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General introduction 

 

Rheumatoid arthritis 

Rheumatoid arthritis (RA) is a chronic systemic autoimmune disease characterized 

by inflammation particularly of the small joints leading to synovitis and eventually 

joint destruction and loss of function. RA affects approximately 1% of the general 

population and predominantly women with a peak incidence of 50-60 years [1]. 

Several factors are known to contribute to the aetiology of RA, such as auto-

antibodies (Rheumatoid factor (RF) and antibodies to citrullinated proteins 

(ACPA)), genetic factors and environmental factors.  

Over the last years treatment and prognosis has changed remarkably and treatment 

of RA is now based on early recognition, early intensive management with a 

combination of disease modifying anti-rheumatic drugs (DMARDs), early use of 

biologicals and a treat to target regime aiming at clinical remission [2,3].  

The concept of the existence of a window of opportunity has been underlined by 

studies showing that achieving early suppression of disease activity results in 

sustained remission, prevention of radiological progression and sustain functional 

capacity [4].  

DMARDs have been the first choice for treatment of RA for long-time and 

especially a combination of DMARDs is proven to supress disease progression 

more effectively than mono-therapy or step-up strategies, as shown in the original 

COBRA trial (COmbinatietherapie Bij Reumatoide Artritis) [5], the Behandel 

Strategieen trial (BeSt) [6], o’Dell [7], the Finnish Rheumatoid Arthritis 

Combination therapy trial (FIN-RACo) [8], the PROMPT study and DREAM [9],  

CareRA [10,11] and recently COBRA-slim [11]. 

In the original COBRA trial (COmbinatietherapie Bij Reumatoide Artritis) early 

treatment with a combination of sulfasalazine (SSZ), methotrexate (MTX) and 

initially high dose prednisolone (60 mg/day) resulted in earlier and better 

suppression of disease activity, and inhibition of  radiologic joint damage [12]. 

Furthermore, results of the Best study showed that treatment with COBRA therapy 

is equally effective as combination therapy with MTX and initial anti-TNF 
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treatment (infliximab) with respect to clinical improvement and prevention of 

radiographic damage [6] . 

Remarkably, despite proven clinical effectiveness, safety and cost-effectiveness, 

rheumatologists hesitate to prescribe COBRA therapy to patients for several 

reasons, including continuing concerns over possible side effects of high-dose or 

prolonged glucocorticoid exposure, while patients themselves were able to 

outweigh the potential side effects with possible benefits [13-15].  

 

Figure 1 Treatment protocol COBRA-light study 
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Based on the above mentioned hesitations for a high dose prednisolone an 

investigator driven study was initiated by rheumatologists in VUmc and Reade 

collaboratively. A treatment schedule (e.g. COBRA-light) was designed combining 

MTX (25mg/week) with an initially lower dose of prednisolone (30mg/day) with 

the hypothesis that this “light” schedule is equally effective as the COBRA 

treatment but would contain less objections. In line with the known benefits of 

tight control [16-19], this study was designed according to a treat to target strategy.  

 
Complications of chronic inflammation 

Patients with RA suffer from several comorbidities that contribute to an increased 

disease burden and even shortened lifespan [20]. Inflammation is important for 

the development of most of these comorbidities, as shown in figure 2. In this thesis 

we focus on cardiovascular disease and metabolic disorders, such as insulin 

resistance and osteoporosis.  

 

Figure 2 Complications of inflammation in RA 

 



General introduction 

13 

 
Cardiovascular disease  

Over the past years it has become increasingly clear that systemic inflammation is 

critical in the development of all stages of atherosclerosis.[21,22] Multiple 

epidemiological studies showed a strong association between high sensitivity c-

reactive protein (hs-CRP) and cardiovascular disease and currently hs-CRP is 

considered an independent biomarker of cardiovascular risk [23]. Moreover, 

inflammation plays a pivotal role in the formation and rupture of fatty streaks [24]. 

Patients with RA have a two to four-fold increased risk of cardiovascular morbidity 

and mortality compared with the general population [25,26]. This is partly due to a 

higher prevalence of traditional cardiovascular risk factors, such as smoking, 

history of cardiovascular disease, hypertension, hypercholesterolaemia and a 

higher body mass index [27-29]. Systemic effects of inflammation in RA has been 

shown to accelerate atherosclerosis indirectly by increasing insulin resistance, 

altering lipid profile and increasing blood pressure [30,31]. In addition to the effect 

of the inflammatory response itself, treatment of RA, especially glucocorticoids 

(GC’s), have been implicated to result in a higher cardiovascular risk due to the 

induction of side effects. In earlier studies, GC use was associated with incident 

diabetes mellitus, hypertension and endothelial dysfunction [32-34]. However, on 

the other hand, adequate treatment control, resulting in diminished levels of 

circulating cytokines and improvement of physical activity, reduces the 

cardiovascular risk due to favourable effects on the disease activity [35] and this 

may even account for treatment with glucocorticosteroids [36]. 

 

Osteoporosis 

Osteoporosis is defined as a skeletal disease characterized by loss of bone mineral 

density and deterioration of micro-architecture causing an increased susceptibility 

of fractures [37]. Osteoporosis is an important complication of RA which occurs in 

two forms: generalized bone loss and peri-articular bone loss in the proximity of 

inflamed joints [38]. Before the introduction of TNF-blocking agents and COBRA 

therapy, generalized bone loss in RA patients was  increased as compared to non-

RA patients in the lumbar spine (-2.6% during one year vs -0.6%) and hip (-4.3% 
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during one year vs –0.4%) [39-41]. Furthermore, RA patients are at increased risk 

for hip- and vertebral fractures [42,43]. One explanation for this accelerated bone 

loss is the high prevalence of known risk factors, such as female sex, 

postmenopausal state and low physical activity. In addition, treatment with 

glucocorticoids has been identified as an important risk factor [44]. Chronic 

inflammation itself is known to stimulate bone resorption leading to bone loss and 

increased fracture risk. Results from experimental studies showed that an elevated 

amount of pro-inflammatory cytokines is important in activating 

osteoclastogenesis directly and by decreasing the OPG production and inducing the 

expression of RANKL, causing an increased RANKL/OPG ratio [45]. Besides the 

enhanced osteoclastogenesis, inflammation also inhibits bone formation by 

inhibiting Wnt signalling. Interestingly, adequate treatment of RA, including 

glucocorticoids, results in prevention of this accelerated bone loss and subsequent 

fractures [46,47]. 

 

Outline of this thesis 

The general aim of this thesis is to evaluate the results of the COBRA-light trial on 

disease activity and radiographic progression in early RA patients and further focus 

on the effects of this treatment regime on important comorbidities of rheumatoid 

arthritis. In addition, this thesis is set to elucidate the potential interrelationship of 

three major systemic disorders, i.e. inflammation, cardiovascular disease and 

osteoporosis. 

Section I 

The first section contains the results of the COBRA-light study, a randomized 

controlled trial comparing a treat-to target treatment schedule with an initially 

lower dose of prednisone (i.e. COBRA-light) with the COBRA therapy in early and 

active RA.  

In chapter 2 the results of the first 26 weeks on disease activity of the COBRA-

light trial are reported.  The clinical results after 52 weeks of the COBRA-light study 

on disease activity and radiological joint progression are presented in chapter 3.  

In Chapter 4 the presence of insulin resistance on baseline in early RA patients 

and the short term effects of combination therapy, including high dose 
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glucocorticoids, on insulin resistance was studied by oral glucose tolerance test 

(OGTT). Chapter 5 describes the change in BMD over four years in early RA 

patients included in the COBRA-light trial. 

 

Section II 

The second section aims to investigate the pathophysiology and association of (low 

grade) inflammation with two important comorbidities, i.e.. osteoporosis and 

cardiovascular disease. In Chapter 6,  the underlying mechanisms suggested to 

cause glucocorticoid induced osteoporosis were described and treatments 

recommendation are discussed. And in chapter 7 an attempt for improving 

adherence to osteoporosis treatment has been made by providing more insight into 

patients preference for calcium and vitamin D supplementation.  

The association between biomarkers of low grade inflammation and osteoporosis, 

as measured by bone markers and bone strength, in the general aged population is 

presented in chapter 8. A systematic review was conducted to study the link 

between bone metabolism and cardiovascular disease and these results are 

discussed in chapter 9.  
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Abstract 

 

Background  

Early, intensive treatment of rheumatoid arthritis (RA) with the combination of 

(initially high dose) prednisolone, methotrexate and sulfasalazine (COBRA 

therapy) considerably lowers disease activity and suppresses radiological 

progression, but is infrequently prescribed in daily practice. Attenuating the 

COBRA regimen might lessen concerns about side-effects, but the efficacy of such 

strategies is unknown. 

 

Objective  

To compare the ‘COBRA-light’ strategy with only two drugs, comprising a lower 

dose of prednisolone (starting at 30 mg/day, tapered to 7.5 mg/day in 9 weeks) and 

methotrexate (escalated to 25mg/week in 9 weeks) to COBRA therapy 

(prednisolone 60 mg/day, tapered to 7.5 mg/day in 6 weeks, methotrexate 7.5 

mg/week and sulfasalazine 2g/day).  

 

Method  

An open, randomized-controlled, non-inferiority trial in 164 patients with early 

active RA, all treated according to a treat to target strategy. 

 

Results  

At baseline patients had moderately active disease: mean (SD) 44-joint disease 

activity score (DAS44) 4.13 (0.81) for COBRA and 3.95 (0.9) for COBRA-light. After 

6 months, DAS44 significantly decreased in both groups (–2.50 (1.21) for COBRA 

and –2.18 (1.10) for COBRA-light). The adjusted difference in DAS44 improvement 

between the groups, 0.21 (95%CI –0.11 to 0.53, p=0.19), was smaller than the 

predefined clinically relevant difference of 0.5. Minimal disease activity (DAS44 

<1.6) was reached in almost half of patients in both groups (49% and 41% in 

COBRA and COBRA-light, respectively).  

 



Cobra-light week 26 

23 

Conclusion  

At 6 months COBRA-light therapy is most likely non-inferior to COBRA therapy.  

Clinical Trial Registration Number ISRCTN55552928 
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Introduction 

Early and intensive treatment of rheumatoid arthritis (RA) has significantly altered 

the short-term and long-term outcome of RA patients [1-3]. Targeting treatment to 

decrease disease activity immediately after diagnosis has favourable effects on 

disease activity, physical functioning and (radiographic) joint damage progression 

[4-8]. Combination therapy of disease-modifying anti-rheumatic drugs (DMARD), 

usually including prednisolone, has proved to be superior to monotherapy for 

suppressing disease activity and radiological progression [3;6;9-12]. This was 

observed in the COmbinatietherapie Bij Reumatoide Artritis (COBRA) trial in 

which patients were treated with sulfasalazine, methotrexate and initially high-

dose prednisolone (60 mg/day). Disease activity decreased and radiological 

progression was suppressed, and these effects were sustained after long-term 

follow-up [9;13;14]. Furthermore, in the BeSt study it was demonstrated that 

treatment with COBRA therapy is as effective as combination therapy with 

methotrexate and initial anti-tumour necrosis factor (anti-TNF) treatment 

(infliximab) with respect to clinical improvement and prevention of radiographic 

damage, and superior to initial monotherapy with methotrexate and step-up 

therapy in the first months of treatment [6].  

Despite confirmed clinical effectiveness, safety and cost-effectiveness, 

rheumatologists infrequently prescribe COBRA therapy to patients for the 

following reasons: (1) fear of possible side-effects of high dose prednisolone; (2) 

complexity of the treatment schedule; (3) the large number of pills that patients 

receive and physicians should prescribe; and (4) concerns about possible 

counteracting interactions between methotrexate and sulfasalazine [15]. Therefore, 

a treat-to-target strategy combining a lower dose of prednisone, without 

sulfasalazine and with a higher dose of methotrexate, was designed, termed 

“COBRA-light”. The objective of this study was to compare the effect of COBRA-

light to COBRA on clinical and radiological outcomes in early RA. This report 

focuses on whether COBRA-light therapy is non-inferior to COBRA therapy in the 

primary clinical outcome set at 26 weeks of treatment.  
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Patients and methods 

Patients  

The COBRA-light study was an investigator-driven study: initiated, designed and 

conducted by rheumatologists working at the VU Medical Center, Reade and 

Westfriesgasthuis in Amsterdam and Hoorn, The Netherlands. Patients with early 

RA according to the revised American College of Rheumatology (ACR) criteria, [16] 

were recruited between March 2008 and March 2011. Other inclusion criteria were: 

age 18 years and older, disease duration 2 years or less, currently active disease as 

shown by at least six swollen and tender joints, plus either an erythrocyte 

sedimentation rate (ESR) of 28 mm/h or greater, or a global health score of 20 mm 

or greater on a 0-100 mm visual analogue scale. Exclusion criteria included: 

previous treatment with glucocorticoids or DMARD other than antimalarial agents, 

uncontrolled diabetes mellitus, heart failure (New York Heart Association class 3-

4), uncontrolled hypertension, ALAT or ASAT level more than three 3 times the 

upper limit of normal, reduced renal function (serum creatinine level > 150 

µmoles/l), contraindications for glucocorticoids and a positive tuberculin skin test. 

The eligibility criteria strongly resemble earlier trials establishing the efficacy of 

COBRA[6,9]. 

The medical ethics committee at each participating centre approved the protocol 

and the study was conducted in accordance with the Declaration of Helsinki/good 

clinical practice. All patients gave written informed consent before inclusion. 

 

Treatment allocation and intervention 

The COBRA-light study was a randomized, open, multicentre trial comparing two 

treatment schedules for the treatment of early RA (www.controlled-trials.com; 

ISRCTN55552928). Patients were randomly assigned to either COBRA therapy or 

COBRA-light therapy using sequentially numbered envelopes containing the 

allocated treatment group. Online randomization software was used to obtain 

variable blocks of six, stratified per centre. After checking eligibility and informed 

consent, the study physician entered each patient into the study. For some patients 

the assigned treatment was started after 1 week to allow baseline measurements of 

insulin resistance (results reported separately) [17].  



Chapter 2 

26 

This study included a strict treatment regime during 1 year and a second year of 

follow-up. Patients assigned to COBRA therapy started with prednisolone 60 

mg/day, tapered to 7.5 mg/day in 6 weeks, methotrexate 7.5 mg/week and 

sulfasalazine 1 g/day, increased to 2 g/day after 1 week (figure 1) according to the 

COBRA study [6]. The decision to adjust medication was based on the disease 

activity score in 44 joints (DAS44), including the Ritchie articular index, assessed 

every 3 months. Primary treatment goal was minimal disease activity, at that time 

defined as DAS44 less than 1.6. The protocol required an increase of the 

methotrexate dose to 25 mg/week after 13 weeks of treatment if the DAS44 was 1.6 

or over. Patients receiving COBRA-light therapy started with prednisolone 30 

mg/day, tapered to 7.5 mg/day in 9 weeks and methotrexate 10 mg/week with 

stepwise increments in all patients to 25 mg/week in 9 weeks; the protocol required 

the treating physician to consider parenteral methotrexate after 13 weeks if the 

DAS44 was 1.6 or greater (figure 1). All patients received folic acid 5 mg/week and 

daily calcium/vitamin supplementation. Bisphosphonates were prescribed 

according to the guidelines for glucocorticoid-induced osteoporosis [18]. 

Concomitant treatment with non-steroidal anti-inflammatory drugs and intra-

articular injections with glucocorticoids during the study were permitted. For 

analyses, it was assumed that all intra-articular glucocorticoid injections given less 

than three months before the next visit influenced the disease activity calculations. 

Therefore, the injected joint was scored as being tender and swollen. If an 

intramuscular glucocorticoid injection was given within 4 weeks before a next visit, 

the disease activity calculation was recorded as missing. 

In general, in case of an adverse event, the responsible drug(s) were reduced to the 

lowest tolerable dose. Additional options for methotrexate included subcutaneous 

injections if patients experienced gastrointestinal side effects and finally patients 

could switch to leflunomide if they remained intolerant to methotrexate.  
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Figure 1 Treatment protocol COBRA-light study 

 
*Methotrexate must first be increased to 25mg/week. Anti-TNF, anti tumor-necrosis factor. DAS44, 44-

joint Disease Activity Score. MTX, methotrexate. Sc, subcutaneous. 
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Assessment of end points 

Every three months independent research nurses and (for VU medical center) 

study physicians performed the assessments. The primary outcome was the change 

in DAS44 after 26 weeks of treatment compared with baseline (DAS44). Secondary 

outcomes included the proportions of patients achieving minimal disease activity 

according to DAS44 criterion (DAS44 <1.6) and the new American College for 

Rheumatology/European League Against Rheumatism (ACR/EULAR) criteria 

(Boolean approach) [19;20]. Other secondary outcomes were changes in core set 

variables, the EULAR and ACR response criteria and physical function as measured 

by the Dutch version of the health assessment questionnaire (HAQ) [21;22]. All 

protocol violations were recorded. Protocolised treatment deviations were recorded 

separately. Major protocol violations were defined as any unapproved changes in 

the treatment protocol or procedures that could affect the completeness, accuracy, 

reliability and integrity of the study data; this was adjudicated by an independent 

committee of two rheumatologists not involved in the execution of the study. 

 

Safety 

During follow-up safety was monitored at each study visit by active solicitation: 

patients were interviewed on the presence of adverse effects following a detailed 

list. In addition, laboratory monitoring comprised a complete blood cell count, 

serum levels of ALT, alkaline phosphatase, creatinine, electrolytes, glucose and 

lipids. All adverse events and subsequent treatment adjustments were recorded. 

A serious adverse event (SAE) was defined as any untoward medical occurrence 

that resulted in death, was life-threatening, (planned) inpatient hospitalization or 

prolongation of existing hospitalization, resulted in persistent or significant 

disability/incapacity, or (planned) intervention to prevent permanent impairment 

or damage. An independent committee identified all serious events and assessed 

their potential relationship with treatment.  

 

Statistical analysis 

The primary outcome of this trial was the mean DAS44 after 26 weeks. The limit 

for non-inferiority was set at a difference in change of 0.5 points. Sample size 
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calculations showed that 142 patients would be needed to obtain 80% power, with a 

two-sided significance level of 5%, to detect this difference. The target inclusion 

was set at 160 to compensate for loss to follow up. Data are presented as mean 

values ± SD or as median (IQR) in case of skewed distribution. Analyses were 

performed by modified intention to treat (ITT) protocol, including all patients who 

received at least one dose of the allocated treatment schedule. Two patients (one in 

each group) were lost to follow-up at week 13 and 16, respectively, and their 

missing data were imputed as follows: the mean change in DAS44 between week 13 

and week 26 of all patients were used to calculate the missing DAS44 scores at 

week 26 for the individual patient. Post hoc, after checking results, DAS44 

calculations with c-reactive protein (CRP) were performed to investigate the effect 

of different acute phase proteins.  

All outcome variables with Gaussian distribution were analysed by linear 

regression. The primary outcome was analysed with ΔDAS44 as outcome and 

treatment group and baseline DAS44 as explanatory variables. Non-normally 

distributed parameters were first log-transformed and also analysed by linear 

regression. Categorical variables were tested by the χ2 test. Subgroup analyses were 

performed to explore the effect of protocol deviations on the primary outcome. All 

statistical analyses were run on SPSS for Windows V15.0. A two-sided p<0.05 was 

considered statistically significant. For the primary outcome, ΔDAS44, results 

document whether the difference between the group and its 95%CI exceeds the pre-

set non-inferiority boundary. For secondary outcomes, for example the difference 

in disease activity score component, the results of traditional statistical tests of the 

null hypothesis of no difference are reported. 

 

Results 

In total, 164 patients were randomly assigned for treatment with COBRA (n=81) or 

COBRA-light (n=83) (figure 2). Of all patients screened (n=246), 33% were not 

included because they did not meet the entry criteria or declined participation. The 

predominant reason to decline was the intensity of the study rather than the 

treatment. Two patients did not initiate treatment and dropped out immediately 

after randomisation. These patients were excluded from the ITT analyses. In 
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addition, two patients (one in each arm) stopped trial treatment and were lost to 

follow-up at 13 and 16 weeks due to adverse events (myocardial infarction in 

COBRA and manic episode in COBRA-light, respectively).  

 

Figure 2 Flow chart of Combinatietherapie Bij Reumatoïde Artritis (COBRA)-light trial  

 

 

From these patients no clinical data were available at week 26, but both were still 

alive. At baseline the groups were mostly well matched in demographic and disease 

characteristics, but the baseline DAS44 was somewhat higher in the COBRA group: 

mean 4.13 (SD 0.81) versus 3.95 (0.9) in the COBRA-light group (table 1). Median 

disease duration was 16 weeks (IQR 8-30).  
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Table 1 Baseline characteristics 

 COBRA  

(n=81) 
COBRA-light 

(n=83) 

Age, years 53 (13) 51 (13) 

Women, n (%) 54 (67%) 58 (70%) 

Disease duration (weeks) 16 (9-28) 17 (8-33) 

RF positive, n (%) 47 (58%) 48 (58%) 

Anti-CCP positive, n (%) 50 (62%) 55 (66%) 

Erosive disease, n (%)* 8 (10%) 14 (17%) 

DAS44 4.13 (0.81) 3.95 (0.89) 

DAS44crp 3.98 (0.73) 3.83 (0.85) 

DAS28 5.67 (1.13) 5.45 (1.29) 

Tender joints 17 (12-24) 16 (10-23) 

Swollen joints 13 (10-17) 11 (9-14) 

Ritchie articular index 10 (7-13) 11 (7-13) 

HAQ 1.36 (0.66) 1.37 (0.71) 

ESR mm/h  27 (15-45) 27 (12-48) 

CRP mg/L 13 (5-27) 13 (4-31) 

Patient assessment disease activity, mm (0-100) 64 (43-76) 68 (52-84) 

Patient assessment of pain, mm (0-100) 64 (46-76) 59 (38-78) 

Patient global assessment, mm (0-100) 62 (48-75) 60 (36-78) 

Physician assessment disease activity, mm (0-100) 50 (40-60) 46 (38-59) 
 

Data are expressed as mean (±SD) or median (IQR). *Erosive disease according to the in-house 

radiologist.  

Tender joints, 53 joints. Swollen joints, 44 joints. Ritchie articular index, 53 joints. Anti-CCP, anti-cyclic 

citrullinated peptide. CRP, C-reactive protein. DAS28, 28-joint disease activity score. DAS44, 44-joint 

disease activity score. ESR, erythrocyte sedimentation rate. HAQ, health assessment questionnaire. RF, 

rheumatoid factor.  

 

The majority of patients (71%) were rheumatoid factor (RF) or anti-cyclic 

citrullinated peptide (anti-CCP) positive, and 51% of the patients were positive for 

both factors. In total, three patients had used hydroxychloroquine prior to 

inclusion (two in COBRA and one in COBRA-light). The four patients prematurely 

discontinuing trial treatment were older (median 64 years, IQR 54-70) and had a 

higher HAQ score at baseline (median 1.9, IQR 1.4 to 2.3) compared to the other 

patients.  
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Clinical outcomes 

In both groups disease activity rapidly decreased, with most of the effect already 

reached at week 13 (figure 3): change in DAS44 at 26 weeks was –2.50 (1.21) for 

COBRA and –2.18 (1.10) for COBRA-light; between-group difference 0.33 (95%CI 

–0.03 to 0.68), that is less than the prespecified non-inferiority boundary (table 2). 

This difference in ΔDAS44 decreased to 0.21 points (95%CI –0.11 to 0.53) after 

correction for baseline DAS44 values. The mean DAS44 at week 26 was 1.62 (0.96) 

for the COBRA arm and 1.78 (1.13) for the COBRA-light arm. After 13 weeks of 

treatment, 46 (57%) patients in the COBRA arm had a DAS44 of 1.6 or greater, and 

thus needed to intensify the treatment, compared to 45 (56%) patients in the 

COBRA-light arm.  

We also show the analyses with a two-sided 90% CI [23]. The difference in ΔDAS44 

changes to 0.33 points (90%CI 0.11 to 0.71); adjusted for baseline DAS44: 0.21 

points (90%CI -0.05 to 0.48). Extra analyses with DAS44 calculated with CRP 

show that there is nearly no difference between the groups. The ΔDAS44 is –2.15 

(1.09) for COBRA and –2.10 (1.09) for COBRA-light. Therefore a difference in 

ΔDAS44 of 0.044 (95%CI –0.29 to 0.38), and adjusted for baseline DAS44CRP: –

0.06 (95%CI –0.36 to 0.23). 

There were no significant differences between the treatment groups with respect to 

all secondary outcome measures at week 26 (figure 3), except for ESR, which was 

lower in the COBRA-arm (p=0.003). There were no statistically significant 

differences in the proportion of patients reaching minimal disease activity 

(DAS44<1.6); 49% COBRA versus 41% COBRA-light, and remission according to 

the ACR/EULAR Boolean remission criteria: 16% COBRA versus 20% COBRA-

light. The percentage of patients with good EULAR response after 13 weeks was 

63% in the COBRA arm and 47% in the COBRA-light arm, which increased to 75% 

and 65% (in COBRA and COBRA-light, respectively) after 26 weeks. A limited 

number of patients fulfilled the EULAR non-response criteria: 4% versus 11% after 

13 weeks and 6% versus 11% after 26 weeks for COBRA and COBRA-light, 

respectively. An ACR20 response was achieved in 74% COBRA versus 72% COBRA-

light patients, an ACR50 response in 57% versus 62% and an ACR70 response in 

38% versus 49%, respectively. None of these differences reached statistical 
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significance. During follow-up, one COBRA-light patient received an intramuscular 

injection with glucocorticoids 2 weeks before the 13-week assessment and three 

COBRA-light patients received an intra-articular injection.  

