaamsgewicht en 
vetmassa veranderden niet over tijd, en er waren geen significante verschillen tussen de 
twee behandelgroepen.

Deze studie heeft aangetoond dat zowel COBRA-light als COBRA therapie het totale 
lichaamsgewicht verhogen na 26 weken behandeling, dit wordt voornamelijk veroorzaakt 
door een toename van de totale vetmassa. De verhogingen in totaal lichaamsgewicht en 
vetmassa kan negatieve gevolgen hebben voor de gezondheid van de patiënt. Echter, er 
was geen sprake van herverdeling van vetmassa van perifere naar centrale weefsels, wat 
nog minder goed zou zijn geweest voor de gezondheid van de patiënt. De afwezigheid 
van deze vetherverdeling spreekt de algemeen aanvaarde aanname van snelle nadelige 
effecten van prednisolon op lichaamssamenstelling in RA tegen. Bovendien bleek 
het effect van de twee prednisolonbehandelingen op lichaamssamenstelling niet 
dosisafhankelijk te zijn.

Deel II
In het tweede deel van mijn proefschrift wordt de beoordeling van de lichaamssamenstelling 
van RA-patiënten behandeld: de relevantie van (pre-)cachexie-definities is bestudeerd; de 
verschillen tussen de beoordeling van lichaamssamenstelling door BMI en BIA zijn bekeken; 
en de geldigheid van BIA is onderzocht. Hieronder vindt u een uitgebreider overzicht van 
elk van de studies.

In hoofdstuk 6 wordt de toepasbaarheid van de nieuwe consensusdefinities van "pre-
cachexie" en "cachexie" beschreven in een cohort van 103 patiënten met matig actieve RA, 
milde tot matige fysieke beperkingen en een ziekteduur van 8 jaar. In deze cross-sectionele 
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studie werd de prevalentie van de verschillende componenten van de voedingsstatus 
(ongewenst gewichtsverlies, spierkracht, vetvrije massa-index, eetlust, vermoeidheid en 
inflammatie) en de samengestelde definities van "pre-cachexie" en "cachexie" gemeten.

In deze studie had 20% van de studiepopulatie een lage vetvrije massa-index en 
vertoonde 95% van de patiënten een verminderde spierkracht. Ongewenst gewichtsverlies 
en verlies van eetlust, beide essentiële elementen van de nieuw voorgestelde definities 
van (pre)cachexie, kwamen niet vaak voor. De prevalentie van zowel "pre-cachexie" als 
"cachexie" was slechts 1%.

Deze studie heeft zowel een verslechterde lichaamssamenstelling als lichaamsfunctie 
aangetoond in een cohort van RA patiënten. Toch waren de nieuwe consensusdefinities 
van zowel "pre-cachexie" als "cachexie" niet in staat om de verslechterde voedingsstatus 
bij deze RA patiënten te identificeren en diagnosticeren. Beide definities onderschatten 
duidelijk de verslechterde voedingsstatus, die wel werd aangetoond in de individuele 
componenten. Dit werd voornamelijk veroorzaakt door de lage prevalentie van ongewenst 
gewichtsverlies en verminderde eetlust.

In hoofdstuk 7 worden de verschillen beschreven tussen het bepalen van 
lichaamssamenstelling door BMI en BIA in een cohort van 65 patiënten met matig actieve 
RA, milde tot matige fysieke beperkingen en een ziekteduur van 7 jaar. In deze cross-
sectionele studie werd een “single-frequency” bio-elektrische impedantiemeter gebruikt 
om de vetvrije massa-index (VVMI) en vetmassa-index (VMI) te bepalen.

Op basis van BMI had 2% van de studiepopulatie ondergewicht, 45% een gezonde 
lichaamssamenstelling en 54% overgewicht of obesitas. Op basis van BIA, die onderscheid 
maakt tussen vetvrije massa en vetmassa, had 18% van de studiepopulatie een lage VVMI, 
55% een normale VVMI en 26% een hoog tot zeer hoge VVMI; 26% had een normale VMI en 
74% een hoge tot zeer hoge VMI. Een lage VVMI werd aangetoond bij 44% van de vrouwen 
met een normale BMI. Een hoge VMI werd aangetoond bij 40% van de vrouwen en 75% van 
de mannen met een normale BMI.