In the COBRA arm 47 (58%) patients needed intensification (e.g. increase of 

methotrexate to full dose) at week 13 due to high disease activity.  

 

Table 2 Outcome at 26 weeks 
 

 COBRA 

 (n=81) 
COBRA-

light (n=81) 
Unadjusted 

Beta (95%CI) 
P 

Adjusted* 

Beta (95%CI) 
P 

∆ DAS44  –2.50 (1.21) –2.18 (1.1) 0.33 (–0.03; 0.68) 0.08 0.21 (–0.11 ; 0.53)  0.19 

AUC DAS44 62.1 (±17.6) 64.0 (±25.4) 2.2 (–4.5; 9.0) 0.52   
∆ DAS44crp -2.15 (±1.09) -2.10 (±1.09) 0.04 (-2.9 ;0.38) 0.79 -0.06 (-0.36 ;0.23) 0.68 

∆ HAQ –0.8 (±0.6) –0.8 (±0.7) 0.1 (–0.2; 0.3) 0.61 0.1 (–0.1; 0.2) 0.49 

∆ Tender joints –14.0 (±10.9) –12.8 (±11.1) 1.2 (–2.3; 4.7) 0.49 0.3 (–2.0; 2.5) 0.81 

∆ Swollen joints –11.3 (±6.1) –9.6 (±6.2) 1.6 (–0.3; 3.5) 0.10 0.2 (–0.9; 1.4) 0.67 

∆ ESR, mm/h† –21.5 (–37;-8) –13.5 (–34;-4) 1.5 (1.2; 2.1) 0.003 1.5 (1.2; 2.0) 0.002 

∆ CRP, mg/L† –9.5 (–25;-1)  –8.5 (–29;-1) 1.1 (0.7; 1.6) 0.67 1.0 (0.8; 1.4) 0.42 
∆ Patient VAS 

 disease activity 
–31 (±31) –41 (±32) –9.3 (–19.3; 0.7) 0.07 –5.6 (–13.8; 2.6) 0.18 

∆ Patient VAS  

pain 
–32 (±30) –34 (±30) –0.5 (–10.1 ; 9.2) 0.55 –2.9 (–10.5 ; 4.7) 0.25 

∆ Patient VAS  

global health 
–33 (±32) –33 (±30) –-2.9 (–12.5; 6.7) 0.92 –4.7 (–12.6; 3.3)  0.45 

∆ Physician VAS 

 disease activity 
–31 (±20) –31 (±25) –0.6 (–7.9; 6.6) 0.98 –3.1 (–9.4; 3.1) 0.43 

 

Data are expressed as mean (±SD) or median (IQR) change from baseline. ∆= change from baseline 

value. Significance between groups were tested with linear regression.  

*Adjusted for baseline value. †Regression based on LNESR and LNCRP.  

anti-CCP, anti-cyclic  citrullinated  peptide.  AUC,  area under the curve. CRP, C-reactive protein. 

DAS44, 44-joint disease activity score. ESR, erythrocyte sedimentation rate. HAQ, health assessment 

questionnaire. RF, rheumatoid factor. VAS, visual analogue scale. 

 

An increase in methotrexate resulted in a mean (SD) ΔDAS44 of –0.67 (0.8) at 

week 26, compared with a mean (SD) ΔDAS44 of 0.03 (1.1) in patients that had a 

DAS44 of 1.6 or greater but without intensification (e.g. protocol violation). 
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After 26 weeks the mean methotrexate dose was 15.6 mg/week in the COBRA arm; 

24.4 mg/week after intensification and 7.5 mg/week in the remainder. In three 

(4%) COBRA-light patients the treatment was intensified by parenteral 

methotrexate. The mean methotrexate dose was 24 mg/week in the COBRA-light 

arm. No patients were loss to follow-up due to loss of efficacy. 

 
Adverse events 

On active solicitation the majority of patients reported at least one adverse event: 

COBRA 94% and COBRA-light 90%. These were mostly mild gastrointestinal 

problems (42% in both groups), infections (42% in COBRA and 40% in COBRA-

light) or skin problems (37% and 43% in COBRA and COBRA-light, respectively). 

Six percent of the COBRA patients and 5% of the COBRA-light patients did not 

reach the maximal dose of methotrexate due to elevated liver enzymes or 

gastrointestinal complaints. During the 26 weeks of treatment mean weight gain 

was 1.3 (3.1) kg for COBRA and 1.2 (3.4) kg for COBRA-light (p=0.90). In total, 

seven patients (9%) in the COBRA arm had an increase of more than 5 kg 

compared with 14 patients (18%) in the COBRA-light arm. In the COBRA arm two 

patients were newly diagnosed with diabetes type II and needed treatment with 

oral antidiabetic drugs. Three patients needed treatment for hypertension (one in 

the COBRA arm and two in the COBRA-light arm).  

Serious adverse events occurred in three COBRA patients (myocardial infarction, 

planned cataract operation, and a planned operation of the cervical spine) and in 

six COBRA-light patients (planned knee replacement, planned hallux valgus 

surgery, planned varicose veins surgery, planned control coloscopy for 

diverticulosis, hospitalisation for arrhythmia, and a manic episode). 

 

Protocol violations 

More protocol violations occurred in COBRA than in COBRA-light: 24 versus 7%. 

Six COBRA patients and two COBRA-light patients had a major protocol violation 

(table 3). These patients were included in the primary analysis. Excluding patients 

with major protocol violations resulted in a larger improvement in DAS44 (–2.57 

(1.19)) in patients treated with COBRA, while the results for COBRA-light remained 
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more or less the same (-2.16 (1.09)). The difference in ΔDAS44 increased to 0.41 

points, which was significantly different (95%CI 0.05 to 0.77); adjusted for baseline 

DAS44: 0.21 (95%CI –1.12 to 0.53).  

 
Table 3 Protocol deviations 

 COBRA 
(n=81) 

COBRA-light 
(n=81) 

Protocolised treatment deviations 8 11 

 No full dose methotrexate due to elevated liver enzymes or 
gastrointestinal adverse events 

5 5 

 Reduction prednisolone due to adverse events 1* 2† 

 Reduction SSZ due to adverse events 1  

 Switch to leflunomide due to methotrexate intolerance  1 

 Intra-articular injection  3 

 Intra-muscular injection 1  

Minor violations 13 4 

 No increase to full methotrexate 9 2 

 Inappropriate increase methotrexate 2  

 Inappropriate step in patient with methotrexate intolerance   1 

 Lower dose sulfasalazine 1  

 Inadequate prednisolone dose 1‡  

 No DMARD temporarily  1 

Major violations 6 2 

 No medication for weeks 2  

 Mesalazine instead of sulfasalazine 1  

 Permanently stop of DMARD 1  

 Prednisolone not tapered to 7.5mg 1§  

 Anti-TNF started at week 13  1 

 Inappropriate step in patient with methotrexate intolerance  1 1 
 

 *Prednisolone dose 0 mg/day; †Prednisolone dose 0 and 5mg/day; ‡Prednisolone dose 10mg/day; 

§Prednisolone dose 15mg/day. DMARD, disease-modifying anti-rheumatic drugs; GI, gastro-intestinal; 

anti-TNF, anti-tumour necrosis factor.  

 
Data excluding patients with any protocol violation (but retaining patients with 

protocolised treatment deviations) resulted in a difference in ΔDAS44 of 0.42 

points in favour of COBRA (95%CI 0.42 to 0.8); adjusted for baseline DAS44: 

ΔDAS44 is 0.23 points (95%CI –0.1 to 0.57). This difference is still smaller than the 

previously defined threshold for clinically relevant difference of 0.5. Analyses with  
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Figure 3 Mean change in outcomes of treatment. 

Data are expressed as mean (SD). Dotted line represents COBRA and straight line represents COBRA-

light.  

*p<0.05 compared with COBRA-light.  

Number of patients DAS44 COBRA: baseline, 81; week 13, 81; week 26, 81. COBRA-light: baseline, 81; 

week 13, 80; week 26, 81. Number of patients HAQ COBRA: baseline, 80; week 13, 80; week 26, 78. 

COBRA-light: baseline, 81; week 13, 79; week 26, 80. Number of patients ESR COBRA: baseline, 81; 

week 13, 80; week 26, 80. COBRA-light: baseline, 81; week 13, 78; week 26, 80. Number of patients CRP 

COBRA: baseline, 81; week 13, 81; week 26, 78. COBRA-light: baseline, 79; week 13, 78; week 26 76.  

p Values: DAS44 baseline, p=0.2; week 13, p=0.3; week 26, p=0.37. HAQ baseline, p=0.97; week 13, 

p=0.33; week 26, p=0.52. lnESR baseline, p=0.94; week 13, p=0.002; week 26, p=0.006. lnCRP 

baseline, p=0.82; week 13, p=0.21; week 26, p=0.94.  

CRP, C-reactive protein. DAS44, 44-joint disease activity score. ESR, erythrocyte sedimentation rate. 

HAQ, health assessment questionnaire. ln, natural logarithm. 
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DAS44 CRP: data without patients with a major protocol violation, the difference in 

ΔDAS44 is 0.08 points (95%CI –0.26 to 0.43); adjusted for baseline DAS44: 

ΔDAS44 is –0.1 points (95%CI –0.39 to 0.20).  

Again, per protocol analyses with a two-sided 90% CI resulted in a CI within the 

threshold: data without patients with a major protocol violation; adjusted for 

baseline DAS44: ΔDAS44 is 0.21 points (90% CI: –0.06 to 0.47). 

 

Discussion 

This study suggests that COBRA-light therapy may be a feasible alternative to 

COBRA in the first 6 months of treatment. As the CI of the observed difference in 

ΔDAS44 includes the predefined clinically relevant threshold of 0.5, we are unable 

to fully claim non-inferiority. However, when analyses were performed with a two-

sided 90%CI, or when DAS44 was calculated with CRP, the CI of the ITT and per-

protocol analyses are within the predefined threshold of 0.5. The results were 

consistent across the secondary outcomes, with some trends even favouring 

COBRA-light (e.g. ACR/EULAR remission and ACR50 and ACR70 responses), and 

only the ESR proved significantly lower in the COBRA arm. In fact, this difference 

in ESR is the main driver for the observed difference in ΔDAS44 between the 

groups. In addition, no differences were seen in the safety profile. In other words, 

COBRA-light therapy seems to be equally effective and safe but has the advantage 

that it incorporates a lower initial dose of prednisolone and a less complicated 

treatment schedule. As our study was performed in standard medical practice, with 

a high inclusion rate of 67% resulting in a patient profile typical for early RA, our 

results are clinically relevant. Interestingly, more patients declined participation 

due to the intensity of the study than due to the fear of side effects of the treatment 

medication, which is in line with earlier research [16]. 

The improvement in disease activity found in this study is comparable with or even 

better than previous studies of combination therapy for RA.[6; 9; 11] In the COBRA 

and BeSt trial a mean change in DAS44 of –2.1 respectively –2.3 was found after 6 

months treatment with COBRA therapy [6]. Both COBRA and COBRA-light 

resulted in a large number of patients with DAS44 less than 1.6 after 26 weeks of 

treatment. These proportions are much higher than those found in the original 
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COBRA trial (17% of the patients treated with COBRA), in most part explained by 

the methotrexate intensification in this study, and seem to be a bit higher than 

those found in the BeSt trial in which 30-35% of the patients treated with COBRA 

achieved DAS44 less than 1.6 after 6 months [6; 24]. Similarly, compared with the 

original COBRA trial, more patients in this study achieved EULAR good response 

and ACR70 after 26 weeks. Compared with these previous studies, our patients 

were enrolled after a short period of symptoms, had a lower DAS44 score, were less 

often RF or anti-CCP positive, and, most strikingly, were less often erosive at 

baseline. Presumably, as a result of advanced insight and altered guidelines, RA 

patients are seen earlier by the rheumatologist and treatment is initiated earlier 

than 10 years ago. This study was designed before the results of treat-to-target 

studies were published, and monitoring more frequent than every three months 

might even improve the results, but the feasibility in routine practice remains to be 

determined [4; 7; 8]. Compared with other studies a large number of protocol 

violations were reported, which is due to the use of a specified list during every 

visit, to the complex drug treatment scheme and to the use of combination therapy 

of DMARD.  

This study reports the clinical data after 26 weeks of treatment. Longer-term 

clinical effects as well as the effects on radiological progression are still under 

investigation. This study has some limitations. The results of open-label trials are 

more susceptible to bias than blinded studies. To minimize any influence on 

outcome assessment, these were performed by trained research nurses uninvolved 

in the routine care. On the other hand, the open-label design more closely 

mimicked daily practice, which increases its external validity. However, this also 

resulted in a relatively large proportion of physicians and patients not adhering to 

the treatment protocol, in most cases leading to suboptimal dosing given the level 

of disease activity.  

Another point is the non-inferiority design. The width of the CI is a function of 

power, ideally 90% in this type of trials, whereas 80% was the maximum feasible in 

our setting. The relevance of non-inferiority trials depends on the choice of the 

non-inferiority margin. [25] Based on clinical experience we arbitrarily chose a 

non-inferiority margin of 0.5 before starting the study. Our point estimate was well 
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below that boundary, but the upper limit of the CI was around the chosen margin. 

However, 0.53 exceeds the upper limit of 0.50 only minimally in addition the 

changes in DAS44 are largely driven by ESR, which was lower after 26 weeks in 

COBRA than in COBRA-light. Other outcome measures, such as ACR50/ACR70 

remission etc. favour COBRA-light.  

Finally, despite the intensive treatment schedules, almost 10% of the patients 

showed no response, which might in part be due to non-compliance or intolerance 

for DMARD. A treat-to-target therapy should identify these patients even more 

quickly and an alternative treatment should be started as soon as possible.  

In conclusion, we suggest that COBRA-light therapy is a feasible alternative to 

COBRA therapy in the first 6 months: both strategies effectively lower disease 

activity in early, active RA patients and are generally well tolerated. The 

applicability of COBRA-light will be more fully determined by the 1-year clinical 

and radiological results.  
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Abstract 

 

Background  

Recently, we documented the likely non-inferiority of Combinatietherapie bij 

Reumatoïde Artritis (COBRA)-light therapy (methotrexate increased to 25mg/week 

with initial prednisolone 30mg/day) compared with original COBRA therapy 

(methotrexate 7.5 mg/week, sulfasalazine 2 g/day, with initial prednisolone 

60mg/day) after 26 weeks in patients with early active rheumatoid arthritis (RA).  

 

Objective  

To assess the non-inferiority of COBRA-light vs COBRA after 1 year in terms of 

disease activity (disease activity score of 44 joints (DAS44)), functional outcome 

(health assessment questionnaire (HAQ)), and radiographic progression 

(Sharp/van der Heijde Score (SHS)), and to assess the effect of adding etanercept. 

 

Methods  

An open-label, randomised controlled, non-inferiority trial of 162 patients with 

active early RA, following a treat-to-target protocol incorporating the addition of 

etanercept if DAS44 ≥ 1.6 at weeks 26 or 39. 

 

Results  

The  two groups showed major improvements in DAS44 after 52 weeks:  mean  

(SD) –2.41 (1.2) in COBRA, and –2.02 (1.0) in the COBRA-light group (p=ns). In 

the two groups, functional ability improved and radiological progression of joints 

was minimal. At least one adverse event was reported in 96% of the patients in the 

two groups. In total, 25 serious adverse events occurred: 9 vs 16 in COBRA and 

COBRA-light, respectively. Treatment actually instituted was often less intensive 

than required by the protocol: of the total population, 108 patients (67%) required 

etanercept (more in COBRA-light group), but only 67 of these (62%) actually 

received it. 
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Conclusions  

Intensive COBRA or COBRA-light therapy has major, comparable favourable 

effects on disease activity, functional ability and radiological outcome after 1 year in 

patients with early RA. Protocolised addition of etanercept was often not 

implemented by treating rheumatologists, and patients receiving it appeared to 

have limited added benefit, probably because of low disease activity levels at its 

initiation. 

Trial Registration Number: ISRCTN55552928 
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Introduction 

Treatment with disease-modifying anti-rheumatic drugs (DMARDs) has proven to 

be effective in the treatment of rheumatoid arthritis (RA) in improving disease 

activity and physical functioning and preventing joint progression [1-7]. Patients 

with early RA are usually treated with methotrexate (methotrexate), often 

combined with glucocorticoids, with sulfasalazine and/or hydroxychloroquine as 

alternatives [8]. A very effective strategy is COBRA therapy (COmbinatietherapie 

Bij Reumatoïde Artritis) in which patients receive methotrexate (7.5 mg/week), 

sulfasalazine (2 g/day) and initially high-dose prednisolone (60 mg/day). In the 

BeSt trial, this strategy proved to be as effective and safe as the combination of 

high-dose methotrexate (25 mg/week) and anti-tumour necrosis factor (TNF) 

treatment (infliximab) [9-11]. Despite this, rheumatologists have reservations in 

prescribing COBRA therapy for several reasons, including concerns over the 

possible side effects of high-dose or prolonged glucocorticoid exposure [12; 13]. 

Therefore, we recently introduced COBRA-light therapy, combining methotrexate 

(25 mg/week) with an initially lower dose of prednisolone (30 mg/day). Our first 

report of the COBRA-light trial, in which the two therapies were applied in treat-to-

target strategies for patients with early RA, suggested that COBRA-light was non-

inferior to COBRA therapy in clinical outcomes, safety and efficacy after 26 weeks 

of treatment [14].  

The COBRA-light trial protocol specified 1 year of treatment, in which patients 

were to start etanercept if they did not reach minimal disease activity at week 26 or 

39. This report describes clinical and radiological outcomes at 1 year. 

 

Patients and methods 

From March 2008 to March 2011, 164 DMARD-naïve Dutch patients with recent-

onset RA were included in the COBRA-light trial. This study was a multicentre, 

randomised, open label trial (http://www.controlled–trials.com; 

ISRCTN55552928). Patients were randomised to the COBRA-light or COBRA 

strategy (as applied in the BeSt trial), to determine non-inferiority of COBRA-light 

therapy. The treatment goal was minimal disease activity (at that time defined as 

clinical remission: disease activity score in 44 joints (DAS44) <1.6), and treatment 
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intensification of methotrexate and addition of etanercept to reach this goal was 

protocolised up to 52 weeks (see online supplementary file appendix 1). Patient-

selection criteria, randomization process and study design have been reported 

previously [14].  

Medical ethics committees at each participating centre 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. 

 

Clinical assessments 

Outcome measures were disease activity variables, factors to calculate different 

response and remission criteria, and several patient reported outcomes, including 

the changed and achieved state in physical functioning as measured by the Dutch 

version of the Health Assessment Questionnaire (NL–HAQ) [15-18]. Medication 

use was ascertained by self-report of the patients through patient diaries and from 

patient medical records [14].  

Intra-articular and intramuscular glucocorticoid injections were allowed. To 

correct for possible influence of these injections on disease activity assessment, the 

score of joints injected in the 12 weeks before a study visit was set to swollen and 

painful (Ritchie articular index score 1). The DAS44 score of patients receiving an 

intramuscular injection in the 4 weeks before a study visit was set to missing. 

All adverse events and protocol violations were reported at each visit by active 

solicitation [14]. An independent committee of two rheumatologists who were not 

involved in the execution of the study evaluated all adverse events to identify 

serious adverse events (SAEs) according to the standard of the Directive 

2001/20/EC of 4 April 2001,[19] and assessed their potential relationship to 

treatment. This same committee classified all protocol violations, as major or 

minor and confirmed protocolised treatment deviations. A major protocol violation 

was defined as any modification from protocol, design or procedure that could 

affect the completeness, accuracy, reliability or integrity of the study data. These 

violations were further classified as lack of compliance of the physician or the 

patient, administrative mistakes, and other reasons. Minor violations were defined 

as small or temporary alterations in treatment deemed not to affect the study data. 
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Protocolised treatment deviations were changes in protocol treatment (dose 

reduction or cessation) because of adverse events or secondary ineligibility (e.g. the 

desire to become pregnant). 

 

Radiology 

Radiographs were obtained at baseline, week 26 and at 1 year of follow-up, and 

scored by two independent trained assessors according to the Sharp/van der Heijde 

score (SHS) [20]. The assessors were blinded to group allocation and patient 

identification, but were aware of time order, as reading in chronological order was 

carried out; this is most sensitive for detecting progression and leads to less bias 

[21]. If assessors differed by more than 5 point in the SHS, a third assessor (DvS) 

was consulted to reach a consensus. The intraclass correlation coefficient 

agreement between the two assessors was 0.90 (95%CI 0.8 to 1.0), assessed on a 

test sample of 30 patients. The mean of the two observers’ scores was reported. If 

radiographs were missing at week 26, and scores at baseline and week 52 remained 

stable, the same score was imputed at week 26. For missing radiographs at week 

52, SHS was extrapolated with linear imputation, using SHS scores at baseline and 

week 26. Missing baseline scores (n=1) were imputed by retrograde extrapolation 

from scores at week 26 and 52.  

 

Anti TNF therapy 

The protocol required treatment intensification with etanercept for patients who 

did not reach a DAS44 <1.6 at week 26 or 39. In the COBRA group, methotrexate 

dose was initially increased to 25 mg/week in 2-weekly steps, followed by 

etanercept 50 mg once weekly subcutaneously if minimal disease activity had not 

been achieved at the next assessment (see online supplementary file appendix 1). In 

the COBRA-light group, the initial step was the possibility of switching to 

subcutaneous methotrexate followed by etanercept. Patients received etanercept 

until week 52 (period of 3 to 6 months depending on start date). During etanercept 

use, DMARD dosages were kept stable, except in case of adverse events and in 

cases of minimal disease activity, when prednisolone was tapered to 0 mg/day. 
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Statistical analysis 

Non-inferiority was defined as a difference in ∆DAS44 between the two groups of 

0.5 points or less. All patients who received at least one medication dose were 

included in the modified intention-to-treat (ITT) protocol. Data are presented as 

mean values ± (SD), or as median (IQR) in case of skewed distribution.  

All disease activity outcome measures with Gaussian distribution were analysed 

with Generalized Estimating Equations (GEE) to assess differences between 

treatment strategies over time and to correct for repeated measures. Baseline 

measures were included in all analyses to correct for regression to the mean. 

Change in DAS44 over time was analysed as outcome, treatment group and 

baseline DAS44 as explanatory measures. Measures with a skewed contribution 

were first log-transformed (natural logarithm) and then analysed with GEE. A 

linear regression model was used to assess difference in radiological progression 

and for results expressed as area under the curve. Differences in proportions of 

patients achieving remission, and starting etanercept were expressed as relative 

risks. Χ2 for trend analyses were performed on American College of Rheumatology 

(ACR) response (ACR20 but not ACR50, ACR50 but not ACR70, and ACR70), and 

European League against Rheumatism (EULAR) response (non-responder, 

moderate responder but not good responder, good responder).[22] All statistical 

analyses were conducted using IBM SPSS statistics V.20. A two-sided p<0.05 was 

considered significant. For the primary outcome (change in DAS44) non-inferiority 

of COBRA light can be declared if the upper limit of the 95%CI (two sided) around 

the difference between the groups is <0.5 [23; 24]. For all other outcomes, 

acceptance of the null hypothesis was deemed to document non-inferiority. 

 

Results 

A total of 164 patients were included: 81 receiving COBRA therapy and 83 COBRA-

light therapy (figure 1). Two patients did not start treatment because of withdrawal 

of informed consent immediately after randomisation. These patients were not 

included in the ITT analyses. Baseline demographic and clinical characteristics for 

the two groups were similar, except for a small difference in baseline: DAS44 mean 

(SD) 4.09 (0.7) for COBRA and 3.96 (0.9) for COBRA-light, as shown in table 1 
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[14]. Half of all patients were positive for the two rheumatoid factor and anti-cyclic 

citrullinated peptide.  

Seven patients dropped out during the trial: three in the COBRA group and four in 

the COBRA-light group (figure 1). Ten patients (COBRA, 3; COBRA light, 7) 

received an intra-articular injection, five in the 12 weeks before an assessment. 

Nine patients received an intramuscular glucocorticoid injection (COBRA, 4; 

COBRA light, 5), one within 4 weeks before an assessment. 

 

Figure 1 Flow chart of Combinatietherapie Bij Reumatoïde Artritis (COBRA)-light therapy trial 
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In the COBRA group, one patient discontinued at week 13 (myocardial infarction), 

one at week 26 

(intolerance of medication), and one at week 39 (bilateral pulmonary embolism). In 

the COBRA-light group, one patient discontinued at week 13 (poor compliance with 

treatment) and three patients at week 26 (manic episode, desire to become 

pregnant, poor compliance with treatment). All patients were alive at week 52 of 

the trial. The nine patients who did not start or prematurely stopped the trial were 

older (mean (SD) 59 (12.3) years), had a shorter disease duration (median 13 

weeks, IQR 6–18.5), a lower Disease Activity Score in 44 joints 

(3.94 (0.4)) and a higher Health Assessment Questionnaire score (median 1.88, 

IQR 1.32–2.13) at baseline compared with the patients with complete follow-up. 

 

Table 1 Demographic and disease activity measures at baseline and at 52 weeks  

 

COBRA 

(n=81) 

COBRA–light 

(n=81) 

Female, n (%) 54 (66) 58 (69) 

Age, years 53 (13) 51 (12) 

Disease duration, weeks 21 (17) 24 (22) 

Rheumatoid factor, n (%) 47 (58) 49 (59) 

Anti–CCP positive, n (%) 50 (61) 55 (66) 

DAS44 4.09 (0.7) 3.96 (0.9) 

DAS44CRP 4.44 (1.0) 4.21 (1.2) 

DAS28 5.55 (1.1) 5.32 (1.2) 

Tender joints 15.7 (7.0) 14.6 (7.9) 

Swollen joints 14.1 (5.1) 12.4 (5.4) 

HAQ 1.36 (0.7) 1.37 (0.7) 

SHS 2.66 (6.5) 1.61 (4.0) 

ESR, mm/hour 27.0  (14.5 to 44.5) 27.0 (12.0 to 48.0) 

CRP, mg/liter 13.0  (4.5 to 27.0) 13.0  (4.0 to 30.5) 

Patient VAS disease activity 60.2 (21.6) 65.6 (23.5) 

Patient VAS of pain 60.1 (22.9) 57.8 (25.4) 

Patient VAS global assessment 60.5 (21.9) 58.3 (25.3) 

Physician VAS  disease activity  51.2 (14.5) 48.2 (16.6) 
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Table 1 continued 
 

Disease activity and response at 

week 52* 

COBRA 

(n=81) 

COBRA–light 

(n=81) 

β (95%CI)  P 

DAS44 1.70 (1.0) 1.88 (1.0) 0.19 (–0.07 to 0.45) 0.15 

DAS44CRP 1.71 (1.2) 1.69 (1.1) 0.03 (–0.27 to 0.33) 0.74 

DAS28 2.49 (1.3) 2.71 (1.3) 0.24 (–0.08 to 0.57) 0.15 

Tender joints 5.3 (7.2) 5.0 (6.0) –0.17 (–1.99 to 1.64) 0.85 

Swollen joints 2.6 (3.6) 2.3 (2.6) –0.79 (–2.12 to 0.55) 0.25 

HAQ 0.57 (0.5) 0.61 (0.6) 0.07 (–0.08 to 0.21) 0.35 

ESR, mm/hour† 6.0 (2.5 to 1.0) 2.5 (1.0 to 4.3) 0.42 (0.20 to 0.64) <0.01 

CRP, mg/liter† 2.5 (2.0 to 4.0) 7.5 (3.0 to 16.0) 0.05 (–0.17 to 0.26) 0.65 

Patient VAS disease activity 30.1 (27.2) 26.1 (26.0) –5.78 (–11.89 to 0.34) 0.06 

Patient VAS  of pain,  29.3 (26.4) 24.9 (25.5) –3.55 (–9.38 to 2.28) 0.23 

Patient VAS global assessment 31.2 (26.2) 28.8 (26.2) –0.96 (–6.71 to 4.79) 0.74 

Physician VAS  disease activity 18.5 (16.2) 16.7 (14.7) –0.58 (–4.32 to 3.16) 0.76 

Differences in outcome after 52 weeks‡ 

∆DAS44 –2.41 (1.2) –2.02 (1.1) 0.21 (-0.09 to 0.52) 0.17 

AUC DAS44 104 (76 to 124) 108 (74 to 135) 0.00 (–0.00 to 0.00) 0.33 

∆SHS 

 ∆Erosion 

0.49 (1.6) 

0.18 (0.4) 

0.59 (1.4) 

0.30 (0.8) 

0.18 (–0.27 to 0.63) 

0.19 (0.00 to 0.37) 

0.42 

0.05      

Response measures  

at week 52 

COBRA 

(n=81) 

COBRA–light 

(n=81) 

RR (95%CI) 

 

P 

 

Remissions, n(%)§ 

Clinical remission (DAS44 <1.6) 

ACR/Boolean remission 

 

38 (47) 

12 (15) 

 

31 (38) 

14 (17) 

 

0.85 (0.64 to 1.13) 

1.03 (0.90 to 1.18) 

 

0.18  

0.67 
 

EULAR response, n (%)¶ 

Non-responders  

Moderate responder, but not good 

responders 

Good responders 

 

 

5 (6) 

16 (50) 

 

56 (69) 

 

 

5 (6) 

23 (28) 

 

49 (60) 

 

 

1.00 (0.53 to 1.90) 

  

 

 

 

1.00 

 

ACR response, n (%)‡ 

ACR non-responders 

ACR20, but not ACR50 

ACR50, but not ACR70 

ACR70 

 

 

19 (23) 

12 (15) 

20 (25) 

25 (31) 

 

 

20 (25) 

15 (18) 

14 (17) 

28 (35) 

 

 

OR 1.03 (0.71 to 1.49) 

 

 

 

0.73 
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Clinical outcome 

The two groups showed major improvements in disease activity between baseline 

and week 26 as reported previously [14], with stabilisation in the second 6 months; 

COBRA-light remained non-inferior to COBRA. Longitudinal change over time in 

DAS44 between baseline and week 52 was –2.41 (1.2) in the COBRA group, and –

2.02 (1.0) in the COBRA-light group (adjusted β = 0.19 (0.1), 95%CI –0.07 to 0.45, 

p=0.15; table 1, figure 2). At this time point, the CI of difference in DAS44 does not 

include the predefined clinically relevant threshold of 0.5. Minimal disease activity 

(DAS44 < 1.6) was reached in 38% of the patients in COBRA and 31% in COBRA-

light (ACR/EULAR remission in 15% vs 17%, respectively) (table 1). The two 

strategies had an almost equally positive effect on functional ability: decrease of 

0.79 and 0.76 (0.7) points on the HAQ for COBRA and COBRA-light, respectively, 

and showed consistent patterns in single disease activity measures over time, 

except for a larger erythrocyte sedimentation rate (ESR) decrease for COBRA (table 

1). At week 26 and 39, ~40% of the patients in the two groups could taper 

prednisolone to 0 mg/day. 

No significant differences were found in any of the other outcomes, supporting 

non-inferiority. Differences in proportions of patients reaching EULAR response, 

ACR20, ACR50 and ACR70 improvement were small and did not favour one 

treatment group (table 1). At week 52, 6% of the patients were EULAR non-

responders in the two groups. This proportion increased when cut-off point for 

non-responder was set as HAQ score ≥ 1.0 at week 52: 17% in COBRA and 30% in 

COBRA-light. Non-responders (DAS44 ≥2.4 or HAQ score ≥1.0 or ΔSHS ≥5) had a 

somewhat higher baseline DAS44 than responders (~4.2 vs 3.9, respectively). This 

was mostly driven by a high visual analogue scale (more than 65 points) and 

approximately 23 tender joints (data not shown). 
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Figure 2 Mean change in outcomes of treatment 
 

 
 
Mean change in outcomes of treatment. Data are expressed as mean (SD). Black line, COBRA therapy; 

grey line, COBRA-light therapy. N=74 or greater at all time points. COBRA, COmbinatietherapie Bij 

Reumatoïde Artritis; CRP, C-reactive protein; DAS44, Disease Activity Score for 44 joints; ESR, 

erythrocyte sedimentation rate; HAQ, Health Asessment Questionnaire 

 
 
Radiology 

In 18 patient sets, the two assessors differed by at least 5 points, and the score of 

the third assessor was applied. The intraclass correlation coefficient agreement, 

based on the mean total SHS at baseline between the two assessors in this data set 

(excluding patients with a consensus score), was 0.91 (95%CI 0.88 to 0.93). At 

baseline, the SHS was 2.66 (6.5) for COBRA and 1.61 (4.0) for COBRA-light therapy 
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(table 1). Erosive disease, as defined by the 2010 ACR/EULAR criteria,[25] was 

present in 7% vs 2% in COBRA and COBRA-light, respectively. At week 52, the 

increase in SHS was 0.49 (1.6) and 0.59 (1.4) points for COBRA and COBRA-light, 

respectively, (p=0.42), with no difference in the score components. In COBRA, 6% 

had erosive disease, compared with 7% in COBRA-light. An increase in damage of 5 

points or more occurred in only 5% of the patients (figure 3). 

 
Figure 3 Probability plot Sharp/van der Heijde score (SHS) 

 

 
 
Black circles, COBRA therapy; grey circles, COBRA-light therapy.  

COBRA, COmbinatietherapie Bij Reumatoïde Artritis 

 
Anti-TNF therapy 

Per protocol (DAS44 ≥1.6) at either week 26 or 39, fewer COBRA than COBRA-

light patients needed treatment intensification with etanercept: 47 (59%) vs 61 

(75%) (RR 1.67, 95%CI 1.05 to 2.65, p=0.03). If the protocol cut-off had been set at 

DAS44 ≥2.4 (‘low disease activity’, corresponding to DAS28 ≥3.2) 38% vs 49%, 

respectively, would have needed intensification to etanercept (p=0.04). However, 

owing to protocolised treatment deviations and/or protocol violations, only 27 of 
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47 (57%) COBRA patients vs 40 of 61 (66%) COBRA-light patients actually started 

etanercept (p=0.04). In the COBRA group, 16 and 11 patients started at week 26 

and 39, respectively; one patient started at week 30 because of a rapid increase in 

disease activity between week 26 and 39. In the COBRA-light group, 28 and 10 

patients started at week 26 and 39, , respectively. In addition, two patients started 

at week 13 because of high disease activity (DAS44 =6.0 and 4.5). The two groups 

had the same minimal progression of ΔSHS as the total group, and were randomly 

distributed on the probability plot in figure 3 (data not shown). 

 

Etanercept was, in general, well tolerated: at week 39, adverse events had occurred 

in 24% of etanercept users compared with 13% of non-users. At week 52, 

proportions were 26% vs 14%, respectively. The 22 COBRA patients and 21 

COBRA-light patients who were etanercept non-starters had somewhat lower 

disease activity than actual starters, as evidenced by DAS44. These differences were 

only statistically significant in the COBRA-light group (table 2).  

In 60% of these cases, the physician assessed the disease activity to be lower than 

the research nurse (data based on remarks of physicians during collection of 

protocol violations). 

Thirteen weeks after indication to start etanercept, the mean disease activity had 

decreased in all groups regardless of whether etanercept was actually started: in the 

COBRA group, DAS44 had decreased by 0.57 (0.8) and 0.23 points (0.5) for actual 

starters and non-starters, respectively (adjusted β = 0.29 (0.24), 95%CI -0.21 to 

0.78, p=0.25); in the COBRA-light group, it had decreased by 0.55 (0.8) and 0.29 

(0.9) , respectively (adjusted β = –0.05 (0.23), 95%CI -0.51 to 0.41, p=0.83) (figure 

4). Of the actual starters, 27% could taper prednisolone to 0 compared with 35% of 

the non-starters (p=ns). 

A total of 46 patients received etanercept for 26 weeks (16 in the COBRA group and 

30 in the COBRA-light group); in this group, DAS44 had increased again between 

week 39 and 52, resulting in a net decrease of 0.31 points in COBRA and 0.36 

points in COBRA-light therapy over the total 6-month period. 



 

 

Table 2 Etanercept data 

Total population 

 COBRA(n=81) COBRA-light (n=81) RR (95%CI) P 
 

Etanercept start required total patients (DAS44 ≥ 1.6), n (%) 

• Based on DAS44 ≥ 1.6 and < 2.4, n (%) 

• Based on DAS44 ≥ 2.4, n (%) 

 

47 (59) 

29 (62) 

18 (38) 
 

 

61 (75) 

31 (51) 

30 (49) 

 

1.67 (1.05; 2.65) 

1.03 (0.81; 1.31) 

1.23 (1.00; 1.51) 

 

0.03 

0.79 

0.04 

Actual started total (DAS44 ≥ 1.6), n (%) 

• Based on DAS44 ≥ 1.6 and < 2.4, n (%) 

• Based on DAS44 ≥ 2.4, n (%) 

27 (57) 

15 (56) 

12 (44) 

40 (66) 

18 (45) 

22 (55) 

1.30 (0.82; 2.08) 

0.88 (0.54; 1.42) 

1.24 (0.76; 2.00) 

0.04 

0.59 

0.40 

 
 
Activity at intended start: etanercept actual starters vs non-starters 

 COBRA (n=49) P COBRA-light (n=61) P 

 Starters (n=27) Non-starters (n=22)  Starters (n=40) Non-starters (n=21)  

DAS44 2.44 (0.7) 2.24 (0.6) 0.30 2.66 (0.9) 2.05 (0.5) <0.01 

Patient global VAS 41.4 (23.4) 46.7 (24.0) 0.45 43.3 (25.5) 28.7 (22.3) 0.03 

Tender joints  8.5 (5.9) 9.3 (11.9) 0.77 9.4 (9.5) 2.8 (1.6) <0.01 

Swollen joints  5.0 (4.0) 4.2 (9.4) 0.73 6.4 (7.5) 1.6 (1.8) <0.01 

HAQ† 0.87 (0.7) 0.69 (0.6) 0.45 0.98 (0.7) 0.61 (0.6) 0.10 

ESR, mm/h, median (IQR) 6.0 (3.0 – 9.0) 8.5 (4.0 – 14.0) 0.10 13.0 (3.3 – 22.8) 18.5 (6.5 – 24.5) 0.43 

CRP, mg/L, median (IQR) 2.8 (1.8 – 5.5) 2.5 (2.0 – 9.0) 0.90 4.0 (1.0 – 10.0) 2.8 (1.8 – 5.0) 0.43 
 

Data are expressed as mean (SD) unless otherwise stated. †HAQ score was only assessed at week 26. 

COBRA, Combinatietherapie bij Reumatoïde Artritis; CRP, C-reactive protein; DAS44, 44-joint count Disease Activity Score; ESR, erythrocyte 

sedimentation rate. HAQ, Health Assessment Questionnaire; RR, relative risk; VAS, visual analogue scale 

 



Chapter 3 
 

58 

Figure 4 Mean change in disease activity score in 44-joints (DAS44) for treatment in etanercept 

intended starter vs actual starters  

 
Data are expressed as mean (SD). Black line Combinatietherapie bij Reumatoiïde Artritis (COBRA) 

therapy; grey line COBRA-light therapy. Closed circles: etanercept starters; open circles: etanercept 

non-starters. 

 

Protocol violations and adverse events 

After 52 weeks of treatment, nearly all patients reported at least one adverse event 

after active solicitation: 96% in the two groups. The most commonly reported were 

skin problems, mild gastro-intestinal problems, and infections; their incidence did 

not differ between the two groups (see online supplementary file appendix 2). 

Patients in both groups gained ~1.0 kg in weight (p=0.89). In total, 16 patients 

(20%) in the COBRA-arm had an increase of >5kg compared with 11 patients (14%) 

in the COBRA-light arm (p=0.31). Only one patient was newly diagnosed with 

diabetes mellitus type II and needed treatment with oral antidiabetic drugs 

(COBRA group). Nine patients needed treatment for hypertension (five in the 
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COBRA group and four in the COBRA-light group), and eight patients needed for 

treatment for dyslipidaemia (three and five in the COBRA and COBRA-light, 

respectively). 

In total, 25 SAEs occurred: nine and sixteen in COBRA and COBRA-light patients, 

respectively. The COBRA patients experienced the following SAEs: myocardial 

infarction, pulmonary embolism, hospitalisation for pneumonia, planned cataract 

surgery on the two eyes (2x), planned surgery of the cervical spine, attempted 

suicide because of depression, fibula fracture caused by methotrexate osteopathy, 

and a pelvis fracture.  

SAEs in the COBRA-light patients included lung carcinoma (2x), planned knee 

replacement surgery (2x), planned hallux valgus surgery, planned varicose vein 

surgery, planned control colonscopy for diverticulitis, hospitalization for 

arrhythmia, manic episode, replacement and hospitalization for a retina bleeding, 

planned surgery for cyst removal, hospitalisation for anaemia caused by duodenal 

ulcers, planned cholecystectomy, surgery for an inguinal hernia, hospitalisation 

and surgery for a hip fracture after a fall, and surgery for chronic synovitis. 

Over the year, there were on or more protocol violations/deviations for more than 

half of the patients: 49 in COBRA and 47 in COBRA-light. More major violations 

occurred in the COBRA than the COBRA-light group: 68 vs 48 (see online 

supplementary file appendix 2). Most of these violations were because of non-

compliance of the physician with the protocol, and most of the violations led to a 

decrease in intensity of the therapy. 

 

Discussion 

This study confirms that, in patients with early RA, COBRA and COBRA-light 

therapy are similarly efficacious in suppressing clinical disease activity and 

improving functional ability. In addition the two strategies have been shown to 

effectively suppress progression of joint damage after 52 weeks of treatment. The 

addition of the TNF blocking agent, etanercept, to the treatment had limited added 

benefit in decreasing disease activity. 

The present effects are comparable to other treat-to-target studies in early RA [3; 6; 

10; 26]. In the BeSt trial, the goal of low disease activity (DAS44 ≤2.4) was reached 
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in 71% of the patients receiving COBRA therapy; in the present study, 73% reached 

this goal compared with 67% receiving COBRA-light therapy. Mean rates of 

damage progression were only slightly above zero, and this must be interpreted in 

light of the method of reading in a known sequence. This method results in slightly 

higher rates than with random reading, the method used in most trials of biologic 

agents [27].  

The treatment goal in this trial was set at DAS44 <1.6; with a combination of 

traditional DMARDs, 47% and 38% of patients for COBRA and COBRA-light 

therapy, respectively, achieved this compared with 32% in the BeSt trial. 

Remarkably, although 67% of our study population required etanercept treatment 

according to the protocol, only 62% of those patients actually received it. It is 

possible that our predefined goal was too stringent compared with daily practice, 

where lack of low disease activity or severe disease activity (threshold DAS28 ≥3.2, 

corresponding to DAS44 ≥2.4) is used as an indication to start biological agents. 

We also noticed that treating physicians sometimes did not agree with the DAS44 

assessors. Therefore, treatment was not intensified either because physicians 

assessed patients with less active disease or both patient and physician were willing 

to accept low disease activity balanced against the risk and costs of biological 

agents, for instance, TNF blocking agents. This was also observed earlier in the 

DREAM study [28]. 

Our data show that a low DAS44 threshold in treat-to-target protocols poses 

challenges in clinical practice, because the measure is not reliable in patients with 

low disease activity, mostly because of its sensitivity to small changes in ESR and 

global health scores, when joint scores are low or zero.[29] One option may be to 

add a biomarker in the assessment of disease activity. For example, in a pilot trial 

that added a biomarker in the assessment of disease activity (measured with 

DAS28), 90% of the patients had reached minimal disease activity (DAS28 <2.6) 

after 40 weeks of treatment with a modified COBRA strategy followed by infliximab 

intensification, according to CTX2 values [30].  

Nevertheless, the many protocol deviations and violations preclude a good 

assessment of the effect of etanercept in the proposed treatment strategy. Of 

interest, the added benefit of etanercept in actual starters appeared to be rather 
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limited: the two actual starters and non-starters ended up with a mean DAS44 

score of 2.2 at week 52. To our knowledge, this study is the first to assess the effect 

of adding TNF therapy after 6 months of treatment with intensive combination 

regimens including prednisolone; a study in a real world setting also found lack of 

good outcomes explained by biological agents [31]. Other trials starting with an 

initial treatment with biological agents and DMARDs had comparable results [6; 

10]. In the NEO-RACO trial, patients treated with traditional DMARDs and an 

initial dose of infliximab showed equivalent results on disease measures after 6 

months, compared with patients treated with traditional DMARDs and placebo [6]. 

In the BeSt trial, the infliximab plus methotrexate treatment arm showed similar 

results to the COBRA arm [10]. In another trial, infliximab treatment after 

insufficient reaction with 3-4 months of methotrexate use resulted in a significant 

decrease in disease activity levels, as well as in the TEMPO trial with etanercept 

[32; 33] Patients in these trials had much higher disease activity levels at the start 

of treatment with a biological agent compared with our patients. These data 

illustrate the well-known phenomenon that anti-TNF therapy is effective for 

treating patients with high disease activity levels, but might have limited benefit in 

patients with low disease activity, as suggested in our trial.  

This study has limitations. The first is the open label design: trained research 

nurses not involved in routine care, assessed all outcomes to minimise any 

influence on the outcome measures. Of course, in classical trial designs, blinding 

would have limited bias of the results. On the other hand, this design is closer to 

daily practice, which increases its external validity. Second, power calculations 

were primarily based on week 26 outcome; therefore the outcome after 52 weeks is 

a secondary outcome, but is, nevertheless, clinically very relevant. However, the 

clinically relevant difference in ΔDAS44 was still <0.5 at week 52, as for the 

primary outcome time point at week 26. Therefore, we think our non-inferiority 

claim still holds. Several other limitations that have previously been mentioned 

(e.g. non-inferiority, protocol violations [14]) also apply to this article.  

Although most patients responded with the two strategies, 6% were still EULAR 

non-responders at week 52. Corresponding proportions of HAQ non-responders 

(i.e. HAQ score ≥1.0) at week 52 were noted: 17% and 30% for COBRA and 
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COBRA-light therapy, respectively. In future, these patients should be identified 

earlier, as they probably require different treatment from that usually provided. 

In conclusion, addition initially of moderate-dose prednisolone to intensive 

methotrexate treatment as proposed in the COBRA-light therapy yields similar 

results to the original COBRA therapy, with strongly positive effects on disease 

activity, functional ability and progression of joint damage in early RA. Further 

intensification with etanercept after inadequate response, but mostly low disease 

activity, was often unacceptable to patients and physicians, leading to non-

compliance with the protocol. In patients who actually started etanercept, its added 

value appeared to be limited, probably because of low disease activity at its 

initiation. 
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Appendix 2  

Adverse events, Protocol violations, and protocolised treatment deviations  

Adverse events COBRA  COBRA-light 

Skin problems, n (%) e.g. injection site reaction, dry 

skin 
61 (75) 64 (79) 

Mild gastro-intestinal problems, n (%) e.g. nausea, 

diarrhea  
50 (62) 50 (62) 

Liver enzyme increases, n (%) 3 (4) 9 (11) 

Leucopenia, n (%) 1 (1) 3 (4) 

Fractures, n (%) 1 (1) 1 (1) 

Infections, n (%) 61 (75) 61 (75) 

Problems related to the eye, n (%) 9 (11) 4 (5) 

Other*, n (%) 11 (14) 5 (6) 
 

* Other adverse events not mentioned on CRF 

MTX: methotrexate. CRF: case-report form. 
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Protocol violations and protocolised treatment deviations 

 

COBRA 

 (n=81) 

COBRA-light  

(n=81) 

Total number of patients with at least one 

 violation/deviation  

• Patients with at least one major violation 

• First occurrence at or after week 26 

• Patients with only minor violations, at or after week 26 

• Patients with only protocolized deviations, at or after 

week 26 

49 

 

47 

5 

0 

5 

47 

 

33 

3 

2 

14 

 

Total number of violations/deviations 

• Major violations 

• First occurrence at or after week 26 

• Minor violations 

• Protocolized treatment deviations 

 

91 

71 

66 

1 

21 

 

70 

49 

46 

9 

12 

 

Major violations (wk 26 – 52)* 

  

Due to compliance physician 

• decreased intensity of therapy 

• increased intensity of therapy 

37 

23 

14 

34 

22 

12 

Due to compliance patient 

• decreased intensity of therapy 

• increased intensity of therapy 

19 

14 

5 

11 

11 

0 

Due to administrative mistakes 

• decreased intensity of therapy 

• increased intensity of therapy 

9 

6 

3 

1 

1 

0 

Due to physician mistakes 

• increased intensity of therapy 

 

1 

 

0 

 

Minor violations (wk 26 – 52)* 

  

Delayed etanercept start 1 1 

Etanercept start preceding study visit 0 1 

No etanercept start due to other diseases and anxiety for 

exacerbation of disease activity 

0 1 

No etanercept start, in expectation of MTX effect 0 3 

Temporary increase prednisolone due to active RA 0 3 
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Protocolized treatment deviations (wk 26 – 52)* 

No full dose MTX due to AE’s 7 1 

Decreased prednisolone dose due to AE’s 0 1† 

Increased prednisolone dose due to active RA 3‡ 1 

No etanercept start due to infections or AE’s 2 2 

Delayed etanercept start due to infections or AE’s 0 2 

Stop MTX due to AE’s 2 0 

Stop SSZ due to AE’s 4 0 

Stop etanercept due to AE’s 1 3 

Secondary ineligibility of patient e.g. positive Mantoux and 

wish to become pregnant 

• decreased intensity of therapy 

 

 

2 

 

 

2 

*Frequently more than one violation/deviation per patient. †Prednisolone dose 5 mg/day. 

‡Prednisolone dose 15 mg/day. MTX: methotrexate; RA: Rheumatoid Arthritis. AE: adverse event. 
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Abstract 

 

Objective 

To investigate the dose-related effects of glucocorticoid treatment on glucose 

tolerance, beta-cell function and insulin sensitivity in patients with early active 

rheumatoid arthritis (RA). 

 

Methods 

A randomized controlled, single-blind trial was conducted in 41 patients with early 

active RA. At the beginning of the trial patients had not been treated for their RA, 

and were  randomized to begin treatment with prednisone 60mg/day or 

prednisone 30mg/day. Before and at the end of 1 week of treatment, a frequently-

sampled oral glucose tolerance test was performed. The area under glucose curve 

(AUCG) was calculated. In addition, beta cell function and insulin sensitivity 

parameters were computed. 