Deze studie heeft een hoge frequentie van ongunstige lichaamssamenstelling 
aangetoond in een cohort van RA patiënten, met name een verlaagde VVMI en een 
verhoogde VMI. Door de onbalans tussen VVMI en VMI is BMI een onbetrouwbare methode 
voor de beoordeling van de lichaamssamenstelling van RA-patiënten. BIA kan een handige 
methode zijn om VVMI en VMI bij RA-patiënten te bepalen in de klinische praktijk, maar 
moet eerst worden gevalideerd.

In hoofdstuk 8 wordt er via een ingezonden brief gereageerd op een artikel dat 
geschreven is door dr. Wolfe en dr. Michaud. Zij hebben aangetoond dat overgewicht en 
obesitas bij RA-patiënten het risico op sterfte verminderen maar het risico op bepaalde 
comorbiditeiten verhogen. In deze studie gebruikten Wolfe en Michaud BMI als maat voor 
overgewicht en obesitas.
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In de brief aan de redactie werd benadrukt dat BMI een beperkte waarde heeft voor de 
beoordeling van de lichaamssamenstelling van RA-patiënten, omdat RA-patiënten vaak 
verlies van spiermassa vertonen, met weinig of geen gewichtsverlies, in de aanwezigheid 
van een stabiel of verhoogde vetmassa. Aangezien BMI geen onderscheid kan maken 
tussen spier- en vetmassa, kan het ook geen afwijkende lichaamssamenstelling bij RA-
patiënten identificeren en zou het niet gebruikt moeten worden bij een onderzoek naar 
het effect van afwijkende lichaamssamenstelling op sterfte bij RA.

Daarnaast werd geadviseerd om VVMI in plaats van BMI te gebruiken, omdat je met 
behulp van de VVMI een verlaagde spiermassa kan identificeren bij patiënten met een 
normale BMI. VVMI kan worden bepaald met behulp van DXA of BIA.

In hoofdstuk 9 worden de verschillen beschreven tussen BIA en twee verschillende DXA-
apparaten tijdens het bepalen van de lichaamssamenstelling van een groep van 43 RA-
patiënten, die allen deelnamen aan de COBRA-light vervolgstudie. In deze cross-sectionele 
vergelijkingsstudie werd de lichaamssamenstelling van alle patiënten op dezelfde dag 
bepaald met zowel een “multi-frequency” BIA als DXA. Patiënten uit studiecentrum A 
(n=25) werden met een ander DXA-apparaat onderzocht dan patiënten uit studiecentrum 
B (n=18).

Op individueel niveau werden grote systematische verschillen gevonden voor de 
beoordeling van absolute en relatieve vetvrije massa en vetmassa tussen DXA en BIA in 
beide studiecentra. Bovendien waren de systematische verschillen die gevonden werden 
in studiecentrum A in tegengestelde richting van de systematische verschillen die 
gevonden werden in studiecentrum B. Ook waren de zogenaamde “limits of agreement” 
breed, wat wijst op grote absolute verschillen. Op groepsniveau werd een matige tot 
goede overeenkomst gevonden tussen DXA en BIA.

Dit was de eerste studie waarin BIA werd vergeleken met twee verschillende, 
veelgebruikte DXA-apparaten voor de beoordeling van de lichaamssamenstelling van 
RA-patiënten. BIA is waarschijnlijk een onbetrouwbare methode voor de beoordeling van 
de lichaamssamenstelling van RA-patiënten, vooral op individueel niveau. De verschillen 
tussen DXA en BIA waren afhankelijk van het DXA-apparaat dat gebruikt werd.
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Ik voel me intens blij en gelukkig nu dit proefschrift afgerond is. Mijn promotietraject 
was een bijzonder mooie en leerzame, maar af en toe ook zware en stressvolle periode. 
Eindelijk is het moment aangebroken waarop ik iedereen mag bedanken voor alle hulp en 
steun tijdens de afgelopen jaren. Ik ben jullie allen enorm dankbaar!

Allereerst wil ik alle patiënten uit het VUmc, Reade en het Westfriesgasthuis bedanken 
voor hun deelname aan mijn onderzoeken. Ik ben jullie ontzettend dankbaar en vind het 
bewonderenswaardig dat jullie zoveel tijd en energie hebben opgeofferd. Jullie verhalen 
hebben me geïnspireerd en gemotiveerd om me voor RA-patiënten te blijven inzetten.

Daarnaast wil ik mijn promotoren en copromotoren bedanken:

Beste Willem, bedankt dat je het aandurfde om mij als voedingswetenschapper de kans 
te geven om onderzoek naar reuma te doen. Ik heb veel van je geleerd over RA, het 
ziekenhuis en de zorg in het algemeen. Bedankt dat je altijd met een klinische, praktische 
en pragmatische blik naar mijn onderzoek en plannen keek, die soms misschien iets te 
optimistisch en idealistisch waren voor wetenschap in een ziekenhuis. Bedankt dat je bij 
feedback ook altijd iets positiefs zegt, af en toe een compliment geeft, of simpelweg je 
duim opsteekt na het geven van een belangrijke presentatie, omdat je weet dat ik dit 
nodig heb om daarna weer in volle vaart door te kunnen gaan. Ik waardeer het enorm 
dat je tot het einde van mijn promotietraject zo betrokken bent gebleven en ik altijd op 
je kon rekenen. 

Beste Lilian, bedankt dat je mij vanaf het allereerste begin de weg hebt gewezen. Eerst als 
stagebegeleider en later in de rol van copromotor. Het was ontzettend fijn om tijdens mijn 
promotieonderzoek op een afdeling vol artsen een bevlogen (voedings)wetenschapper 
aan mijn zij te hebben. Bedankt dat je me met je methodologische en epidemiologische 
kennis hielp om mijn klinische onderzoek ook analytisch sterk te maken. Bedankt dat 
je me zo veel hebt geleerd, ook over de wereld van de wetenschap en promoveren. En 
bovenal bedankt voor je enthousiasme en positieve energie! 

Beste Maarten, bedankt dat je vanaf het begin van mijn promotietraject al zo betrokken 
was en me altijd waardevolle en uitgebreide feedback en adviezen hebt gegeven, terwijl 
je pas in een late fase mijn tweede promotor bent geworden. Bedankt voor al je kritische 
vragen, die mijn onderzoek naar een hoger niveau hebben getild. Ik heb ontzettend veel 
van je geleerd op het gebied van methodologie, epidemiologie, (beknopt) schrijven en 
natuurlijk ook over wetenschappelijke figuren en tabellen. Bedankt!

Beste Mike, je kreeg pas in een late fase een officiële rol bij mijn promotieonderzoek, 
maar was al wel vanaf het eerste moment betrokken bij de opzet van de COBRA-light 
extensiestudie en de analyses rondom cardiovasculaire uitkomstmaten zoals IMT en PWV. 
Bedankt voor je adviezen en het meedenken. Ik heb veel van je geleerd, zeker op het gebied 
van cardiovasculaire comorbiditeit bij RA. Bedankt!
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Ook wil ik alle andere onderzoekers en reumatologen bedanken voor hun tijd, energie, 
enthousiasme en bijdragen aan mijn onderzoek en manuscripten, in het bijzonder Marian, 
Debby, Marieke, Irene, Pit, Dirkjan en Alexandre: bedankt voor het kritische meedenken 
en alle feedback en wijsheid die jullie me gaven! Het was een groot plezier om met jullie 
samen te werken. 

Verder wil ik de leden van de leescommissie, prof.dr. R.F. Van Vollenhoven, prof.dr. J.M.W. 
Hazes, prof.dr. J.W.R. Twisk, prof.dr.ir. M. Visser, dr. N. de Vries en dr. K. Visser, hartelijk danken 
voor het beoordelen van dit proefschrift.