 

Results 

Patients (mean ± SD age 55.5 ± 14.8 years and 54.2 ± 12.6 years in the prednisone 

60mg/day and prednisone 30mg/day groups, respectively; body mass index 24.5 ± 

4.1 kg/m2 and 25.4 ± 4.2, respectively) had active disease at baseline (mean  ± SD 

Disease Activity Score in 44 joints  4.1 ± 0.7 and 4.0 ± 0.8, respectively; median C-

reactive protein (CRP) level 14 mg/liter [interquartile range 6-34] and 19 mg/liter 

[interquartile range 3-39], respectively. In addition, 56% of the patients had 

impaired glucose tolerance, and 7% were found to have previously unrecognized 

type  2 diabetes mellitus (DM). Associations of the AUCG with erythrocyte 

sedimentation rate (β=2.430 [95% confidence interval 0.179-4.681], P=0.04) and 

with CRP (β =2.358 [95% confidence interval] 0.210-4.506], P=0.03) were 

demonstrated. Treatment with prednisolone at both dosages reduced CRP levels 

significantly. The incidence of type 2 DM  increased to 24% (P<0.001) (evenly 

distributed across the groups). The mean AUCG did not change in either treatment 

arm. Beta cell function improved during prednisone treatment 60mg/day 

(P=0.02), and 30mg/day (P=0.04). Disease duration was associated with changes 
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in AUCG (β =3.626 [95% confidence interval 1.077-6.174], P=0.007) and with 

deterioration of the glucose state (OR=1.068; [95% confidence interval 1.017-

1.122], p=0.009).  

 

Conclusion 

In this study, short-term treatment with prednisolone 60 mg or 30 mg per day 

improved disease activity without deterioration of glucose tolerance in patients 

with active RA. However, due to individual differences, monitoring is 

recommended. 
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Introduction 

Patients with rheumatoid arthritis (RA) are at increased risk of developing  

cardiovascular disease [1]. Defects in glucose metabolism may contribute to this 

increased cardiovascular disease risk [2]. Two main determinants of glucose 

metabolism are insulin sensitivity and beta-cell function. Insulin sensitivity refers 

to the ability of insulin to reduce plasma glucose by stimulating its uptake in 

insulin-sensitive tissues and by suppressing its production in the liver. Beta-cell 

function is commonly referred to as the ability of the pancreatic beta cell to secrete 

the appropriate amount of insulin to maintain euglycemia. These processes are 

closely related: if insulin sensitivity decreases, a healthy beta cell will respond by 

augmenting insulin secretion, to prevent hyperglycemia [3]. In RA patients, 

impaired insulin sensitivity, as assessed in the fasting state using the homeostatic 

model assessment of insulin resistance (HOMA-IR), has been reported, and this 

was associated with measures of disease activity and plasma levels of inflammatory 

proteins, including C-reactive protein (CRP), tumor necrosis factor α and 

interleukin-6 [4;5].  

Glucocorticoids are commonly used to treat RA [6]. However, the metabolic effects 

of glucocorticoids in RA patients are uncertain. On the one hand, short-term 

clinical trials in healthy individuals have shown that glucocorticoids deteriorate 

glucose metabolism by reducing hepatic and peripheral insulin sensitivity [7] and 

by impairing beta-cell function [8]. In population-based studies, glucococorticoid 

use was associated, in a cumulative dose-dependent manner, with incident diabetes 

[9] and need for blood-glucose lowering treatment [10]. In cross-sectional studies 

in RA patients, glucocorticoid exposure was related to impaired fasting insulin 

sensitivity [11] and tended to predict type 2 diabetes (DM) [12;13]. On the other 

hand, the use of glucocorticoids by patients with chronic inflammatory conditions 

may improve glucose tolerance via anti-inflammatory and disease-modifying 

effects, as has been demonstrated in a number of short-term studies [14;15].  

Previous studies of the effects of glucocorticoid treatment on parameters of beta 

cell function and insulin sensitivity in RA patients relied solely on measures 

obtained in the fasting state (i.e., HOMA of beta-cell function (HOMA-B) and 

HOMA-IR, respectively) and yielded conflicting results [2]. As mentioned above, 
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since insulin sensitivity and insulin secretion are interrelated, the use of these 

HOMA formulas, both of which are based on fasting plasma glucose and insulin 

levels, may not be appropriate for discerning changes in insulin sensitivity and 

changes is insulin secretion [16]. In addition, fasting parameters provide no 

information of the stimulated state. From dynamic tests, such as the frequently 

sampled oral glucose tolerance test (OGTT), indices of glucose-stimulated beta cell 

function and postload insulin sensitivity may be calculated, providing more 

detailed information on glucose metabolism. Therefore, in the present randomized 

clinical study, we used frequently-sampled OGTTs to assess the effects of 2 

different doses prednisolone (prednisone), i.e., 60 mg daily and 30 mg daily, 

administered for 1 week, on glucose tolerance, beta cell function and insulin 

sensitivity in patients with recently diagnosed untreated RA.  

 

Patients and Methods 

Participants 

Patients with early RA were recruited between March 2008 and July 2010 in 3 

clinics in Amsterdam and Hoorn, the Netherlands. Inclusion criteria were as 

follows: age ≥ 18 years, disease duration < 2 years, and current active disease RA 

(according to the revised American College of Rheumatology criteria of the 

classification of RA (17)). The latter was defined as the presence of 6 or more 

painful and swollen joints, an erythrocyte sedimentation rate (ESR) of ≥ 28 mm/h 

and/or a global health score of ≥ 20mm on a visual analogue scale 0-100. Exclusion 

criteria included: previous treatment with glucocorticoids, DMARDs (other than 

hydroxychloroquine [HCQ]), known type 2(DM), heart failure (New York Heart 

Association class III or IV [18]), uncontrolled hypertension, alanine 

aminotransferase/aspartate aminotransferase level > 3 times the upper limit of 

normal, reduced renal function (serum creatinine > 15mcmol), contraindications 

for glucocorticoid use, indications of probable tuberculosis and pregnancy or desire 

to conceive during the study. Concomitant treatment with nonsteroidal 

antiinflammatory drugs (NSAIDs) during the study was permitted. The study was 

approved by an independent ethics committee and was conducted in accordance 
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with the Declaration of Helsinki. All participants provided written informed 

consent before participation.  

 

Study Design 

This study was a randomized, active-controlled, single-blind, multicenter trial and 

a substudy of a larger study comparing two treatment schedules for the treatment 

of early rheumatoid arthritis (www.controlled-trials.com; ISRCTN55552928). 

Participants were randomized to receive either prednisolone 60 mg/day(n=21) or 

prednisone 30mg/day (n=20). On day 0 and day 7, a frequently-sampled OGTT 

was performed to measure glucose tolerance, parameters of beta cell function and 

insulin sensitivity. In addition, CRP levels were determined at both study days. On 

day 7, study medication was taken 2 hours before the start of the OGTT [19]. 

  

Screening Visit 

At baseline, demographics were recorded and body weight, body mass index (BMI), 

waist circumference and blood pressure were determined. Disease activity was 

measured by the 44-joint Disease Activity Score (DAS44[20]). In addition, 

screening blood tests were performed, including measurement of ESR, CRP, 

rheumatoid factor (RF) and anti-cyclic citrullinated peptide (anti-CCP).  

 

Oral glucose tolerance test 

The patients visited the research unit between 08.00 and 09.00 AM following an 

overnight fast of 10 hours. To obtain venous blood samples, a cannula was inserted 

in a vein within the fold of the elbow or in a wrist vein. Patients ingested 75 gram 

glucose solution, after which blood was withdrawn for the determination of plasma 

glucose, insulin and C-peptide levels at time points 0, 10, 20, 30, 60, 90 and 120 

min. C-peptide is secreted by the pancreatic beta cell at an equimolar rate with 

insulin, but is cleared from the circulation by urinary excretion, whereas insulin 

clearance is also strongly determined by the liver. Since insulin clearance may vary 

considerably between subjects [21], plasma C-peptide levels may provide more 

accurate information on beta cell function than determination of peripheral insulin 

levels. 
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Laboratory measurements 

Plasma glucose concentrations were determined using a hexokinase method 

(Gluco-quant, Roche Diagnostics). Insulin and C-peptide levels were determined by 

immunometric assay (Advia Centaur immunoassay system, Siemens Medical 

Solutions Diagnostics). CRP concentration was determined by an 

immunoturbidometric method (Roche diagnostics). Anti-CCP levels were 

determined by second-generation anti-CCP enzyme-linked immunosorbent assay 

(ELISA;Axis Shield). The anti-CCP test was performed according to intructions of 

the manufacture, with a cutoff level for positivity set at 5 arbitrary units/ml. IgM-

RF was measured with an in-house ELISA. The cutoff level was set at 30 IU, 

determined on the basis of receiver operator characteristics curves as described 

previously [22]. 

 

Data Assessment 

Glucose tolerance was assessed according to the American Diabetes Association 

guidelines [23]. Normal glucose metabolism was defined as a fasting plasma 

glucose < 5.6 mmoles/liter and a glucose level < 7.8 mmoles/liter 2 hours following 

a 75 gram OGTT. Impaired glucose metabolism was defined as fasting plasma 

glucose between 5.6 – 6.9 mmoles/liter, or a 2 hours OGTT glucose value of 7.8 - 

11.0 mmoles/liter. Type 2 DM was diagnosed if the fasting plasma glucose level was 

> 6.9 mmoles/liter or a 2 hours OGTT glucose value was >11.0 mmoles/liter [23]. 

Area under the curve values for 2 hours glucose level, insulin level and C-peptide 

level (AUCG, AUCI  and AUCCP , respectively) were determined by the trapezoidal 

rule. Insulin sensitivity during the OGTT was estimated with the oral glucose 

insulin sensitivity (OGIS) index [24] and by HOMA-IR in the fasting state [25]. We 

calculated empirical measures of beta cell function, including total secretion C-

peptide secretion divided by glucose levels (AUCCP:AUCG ratio) and the 

insulinogenic index (IGI), i.e. (insulint=30-insulint=0)/(gluct=30-gluct=0), a marker for 

early phase insulin secretion. Fasting beta cell function was measured by HOMA-B 

[25]. 
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Statistical analysis 

Data are presented as the mean ± SD or when distribution was skewed, as the 

median and interquartile range (IQR). Differences between the 2 prednisone dose 

groups were analysed using the independent-samples t-test or non-parametric 

Mann-Whitney U test, as appropriate. Within-group changes were tested using the 

paired-samples t-test or the nonparametric Wilcoxon’s signed rank test. The effect 

of treatment on glucose tolerance state was analyzed by chi-square test. 

Multivariate regression analysis was used to evaluate the relationship between 

metabolic parameters and disease characteristics and activity at baseline, 

correcting for age, sex and BMI. Similarly, determinants of prednisone-induced 

changes on AUCG, beta cell function and insulin sensitivity were assessed in 

multivariate linear regression analyses, correcting for age, sex and BMI. 

Multivariate logistic regression analyses were used to associate disease 

characteristics with progression of glucose state, also correcting for age, sex and 

BMI. Pooled analyses were performed since treatment group was not an effect 

modifier in any of the tested parameters (this was evaluated by adding treatment 

group as an interaction term using multivariate regression analysis [P-value > 

0.1]). Correlation analyses included calculation of 95% confidence intervals (95% 

CIs). All statistical analyses were performed with SPSS for Windows version 15.0. P 

values less than < 0.05 were considered significant. 

 

Results 

Characteristics of the study patients 

Forty-one consecutive subjects with recent-onset RA were enrolled. Baseline 

characteristics are shown in Table 1. Patients were middle-aged and were not 

obese. The majority were female, and the median disease duration was 21 weeks. 

Based on the OGTT at screening, type 2 DM was diagnosed in 3 patients (7%), and 

23 patients (56%) were classified as having impaired glucose metabolism. None of 

the baseline characteristics differed significantly between the 2 prednisone dose 

groups (Table 1). 
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Table 1 Baseline characteristics of the RA study population* 

 Prednisone 60 mg/day 
(n=21) 

Prednisone 30 mg/day 
(n=20) 

Age, mean ± SD, years 55.5 ±14.8 54.2 ±12.6 

Female, % 62 60 

Nonwhite ethnicity, no. 2 0 

Symptom duration, median (IQR), weeks 15 (10-30) 24 (12-52) 

DAS44, mean ± SD  4.1 ±0.7 4.0 ±0.8 

ESR, median (IQR), mm/hour 28 (18-63) 21 (12-44) 

CRP, median (IQR), mg/liter 14 (6-34) 19 (3-39) 

RF positive, % 71 50 

Anti-CCP positive, % 81 55 

BMI, mean ± SD, kg/m2 24.5 ±4.1 25.4 ±4.2 

Waist circumference, mean ± SD, cm 89 ±15 92 ±13 

Current smoking, % 19 25 

Impaired glucose tolerance, no (%) 12 (57) 11 (55) 

Type 2 diabetes mellitus no (%) 3 (14) 0 (0) 

Prior HCQ teratment, no. 1 0 

Concurrent NSAID treatment, no 21 19 

 
* There were no statistically significant differences between the 2 treatment groups, as assessed by 

independent t-test, Mann-Whitney U test, or chi-square test. RA= rheumatoid arthritis; IQR= 

interquartile range; DAS44= 44-joint Disease Activity Score; ESR= erythrocyte sedimentation rate; 

CRP= C-reactive protein; RF= rheumatoid factor; anti-CCP= anti-cyclic citrullinated peptide; BMI= 

body mass index; HCQ= hydrochloroquine; NSAID= nonsteroidal anti-inflammatory drug.  

 

Inflammation profiles 

Patients had active disease as indicated by DAS44, ESR and CRP values (Table 1). 

In multivariate analysis, ESR and CRP levels were positively correlated with AUCG 

(for ESR, β =2.430 [95% CI 0.179-4.681], P=0.04; for CRP, β =2.358 [95% CI 

0.210-4.506], P=0.03). Correcting for ethnicity, NSAID use or HCQ use did not 

alter the associations (data not shown). During treatment with prednisone 60 

mg/day and with 30 mg/day, plasma CRP levels decreased to a similar extent, i.e., 

by a median of 84% (to a median of 2.5 mg/liter [IQR 2.0-2.7]; P<0.001) and by a 

median of 75% (to a median of 1.8 mg/liter [IQR 1.0-4.8]; P<0.001), respectively.   
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Glucose Profiles and Glucose Tolerance 

Fasting glucose levels were not altered following prednisone treatment (Table 2).  

Similarly, the mean AUCG was not changed following treatment with prednisone at 

either 60 mg/day or 30 mg/day (Figure 1A and 2A, Table 2); however, at the 

individual level, there was a large variation in response to prednisone treatment.  

 

Figure 1  Oral glucose tolerance test before and after treatment with prednisolone 60mg/day 

 

Before treatment (squares connected by solid lines) and on day 7 of treatment with prednisolone 

60mg/day (circles connected by dashed lines). A, Glucose concentrations. B, Insulin concentrations. C, 

C-peptide concentrations. No significant changes were induced by treatment with prednisolone 60 

mg/day. Values are the mean ± SD.  

 

Figure 2 Oral glucose tolerance test before and after treatment with prednisolone 30mg/day 

 
Results before treatment (squares connected by solid lines) and on day 7 of treatment with prednisolone 

30mg/day (circles connected by dashed lines). A, Glucose concentrations. B, Insulin concentrations. C, 

C-peptide concentrations. No significant changes were induced by treatment with prednisolone 30 

mg/day. Values are the mean ± SD.  

 

 



 

 

Table 2 Parameters of beta-cell function and insulin sensitivity during the oral glucose tolerance test, before and after 7 days prednisone treatment* 

 Prednisone 60 mg/day (n=21)  Prednisone 30 mg/day (n=20) 

 Pre-treatment After treatment P† Pre-treatment After treatment P† 

Fasting glucose, mean ± SD, mmol/liter 5.50.7 5.30.9 NS 5.60.5 5.30.6 NS 

Fasting insulin, mean ± SD, pmol/liter 43 (34-69) 53 (37-77) NS 36 (30-113) 68 (44-129) 0.004 

Fasting C-peptide, mean ± SD, nmol/liter 0.5 (0.4-0.7) 0.8 (0.7-1.0) 0.000 0.5 (0.4-0.9) 0.9 (0.6-1.1) 0.000 

AUCG (4 hours), mean ± SD mmol/liter 1051237 1077341 NS 1050172 1031260 NS 

AUCI (4 hours), mean ± SD, pmol/liter 48 (35-74) 46 (32-83) NS 50 (28-95) 63 (33-90) NS 

AUCCP (4 hours), mean ± SD, mmol/liter  30492 355141 NS 339172 389180 NS 

IGI 73 (46-161) 95 (37-284) 0.02 95 (58-148) 127 (65-236) 0.04 

AUCCP/AUCG 0.3 (0.2-0.4) 0.3 (0.2-0.5) NS 0.3 (0.2-0.4) 0.4 (0.2-0.5) 0.02 

OGIS, mean ± SD 366 64.2 365 71.4 NS 35868 36368 NS 

HOMA-IR 1.0 (0.7-1.5) 1.1 (0.8-1.6) NS 0.8 (0.7-2.5) 1.5 (1.0-2.8) 0.005 

HOMA-B 84 (60-113) 104 (76-124) NS 75 (61-122) 119 (77-169) 0.001 

* Except where indicated otherwise, values are the median (interquartile range). There were no statistically significant differences between the 2 treatment 

groups in the degree of change, as assessed by independent t-test or Mann-Whitney U test. NS= not significant; AUCCP = area under the C-peptide curve; 

AUCG = area under the glucose curve; AUCI = area under the insulin curve; IGI= insulinogenic index; OGIS= oral glucose insulin sensitivity index; HOMA-

IR= homeostatic model assessment of insulin resistance; HOMA-B= HOMA of beta-cell function. † By paired-samples t-test or Wilcoxon’s signed rank test. 
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Seven patients with impaired glucose metabolism at baseline were classified as 

having type 2 DM after prednisone treatment, resulting in an increase in the 

number with type 2 DM from 3 (7%) to 10 (24%) after prednisone treatment 

(P<0.001). Nine patients with impaired glucose metabolism at baseline exhibited 

normal glucose metabolism after prednisone treatment (4 in the 30 mg/day group 

and 5 in the 60 mg/day group). The number of patients who were first classified as 

having type 2 DM was equally divided between the 2 groups (data not shown). 

Patients were classified as progressor if the glucose state deteriorated with 

prednisone treatment and as nonprogressor if the glucose state remained unaltered 

or showed improvement.  

 

Table 3 Disease and anthropometric parameters of glucose state progressors and nonprogressors* 

 Progressors 
(n=13) 

Nonprogressors 
(n=28) 

Age, mean ± SD years 57 10.8 53.8 14.8 

Female, % 46 68 

Non white ethnicity, no 7 4 

Symptom duration, weeks 36 (12-74)† 16 (8-24) 

DAS44, mean  4.0 0.8 4.0 0.7 

ESR, mm/hour 33 (16-55) 27 (13-47) 

CRP, mg/liter 17 (9-27) 12 (4-39) 

RF positive, % 54 64 

Anti-CCP positive, % 54 75 

BMI, mean ± SD, kg/m2 25.0 4.5 24.9 3.9 

Waist circumference, mean ± SD, cm 93 13 89 14 

Current smoker, % 23 25 

Prior HCQ treatment, no. 0 1 

Concurrent NSAIDs treatment, no. 13 27 

Fasting glucose, mean ± SD, mmol/liter 5.5 0.5 5.5 0.7 

Fasting insulin, mean ± SD, pmol/liter 43 (33-89) 36 (29-74) 

Fasting C-peptide, mean ± SD, nmol/liter 0.5 (0.3-0.8) 0.6 (0.4-0.8) 

HOMA-IR (No dimension) 1.0 (0.7-2.0) 0.8 (0.6-1.8) 

HOMA-B (No dimension) 81 (64-120) 82 (60-114) 
 

* Except where indicated otherwise, values are the median (interquartile range). HOMA-IR= 

homeostatic model assessment of insulin resistance; HOMA-B= HOMA of the beta cell function. (see 

Table 1 for other definitions). † P=0.04 versus nonprogressors by Mann-Whitney U test  
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Characteristics of the progressor and nonprogressor groups are shown in Table 3. 

Disease duration was significantly associated with deterioration of the glucose state 

(odds ratio=1.068 [95% CI 1.017-1.122], P=0.009). 

 

Insulin and C-peptide responses during the OGTT:  

Fasting insulin levels were similar in the 2 groups prior to treatment. AUCI and 

AUCCP were not different between the groups at baseline (Table 2). Fasting insulin 

levels were increased significantly following treatment with prednisone 30 mg/day, 

but not with prednisone 60 mg/day, whereas fasting C-peptide levels were 

increased significantly following prednisone treatment at either dosage (Table 2). 

Treatment with prednisone at either dosage did not significantly affect postload 

insulin and C-peptide concentrations (Figure 1B and C, Figure 2B and C, and Table 

2). 

 

Parameters of beta cell function:  

The IGI, as an index for early insulin secretion, increased during both prednisone 

60 mg/day (P=0.02) and prednisone 30 mg/day (P=0.04) (Table 2). The ratio of C-

peptide levels to glucose levels during the entire OGTT was enhanced significantly 

by prednisone 30 mg/day, and a near-significant enhancement was observed with  

prednisone 60 mg/day (P=0.07) (Table 2).The amount of increase in parameters of 

beta cell function did not differ between the treatment groups (Table 2). 

 

Insulin sensitivity:  

Fasting insulin sensitivity (HOMA-IR) was not changed by prednisone 60 mg/day, 

but was decreased by prednisone 30 mg/day (P=0.005) Insulin sensitivity during 

the OGTT (OGIS) was not changed by treatment with prednisone at either 60 

mg/day or 30 mg/day. The degree of change in parameters of insulin sensitivity did 

not differ between  treatment groups (Table 2). 

 

Determinants of prednisone-induced changes:  

Multivariate analysis revealed that disease duration was positively associated with 

prednisone-induced changes in the AUCG (β =3.626 [95% CI 1.077-6.174], 
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P=0.007). Correcting for ethnicity, NSAID or HCQ usage did not alter this relation 

(data not shown). No associations of disease characteristics and changes in the IGI 

or the AUCCP:AUCG ratio were identified (data not shown). 

 

Discussion 

The main findings of the present study are that glucose metabolism is frequently 

impaired in patients with early and active RA, probably at least partly related to 

inflammation, and that short-term treatment with high-dose prednisolone does not 

further deteriorate glycemic control, as determined in the fasting state and 

following an oral glucose load. There was, however, large variability among 

subjects, with some patients showing improvement, and others showing 

deterioration in glucose tolerance. Overall, an increase in the number of patients 

classified as having type 2 DM was observed following 1-week prednisone 

treatment. Interestingly, though, in 9 patients with impaired glucose metabolism at 

baseline, glucose metabolism reverted to normal after short-term glucocorticoid 

exposure.  

The results of this study are clinically important, since glucocorticoids are 

frequently used as immunosuppressive and antiinflammatory agents in the 

treatment of RA and other inflammatory rheumatic diseases, such as systemic 

lupus erythematosus, polymyalgia rheumatica, polymyositis and granulomatosis 

with polyangiitis (Wegener’s), showing powerful effects on disease activity and 

radiological progression. However, despite compelling evidence of the effectiveness 

of high-dose glucocorticoids in the treatment of early and active RA, 

rheumatologists are reluctant to prescribe comparably high dosages, due to fear of 

serious prednisone-associated adverse events, including the development of 

hyperglycemia and diabetes [2;26].  

Treatment with prednisone 30 mg/day increased fasting insulin levels in the 

present study, but this was not found after  treatment with prednisone 60 mg/day. 

Insulin levels are known to have higher between and within-subject variability than 

C-peptide levels, as shown in reproducibility studies [27], which could have 

contributed to this unexpected finding. Fasting C-peptide levels, which indicate 

fasting insulin secretion and are known to be less affected by high variability, 
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increased significantly in both groups. Furthermore, since clearance of C-peptide is 

primarily by the kidney and hepatic clearance is negligible [21], the differences in 

fasting insulin levels might be due to altered hepatic clearance of insulin.  

In a previous study of healthy individuals performed by our group, high-dose 

prednisone treatment impaired both beta cell function and insulin sensitivity and 

reduced glucose tolerance [8]. However, approximately half of the present 

population, i.e. RA patients with active disease, had glucometabolic disturbances at 

baseline: 56% were classified as having impaired glucose metabolism and 7% 

fulfilled the criteria of overt type 2 DM (an increased percentage as compared to 

the normal population). This finding is in accordance with the results of earlier 

studies in patients with active chronic RA, who showed impaired handling of 

intravenously administered glucose compared with matched controls [15;28].  

Impaired glucose tolerance in RA patients has been mainly attributed to the pro-

inflammatory state. Indeed, in the present study, we demonstrated for the first 

time that baseline ESR and plasma CRP levels were positively associated with 

postload glucose levels. Preclinical studies suggest that inflammation may impair 

glucose tolerance both by reducing insulin sensitivity and by impairing beta cell 

function. Several proinflammatory cytokines, including interleukin-6 and tumor 

necrosis factor α, are known to interfere with the insulin-receptor signalling 

cascade, resulting in impaired glucose uptake in insulin sensitive tissues [29;30]. 