Ik wil ook de reumaconsulentes en onderzoeksverpleegkundigen in het VUmc, Reade en 
het Westfriesgasthuis bedanken voor alle hulp tijdens het uitvoeren van mijn onderzoek 
wat bovenop de volle polispreekuren kwam. Ik wil Erna, Houkje, Elleke, Ewa en Merel extra 
bedanken voor het oefenen met de DAS! 

Eva, Inge, Karin, Anneke, Renske, Rabia, Merel, Ingrid, Jill, Maaike, Marian en Samina: 
bedankt dat jullie zulke fijne en gezellige collega’s waren. Veel succes in de toekomst! 

Liesbeth, Ida en Noortje: bedankt dat ik altijd op jullie kon rekenen, zelfs toen de afstand 
groter werd. 

Birgit en Esmee, bedankt voor het invoeren van de data. Jullie waren altijd erg nauwkeurig 
en zorgvuldig en dachten met me mee, wat was het ontzettend fijn om met jullie samen te 
werken. Birgit, je hebt al een prachtige presentatie op de EULAR in Madrid gegeven, heel 
veel succes met de rest van je promotieonderzoek! 

Marieke, bedankt voor alles wat je me geleerd hebt over de COBRA-light studie en alles wat 
daar bij kwam kijken. Veel succes en plezier met je nieuwe functies als onderwijscoördinator 
en senior onderzoeker! 

Yoony, bedankt voor de gezelligheid en je nuchtere, relativerende kijk op het leven. Heel 
veel succes met je opleiding tot dermatoloog! 

Michel, bedankt voor al je antwoorden op “doktersvragen” en al het andere wat je me 
geleerd hebt. Veel succes met de laatste loodjes van je promotieonderzoek en je opleiding 
tot reumatoloog! 

Alper, bedankt voor alles wat je me hebt geleerd over reuma en cardiovasculaire 
problematiek. En bedankt voor je gastvrijheid, wat was het leuk om je samen met Linda in 
Manchester op te zoeken. Veel succes in Duitsland! 

Lieve Sehrash, bedankt voor de gezelligheid en alle lekkere koekjes, fijn dat je altijd tijd had 
om een praatje te maken. Veel succes met je promotieonderzoek en opleiding! 



Dankwoord Dankwoord

178  179  

Willem, bedankt voor alles wat je me hebt geleerd over immunologie en drug levels en 
natuurlijk ook voor je gezelligheid. Linda, Stefan, Sjoerd en ik konden altijd op je rekenen! 
En bedankt dat je die ene keer met me bent meegefietst tot aan de voordeur van 
station Zuid, zonder jouw hulp was ik ongetwijfeld hopeloos verdwaald. Succes met je 
promotieonderzoek en al het moois wat daarna komt! 

Sjoerd, wat was het leuk om samen met jou te leren IMT-en en PWV-en. Al zat je veel op 
Reade, gelukkig was je ook vaak genoeg in het VUmc te vinden, of bij een borrel. Bedankt 
voor de kopjes thee, warme chocolademelk, ijsjes en niet te vergeten de overheerlijke 
verjaardagstompoezen van de bakker! Ook bedankt voor alles wat je me hebt geleerd,  
inclusief je relativerende kijk op promoveren. Ik wens ook jou heel veel succes met de laatste 
loodjes van je promotieonderzoek en je opleiding tot reumatoloog! 

Stefan, Steffie, krullenbol, bedankt voor je eeuwige vrolijkheid en optimisme, altijd die lach 
op je gezicht! Je was een supergezellige “buurman” en ook heel fijn treingezelschap. Bedankt 
voor je positieve kijk op het leven en je wijze woorden. Succes met de laatste loodjes van je 
promotieonderzoek en je opleiding tot radioloog! 