The acute-phase protein CRP was similarly shown to induce insulin resistance by 

impairment of insulin signalling in an animal model [31]. Importantly, pro-

inflammatory cytokines have recently been shown to induce beta cell dysfunction 

[32]. In addition, chronic inflammation may reduce beta cell mass by stimulating 

apoptosis of beta cells [33].  

While on average no significant effects on fasting and postload glucose were 

observed, an increased number of patients met the criteria for type 2 DM after 1-

week treatment with high-dose glucocorticoids (with percentage increasing from 

7% to 24%). Most of these patients (7 of 10) had impaired glucose metabolism prior 

to treatment. Interestingly, 9 patients with impaired glucose metabolism at 

baseline were classified as having normal glucose metabolism after prednisone 

treatment, with the numbers equally distributed between the 2 treatment groups. 
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Although our study was not designed to identify predictors of deterioration of the 

glucometabolic state, we found that patients who progressed from normal glucose 

metabolism to impaired glucose metabolism or type2 DM, or from impaired 

glucose metabolism to type 2 DM, had significantly longer disease duration. It is 

important to note that the use of the OGTT is hampered by its high within-subject 

variability [34]. Accordingly, this study does not allow to distinguish  the relative 

contributions of the observed changes in classification of the glucometabolic state 

upon retesting that were attributed to prednisone treatment per se, versus the 

within-subject variability of the OGTT method.  

Patients with longest disease duration in the present study not only had the highest 

postload glucose levels after treatment, but were also at higher risk of progression 

in their glucometabolic classification. These results confirm the findings from 

preclinical studies which showed that prolonged inflammation has a significant 

negative impact on beta cell function [15;28]. Although the disease duration in all 

patients in our study is relatively short, plasma CRP levels have been shown to be 

increased years before the first clinical symptoms of RA [35], and a cumulative 

effect of systemic inflammation can be expected. While we observed that short-

term treatment with high-dose prednisone does not further deteriorate overall 

glycemic control, an additional effect of glucocorticoids might further disrupt 

already impaired beta-cells in patients with long disease duration. These 

observations suggest that treatment in RA patients should be started early in the 

course of the disease, not only to slow down the radiological progression of the 

disease [36], but also to limit the development of co-morbid conditions such as 

metabolic and cardiovascular disease.  

Another potential explanation for the present finding is the possible contribution of 

interindividual responses to glucocorticoid treatment, due to genetic variation in 

the glucocorticoid receptor [37]. Given these differential metabolic responses to 

high dose prednisone, further characterization of progressors versus 

nonprogressors might better identify susceptible subjects. In clinical practice, 

regularly followup measurement of plasma glucose levels and glycosylated 

haemoglobin levels during glucocorticoid treatment is recommended. 
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It was of interest that no  dose-dependent effects of prednisone with regard to the 

effects on glucose tolerance, beta cell function and insulin sensitivity were 

demonstrated in the present study. Results of previous studies indicated that the 

effects of glucocorticoids on glucose metabolism were dose-dependent [10;11]. 

However, both dosages of prednisone used in the present study are considered to 

be high [38], and although precise data on a dose-dependent occupation of the 

glucocorticoid receptor is lacking, we hypothesize that similar receptor saturation 

might explain the lack of differences between the 2 treatment groups. 

This study has a number of limitations. First, it provides no information regarding 

the long-term effects of high-dose glucucorticoids on glucose metabolism. 

However, in clinical practice, the glucocorticoid dosage is rapidly tapered and 

patients are receiving low maintenance dose levels within 2 months. Whether the 

effects shown in this study will be sustained in the long term needs to be 

determined.  

Second, we used surrogate measures for beta cell function and insulin sensitivity, 

as derived from the OGTT. The “gold standards” for measurement of beta cell 

function and insulin sensitivity are the hyperglycemic clamp and the 

hyperinsulinemic-euglycemic clamp procedures, respectively. These tests are rather 

laborious and were considered too demanding for use in the present study 

population. In addition, the measures derived from the OGTT as presented herein 

are well validated against the clamp methods [24] and suitable for follow-up 

measurements. Another advantage of the OGTT is that glucose tolerance and 

parameters of both beta cell function and insulin sensitivity can be derived from a 

single test.  

Finally, we measured whole-body insulin sensitivity by HOMA-IR and OGIS, which 

does not allow to tease out the various influences of prednisone on different tissues. 

Using stable isotopes, it has been shown that prednisone treatment may induce 

insulin resistance to a different extent in the various insulin-sensitive tissues, 

including liver, skeletal muscle and adipose tissue [7]; in the present study we were 

unable to address this.  

We conclude that short-term treatment with prednisone at 60mg/day or 30mg/day 

did not cause deterioration of the glucometabolic state in patients with active RA. 
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Our data suggest that there is a balance in the diabetogenic effects and 

antiinflammatory effects of glucocorticoid treatment in early active RA patients, 

making short-term exposure to high-dose prednisone a safe treatment option for 

most patients, from a metabolic standoint. Due to individual differences, however, 

regular glucose monitoring is recommended. 

 

Acknowledgements 

This research was performed within the framework of project T1-106 of the Dutch 

Top Institute Pharma.  

 



OGTT data 

89 

References 

1 Peters MJ, van Halm VP, Voskuyl AE, et al. Does rheumatoid arthritis equal diabetes mellitus as 

an independent risk factor for cardiovascular disease? A prospective study. Arthritis Rheum 2009; 

61:1571-9. 

2 Wasko MC, Kay J, Hsia EC, Rahman MU. Diabetes and insulin resistance in patients with 

rheumatoid arthritis: Risk reduction in a chronic inflammatory disease. Arthritis Care Res 

(Hoboken) 2010. 

3 Weyer C, Bogardus C, Mott DM, Pratley RE. The natural history of insulin secretory dysfunction 

and insulin resistance in the pathogenesis of type 2 diabetes mellitus. J Clin Invest 1999; 104:787-

94. 

4 Chung CP, Oeser A, Solus JF, et al. Inflammation-associated insulin resistance: differential effects 

in rheumatoid arthritis and systemic lupus erythematosus define potential mechanisms. Arthritis 

Rheum 2008; 58:2105-12. 

5 Dessein PH, Joffe BI. Insulin resistance and impaired beta cell function in rheumatoid arthritis. 

Arthritis Rheum 2006; 54:2765-75. 

6 Gorter SL, Bijlsma JW, Cutolo M, et al. Current evidence for the management of rheumatoid 

arthritis with glucocorticoids: a systematic literature review informing the EULAR 

recommendations for the management of rheumatoid arthritis. Ann Rheum Dis 2010; 69:1010-4. 

7 van Raalte DH, Ouwens DM, Diamant M. Novel insights into glucocorticoid-mediated 

diabetogenic effects: towards expansion of therapeutic options? Eur J Clin Invest 2009; 39:81-93. 

8 van Raalte DH, Nofrate V, Bunck MC, et al. Acute and 2-week exposure to prednisolone impair 

different aspects of beta-cell function in healthy men. Eur J Endocrinol 2010; 162:729-35. 

9 Gulliford MC, Charlton J, Latinovic R. Risk of diabetes associated with prescribed glucocorticoids 

in a large population. Diabetes Care 2006; 29:2728-9. 

10 Gurwitz JH, Bohn RL, Glynn R, et al. Glucocorticoids and the risk for initiation of hypoglycemic 

therapy. Arch Intern Med 1994; 154(1):97-101. 

11 Dessein PH, Joffe BI, Stanwix AE, et al. Glucocorticoids and insulin sensitivity in rheumatoid 

arthritis. J Rheumatol 2004; 31:867-74. 

12 van Tuyl LH, Boers M, Lems WF et al. Survival, comorbidities and joint damage 11 years after the 

COBRA combination therapy trial in early rheumatoid arthritis. Ann Rheum Dis 2010; 69:807-12. 

13 Wolfe F, Michaud K. Severe rheumatoid arthritis (RA), worse outcomes, comorbid illness, and 

sociodemographic disadvantage characterize ra patients with fibromyalgia. J Rheumatol 2004; 

31:695-700. 

14 Hallgren R, Berne C. Glucose intolerance in patients with chronic inflammatory diseases is 

normalized by glucocorticoids. Acta Med Scand 1983; 213:351-5. 

15 Svenson KL, Lundqvist G, Wide L, Hallgren R. Impaired glucose handling in active rheumatoid 

arthritis: effects of corticosteroids and antirheumatic treatment. Metabolism 1987; 36:944-48. 

16 Wallace TM, Levy JC, Matthews DR. Use and abuse of HOMA modeling. Diabetes Care 2004; 

27:1487-95. 



Chapter 4 

90 

17 Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism Association 1987 revised 

criteria for the classification of rheumatoid arthritis. Arthritis Rheum.1988;31:315-24. 

18 The Criteria Committee of the New York Heart Association. Nomenclature and Criteria for 

Diagnosis of Diseases of the Heart and Great Vessels. 9th ed. Boston: Little Brown; 1994: p253-6. 

19 Boers M, Verhoeven AC, Markusse HM, et al. Randomised comparison of combined step-down 

prednisolone, methotrexate and sulphasalazine with sulphasalazine alone in early rheumatoid 

arthritis. Lancet 1997; 350:309-18. 

20 Judging disease activity in clinical practice in rheumatoid arthritis: first step in the development 

of a disease activity score. Ann Rheum Dis 1990;49:916-20.   

21 Kotronen A, Vehkavaara S, Seppala-Lindroos A, et al. Effect of liver fat on insulin clearance. Am J 

Physiol Endocrinol Metab 2007; 293:E1709-15. 

22 Nielen MM, van Schaardenburg D, Reesink HW, et al. Specific autoantibodies precede the 

symptoms of rheumatoid arthritis: a study of serial measurements in blood donors. Arthritis 

Rheum 2004; 50:380-86. 

23 Standards ofmedical care in diabetes--2011. Diabetes Care 2011; 34 Suppl 1:S11-S61. 

24 Mari A, Ferrannini E. Beta-cell function assessment from modelling of oral tests: an effective 

approach. Diabetes Obes Metab 2008; 10 Suppl 4:77-87. 

25 Levy JC, Matthews DR, Hermans MP. Correct homeostasis model assessment (HOMA) evaluation 

uses the computer program. Diabetes Care 1998; 21:2191-2. 

26 van Tuyl LH, Plass AM, Lems WF, et al. Why are Dutch rheumatologists reluctant to use the 

COBRA treatment strategy in early rheumatoid arthritis? Ann Rheum Dis 2007; 66:974-76. 

27 Mooy JM, Grootenhuis PA, de Vries H, et al. Intra-individual variation of glucose, specific insulin 

and proinsulin concentrations measured by two oral glucose tolerance tests in a general Caucasian 

population: the Hoorn Study. Diabetologia 1996; 39:298-305. 

28 Svenson KL, Lundqvist G, Wide L, Hallgren R. Impaired glucose handling in active rheumatoid 

arthritis: relationship to the secretion of insulin and counter-regulatory hormones. Metabolism 

1987; 36(10):940-43. 

29 Hotamisligil GS. Inflammation and metabolic disorders. Nature 2006; 444:860-67. 

30 Nieto-Vazquez I, Fernandez-Veledo S, Kramer DK, et al. Insulin resistance associated to obesity: 

the link TNF-alpha. Arch Physiol Biochem 2008; 114:183-94. 

31 Xi L, Xiao C, Bandsma RH et al. C-reactive protein impairs hepatic insulin sensitivity and insulin 

signaling in rats: Role of mitogen-activated protein kinases. Hepatology 2010. 

32 Donath MY, Boni-Schnetzler M, Ellingsgaard H, Ehses JA. Islet inflammation impairs the 

pancreatic beta-cell in type 2 diabetes. Physiology (Bethesda ) 2009; 24:325-31. 

33 Gurzov EN, Germano CM, Cunha DA, et al. p53 up-regulated modulator of apoptosis (PUMA) 

activation contributes to pancreatic beta-cell apoptosis induced by proinflammatory cytokines and 

endoplasmic reticulum stress. J Biol Chem 2010; 285:19910-20. 

34 Owens DR, Wragg KG, Biggs PI, et al. The reproducibility of serial meal and oral glucose tolerance 

tests in normal subjects. Diabete Metab 1981; 7:25-33. 



OGTT data 

91 

35 Nielen MM, van Schaardenburg D, Reesink HW, et al. Increased levels of C-reactive protein in 

serum from blood donors before the onset of rheumatoid arthritis. Arthritis Rheum 2004; 

50:2423-7. 

36 Bukhari MA, Wiles NJ, Lunt M, et al. Influence of disease-modifying therapy on radiographic 

outcome in inflammatory polyarthritis at five years: results from a large observational inception 

study. Arthritis Rheum 2003; 48:46-53. 

37 van Rossum EF, Lamberts SW. Polymorphisms in the glucocorticoid receptor gene and their 

associations with metabolic parameters and body composition. Recent Prog Horm Res 2004; 

59:333-57. 

38 Buttgereit F, Da Silva JA, Boers M, et al. Standardised nomenclature for glucocorticoid dosages 

and glucocorticoid treatment regimens: current questions and tentative answers in rheumatology. 

Ann Rheum Dis 2002; 61:718-22. 



 

 



 

 

 

Chapter 5 

 
Long-Term effects on bone mineral density after four years 

of treatment with two intensive combination strategies, 

including initially high dose prednisolone, in early 

rheumatoid arthritis patients: The COBRA-light trial  

 

 

 

Merel JJ Lucassen  

Marieke M ter Wee 

Debby den Uyl 

Nicole PC Konijn  

Mike T Nurmohamed  

Dirkjan van Schaardenburg  

Pit JSM Kerstens  

Irene EM Bultink 

Maarten Boers  

Willem F Lems 

 

 

 

 

Submitted 



Chapter 5 

94 

Abstract 

 

This study assessed changes in bone mineral density (BMD) after four years in 

early rheumatoid arthritis (RA) patients initially treated with COBRA-light or 

COBRA therapy. In the one-year, open-label, randomized, non-inferiority trial 

patients were assigned to COBRA-light (methotrexate plus initially prednisolone 

30mg/day) or COBRA (methotrexate, sulfasalazine plus initially prednisolone 

60mg/day) therapy. After one year, antirheumatic treatment was at the discretion 

of treating rheumatologists, aiming at clinical remission. BMD was measured at 

baseline, after one, two and four years at lumbar spine and hip with dual-energy X-

ray absorptiometry. BMD changes between treatment strategies on average over 

time were compared with Generalized Estimating Equation analysis. Of the 164 

patients, data from 155 (95%) could be analysed; 68% were female; mean (SD) age 

at baseline was 52 (13) years. At the lumbar spine, both COBRA-light and COBRA 

therapy showed minor decline in BMD over four years: –0.5% and –1.0%, 

respectively (p=0.10). In the femur changes were somewhat larger: total hip, –3.3% 

and –1.7%, respectively (p=0.12), femoral neck, –3.7% and –3.0%, respectively 

(p=0.95). In a treat-to-target design in early RA, over four years, no differences 

between groups were found in change in BMD at lumbar spine, total hip and 

femoral neck. Mild bone loss was observed at lumbar spine, both in patients 

starting prednisolone 60 mg/day and 30 mg/day. At the hip, bone loss was around 

3% in both groups. These data suggest that the well-known negative effects of 

prednisone can be modulated by modern treatment of RA.  
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Introduction 

Rheumatoid arthritis (RA) is a chronic, potentially disabling, autoimmune 

disorder, which not only affects the synovial tissue, but also the bone structure 

itself. The inflammatory cascade, starting in the synovial tissue, results in a shift in 

osteoclast and osteoblast balance in favour of the osteoclasts. As a result, patients 

may develop both local bone loss, the so-called juxta-articular osteoporosis, 

erosions and generalised bone loss, which is associated with an increased fracture 

risk [1-5]. Osteoporosis is a well-known side-effect of glucocorticoid (GC) 

treatment, especially at high doses, caused by a direct inhibition of bone formation 

and an early increase in bone resorption [6-10].  

In the COmbinatietherapie Bij Reumatoide Artritis (COBRA)-light trial, patients 

were treated with either COBRA-light (initially prednisolone 30mg/day and 

methotrexate (MTX) up to 25 mg/week) or COBRA therapy (initially prednisolone 

60 mg/day, MTX 7.5 mg/week and sulfasalazine (SSZ)). In this trial, COBRA-light 

proved to be as effective as COBRA in decreasing disease activity, after one and 

four years [5;11]. Since the negative effects of GCs on bone and fractures are dose 

related, some worries remained about the possible negative effects of the daily use 

of initially 30 mg or 60 mg prednisolone on bone [8;12]. 

The aim of this study was to investigate the difference in BMD changes over four 

years in early RA patients treated, during the first year, with initially high-dose 

prednisolone as part of either COBRA-light or COBRA therapy.  

 

Material and methods 

Study population 

All patients participated in the multicentre, open-label, randomised, non-

inferiority COBRA-light trial. In- and exclusion criteria, randomization process and 

study design of the COBRA-light trial (ISRCTN Clinical Trial Registration Number: 

55552928) have been described earlier [7]. COBRA-light therapy proved to be non-

inferior to COBRA therapy with respect to disease activity, functional outcome and 

radiographic progression in early RA patients [5]. 

From March 2008 to April 2011, patients with recent-onset RA were selected in 

three rheumatology centres in the Netherlands;  VU University Medical Center, 
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Reade Rheumatology and Rehabilitation Center, and Westfriesgasthuis. In total, 

164 patients were randomized into two treatment strategies; COBRA-light or 

COBRA. The COBRA-light therapy consisted of prednisolone initially 30 mg/day 

(tapered to 7.5 mg/day in 9 weeks) and MTX 25 mg/week. The COBRA therapy 

consisted of prednisolone initially 60 mg/day (tapered to 7.5 mg/day in 6 weeks), 

MTX 7.5 mg/week and SSZ 2 g/day. Treatment goal was to reach minimal disease 

activity, defined as a disease activity score in 44 joints (DAS44) below 1.6. At every 

three-monthly visit, DAS44 was assessed. If the threshold of DAS44<1.6 was not 

met, therapy was intensified. At week 26 or 39 etanercept was added to the 

treatment in patients who were not in clinical remission. Thus in the first year, 

treatment was strict according to protocol. After one year, the treatment was at the 

discretion of the treating rheumatologist, usually aimed at clinical remission or 

minimal disease activity [5;7]. 

The primary outcome of this study was the difference in mean change in BMD at 

the lumbar spine between COBRA-light and COBRA therapy groups after four 

years. The secondary outcome measures were the mean differences in BMD change 

at the femoral neck and at the total hip between both treatment groups. 

The medical ethics committee of the VU University Medical Center approved this 

study. All participating patients gave written informed consent, and the study was 

conducted in agreement with the Declaration of Helsinki/Good Clinical Practice.  

 

Bone mineral density  

BMD was measured by dual energy X-ray absorptiometry (DXA) at the lumbar 

spine (L1-L4), total hip and femoral neck, according to protocol of the 

manufacturer. Hologic Delphi (Hologic, Inc: Bedford, MA, USA) equipment was 

used at location VU University Medical Center, and GE Lunar iDXA (GE Corporate, 

Madison, WI, USA) in Reade. Results were expressed as absolute BMD in g/cm2 

and T-score. A T-score below −2.5 SD, based on the lowest T-score at lumbar spine 

or total hip, was defined as osteoporosis [13].  

 

Fractures 

Data on incident clinical fractures were prospectively collected during eacht visit.  
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At the four year visit, X-rays of the thoraric and lumbar spine were analysed 

according to Genant’s method to identify morphometric vertebral fractures [14]. A 

reduction of at least 20% in vertebral height was considered a morphometric 

vertebral fracture. A vertebral fracture at baseline with a decrease of more than 

10% in vertebral height after four years, was considered a clinically relevant ‘new 

morphometric vertebral fracture’ during follow-up [11;14]. Two assessors (I.B., 

W.L.) scored the X-rays, unaware of the treatment group. When no spine X-ray or 

an incomplete X-ray was available for assessment, chest X-rays were used." 

A vertebral fracture at baseline with a decrease of more than 10% in vertebral 

height after four years, was considered a clinically relevant ‘new morphometric 

vertebral fracture’ during follow-up [11;14].  Two assessors (I.B., W.L.) scored the 

X-rays,  unaware of the treatment group. When no spine X-ray or an incomplete X-

ray was available for assessment, chest X-rays were used.  

 

Statistical analysis 

Data are presented as mean (SD), percentage or median (interquartile range (IQR)) 

if the variable had a skewed distribution. BMD was measured at baseline, and after 

one-year (T1), two-year (T2) and four-year follow-up (T4), the latter having a range 

of 34 to 74 months.  

For this study, patients in whom more than two DXA scans were not performed at 

baseline, T1, T2 and/or T4, were not included in the analyses. Generalized 

Estimating Equation (GEE) analysis with exchangeable correlation matrix was used 

to compare the differences in BMD changes between treatment strategies on 

average over time, allowing analyses of repeated measurements (three time 

moments). Adjusted analyses were corrected for bisphosphonate use over four 

years (yes versus no), cumulative GC use, age, gender and minimal disease activity 

defined as DAS44<1.6.  

All statistical analyses were performed with IBM SPSS statistics V24.0 (IBM Corp., 

Armonk, NY, USA). A two-sided p <0.05 was considered statistically significant.  
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Results 

From the initial 164 patients in the COBRA-light trial, two patients did not initiate 

treatment because of withdrawal of informed consent directly after randomization. 

Seven additional patients were excluded from this study since in these patients no 

BMD measurement or only one BMD assessment was performed (Fig. 1).  
 

Figure 1. Flow chart of Combinatietherapie Bij Reumatoïde Artritis (COBRA)-light trial. 

 
Figure 1  Adaption of Fig. 1 ter Wee et al. (2014) (5) DXA, dual energy X-ray absorptiometry; T4, 

measurement after 4 years 

 

In total, 155 (95%) patients had follow-up visits until T4 of the follow-up. 76 

received COBRA-light therapy and 79 COBRA therapy. In five patients, a BMD 

measurement was technically inadequately performed. Of the 155 patients included 
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in this study, 68% were female and the mean (SD) age was 52 (13) years. Baseline 

characteristics and demographic variables of both groups were similar, as shown in 

Table 1. After four years, the percentage of patients reaching minimal disease 

activity (DAS44<1.6) was 49% (n=34) in the COBRA-light and 50% (n=38) in the 

COBRA group.  
 

Table 1 Demographic variables at baseline 

 COBRA-light (n=76) COBRA (n=79) 

Female, n (%) 52 (68) 53 (67) 

Age, years  51  (13) 53  (13) 

Disease duration, weeks  16  (8 − 35) 16  (9 − 28) 

RF positive, n (%) 43 (57) 45 (57) 

Anti-CCP positive, n (%) 50 (66) 50 (63) 

Erosions, n (%) 2 (3) 5 (6) 

DAS44-score  4.0 (0.93) 4.1  (0.75) 

DAS28-score 5.3 (1.2) 5.6 (1.1) 

HAQ-score  1.3 (0.73) 1.4  (0.64) 

BMI 24.6  (21.2 − 28.5) 24.7  (21.9 − 26.9) 

Familiar history of osteoporosis, n (%) 15 (20) 18 (23) 

Smoking, n (%) 20 (26) 24 (30) 

Previous fractures, n (%) 21 (28) 30 (38) 

Alcohol use, n (%) 59 (78) 57 (72) 

Calcium intake, mg/day 765  (585 − 1050) 765  (585 − 920) 

Postmenopausal status, n (%) of women 24 (59) 31 (69) 

T-score lumbar spine −0.61  (1.2) −0.44  (1.4) 

T-score total hip −0.51  (0.99) −0.53  (1.1) 

T-score femoral neck  −0.81  (0.95) −0.72   (1.1) 

Data are presented as percentage, mean (SD) or median (IQR). 

RF, Rheumatoid Factor; anti-CCP, anti-Cyclic Citrullinated Peptide; DAS44, 44-joint count Disease 

Activity Score; DAS28, 28-joint count Disease Activity Score; HAQ, Health Assessment Questionnaire; 

BMI, Body Mass Index; SD, Standard Deviation; IQR, Inter Quartile Range.  

 

BMD change over time and association of treatment  

Between baseline and four years, BMD declined by 0.5% and 1.0% in the COBRA-

light and COBRA groups, respectively (p for average yearly decline: 0.42, p for 

difference between groups: 0.10). The decline at both hip sites was larger: total hip 
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−3.3%, respectively −1.7% (p for average yearly decline: 0.64, p for difference 

between groups: 0.12); femoral neck −3.7%, respectively −3.0% (p for average 

yearly decline: 0.27, p for difference between groups: 0.95) (table 2; Fig. 2). Mean 

BMD values at all follow-up measurements are shown in appendix 1.  
 

Figure 2 Mean changes in BMD over four years at total hip, femoral neck and lumbar spine.  

 

Data are expressed as mean. Grey, COBRA-light therapy; Black, COBRA therapy. N=75 or greater at all-

time points. COBRA, Combinatietherapie Bij Reumatoïde Artritis; BMD, bone mineral density; T1, 

measurement after 1 year; T2, measurement after 2 years; T4, measurement after 4 years 

 

There was an average difference of 0.00 to −0.02 g/cm2 in BMD between COBRA-

light and COBRA therapy on average over time, after correction for bisphosphonate 

usage (yes versus no), cumulative prednisolone dosage, age, gender and disease 

activity based on DAS44 (DAS44<1.6 in remission versus DAS44≥1.6 not in 

remission). Crude analyses showed similar results (appendix 2).  