Lieve Linda, wat ben ik blij dat wij vanaf het begin “roomies” waren. Eerst dronken we vooral 
veel theetjes, maar later gingen we ook steeds vaker borrelen en uit eten. Met jou is het 
altijd gezellig, nooit een moment saai (of stil!) en altijd een feestje! Bedankt dat je altijd 
voor me klaar staat, tijd vrij maakt en je hulp aanbiedt. Je bent een zeer dierbare vriendin 
voor me geworden en ik ben heel blij en trots dat jij vandaag mijn paranimf bent. Samen 
kunnen wij de “dokterswereld” aan! Ik wens ook jou veel succes met het afronden van je 
promotieonderzoek en ben benieuwd wat je volgende uitdaging wordt.

Lieve Bas & Angela, Didier & Hinke en Roy & Evelyne: bedankt voor jullie interesse, steun 
en lieve bemoedigende woorden! Ik ben blij dat dit “project” af is en ik nu in de weekenden 
en daar buiten meer tijd voor jullie vrij kan maken. 

Lieve Ellen, Janne, Marlijn, Edith, Rob, Canan en Léonie: jullie hebben me er echt 
doorheen gesleept! Bedankt voor jullie steun, luisterende oren en goede adviezen tijdens 
de oneindig veel gedronken kopjes thee en glazen wijn. Ik ben ontzettend blij dat wij elkaar 
hebben leren kennen en elkaar nog steeds blijven zien, Miepjes for life! 

Lieve Ilse, bedankt voor alles, ik kan me geen gezelligere schoonmoeder wensen. Lieve 
Hans, wat had ik jou er vandaag graag bij gehad. Ik weet dat je ontzettend trots op me bent 
en vanaf daarboven nog steeds een oogje in het zeil houdt en op ons past. Bedankt voor je 
aanmoedigingen en bovenal je positieve kijk op het leven. 

Lian & Johan, Loes en Suus, bedankt voor jullie interesse in mijn onderzoek en daarnaast 
ook zeker voor alle gezelligheid tijdens de afgelopen vijf jaar; samen naar de dierentuin, 
Texel, de camping in Frankrijk, enzovoorts!
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Lieve heit en mem, bedankt dat ik altijd zelf mijn eigen pad heb mogen kiezen en dat jullie 
me bij elke stap en keuze steunen. Bedankt voor het vertrouwen dat jullie me hierdoor 
geven, jullie onvoorwaardelijke steun en liefde en dat jullie altijd voor me klaar staan. Nu is 
dan eindelijk het moment gekomen waarna jullie het nooit meer hoeven te vragen: het is 
eindelijk af! 

Lieve zus, jij bent heel bijzonder en speciaal voor mij. Bedankt voor je onvoorwaardelijke 
steun, luisterende oor en aanmoediging. Ook bedankt voor de dagjes winkelen, heerlijke 
etentjes en het mooiste geschenk en de meest ultieme vorm van afleiding tijdens de 
laatste loodjes: Pim! Ik weet dat jij en Patrick altijd klaar voor mij staan en ik zal ook altijd 
voor jullie klaar staan. Bedankt dat je mijn paranimf wilt zijn, naast jou voel ik me rustig en 
sterk en weet ik dat het goed komt. 

Liefste Joost, allereerst bedankt voor al je geduld. Er leek soms geen einde aan te komen, 
maar nu is het dan toch zover. Bedankt dat je me aanspoorde om door te gaan en op andere 
momenten juist afremde. Bedankt voor alle opofferingen, de avonden en weekenden die 
ik moest werken en we niets samen konden doen, alles wat “tot na mijn promotie” heeft 
moeten wachten… Bedankt dat je me aan het lachen maakt op de momenten waarop 
ik het zo hard nodig heb. Bedankt voor al je liefde, knuffels en het geluk dat je me geeft. 
Met jou wil ik oud worden, de mooiste plekjes op de wereld bezoeken en nog veel meer 
avonturen beleven, 10/10!
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Nicole Konijn was born on August 27th 1988 in Dronrijp, The Netherlands. In 2006, she 
graduated at Piter Jelles Montessori in Leeuwarden and received her VWO diploma. 

Thereafter, she moved to Wageningen where she studied ‘Nutrition and Health’ at 
Wageningen University. She finished her BSc in 2009. During her MSc, she specialized in 
‘Nutrition in Health and Disease’ and completed two theses: one about eating behavior 
at Wageningen University and one about walnut allergy at the University Medical Center 
Utrecht. During the last six months of her MSc, she performed her research internship at 
the departments of Nutrition & Dietetics and Rheumatology at the VU University Medical 
Center (VUmc) in Amsterdam. During this internship, she studied body function, body 
composition and cachexia in a cohort of >100 rheumatoid arthritis (RA) patients. Her main 
supervisors were dr. Marian A.E. de van der Schueren and dr. Lilian H.D. van Tuyl, although 
prof.dr. Willem F. Lems and dr. Irene E.M. Bultink were closely involved as well. 

After finishing her MSc in 2011, she started working as research assistant at the 
department of Social Medicine of the VUmc, part of research institute EMGO+. Here, she 
was involved in an intervention study in which airline pilots received tailored advice about 
daylight exposure, sleep, physical activity and nutrition to improve fatigue, health and 
absenteeism. 

In 2012, she was asked by prof.dr. Willem F. Lems and dr. Lilian H.D. van Tuyl to fulfill 
a PhD position at the Rheumatology department of the VUmc. The main aim of her PhD-
project was to design and perform an extension study of the COBRA-light trial, a 2-year 
randomized controlled trial that compared two treatment strategies for early RA patients. 
The aim of the extension study was to compare the efficacy and safety of initial COBRA 
versus COBRA-light therapy in RA patients after a 4-year follow-up period. In addition, she 
analyzed data of the 2-year COBRA-light trial to study body composition, physical activity 
and remission in early RA patients. 

In 2015, she gave two oral presentations at the annual congress of the Dutch 
Rheumatology Association (Nederlandse Vereniging voor Reumatologie, NVR), and won 
the award for the best oral presentation of the congress. Furthermore, she gave oral 
presentations at the international EULAR Annual European Congress of Rheumatology 
in Rome (2015) and London (2016). During her PhD project, Nicole supervised internship 
students and attended multiple epidemiological courses. She will complete her 
registrations as Epidemiologist B and Nutrition Scientist B after finishing her PhD.

In 2016, Nicole started as Medical Information Associate at the Medical Information 
department of the European headquarter of Sanofi Genzyme in Naarden. In 2017, she was 
asked to fulfill the position of Medical Science Liaison Immunology for the Dutch team of 
Sanofi Genzyme, where she is currently working. 





List of publications



List of publications

189  



List of publications

189  

Accepted for publication

Konijn NPC, van Tuyl LHD, Boers M, den Uyl D, Ter Wee MM, van der Wijden LKM, Bultink 
IEM, Kerstens PJSM, Voskuyl AE, van Schaardenburg D, Nurmohamed MT, Lems WF. Similar 
efficacy and safety of initial COBRA-light and COBRA therapy in rheumatoid arthritis: 4-year 
results from the COBRA-light trial. Rheumatology (Oxford) 2017 Sep 1;56(9):1586-1596

Konijn NPC, van Tuyl LHD, Boers M, den Uyl D, Ter Wee MM, Kerstens PJSM, Voskuyl AE, van 
Schaardenburg D, Nurmohamed MT, Lems WF. Do short and sustained periods of ACR/EULAR 
remission predict functional and radiographic outcome in early rheumatoid arthritis patients 
with low overall damage progression? Arthritis Care Res (Hoboken). 2017 Jul;69(7):989-996

Konijn NPC, van Tuyl LHD, Boers M, van de Ven PM, den Uyl D, Ter Wee MM, Kerstens PJSM, 
Voskuyl AE, van Schaardenburg D, Lems WF, Nurmohamed MT. The short-term effects of 
two high-dose, step-down prednisolone regimens on body composition in early rheumatoid 
arthritis. Rheumatology (Oxford). 2016 Sep;55(9):1615-22

Konijn NPC, van Tuyl LHD, Boers M, den Uyl D, Ter Wee MM, Kerstens PJSM, Voskuyl 
AE, Nurmohamed MT, van Schaardenburg D, Lems WF. Effective treatment for rapid 
improvement of both disease activity and self-reported physical activity in early rheumatoid 
arthritis. Arthritis Care Res (Hoboken). 2016 Feb;68(2):280-4 