At all follow-up measurements, there were no significant differences in the 

prevalence of osteoporosis, defined as a T-score below −2.5 SD at the spine and/or 

the hip, between COBRA-light and COBRA therapy groups (Table 3). Over four 

years, clinically relevant bone loss, defined as more than 5% bone loss (6), was 

found in 31% (n=23) of COBRA-light versus 27% (n=21) of COBRA therapy patients 

at the lumbar spine (p=0.58), 28% (n=21) versus 26% (n=20) at the total hip 

(p=0.78) and 41% (n=31) versus 37% (n=29) at the femoral neck (p=0.60). 

Including all patients, clinically relevant bone loss after one year was found in 8.9% 

at the lumbar spine, 1.3% at the total hip and 7.7% at the femoral neck.  



 

 

Table 2. Changes in BMD between baseline and during follow-up 

 COBRA-light COBRA GEE Analyses 

 Baseline T4 % Bone loss  
of baseline Baseline T4 % Bone loss  

of baseline 
Mean 
difference 95% CI P, between 

groups 
P, yearly 
decline 

Lumbar Spine 1.10 (0.15) 1.10 (0.16) −0.5 1.13 (0.19) 1.12 (0.20) −1.0 −0.02 −0.04−0.00 0.10 0.42 

Total Hip 0.96 (0.13) 0.92 (0.13)+ −3.3 0.95 (0.15) 0.94 (0.15)+ −1.7 −0.02 −0.02−0.02 0.12 0.64 

Femoral Neck 0.88 (0.12) 0.85 (0.13)+ −3.7 0.90 (0.16) 0.88 (0.17)+ −3.0 −0.00 −0.02−0.02 0.95 0.27 

 

Data are presented as mean (SD) unless stated otherwise. GEE analysis COBRA-light vs COBRA therapy. Adjusted for bisphosphonate usage (yes versus no), 

cumulative prednisolone dosage, age, gender and disease activity based on DAS44 (DAS44<1.6 in remission versus DAS44≥1.6 not in remission). BMD values 

are presented as g/cm2. 

+ Significant decrease in absolute BMD between baseline and T4.   

BMD, Bone Mineral Density; T4, measurement after 4 years; SD, Standard Deviation; GEE, Generalized Estimating Equations; CI, confidence interval. 

 



Chapter 5 
 

102 

Table 3 Prevalence of osteoporosis, incidence of fractures over four years and prednisolone use 

 
COBRA-light 

(n=76) 

COBRA 

(n=79) 
P 

 Osteoporosis  

 Baseline 5 (7) 5 (6) 0.97 

 After 1 year 6 (8) 5 (6) 0.70 

 After 4 years 8 (11) 7 (9) 0.73 

 Fractures  

 Baseline, in history 21 (28) 30 (38) 0.17 

 Clinical fractures, during first year 3 (4) 2 (3) 0.64 

 Clinical fractures, during four years 13 (19) 6 (8) 0.05+ 

 Vertebral fractures, during four yearsa 8 (13) 8 (11) 0.84 

 Total fractures, during four years 21 (37) 14 (23) 0.14 

Prednisolone use after four years      

 Use of prednisolone 14 (20) 17 (20) 0.76 

 Median daily dose, mg/day 8.1  9.6  <0.005+ 

 Median daily dose week 10 to T4, mg/day 6.2  6.4  0.64 

 Cumulative dose, g 2.6  3.2  0.39 

Data are presented as number (percentage) stated otherwise. + Significant difference between COBRA-

light and COBRA therapy groups a 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 

 

Bisphosphonate and prednisolone use over four years 

Percentage of bisphosphonate use at any time during trial period was 29% (n=21) 

versus 23% (n=17) for COBRA-light and COBRA therapy, respectively (p=0.45). At 

T4, the bisphosphonate use was only 11% (n=8) versus 4% (n=3) for COBRA-light 

and COBRA therapy, respectively (p=0.11).  

Use of prednisolone in the COBRA-light therapy group was 41% (n=29) after one 

year and 20% (n=14) after four years, mean cumulative prednisolone dosage was 

2.6 gr/4 years (IQR 1.9 to 5.9) and median daily dose was 8.1 mg/day (IQR 7.4 to 

8.1). In the COBRA therapy group these numbers were 43% (n=33) and 22% 

(n=17), 3.2 gr/4 years (IQR 2.5 to 6.2) and 9.6 mg/day (IQR 8.0 to 10.4),  

respectively (Table 3). These differences correspond to the difference in initial 

treatment strategy: after the first nine weeks, both therapy groups had reduced the 

prednisolone dose according to protocol to 7,5 mg per day. The median daily dose 
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from only week ten to T4 was 6.2 mg/day (IQR 6.2 to 6.2) in COBRA-light therapy 

versus 6.4 mg/day (IQR 6.1 to 7.0) in COBRA therapy. There were no significant 

differences between therapy groups in cumulative prednisolone dosage (p=0.39) or 

the amount of days using prednisolone (p=0.85). The median daily prednisolone 

dose did significantly differ between COBRA-light and COBRA therapy groups 

(p<0.005), in favour of COBRA-light. However, the median daily prednisolone 

dose from week ten to T4 did not significantly differ between COBRA-light and 

COBRA therapy groups (p=0.64). Of the patients on prednisolone at T4, the 

median daily dose after four years was 7.6 mg/day (IQR 6.7 to 7.9) in the COBRA-

light group, and 7.5 mg/day (IQR 6.9 to 8.4) in the COBRA group (p=0.65). The 

cumulative prednisolone dosage was 9.0 g (IQR 7.8 to 11.1) in the COBRA-light 

group, and 10.1 g (IQR 7.1 to 13.1) in the COBRA group (p=0.83). 

 

Fractures and osteoporosis 

During four years of follow-up, in COBRA-light therapy group 10 (13%) patients 

with a nonvertebral fracture were documented compared to 6 (8%) patients in the 

COBRA therapy group (p=0.21) (Table 3). In the COBRA-light therapy group we 

found 2 (3%) patients with clinical vertebral fractures.  

Assessment of vertebral deformity was possible in 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 lateral vetrebral assessment (LVA) instead of spine X-

rays. In both groups 8 patients with one new morphometric vertebral fractures 

were found. 

In one patient in the COBRA-light therapy group, both a vertebral and 

nonvertebral fracture was found. Thus the total number of patiënts with a 

nonvertebral and vertebral fracture was 19 versus 14 (p=0.17). There is no 

significant difference in bone loss at lumbar spine (p=0.99), total hip (p=0.77) or 

femoral neck (p=0.81) between patients having a nonvertebral fracture during 

follow-up or not. There were also no differences between therapy groups in possible 

risk factors for fractures, as age (p=0.43), BMI (p=0.40), previous fractures 

(p=0.17), menopausal state (p=0.32), currently smoking (p=0.49), a history of 

smoking (p=0.84) or having at least one fall during follow-up (p=0.36) (15-17).  
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Discussion  

This four-year trial follow up study shows that in early RA patients initially treated 

with intermediate (30 mg/day) or high doses (60 mg/day) of prednisolone no 

difference was found in change in BMD at the spine, and at the hips. Over four 

years, mild bone loss (0.5−1.0%) was found at the lumbar spine, while bone loss at 

the hips was around 3%. This finding is consistent with results of other studies 

reporting more pronounced bone loss in the hip as compared to lumbar spine in RA 

patients treated with GC [6;18-20].  

The overall limited bone loss over four years in early RA patients treated with GCs, 

demonstrated in this study, is remarkable. It has been suggested that the negative 

effects of prednisolone on the bone mass in RA patients are counteracted by their 

favourable suppressive effects on the activity of the underlying disease, which 

might explain the limited bone loss occurring during both treat-to-target designs 

with initially high doses prednisolone [20-23]. Another factor that also might have 

contributed to the limited bone loss is the on average short disease duration of only 

16 weeks (IQR 9.0 to 30.0) and young patient population with mean age 52 [13] 

years. The limited bone loss found in this study was similar with the average bone 

loss of postmenopausal women, around 1−2%/year at the lumbar spine and 

1−2.5%/year at the femoral neck, when 64% of women in this patient population 

was postmenopausal at baseline [24;25].  

Comparison with other studies concerning BMD changes during COBRA therapy is 

speculative because of differences in follow-up duration, study design and study 

population between studies. However, the results of the present COBRA-light study 

seem to be in line with the results of the original COBRA study. Boers et al. (1997) 

and Verhoeven et al. (2001) [6;26], reported a mean reduction in BMD at the 

lumbar spine of −1.3% (95% CI −2.3 to 0.4) and a slightly higher decline in BMD at 

the femoral neck (−1.9%) after 56 weeks of COBRA therapy, respectively. In the 

present study, the mean decline in BMD over four years at the lumbar spine 

seemed to be smaller, probably due to the more aggressive treat-to-target strategy 

and attention to bone saving therapies such as calcium and vitamin D 

supplementation and bisphosphonates. Compared to other studies on the influence 

of a treat-to-target design on bone mass in early RA patients, bone loss at the total 
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hip and the lumbar spine found in this study were similar to the findings of the 

BeSt study [27]; an average bone loss of −1.0% at the lumbar spine and −0.8% at 

total hip after one year. Haugeberg et al. (2014) [19] reported a bone loss of only 

−0.5% after five years at the lumbar spine and −2.9% to −4.0% at the hip, while the 

mean prednisolone dose used (5mg/day) was lower than in our study. The 

discrepancy between the relatively small changes in BMD of the spine and the 

larger changes in BMD at the hip might  be explained by the co-existence of other 

factors which increase BMD at the lumbar spine: spondylosis, aortic atherosclerosis 

and, although less frequent, lumbar vertebral fractures. Furthermore, in the 

present study, comparable BMD change was demonstrated in patients receiving 

initially a higher dose of prednisolone compared to a lower dose prednisolone, 

which finding highlights a minimal increase of the adverse effect on bone of initial 

high-dose prednisolone therapy.  

Of our patients, 6-7% had osteoporosis at baseline. This frequency is well below the 

average prevalence of osteoporosis demonstrated in the elderly general Western 

population, approximately 21% in women aged 50-84 years [28;29]. The low 

prevalence of osteoporosis at baseline in present study patients may be due to a 

patient sample with relatively young patients with short disease duration, initiation 

of treatment early in the disease course and use of combination drug therapy in a 

treat-to-target design. Bisphosphonate use at any moment over these four years 

was 29% of COBRA-light therapy patients and 23% of COBRA therapy patients, 

which was prescribed at the discretion of the treating rheumatologist.  

In four years, no differences in fracture incidence were found between therapy 

groups, both in nonvertebral and vertebral fractures. In COBRA-light therapy 

group 10 (13%) patients had a nonvertebral fracture, compared to 6 (8%) in the 

COBRA therapy group (p=0.21). Since nonvertebral fractures are often related to 

trauma, this small difference between therapy groups might be due to chance.  

The significant difference found between therapy groups in median daily 

prednisolone dose during four years of follow-up was most likely due to the 

difference in starting dose between COBRA and COBRA-light treatment schedules, 

as there was no difference between therapy groups in median daily prednisolone 
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dose from week ten to T4. Patients who still used prednisolone after four years 

generally used a lower daily dose of prednisolone.  

The results of this study should be interpreted taking some limitations into 

consideration. In the COBRA-light trial, bisphosphonates were not prescribed to all 

patients by protocol, but only at the discretion of the treating rheumatologist. As a 

consequence, in this group of relatively young patients having a short disease 

duration, bisphosphonates were prescribed to a minority (29% and 23%) of the 

patients, while the majority received calcium and vitamin D supplementation only. 

That bisphosphonate use did not influence the results of the GEE analysis 

significantly, might thus be a power issue. Strengths of this manuscript include the 

length of follow-up and the very high retention of patients (95%).  

Participants of the COBRA-light trial in early RA who received treatment according 

to treat-to-target strategies that included GCs, experienced very limited bone loss 

over four years of follow up. These data emphasize that during modern treatment 

of RA, aiming at clinical remission in a treat-to-target design, bone loss is rarely a 

problem, even when patients are treated with initially high dosages of 

prednisolone.  
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APPENDIX 1 

 

Table 1 BMD values on baseline and during follow-up 

 
COBRA-light COBRA 

Baseline T1 T2 T4 Baseline T1 T2 T4 

Lumbar 

Spine 
1.10 (0.15) 1.09 (0.16) 1.09 (0.15) 1.10 (0.16) 1.13 (0.19) 1.13 (0.19) 1.12 (0.19) 1.12 (0.20) 

Total Hip 0.96 (0.13) 
0.94 

(0.13) 

0.94 

(0.13) 

0.92 

(0.13) 
0.95 (0.15) 

0.95 

(0.15) 

0.95 

(0.15) 
0.94 (0.15)

Femoral 

Neck 
0.88 (0.12) 

0.88 

(0.12) 

0.87 

(0.12) 

0.85 

(0.13) 
0.90 (0.16) 

0.90 

(0.17) 

0.89 

(0.17) 

0.88 

(0.17) 

Data are presented as mean (SD) unless stated otherwise. BMD values are presented as g/cm2. If BMD 

or T-score data was missing at any visit, missing data was imputed according to the linear regression 

technique: the BMD or T-score measurement before and after the missing data were used to calculate 

the mean change over time between those to time periods. In case of dropout after week 104, the mean 

of the two BMD measurements before the missing value, was used to calculate the missing value.  

Thirty-eight patients had at least one missing BMD measurement at one time point and were therefore 

imputed: 2 at baseline, 9 patients at week 52, 12 patients at week 104 and 24 patients at week 208. 

BMD, Bone Mineral Density; T1, measurement after 1 year; T2, measurement after 2 years; T4, 

measurement after 4 years; SD, Standard Deviation. 

  

Table 2 BMD change on average over four years 

  
Mean 

difference 
95% CI 

P, between 

groups  

P, yearly 

decline 

Lumbar 

spine  

Crude −0.02 −0.04 − 0.00 0.10 0.42 

Adjusted model 1* −0.02 −0.03 − 0.00 0.12 0.46 

Adjusted model 2**  −0.02 −0.04 − 0.00 0.10 0.42 

Total hip  

Crude  −0.02 −0.04 − 0.00 0.10 0.57 

Adjusted model 1* −0.02 −0.04 − 0.00 0.10 0.59 

Adjusted model 2** −0.02 −0.04 − 0.00 0.12 0.64 

Femoral 

neck  

Crude 0.00 −0.02 − 0.02 0.81 0.30 

Adjusted model 1* 0.00 −0.02 − 0.02 0.79 0.24 

Adjusted model 2** 0.00 −0.02 − 0.02 0.95 0.27 

GEE analysis COBRA-light versus COBRA therapy. BMD values are presented  in g/cm2. 

*Adjusted for bisphosphonate usage (yes versus no). **Adjusted for bisphosphonate usage (yes versus 

no), cumulative prednisolone dosage, age, gender and disease activity based on DAS44 (DAS44<1.6 in 

remission versus DAS44≥1.6 not in remission). GEE, Generalized Estimating Equations; BMD, bone 

mineral density; CI, confidence interval. 
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Abstract 

 

Glucocorticoid-induced osteoporosis is one of the most important side-effects of 

glucocorticoid use, leading to an increased fracture risk. In this review, recent 

advances in the understanding of the mechanisms of glucocorticoid-induced 

osteoporosis are summarised. Methods to identify persons at risk for fractures are 

discussed, as well as the new ACR recommendations for the prevention and 

treatment of glucocorticoid-induced osteoporosis (2010). Different treatment 

options are summarised in considering the pathogenesis of glucocorticoid-induced 

osteoporosis. Improved insights into pathogenesis might result in development of 

new treatment possibilities.  
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Introduction 

Glucocorticoids are frequently used in many diseases because of their strong anti-

inflammatory and immunosuppressive effects. However, corticosteroids have many 

metabolic side-effects. Glucocorticoid-induced osteoporosis is one of the most 

devastating side-effects, since bone loss during long-term glucocorticoid-treatment 

may cause severe clinical manifestations, e.g. vertebral and non-vertebral fractures.  

 

Epidemiology 

Glucocorticoids frequently are prescribed in patients with various chronic diseases, 

such as rheumatoid arthritis, polymyalgia rheumatica, inflammatory bowel disease 

and chronic obstructive pulmonary disease. It is estimated that 3% of the elderly 

>50 years has ever used glucocorticoids [1;2]. Treatment with glucocorticoids 

results in bone loss, and increased risk of vertebral and non-vertebral fractures [3]. 

Glucocorticoid-induced bone loss predominantly affects the trabecular bone and 

begins within months after initiation of therapy [3;4]. Earlier studies showed a 

biphasic pattern with a rapid initial phase of 3-5% bone loss in the first year of 

glucocorticoid-treatment, followed by a slower phase during continued use of 0.5-

1% annually [5;6].  

As a consequence of bone loss, use of glucocorticoids increases fracture risk in a 

dose-dependent manner [7;8]. The risk for vertebral fractures is elevated 

particularly, 2-5 times, depending on the daily prednisone dosage, and this increase 

is seen as soon as 3 months after initiation of treatment [9;10]. After cessation of 

glucocorticoid-treatment fracture risk gradually returns to baseline and therefore 

appears to be partly reversible [11]. Fracture risk is increased for both women and 

men and is age-dependent. Furthermore, other determinants of bone loss, such as 

smoking, immobility and the activity of the underlying disease also may contribute 

to increased fracture risk [12].   

Although glucocorticoids reduce bone mineral density (BMD), fracture risk can not 

be completely explained by changes in BMD, but also is influenced by a reduced 

bone quality [13]. Prior studies have documented a decrease in the so called “bone 

density threshold for vertebral fractures” [14;15]: more vertebral fractures were 
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documented in postmenopausal women using glucocorticoids versus nonusers, 

with the identical T-score. 

 

Effects of glucocorticoids on bone and fracture risk 

Earlier data on the pathogenesis of glucocorticoid-induced osteoporosis were 

mainly based on histomorphometric data derived from patients treated with high-

dose glucocorticoids. In these studies, reduced bone formation was observed, 

characterised by a low mineral apposition rate and a reduced number of 

osteoblasts, while bone resorption was unchanged or even elevated [16;17].  

Recent studies have provided more insight in the molecular mechanisms involved 

in glucocorticoid-induced osteoporosis, summarised in Figure 1. These include: 1) 

increased apoptosis of osteoblasts and osteocytes, 2) impaired differentiation of 

osteoblasts and 3) increased life-span of osteoclasts, as discussed below:  

1. Glucocorticoid-induced increased apoptosis of osteoblasts results in reduced 

bone formation, and the loss of osteocytes is thought to result in a disrupted 

osteocyte-canicular network and failure to respond to bone damage, leading to 

reduced bone strength [18]. Apoptosis of osteoblasts and osteocytes is induced 

by activating caspase 3 [19], and, furthermore, apoptosis of osteoblasts is 

related to activation of glycogen synthase kinase 3β (GSK3β), which plays a 

role in the Wnt signalling pathway [20]. The Wnt signalling pathway is 

important in bone metabolism and especially osteoblastogenesis. Normally, 

binding of Wnt to the low density lipoprotein receptor-related protein 5 and 6 

(LRP5/6) and its co-receptor frizzled stabilises β-catenin and leads to 

transcription of target genes and subsequent induction of bone formation. 

Glucocorticoids have been shown to suppress this pathway by increasing the 

production of Wnt pathway inhibitors, such as dickkopf-1 (Dkk-1) [21;22].  

2. Glucocorticoids are recently shown to interfere with the bone morphogenetic 

protein (BMP) pathway [23]. Furthermore, glucocorticoids stimulate bone 

marrow stromal cells to differentiate towards adipocytes instead of 

osteoblasts, through increased expression of the peroxisome proliferator-

activated receptor-γ2 (PPARγ2) and repression of the osteogenic transcription 

factor runt-related protein 2 (Runx2) [24]. Recent research suggested that 
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high doses of glucocorticoids cause a shift towards adipogenesis by repression 

of activator protein-1 (AP-1) [25]. 

3. Interestingly, the apoptosis of osteoclasts is reduced during glucocorticoid-

treatment. The lifespan of osteoclasts is extended due to an up-regulation of 

receptor activator for nuclear factor kappa B ligand (RANKL)  and suppression 

of osteoprotegerin (OPG) [26]. The Wnt signalling pathway might be involved 

in the glucocorticoid mediated suppression of OPG [27]. However, this 

prolonged life-span of osteoclasts might be associated with reduced function. 

Glucocorticoids directly affect osteoclasts, including interference with the 

formation of ruffled border and disruption of the cytoskeleton, causing a 

suppressed capacity for bone resorption [28].  

Indirect effects by which glucocorticoids impair bone metabolism include 

inhibition of intestinal calcium resorption and renal tubular calcium reabsorption, 

which may lead to hypocalcaemia and hyperparathyroidism. Glucocorticoids 

influence bone mineralization by transrepression of osteocalcin and collagen I, two 

important matrix proteins [29]. Furthermore, glucocorticoids might increase 

fracture risk indirectly by increasing the risk of falls, due to steroid myopathy [3].  

 

Figure 1 Pathophysiology of glucocorticoid-induced effects on bone cells 
 

 
 
BMP, bone morphogenetic protein; Dkk-1, dickkopf-1; GSK3β, glycogen synthase kinase 3β; OPG, 

osteoprotegerin; PPARγ2, PPARgamma2; RANKL, receptor activator for nuclear factor kappa B ligand; 

Runx2, runt-related protein 2 
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Management of glucocorticoid-induced osteoporosis 

General measures 

First, efforts should be made to prescribe glucocorticoids in the lowest possible 

doses for the shortest period of time. Physicians should recommend patients to 

stop smoking, limit alcohol intake, to have a sufficient calcium intake and to 

perform weight-bearing activities daily. Furthermore, an assessment of fall risk is 

recommended and a variety of approaches are available [30]. 

Calcium and vitamin D supplementation have been proven essential in the 

management of glucocorticoid-induced osteoporosis. The total calcium intake 

should be at least 1000-1200 mg per day. An adequate vitamin D level, defined as a 

minimum serum level of  >50 nmol/L 25(OH)D3, is advised during the whole year 

[29;31]. Vitamin D supplementation in doses of at least 800 IU daily is 

recommended to achieve these therapeutic levels. In some patients higher dosages 

are needed, probably because many glucocorticoid users do not go outdoors often, 

and because glucocorticoids might interfere with vitamin D absorption. Calcium 

and vitamin D supplementation are shown to more or less stabilise BMD in 

patients on chronic glucocorticoid-treatment [32].  

 

Fracture risk 

The pathophysiology of osteoporotic fractures during glucocorticoid-treatment is 

multifactorial, including bone- and fall-related factors, and is also strongly related 

to baseline risk [34].  Identifying patients with increased fracture risk solely by 

BMD measurements has several shortcomings, such as its age-dependency and 

inaccuracy in measuring bone quality. Therefore, the assessment of fracture risk 

using models calculating the absolute fracture risk for the individual patient has 

been recommended, although a lack of consensus exists regarding the level at 

which treatment should be initiated. Several algorithms are available to support 

treatment decisions, usually based on the daily prednisone dosage and on the T-

score of BMD measurements. First, the General Practice Research Database 

(GPRD), also known as FIGS (Fracture In GIOP Score) has been developed [8]. 

This model calculates the 5- and 10-year risk for an osteoporotic fracture of the hip, 

vertebrae and wrist. The use of this approach is somewhat complicated, but this 



 GIOP 

117 

scoring method has the advantage that the  underlying disease, the glucocorticoid 

dosage and the fall-risk are taken into account.  

Another approach is the Fracture Risk Assessment (FRAX tool) as proposed by the 

World Health Organization (WHO) [34]. This tool does not include the number of 

falls and the presence or absence of prevalent vertebral deformities. Furthermore, 

glucocorticoid usage, but not dosage, is recorded in the FRAX. Besides being useful 

in treatment decisions, the assessment of fracture risk might also help improving 

patient treatment adherence, since it presents the degree of risk reduction if 

treatment with anti-osteoporotic drugs is initiated. 

 

Medication 

Bisphosphonates have been shown to be effective in preventing glucocorticoid-

induced bone loss in several randomised controlled trials (RCTs) [6;35-39] (Table 

1). Alendronate improved lumbar spine BMD in patients on long-term 

glucocorticoids after one year, while BMD decreased in patients receiving placebo 

[38]. This difference is sustained over 2 years [5], although the greatest increase in 

BMD occurred within the first year.  

Two trials addressed the efficacy of risedronate in preventing glucocorticoid-

induced osteoporosis. One study demonstrated that risedronate prevented bone 

loss in patients starting with glucocorticoids [35]. Another study showed that 

risedronate increased BMD in patients who were taking long-term glucocorticoid-

treatment [36]. Amin showed, in a meta-analysis, a small, but significant difference 

in percentage BMD change in patients using bisphosphonates of  +4.6% versus 

patients using placebo/calcium [39]. Furthermore a reduction of vertebral fractures 

has been observed in RCTs of both alendronate and risedronate in glucocorticoid-

treated patients [6;37] (Table 1), although no reduction in non-vertebral fractures 

was observed in both studies.  

 



 

 

Table 1 Treatment effects on bone mineral density and incident vertebral fractures in glucocorticoid-induced osteoporosis  
 

 
¥ combination of 2 studies , * P≤0.001,  a P≤0.01,  # P≤0.0001, bP=0.02,¢ P=0.004, #P=0.007.  
BMD, bone mineral density; Fem neck, femoral neck; GIOP, glucocorticoid induced osteoporosis; Med, medication studied; PTH, parathyroid hormone. 