Konijn NPC, van Tuyl LHD, Bultink IEM, Lems WF, Earthman CP, van Bokhorst-de van der 
Schueren MAE. Making the invisible visible: bioelectrical impedance analysis demonstrates 
unfavourable body composition in rheumatoid arthritis patients in clinical practice. Scand J 
Rheumatol. 2014;43(4):273-8

Konijn NPC, van Tuyl LHD, Bultink IEM, Lems WF, van Bokhorst-de van der Schueren MAE. 
Body mass index measurements have limited value for the assessment of body composition 
in rheumatoid arthritis: comment on the article by Wolfe and Michaud. Arthritis Care Res 
(Hoboken). 2013 May;65(5):833-4

van Bokhorst-de van der Schueren MAE, Konijn NPC, Bultink IEM, Lems WF, Earthman CP, 
van Tuyl LHD. Relevance of the new pre-cachexia and cachexia definitions for patients with 
rheumatoid arthritis. Clin Nutr. 2012 Dec;31(6):1008-10

Submitted for publication

Konijn NPC, van Tuyl LHD, Dijkstra BAS, Bultink IEM, de van der Schueren MAE, Lems WF. 
Unreliability of bioelectrical impedance analysis for the assessment of body composition in 
patients with rheumatoid arthritis. 





List of abbreviations



List of abbreviations

193  



List of abbreviations

193  

ACPA  Anti-Citrullinated Protein Antibody
ACR  American College of Rheumatology
bDMARD Biological Disease-Modifying Anti-Rheumatic Drug
BIA  Bioelectrical Impedance Analysis
BMC  Bone Mineral Content
BMI  Body Mass Index
BRAF  Bristol Rheumatoid Arthritis Fatigue questionnaire
CDAI  Clinical Disease Activity Index
CI  Confidence Interval
COBRA  ‘COmbinatietherapie Bij Reumatoïde Artritis’, 
  combination therapy for rheumatoid arthritis
CRP  C-Reactive Protein
DAS  Disease Activity Score (in 44 joints)
DAS28  Disease Activity Score in 28 joints
DMARD  Disease-Modifying Anti-Rheumatic Drug
DXA  Dual-energy X-ray Absorptiometry
ESR  Erythrocyte Sedimentation Rate
EULAR  EUropean League Against Rheumatism
FAACT  Functional Assessment of Anorexia/Cachexia Therapy
FFM  Fat-Free Mass
FFMI  Fat-Free Mass Index
FM  Fat Mass
FMI  Fat Mass Index
GC  Glucocorticoid
GEE  Generalized Estimating Equations
HAQ  Health Assessment Questionnaire
ICC  Intra-class Correlation Coefficient
IQR  InterQuartile Range
LM  Lean Mass
LR  Likelihood Ratio
LVCF  Last Value Carried Forward 
MDQ  Multi-Dimensional Questionnaire
MTX  Methotrexate
NRS  Numerical Rating Scale
NSAID  Non-Steroidal Anti-Inflammatory Drug
OR  Odd’s Ratio
PA  Physical Activity
RADAI  Rheumatoid Arthritis Disease Activity Index
RAID  Rheumatoid Arthritis Impact of Disease
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RAPID-3  Routine Assessment of Patient Index Data 3
RF  Rheumatoid Factor
SD  Standard Deviation
SDAI  Simplified Disease Activity Index
sDMARD Synthetic Disease-Modifying Anti-Rheumatic Drug
SF-36  Short Form questionnaire 36
SHS  Sharp - van der Heijde Score
SQUASH  Short QUestionnaire to ASsess Health-enhancing physical activity
SSZ  Sulfasalazine
TBM  Total Body Mass
TPFR  Trunk/Peripheral Fat Ratio
tsDMARD Targeted synthetic Disease-Modifying Anti-Rheumatic Drug
VAS  Visual Analogue Scale
WHO  World Health Organization
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