Intervention Comparative Number Design Duration % change BMD % change BMD Vertebral fractures 

  of patients   Spine Fem neck Placebo Study drug 

     Placebo Med Placebo Med  

Risedronate(35) Placebo 224 Prevention 1 year -2.8  +0.6* -3.1 +0.8* 9/52 (17.3%) 3/53 (5.7%) 

Risedronate(36) Placebo 290 Treatment 1 year 0. +2.9* -0.3 +1.8 a 9/60 (15%) 3/60 (5%) 

Risedronate¥(37) Placebo 518 Both 1 year -1.0 +1.9* -1.5 +1.3* 18/111 (16.2%) 6/111a (5.4%) 

Alendronate(38) Placebo 477 Treatment 1 year -0.4 +2.9* -1.2 +1.0* 8/135 (5.9%) 8/268 (2.9%) 

Alendronate(6) Placebo 477 Treatment 2 years -0.8 +3.9* -2.9 +0.6a 4/59 (6.8%) 1/143 (0.7%)b 

Alendronate(37) Placebo 173 Treatment 1 year -0.6 +2.5* +0.1 +0.4  

Zoledronic acid(5) Risedronate 
545 
288 

Treatment 
Prevention 

1 year 
+2.7  +4.1# 
+2.0 +2.6# 

+1.5 +0.4* 
+1.3 -0.03* 

5/833 (0.6%) 3/833 (0.4%) 

Ibandronate(40) Placebo 58 Prevention 1 year -25   0* -23   0*  (53%)  (13%)b 

Neridronate (..) Placebo 68 Treatment 1 year -2.97 +3.34* -2.40 +1.78a  

Strontium Ranelate No data       

Teriparatide(44)  Alendronate 428 Treatment 18 months +3.4 +7.2*  10/165 (6%) 1/171 (0.6%)¢ 

Teriparatide(45) Alendronate 428 Treatment 36 months +5.3 +11.0* +3.4 +6.3* 13/169 (7.7%) 3/173 (1.7%)# 

PTH(1-84) No data       

Raloxifene (42) Placebo 114 Treatment 1 year -0.9 +1.3a -0.8 +1.0 2/57 (4%) 0/57 (0%) 
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Recently, zoledronic acid, given yearly by intravenous infusion, was shown to 

prevent glucocorticoid-induced osteoporosis  [5]. Zoledronic acid was found to be 

more effective than risedronate in both the treatment and prevention subgroup 

after 12 months of treatment. No statistically significant difference in fracture rate 

was observed, which might be due to the fact that zoledronic acid was compared 

with an anti-osteoporotic drug and not with placebo. The larger increase in BMD in 

the zoledronic acid group is difficult to interpret, since it is unknown whether this 

is associated with a larger increase in bone strength and/or a larger reduction in 

fracture rate. Zoledronic acid is administered as a short-term infusion, which might 

include a small risk of renal failure.  

The effects of ibandronate have been studied recently in a placebo-controlled RCT 

in men after cardiac transplantation, all of whom received high dose 

glucocorticoids directly after transplantation. After one year, spine BMD remained 

unchanged in men treated with ibandronate compared with a decline in spine BMD 

of 25% in placebo-treated patients. Furthermore, a significant reduction in the rate 

of morphometric vertebral fractures was demonstrated [40]. The reduction in BMD 

with ibandronate appears large, however, comparison with other bisphosphonates 

is hampered by the difference in study population and cumulative glucocorticoid 

dose. Monthly intramuscular neridronate improved BMD in the lumbar spine and 

femoral neck compared with placebo in RA patients during glucocorticoid-

treatment [41].  

Very recently a placebo-controlled trial showed that raloxifene increased spine and 

hip BMD significantly [42].  The observation that anti-resorptive drugs like 

bisphosphonates are useful in glucocorticoid-treated patients might theoretically be 

unexpected, since the effect of glucocorticoids is dominated by its inhibiting effect 

on bone formation.  

Theoretically, anabolic agents should be the first choice in glucocorticoid-treated 

patients, based on the pathogenetic mechanisms in glucocorticoid-induced 

osteoporosis [13]. This has been discussed in a recent editorial, in which it was 

stated that in the early phase of glucocorticoid-treatment bone formation is 

depressed and bone resorption increased, while in the chronic phase, the coupling 

between bone formation and resorption leads to low bone turnover, which 
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provides an argument to prescribe anabolic agents [43]. Indeed, clinical studies 

show that the anabolic agent PTH 1-34 (teriparatide) is more effective in 

prevention of glucocorticoid-induced osteoporosis than bisphosphonates. 

Recombinant human PTH 1-34 was compared with the active comparator 

alendronate in 428 women and men with osteoporosis, who received 

glucocorticoids (>5mg per day) for at least three months [44]. After 18 months, 

lumbar spine BMD was significantly more increased in patients receiving 

teriparatide than in alendronate-treated patients. Remarkably, a difference in the 

percentage of patients with new vertebral fractures was also observed (Table 1) In 

line with other studies, no difference was found in non-vertebral fracture rate. This 

finding was confirmed in the follow-up study during another 18 months of 

treatment [45]. Teriparatide did not only reduce fracture rate, but was also shown 

to reduce back pain and improve quality of life in the European Forsteo 

Observation Study (EFOS) [46].  

Intervention with PTH 1-34 restored trabecular bone volume, increased bone 

formation and increased bone strength in an animal model [47;48]. PTH treatment 

counteracts the negative effects of glucocorticoids on osteoblast and osteocyte 

apoptosis. These effects were demonstrated to be obtained by increasing the 

expression of Wnt signalling agonists [47;48]. No data are available on the effects 

of strontium ranelate and PTH 1-84 with respect to the prevention of 

glucocorticoid-induced osteoporosis. 

So far, no clear guidelines exist to identify which glucocorticoid-treated patients 

should be treated with teriparatide, particularly because of its relatively high cost 

price. One suggestion could be to treat a) only in those glucocorticoid-users with 

high age (>70 years?), with a low BMD (T-score <-2.5?), and at least 1 vertebral 

deformity at baseline or b) in those with a very high 10 year absolute fracture risk. 

In several countries reimbursement is only possible when a subsequent fracture 

occurs in a high risk patient, treated at least one year with a bisphosphonate, e.g., 

in the Netherlands, where it is available only in postmenopausal women with 2 

vertebral fractures, suffering from a third fracture. Since the fracture threshold for 

glucocorticoid users is different [15], another cut-off threshold could be reasonable; 

e.g that in glucocorticoid users above 50 years of age, it will be possible to prescribe 
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teriparatide in a patient with at least 1 prevalent vertebral deformity, suffering from 

a second vertebral deformity during glucocorticoid-treatment. It is important to 

recognize that these are examples of possible guidelines, and that we propose that a 

consensus document is needed for the rheumatology community.  

Recent studies on the molecular pathways underlying bone metabolism have 

identified potential novel therapeutic targets for the management of osteoporosis 

[49]. New drugs, interfering with the Wnt signalling or RANKL/OPG pathways, 

might prove to be more effective than current treatment options in reducing 

glucocorticoid-induced osteoporosis in the future. Importantly, new anti-

osteoporotic drugs for glucocorticoid-induced osteoporosis (such as denosumab, 

cathepsin K inhibitors and monoclonal antibody against sclerostin) should be 

tested against an active comparator, for ethical reasons. 

Very recently, the American College of Rheumatology (ACR) recommendations for 

the prevention and treatment of glucocorticoid-induced osteoporosis were updated, 

including renewed recommendations for counseling and monitoring and updated 

pharmacotherapeutical interventions [50]. These recommendations provide a 

guideline for the management of glucocorticoid-induced osteoporosis for 

postmenopausal women and men >50 years and premenopausal women and men 

<50 years initiating or receiving glucocorticoids. Although a possible advance, the 

risk categories were identified using the FRAX tool, which does not include the 

daily prednisolone dose, the presence of prevalent vertebral fractures, and fall risk. 

Furthermore, the risk categories were arbitrarily defined by an expert panel. 

 

Conclusions 

Glucocorticoid-induced osteoporosis is one of the most important causes of 

secondary osteoporosis and associated with an evident clinical impact due to 

increased fracture risk. Increased insight in molecular mechanisms has suggested 

an important role for the RANKL/OPG pathway and Wnt signalling route in the 

pathophysiology of glucocorticoid-induced osteoporosis. To identify patients with 

increased fracture risk more accurately, new tools to assess absolute fracture risk 

are available. The first step in the management of glucocorticoid-induced 

osteoporosis is to minimalize the dose and duration of glucocorticoid-treatment 
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when possible. Glucocorticoid-induced osteoporosis can be partly prevented by oral 

bisphosphonates. However, PTH 1-34 therapy seems to be superior to oral 

bisphosphonates, but is more expensive. Recent advances in the pathophysiology of 

glucocorticoid-induced osteoporosis have lead to the development of new 

treatments, which will be available in the (very near) future to reduce 

glucocorticoid-induced osteoporosis and improve the quality of life of these 

patients.  
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Abstract 

Preference for a drug formulation is important in adherence to long-term 

medication for chronic illnesses such as osteoporosis. We investigated the 

preference for and acceptability of a chewable tablet containing calcium and 

vitamin D (Calci Chew D3, Nycomed) compared to that of a sachet containing 

calcium and vitamin D3 (Cad, Will-Pharma).  This open, randomised, cross-over 

trial was set up to compare the preference and acceptability of two calcium plus 

vitamin D3 formulations (both with 500 mg calcium and 400/440 IU vitamin D3), 

given twice a day in patients with osteoporosis. Preference and acceptability were 

assessed by means of questionnaires. Preference was determined by asking the 

question which treatment the patient preferred, and acceptability was measured  by 

scoring five variables, using rating scales. Of the 102 patients indicating a 

preference for a trial medication, 67% preferred the chewable tablet, 19% the sachet 

with calcium and vitamin D3, and 15% stated no preference. The significant 

preference for Calci Chew D3 (p<0.0001) was associated with higher scores for all 

five acceptability variables. The two formulations were tolerated equally well. 

A significant greater number of patients considered the chewable tablet as 

preferable and acceptable to the sachet containing calcium and vitamin D3.   

Trail registration: Current Controlled Trials ISRCTN18822358. 
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Background 

Osteoporosis is a systemic skeletal disease characterised by low bone density and 

changes in the microarchitecture resulting in an increased risk of fractures [1]. 

Osteoporosis is an important problem in the elderly, since fracture incidence 

increases with age. It is estimated that 40% of all 50-years old Caucasian women 

will sustain an osteoporotic fracture during their remaining lifetime [2]. These 

fractures may have major consequences, and particularly hip and spine fractures 

are associated with increased morbidity and mortality [2-6]. 

Calcium and vitamin D are necessary for optimal development of the skeleton [7]. 

It has been shown in several studies that inadequate intake and absorption of 

calcium and vitamin D contributes to an increase in bone loss and increased risk of 

fractures [8-10]. The recommended intake of calcium in osteoporotic patients is at 

least 1000-1200mg per day [11]. Recommendations for adequate daily intake of 

vitamin D is for elderly 400-800 IU, however, adults without adequate sun 

exposure require at least 800-1000 IU per day [7]. Dietary supplementation of 

calcium and vitamin D is believed to be beneficial for the prevention and treatment 

of osteoporosis. Several studies have shown that dietary calcium and vitamin D 

supplementation not only increases bone mineral density but may also reduce the 

risk of fractures in elderly people [9;11-13]. However, in other studies no effect on 

fracture incidence was found [14;15]. Furthermore, calcium and vitamin D 

supplements alone are insufficient to abolish the risk of fractures in osteoporosis, 

but are a necessary component of its treatment.  

Bisphosphonates are important agents for fracture prevention and their 

effectiveness has been proven in several studies [16;17]. Although supplementation 

of calcium and vitamin D3 cannot replace antiresorptive therapy, it may increase 

the effectiveness of the treatment with bisphosphonates or estrogen 

agonist/antagonist. Some data suggest a synergistic relation between a high 

calcium intake and anti-resorptive treatment for osteoporosis, since the increase in 

bone mass was greater when calcium was added to the anti-osteoporotic regimen 

[18]. In addition to yielding synergistic increments in bone mass, calcium and 

vitamin D supplementation may prevent hypocalcaemic reactions to inhibitors of 

bone resorption [19]. Moreover, calcium and vitamin D supplements are also 
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necessary during treatment with bone formation stimulating agents such as 

recombinant parathyroid hormone 1-34 and 1-84 and strontium ranelate. 

Therapeutic adherence can be subdivided into persistence and compliance [20]. 

Persistence refers to the length of time a patient continues drug treatment, while 

compliance describes how closely the patient maintains the recommended 

medication dosing schedule. Poor adherence to drug therapy remains a crucial 

problem in the long-term management of chronic diseases. During the treatment of 

osteoporosis, non-adherence is common: several studies have shown that 20-80% 

of patients discontinued the prescribed anti-osteoporotic medication 

(bisphosphonates, oestrogen and calcitonin) within one year [21-24]. This non-

adherence has significant consequences, patients non-compliant with anti-

osteoporosis treatment (such as bisphosphonates) have an increased fracture risk 

[25;26].  

Adherence to prescribed medication may be influenced by many factors, such as 

adverse drug reactions, absence of symptoms, lack of motivation, socio-economic 

status and inconvenient packaging [24;27]. Several strategies have been used to 

improve patient adherence. Research has shown that patients’ preferences for 

osteoporosis treatment are strongly influenced by the route of administration, and 

that the willingness of a patient to continue long-term therapy is related to 

formulation, size and taste [28]. Therefore it can be thought that initial preference 

for a drug formulation may be important in adherence to long-term medication for 

chronic illnesses such as osteoporosis.  

The aim of this trial was to assess the preference for a formulation based on the 

identification of some of the factors that may influence compliance with the intake 

of calcium plus vitamin D3 supplements. The preference for and acceptability of a 

chewable tablet containing calcium and vitamin D3 and a sachet containing calcium 

and vitamin D3 were assessed in a randomised trial. This trial was part of a multi-

national phase IV trial that was carried out in five European countries. The Belgian 

results have already been published [26]. This paper presents an analysis of the 

results of the trial in the Netherlands.  
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Methods 

Study participants 

This trial included patients visiting the outpatient clinic who required calcium and 

vitamin D supplementation as part of their antiosteoporotic therapy. The patients 

physician included the patients for the trial, after informed consent was obtained. 

The exclusion criteria were use of the trial medications during the past 6 months, 

any condition for which the trial medications are contra-indicated, such as 

hypercalcaemia, hypercalciuria, Zollinger-Ellison syndrome, and nephrolithiasis, 

use of drugs known to interact with the trial medications (e.g, digoxin, tetracycline, 

fluoroquinolones, bisphosphonates, iron, sodium fluoride, diuretics, phenytoin, 

barbiturates, corticosteroids, levothyroxine, ion exchange resins, laxatives) and 

planned surgery during the 4-week study period. Pregnant, possibly pregnant, or 

breastfeeding women were excluded from the study. All patients gave written 

informed consent before being included in the study. 

 

Study design  

This randomised, open, cross-over clinical trial was conducted in four centres in 

The Netherlands: in Amsterdam, Hengelo, Heerlen, and Delft. The trial, which was 

conducted between February 2003 and November 2003,  was approved centrally 

by the STEG (Stichting Therapeutische Evaluatie Geneesmiddelen) and by the local 

Ethics Committees. 

 

Trial medication 

The Calci Chew D3 chewable tablets (Nycomed) contained 1250mg of calcium 

carbonate (equivalent to 500mg elemental calcium) and 400 IU of cholecalciferol 

(equivalent to 10μg vitamin D3). The sachet of calcium plus vitamin D3 (Cad, Will-

Pharma) contained 1250mg of calcium carbonate (equivalent to 500mg elemental 

calcium) and 440 IU of vitamin D3. 

The patients received both trial medications for 14 days, which was considered 

adequate for a patient to become familiar with the formulation and to assess the 

preference and acceptability.  The patients received either the chewable tablet for 

two weeks followed by the sachet for two weeks or vice versa. One dose was given in 
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the morning and one in the evening. The sachet was taken with 150 ml of water and 

dissolved before intake. The trial medications were delivered in the original sales 

packaging with the original package insert and with labels added for trial-specific 

details. 

 

Number of subjects 

The determination of required sample size was based on the primary endpoint: 

preference for one of the trial medications, and on a previous trial with a similar 

design by Rees et al [28]. The H0 hypothesis to be tested was that the preference for 

either trial medication was 50%. The alternative hypothesis was that the preference 

for either trial medication was 60%. According to binomial theory, inclusion of 200 

subjects would result in a power of 78% in the statistical analyses. 

 

Visit procedures 

At the first visit, the patients signed the informed consent form, entry criteria were 

evaluated, and demographic data, smoking and drinking habits, concomitant 

illness including history of fractures, osteopenia and osteoporosis, and use of 

concomitant drugs were recorded. Patients were randomised by block 

randomisation, stratified per centre, and received either medication A (Calci Chew 

D3) or B (sachet with calcium and vitamin D3) and were asked to return 14 days 

later. At visit 2, the patients returned the unused trial doses for drug accountability 

and received the package with the second trial medication. The patients completed 

the acceptability questionnaire and all adverse events that had occurred during 

period 1 were recorded. At visit 3, i.e. 14 days later, unused trial doses were 

returned, the subjects completed the acceptability and preference questionnaires 

and all adverse events were again recorded. 

 

Questionnaires 

Preference was assessed at visit 3 when the subjects were asked to indicate the 

preferred trial medication. Patients were asked to choose between the following 

options: preference for the first treatment, the second treatment, or no preference.   
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Acceptability: At visits 2 (day 14) and 3 (day 28), the subjects were asked to assess 

five variables using 11-point rating scales: removing the dose from the container 

(very difficult (0) - very easy (10)), taking the dose (very difficult (0) - very easy 

(10)), taste (very bad (0)- very good (10)), time spent taking the dose (very 

troublesome (0)- no problem at all (10)) and general convenience of taking the dose 

(very difficult (0)- very easy (10)).  

 

Safety 

Adverse events were defined as either events that occurred after informed consent 

was given or events present at baseline that became progressively worse during the 

study period. Adverse events were evaluated and recorded at every visit. 

 

Statistics  

A test level of =5% was used to determine statistical significance. Statistical 

analyses were performed per protocol (PP). The primary endpoint, preference for a 

trial medication, was analysed by a logistic regression model. Preference for 

treatment A (yes/no) was the dependant variable; sequence of treatment was the 

independent variable. The intercept in the model provided an estimate of the 

difference between treatments, sequence of treatment was an estimate of the 

sequence effect. The secondary efficacy endpoints were analysed using a linear 

mixed model with treatment and period as fixed effects and subjects as random 

effect. The primary and secondary endpoints were summarised for various 

subgroups: sex (male/female), age (≤ / >65 years), smoking >10 units of 

tobacco/day, daily intake of alcohol (yes/no), history of osteoporosis (yes/no), 

history of osteopenia (yes/no) and history of fractures within the last 10 years 

(yes/no). SAS, version 8.2 (SAS Institute Inc., Cary, North Carolina) was used in all 

statistical analyses. 

 

Results 

Study participants 

A total of 102 patients participated in the trial. Since the trial had to be finished by 

a fixed deadline and in order not to delay overall international completion of the 



Chapter 7 

136 

trial, less than 200 patients were enrolled in the Netherlands. Demographic and 

baseline data are presented in Table 1. Of the 102 patients, 88% were women and 

12% were men. The mean age was 66 years (range 34-83). There was a history of 

osteopenia in 13 patients (13%), osteoporosis in 66 (65%) and fractures in 18 (18%). 

Concomitant drug use was reported by 99 patients (97%) and concomitant illness 

by 102 patients (100%).  

In total, 86 patients completed the 4-week trial period; eleven subjects 

discontinued due to adverse events and five discontinued for other reasons.  

 

Table 1 Baseline characteristics of study participants 

Characteristics All (n=102) 

Male  
Female  

12 (12%) 
90 (88%) 

Mean age, years (range) 66 (34-83) 

Smoking  16 (16%) 

Daily alcohol 27 (26%) 

History of osteoporosisa 66 (65%) 

History of osteopeniaa 13 (13%) 

History of fractures 18 (18%) 

Concomitant drugs 99 (97%) 

Concomitant illness 102 (100%) 

 

aHistory of osteoporosis and osteopenia was defined by the physician 
 

Compliance 

Treatment compliance was good for both preparations; the mean number of days 

on drug was 12.8 days for the chewable tablet and 13.5 days for the sachet.  

 

Preference  

Preference data are available for 96 patients: 67% (64 patients) preferred the 

chewable tablet, 19% (18 patients) preferred the sachet, and 15% (14 patients) had 

no preference (Figure 1). Of the 82 patients stating a preference, 78% therefore 

preferred the chewable tablet (p < 0.0001). The sequence of treatments had no 

influence on preference (p=1.000). The chewable tablet was preferred to the sachet 
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by relatively more male 83% (n=10/12) than female patients 64% (n=54/84) and 

by the younger patients (82% vs 56%). For the other demographic characteristics 

(smoking, and a history of osteoporosis, osteopenia or fracture), the percentages of 

preference were similar (Table 2).  

 

Figure 1 Preferences (%) of study participants (n=96) 
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A = chewable tablet, Calci Chew D3; B = sachet of calcium and vitamin D3 CAD 
 

 

Acceptability  

The scores for the secondary endpoints, i.e. the five acceptability variables 

(removing the dose from the container, taking the dose, taste, time spent taking the 

dose and general convenience of taking the dose), were consistently higher for the 

chewable tablet calcium and vitamin D3 than for the sachet with calcium and 

vitamin D3 (Table 3). The difference between the chewable tablet and the sachet 

was statistically significant (p<0.0001) for all five variables. The distribution of 

acceptability, with higher scores for the chewable tablet, was independent of gender 

or age (data not shown).   
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Table 2 Preference results, distributed by demographic characteristics and risk factors 

 
Variable 

 
All Patients 
(N = 96) 

Preferencea 

Chewable tablet,  
calcium  
± vitamin D3  

 (n = 64) 

Sachet,  
calcium  
± vitamin D3 
 (n =18) 

None 
(n = 14) 

Demographic characteristics 

Sex 
 Female 
 Male 

 
84 
12 

 
54 (64.3%) 
10 (83.3%) 

 
17 (20.2%) 
1 (8.3%) 

 
13 (15.5%) 
1 (8.3%) 

Age group 
  65 yr 
 >65 yr 

 
39 
57 

 
32 (82.1%) 
32 (56.1%) 

 
4 (10.3%) 
14 (24.6%) 

 
3 (7.7%) 
11 (19.3%) 

Risk factors     

Smoke >10 U/d 
  Yes 
  No 

 
14 
82 

 
9(64.3%) 
55(67.1%) 

 
3 (21.4%) 
15 (18.3%) 

 
2 (14.3%) 
12 (14.6%) 

Drink alcohol daily 
 Yes 
 No 

 
26 
70 

 
15 (57.7%) 
49 (70.0%) 

 
5 (19.2%) 
13 (18.6%) 

 
6 (23.1%) 
8 (11.4%) 

Disease history     

Osteoporosis 
 Yes 
 No 

 
62 
34 

 
43 (69.4%) 
21 (61.8%) 

 
10 (16.1%) 
8 (23.5%) 

 
9 (14.5%) 
5 (14.7%) 

Osteopenia 
 Yes 
 No 

 
12 
84 

 
8 (66.7%) 
56 (66.7%) 

 
3 (25.0%) 
15 (17.9%) 

 
1 (8.3%) 
13 (15.5%) 

Fracture 
 Yes 
 No 

 
15 
81 

 
9 (60.0%) 
55 (67.9%) 

 
2 (13.3%) 
16 (19.8%) 

 
4 (26.7%) 
10 (12.3%) 

aPercentages may not total 100 due to rounding 

Missing data not included 
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Table 3  Acceptability. Questionnaire response, mean estimates per acceptability variablea. 
 

 

aThe 5-variable acceptability questionnaire used the following widely accepted but not validated 11-point 

rating scales: removing the dose from the container (scale: 0 = very difficult to 10 = very easy), taking 

the dose (scale: 0 = very difficult to 10 = very easy), taste (scale: 0 = very bad to 10 = very good), time 

spent taking the dose (scale: 0 = very troublesome to 10 = no problem at all), and general convenience of 

taking the dose (scale: 0 = very difficult to 10 = very easy). 

 

Safety evaluation 

In general, adverse events were equally distributed between treatment groups: this 

pertained to the total number of adverse events, the most frequent adverse events, 

their severity and causality.  

A total of 61 adverse events were reported: of these, 45 were considered probably or 

possibly related to the trial medication: 23 events in 21 patients during treatment 

with the chewable tablet and 22 events in 20 patients during treatment with the 

sachet. (Table 4) Most of the adverse events were non-serious, with a severity 

ranging from mild to moderate. The most frequently reported adverse events were 

gastrointestinal (93%), including constipation, nausea, diarrhoea, dyspepsia and 

flatulence. These adverse events are well known during treatment with calcium 

salts. Two serious adverse events were reported (one patient had a gastric 

haemorrhage and one patient experienced an aggravation of her rheumatoid 

arthritis), but both were felt to be unrelated to the trial medication. Eleven patients 

withdrew from the trial due to one or more adverse events; two patients 

Mean estimate (±SD) Chewable tablet, 
calcium ± vitamin D3 

Sachet,  
calcium ± vitamin D3 

P-value 

Ease of removing the dose 
from container 

9.1 (±1.2) 7.9 (±2.1) <.0001 

Ease of taking the dose 9.0 (±1.6) 8.4 (±1.7) 0.0035 

Perception of taste 
as pleasant 

8.7 (±1.6) 7.6 (±2.4) <.0001 

Time to take the dose 9.1 (±1.4)  8.4 (±1.9) 0.0036 

Overall convenience of 
taking the dose 

9.0 (±1.6) 
 

8.3 (±1.9) 0.0023 
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discontinued during both treatment periods. The most frequent adverse event 

leading to discontinuation were constipation (n=4), nausea (n=3) and stomach 

discomfort (n=2). 

 

Table 4 Prevalence of probably or possibly treatment-related adverse events (AEs) by organ system 
 

 
Adverse events  

Chewable tablet,  
calcium ± vitamin D3  

(N  102) 

Sachet,  
calcium ± vitamin D3  
(N=97) 

 n (%) AE n (%) AE 

All 21 (21) 23 20 (21) 22 

Gastro-intestinal disorders (total) 20 (20) 21 19 (20) 21 

Constipation 9 (9) 9 5 (5) 5 

Nausea 5 (5) 5 6 (6) 6 

Upper abdominal pain 1 (1) 1 1 (1) 1 

Flatulence 2 (2) 2 2 (2) 2 

Eructation 0 (0) 0 2 (2) 2 

Diarrhoea NOS 0 (0) 0 4 (4) 4 

Dyspepsia 1 (1) 1 1 (1) 1 

Stomach discomfort 2 (2) 2 0 (0) 0 

Aphthous stomatitis 1 (1) 1 0 (0) 0 

Nervous system disorders      

Headache 1 (1) 1 0 (0) 0 

Renal and urinary disorder (total)     

Abnormal urine NOS 0 (1) 0 1 (1) 1 

Skin disorders      

Pruritus  1 (1) 1 0 (0) 0 

 
N = Number of subjects exposed to treatment; n = Number of subjects with event; AE = Number of 

adverse events; % = Percentage of subjects with adverse event (n) per subjects exposed (N). 

 
Discussion  

The purpose of the present trial was to compare the preference and acceptability of 

a chewable tablet containing calcium and vitamin D3 with that of the comparator, a 

sachet containing calcium and vitamin D3. The results of the trial support the 

general preference for the chewable tablet of calcium and vitamin D3 versus the 

sachet with calcium and vitamin D3. Moreover, the five acceptability scores were all 
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significantly higher for the chewable tablet than for the calcium and vitamin D3 

sachet. Our results are comparable with those of two earlier studies [28;29].  In 

these randomised, cross-over trials 72-78% of patients preferred the chewable 

calcium and vitamin D3 supplements. 

Poor adherence to osteoporotic treatment, e.g. bisphosphonates, results in 

insufficient effect of reducing fracture risk. Also for calcium and vitamin D3 

supplementation it is reasonable to believe that  better persistence translates into 

greater efficacy. Dawson-Hughes et al. [30] demonstrated the importance of an 

ongoing intake of calcium and vitamin D, since the beneficial effect on bone 

mineral density (BMD) obtained in elderly men and women did not persist after 

discontinuation of the supplementation. Moreover, the bone-turnover rates 

returned to their original higher rates after discontinuation [30]. They concluded 

that intermittent use of calcium and vitamin D provides limited long-term skeletal 

benefit and recommended continued intake of calcium and vitamin D supplements.  

Osteoporosis is a major problem, especially in the elderly. Low calcium intake and 

vitamin D insufficiency are common in elderly people, due to insufficient calcium 

and vitamin D absorption and diminished physical activity [8;13]. Calcium and 

vitamin D supplements have been shown to decrease fracture risk in patients who 

are deficient for both [9;12], but not in patients who have no calcium or vitamin D 

deficiency [31]. Therefore, continued calcium and vitamin D supplementation is a 

necessary component of anti-osteoporotic treatment in the elderly. However, 

adherence to treatment decreases with older age because of forgetfulness, inability 

to handle the packaging, multimorbidity, and multimedication [27;32]. Besides 

adherence to therapy, compliance with the prescribed dosage is also often 

inadequate: older patients often take the medication less frequently than 

prescribed [24;27] It is reasonable to conclude that a more convenient formulation 

and less frequent administration would lead to improved compliance in the elderly 

[8;33]. 

An important reason for patients to discontinue treatment is the appearance of side 

effects [34;35]. In our trial, the total number of adverse events, the most frequent 

adverse events and their causality were equally distributed between treatment 

groups and the majority of the events were non-serious with a severity ranging 
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from mild to moderate [36]. Overall, the chewable tablet of calcium and vitamin D3 

and the sachet containing calcium and vitamin D3 were well-tolerated and the 

gastro-intestinal side effects were comparable between the two groups.  

There are several limitations of this study. First, less then 200 patients were 

included. Nevertheless, the study had enough power to show the above mentioned 

significant differences between groups, because the results were stronger than 

hypothesised in the original rather conservative power calculation. Second, it is not 

known which percentage of patients received one of the studied treatments in the 

past (more than 6 months before the trial started). It could be that some patients 

were already familiar with one of the treatments, however, this probably would not 

have influenced the outcome. Third, in this study only two forms of calcium 

suppletion were compared. However, these are the formula most described and 

therefore the results are believed to be of great interest for daily practise. Finally, 

the 2-week treatment periods were considered sufficient to enable a subject to 

assess the variables. The high number of subjects that completed the trial (91%) 

indicates that the intention to make participation convenient for the subjects was 

achieved. It can be suggested that an initial strong preference for one calcium and 

vitamin D supplementation above the other might have consequences for long-

term treatment.  However, the short time period is a limitation when persistence 

should be analyzed.   

In conclusion, the chewable tablet containing calcium and vitamin D3 was generally 

preferred to the sachet containing calcium and vitamin D3.. In line with these 

results the chewable tablet was found to be more acceptable than the sachet. The 

tolerability was similar for the two formulations. 
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Abstract  

 

Objectives 

Elevated systemic levels of pro-inflammatory cytokines are involved in the 

pathogenesis of osteoporosis. Our objective was to investigate whether low grade 

systemic inflammation was associated with bone markers, bone quality, bone mass 

and fracture risk in a population of older persons. 

 

Methods  

Serum interleukin 6 (IL-6), high-sensitivity C-reactive protein (hsCRP) and 

erythrocyte sedimentation rate (ESR) were measured in 1287 participants of the 

Longitudinal Aging Study Amsterdam (LASA), a population based study in a 

representative sample of older men and women (age 76 ±6.7 years). Bone quality 

was measured by quantitative ultrasound measurements (QUS) at baseline and 

after 3 years at the calcaneus, and bone mineral density was measured by dual-

energy x-ray absorptiometry (DXA) at the spine and hip in a subpopulation. 

Furthermore, the bone markers osteocalcin (OC) and urinary excretion of 

deoxypyridinoline (DPD) were determined. Incident clinical fractures were 

recorded during 6 years of follow-up. 

 

Results 

Multivariable regression analyses revealed higher IL-6 and ESR levels were 

associated with lower quantitative ultrasound values in older men (β=-0.98; 95%CI 

-57.72- -6.42, p<0.05) and (β= -0.221; 95%CI -15.39- -3.27,  p<0.05) respectively at 

baseline, but not in women. No significant associations were found between 

inflammatory markers and bone markers, bone loss at the spine or hips, fracture 

rate or time to fracture.  

 

Conclusion. 

Elevated inflammatory markers are associated with impaired bone quality in older 

men, but not in women. No associations were found with the risk for fractures.  
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Introduction 

Bone metabolism and immunology are closely linked with each other, and in recent 

years the interaction between the two fields, also known as osteo-immunology, has 

been studied intensively [1;2]. Osteoporosis is an important complication of 

chronic inflammatory diseases, such as rheumatoid arthritis and inflammatory 

bowel diseases, and chronic inflammation is known to stimulate bone resorption 

leading to bone loss and fractures [3;4]. Results from experimental studies 

confirmed that pro-inflammatory cytokines such as interleukin 6 (IL-6), 

interleukin 1 (IL-1), interleukin 17 (IL-17) and tumor necrosis factor alpha (TNF-α) 

are important factors in osteoclastogenesis, by stimulation of the proliferation and 

differentiation of osteoclasts and by expanding the lifespan of mature osteoclasts 

[5;6]. Besides stimulating osteoclasts directly, recent data also showed that 

cytokines influence bone metabolism indirectly by decreasing the osteoprotegerin 

(OPG) production and inducing the expression of receptor activator of nuclear 

factor kappa-B ligand (RANKL), causing an increased RANKL/OPG ratio [4]. 

Besides the enhanced osteoclastogenesis, inflammation inhibits the differentiation 

of osteoblasts. For example, TNF-α has been shown to block the osteoblastogenesis 

through the Wnt signaling pathway [4].  

Since the role of chronic inflammation on bone metabolism is evident in patients 

with active chronic inflammatory diseases, the question raises whether 

inflammatory factors are also important in the general population. Recent studies 

have demonstrated that inflammation is associated with osteoporosis in 

community dwelling elderly, although not all studies found this association [7-10]. 

Levels of highly sensitivity C-reactive protein (hsCRP), as a marker for low grade 

systemic inflammation, were associated with bone mineral density (BMD) [11;12] 

and osteo-sono-assessment index [13] in healthy pre- and postmenopausal women 

and older men. Interestingly, several studies showed that high levels of hsCRP were 

associated with a higher fracture risk in an elderly population [10;14-16]. 

Furthermore, IL-6 appeared to predict bone loss, independent of other important 

confounders [17;18]. During normal aging increasing levels of pro-inflammatory 

cytokines such as CRP and IL-6 are detected, reflecting an age-related state of 

chronic low grade inflammation [19;20]. Declining sex hormones might play a 
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central role in this pathophysiology. Testosterone was shown to modulate 

inflammation [21], while estrogen deficiency following menopause is associated 

with an increased production of pro-inflammatory cytokines and regarded to be a 

crucial factor for postmenopausal bone loss [22].  

The aim of the study was to investigate whether systemic inflammatory markers 

were associated with bone markers, bone mass and fracture risk in a large 

population-based study of elderly men and women. In this study we included 

various measurements of bone metabolism thereby attempting to provide more 

insight in the pathophysiology of age-related loss of bone and fracture risk. 

 

Methods 

Study population 

The data were collected within the framework of the LASA study, an ongoing cohort 

study on predictors and consequences of changes in physical, cognitive, emotional 

and social well-being in the aging population. The sampling and data collection has 

been described in detail previously [23]. In short, a sample of persons aged 55 to 85 

years old, stratified according to age, sex, and level of urbanization of residence was 

drawn from the population registers of 11 municipalities in 3 regions of the West, 

Northeast and South of the Netherlands. This ongoing cohort study started in 

1992/1993 with 3-yearly measurement cycles. In total, 3107 persons participated in 

the baseline examination. Loss to follow-up between the first and second cycle was 

mainly due to mortality [23]. Of the eligible participants (n=1720) of the second 

interview, a subsample (n=1509) that participated in the second medical interview 

in 1995/1996 and having an age of 65 years or older, was used in this study. In 1352 

of these participants, blood samples were drawn within 4-6 weeks after the medical 

interview, and inflammation markers hsCRP and IL-6 were determined in 1287 

participants, erythrocyte sedimentation rate (ESR) was determined in a subset of 

participants living in the Northeast of the Netherlands (n=398). Figure 1 shows the 

selection of the participants for the present study. Informed consent was obtained 

from all participants and the study was approved by the Medical Ethical Committee 

of the VU University medical center (VUmc). 
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Figure 1 Flow-chart  

 

 
Flowchart of the study. Abbreviations: CRP, C-reactive protein; BMD, bone mineral density; IL-6, 

interleukin 6; QUS, Quantitative Ultrasound Measurements 

 

Laboratory measurements 

At baseline (1995/1996) morning blood and urine samples were drawn and stored 

at -70° C after centrifugation. Participants were allowed to take only tea and toast 

but no dairy products. The morning samples of the bone markers intact osteocalcin 



Chapter 8 

152 

(OC) and urinary excretion of deoxypyridinoline (DPD) were determined at the 

Endocrinology Laboratory of the VUMC in 1998/1999. Serum OC was measured 

with an immunoradiometric assay (Biosource Diagnostics, Fleuris, Belgium). DPD 

was measured with a competitive immunoassay on the automated ACS 180 System 

(Chiron Diagnostics, Emeryville, USA). The values were corrected for the creatinine 

concentration in the same urine sample. hsCRP and IL-6 were determined between 

2002 and 2003 using a sensitive enzyme-linked immunosorbent assay (ELISA) at 

Sanquin Research, Amsterdam. hsCRP levels were measured with a sandwich-type 

ELISA in which polyclonal rabbit anti-CRP antibodies were used as catching 

antibodies and a biotinylated monoclonal antibody (mAb) against CRP (CLB anti-

CRP-2) as the detecting antibody. The IL-6 ELISA was obtained from the Business 

Unit Immune Reagents of Sanquin, and performed according to the manufacturer’s 

instructions. hsCRP and IL-6 were measured in duplicate and the averages were 

reported. The detection limit for hsCRP was 0.8 μg/ml and for IL-6 was 5.0 pg/ml. 

 

Ultrasound and BMD measurements  

Quantitative Ultrasound Measurements (QUS) were obtained in 1995/1996 using 

the CUBA Clinical instrument (McCue Ultrasonics, Winchester, UK) in 1346 

respondents. Broadband ultrasound attenuation (BUA) and velocity of sound 

(VOS) (m/s) were measured twice in both the left and right calcaneus. Mean BUA 

and VOS were calculated from these four measurements.     

In a subsample of the study, which included participants living in the West of the 

Netherlands, bone mineral density was measured at VU University Hospital by 

dual-energy x-ray absorptiometry (DXA) at the right hip (total hip, femoral neck 

and trochanter) and at the lumbar spine (L1-L4) with the use of a Hologic QDR 

2000 densitometer (Hologic inc. Waltham, Massachusetts, USA). In participants 

with a single joint replacement, the other hip was scanned and respondents with 

hip replacements at both sides were excluded. Of the 1509 participants of the 

second interview, 512 had a DXA measurement in 1995/1996 and 335 participants 

had a repeated measurement in 1998/1999 (Figure 1). Bone loss was defined as the 

change in bone mineral density after 3 years. This change was defined as the value 

at 1995/1996 minus the value at 1998/1999.   
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Fractures 

Data on incident fractures were prospectively collected between 1995/1996 and 

2001/2002 with the use of a calendar. Participants were asked to record all 

fractures every 3 months.  In addition, during each medical and telephonic 

interview participants were asked about the occurrence of fractures in the past 3 

years. Most fractures were verified by a physician or by radiographs (82%). 

Fractures caused by an accident, as well as fractures of the head, fingers and toes 

were excluded. Fractures of the hip, humerus, wrist and vertebrae were considered 

as osteoporotic fractures.   

 

Potential confounders 

Weight was measured without clothes and shoes using a calibrated balance beam 

scale. Height was measured without shoes. Body mass index (BMI) was calculated 

(weight (kg)/height (m2)). Current smoking (y/n), alcohol use (number of 

drinks/week) and years since menopause (women only) were assessed during the 

interview. Serum 25(OH)D was measured according to the competitive binding 

protein assay (Nichols Diagnostics, San Capistrano, CA, USA). Physical activity was 

measured with the LASA Physical Activity Questionnaire. This questionnaire covers 

the frequency and duration of walking outside, bicycling, light household activities, 

heavy household activities and a maximum of 2 sport activities during the previous 

two weeks and results in a total activity score of minutes/day [24]. During the 

interview self-reported chronic diseases and medication, especially glucocorticoids 

(during the last 3 months), bisphosphonates (the last 10 years), calcium 

supplements, hormone replacement therapy and anti-inflammatory drugs, were 

assessed. In this study a number of chronic diseases were included: arthritic 

disease, pulmonary disease, diabetes mellitus, peripheral atherosclerosis, cardiac 

disease, cancer and stroke.  

 

Statistical analyses 

Data are presented as mean values ± standard deviation (SD) or as median 

(interquartile range) in case of skewed distribution. Correlations were calculated 

using Spearman’s rank correlation coefficient. IL-6 was dichotomized at the 
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detection limit (5 pg/ml) because of the high number of participants (89%) with 

levels below the detection limit. Low IL-6 was set as reference group. hsCRP was 

categorized into 3 groups based on clinical relevant concentrations: <3, 3-10, >10 

μg/ml (n= 718, 464 and 196 respectively). Low hsCRP was set as reference. ESR 

was classified in tertiles, with low ESR set as reference. Sensitivity analyses were 

added including CRP in tertiles and ESR dichotomized at the median 

(dichotomized at 12.0 mm/U). Multivariable linear regression analyses were used 

to evaluate the cross-sectional relation between inflammatory markers and bone 

mass and bone turnover. The longitudinal association of inflammatory markers 

and bone loss was evaluated by multivariable linear regression analyses with delta 

BMD as dependent variable. The level of inflammatory markers in participants 

with a fracture was compared with participants without a fracture by Mann-

Whitney U test. The association between inflammatory markers and fractures (y/n) 

was analyzed by multivariable logistic regression analyses. To study the association 

of inflammatory markers with time to fracture, Cox proportional hazard analyses 

were performed. All multivariable analyses included adjustments for potential 

confounders. Although prevalent chronic diseases were taken into account in the 

multivariable regression analyses, additionally participants with a known self-

reported inflammatory disease (e.g. arthritic disease and pulmonary disease) were 

excluded in order to select a healthy population and truly examine the association 

of low grade inflammation with several bone markers. For all inflammatory 

markers, possible interaction with gender and age was tested by including the 

interaction terms in the models. If the interaction term was significant (p<0.10), 

analyses were stratified by gender and/or age. All statistical analyses were run on 

SPSS for Windows version 19.0 (SPSS, Chicago, IL, USA). A P < 0.05 was 

considered statistically significant. 

 

Results 

Table 1 describes the baseline characteristics of the study sample. The baseline 

sample consisted of 1287 participants with a mean ± SD age of 76 ± 6.6 years. 

Among the 658 women, the mean ± SD years since menopause was 26.2 ± 7.9 

years.  
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Most of the subjects had an IL-6 level below the detection limit (89%).  

Since there was a significant interaction between inflammatory markers and 

gender for both VOS (p=0.033 for the interaction effect of gender x IL-6) and BUA 

(p=0.046 for the interaction effect of gender x CRP), we decided to present all 

further analyses between inflammation and bone markers, QUS and BMD stratified 

by gender.  

 
Table 1 Baseline characteristics of the LASA participants 

 

Data presented as mean ± SD or median (IQR). Abbreviations: BMD, bone mineral density; BMI, body  

mass index; BUA, broadband ultrasound attenuation; CRP; C-reactive protein;  DPD, 

deoxypyridinoline; DMARDs, disease modifying anti-rheumatic drugs; ESR, erythrocyte sedimentation 

rate; IL-6, interleukin 6; VOS, velocity of sound 

Characteristics All (n=1287) Women (n=658) Men (n=629) 

Age 75.5 ± 6.6 75.5 ± 6.6 75.6 ± 6.6 

Current smoker (%) 234 (18%) 79 (12%) 155 (25%) 

Alcoholic drinks per week 3.0 (0-10) 1.0 (0-6)  6.0 (0-21) 

BMI 26.8 ± 4.3 27.6 ± 4.9 26.0 ± 3.3 

Years since menopause 26.2 ± 7.9 26.2 ± 7.9  

Physical activity min/day 126 ± 104 151 ± 105 101 ± 97 

Current use bisphophonates (%) 11 (1%) 8 (1%) 3 (1%) 

Current use glucocorticoids (%) 18 (1%) 11 (2%) 7 (1%) 

Ever use glucocorticoids > 3 months (%) 58 (5%) 33 (5%) 25 (4%) 

Calcium supplements (%) 146 (11%) 106 (16%) 40 (6%) 

Current use DMARDs (%) 30 (3%) 18 (3%) 12 (2%) 

Vitamin  D (25(OH)D) nmol/l 53.4 ± 24.1 49.1 ± 22.9 57.9 ± 24.6 

ESR mm/U 12.0 (1-20) 14.0 (2-21) 9.0 (1-16) 

CRP μg/ml 3.2 (1.5-6.5) 3.1 (1.4-6.5) 3.3 (1.6-6.7) 

IL-6 pg/ml 1.9 (1.1-3.2) 2.0 (1.1-3.1) 1.9 (1.2-3.2) 

Serum osteocalcin 2.0 (1.4-2.7) 2.2 (1.7-2.9) 1.8 (1.3-2.4) 

Urine DPD 31.3 (19.7-50.4) 28.2 (18.2-43.2) 36.9 (21-57.9) 

BUA 70.6 ± 20.7 61.1 ± 17.5 80.4 ± 19.1 

VOS 1615 ± 91 1604 ± 78 1626 ± 102 

BMD total hip g/cm2 0.851 ± 0.16 0.784 ± 0.13 0.917 ± 0.15 

BMD fem neck g/cm2 0.703 ± 0.13 0.663 ± 0.11 0.742 ± 0.14 

BMD total spine g/cm2 0.975 ± 0.19 0.915 ± 0.17 1.036 ± 0.19 



 

 

Table 2 Adjusted associations between inflammatory markers and bone mass 
 

 Women Men 

IL-6 
Low (≤5) 

(n=587)  

High (> 5) 

(n=71) 

Low (≤5) 

(n=558)  

High (> 5) 

(n=71) 

BUA 0  -0.000 (-4.49 – 4.44) 0  -0.02 (-5.65 – 3.79) 

VOS 0  -0.004 (-23.04 – 20.96) 0  -0.1 (-57.72 – -6.42)# 

BMD total hip 0  0.05 (-0.02 – 0.06) 0  -0.01 (-0.05 – 0.04) 

BMD femoral neck  0  0.11 (-0.004 – 0.07) 0  -0.08 (-0.07 – 0.01) 

BMD spine 0  -0.03 (-0.07 – 0.05) 0  0.02 (-0.05 – 0.07) 

 

 

 

   

 

   

 Women Men 

CRP 
Low (≤3) 

(n=416) 

Medium (3-10) 

(n=242) 

High (≥10) 

(n=91) 

Low (≤3) 

(n=302) 

Medium (3-10) 

(n=222) 

High  (≥10) 

(n=105) 

BUA 0 -0.03 (-0.49 – 1.94) 0.005 (-3.91 – 4.38) 0 0.02 (-2.63 – 3.96) -0.07 (-7.877– 0.82) 

VOS 0 -0.03 (-19.81 – 9.88) -0.04 (-28.29 – 12.48) 0 0.04 (-9.58– 26.37) -0.06 (-39.97 – 6.95) 

BMD total hip  0 -0.06 (-0.05 – 0.02) 0.06 (-0.03 – 0.07) 0 -0.12 (-0.07 – 0.00) 0.03 (-0.04 – 0.06) 

BMD femoral neck 0 -0.03 (-0.04 – 0.02) 0.14 (-0.001 – 0.09) # 0 -0.13 (-0.07 – -0.01)# -0.03 (-0.06 – 0.04) 

BMD spine  0 -0.003 (-0.05 – 0.05) 0.03 (-0.06 – 0.09) 0 0.087 (-0.01 – 0.08) 0.07 (-0.03 – 0.10) 



 

 

 
Table 2  continued 
 

 

 
 Women   Men  

ESR 
Low (≤7) 

(n=44) 

Medium (8-16) 

(n=82) 

High (17-90) 

(n=78) 

Low (≤7) 

(n=81) 

Medium (8-16) 

(n=66) 

High (17-90) 

(n=47) 

BUA 0 0.12 (-1.73 – 9.83) 0.09 (-3.15 – 8.79) 0 -0.05 (-8.86 – 4.34) -1.11 (-12.63 – 2.1) 

VOS 0 0.08 (-19.89– 44.51) -0.06 (-42.51 – 24.19) 0 -0.11 (-65.53 –10.44) -0.09 (-66.66 – 17.98) 

 
Data are presented as β (95% confidence interval) from multivariable linear regression analysis, adjusted for age, current smoking, body mass index, serum 

vitamin D level, number of chronic diseases, current bisphosphonates use, years since menopause (women only) and use of hormone replacement . # p< 0.05. 

Abbreviations: BUA, broadband ultrasound attenuation; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin 6; VOS, velocity of 

sound.  
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Inflammation and ultrasound  

Associations between inflammatory markers and bone mass are shown in Table 2. 

High IL-6 was significantly associated with a lower VOS in men as compared with a 

low IL-6 (β=-0.11; 95%CI -60.97 – -10.44, p<0.05), and this association remained 

significant after adjustment for age and other confounders (β=-0.98; 95%CI -57.72 

– -6.42, p<0.05). Medium high ESR levels were significantly associated with a 

lower VOS in men (β= -0.159; 95%CI -84.67– -1.04,  p<0.05) as compared with low 

ESR, however this association was no longer significant after adjustment for 

confounders. Analysis with dichotomized ESR showed that high ESR was 

associated with a lower BUA in men as compared to low ESR, which remained 

significant after correction for confounders (β= -0.221; 95%CI -15.39 – -3.27,  

p<0.05). In women, no significant associations of IL-6, hsCRP or ESR with QUS 

measurements were found. 

 

Inflammation and BMD 

Results are summarized in Table 2. Multivariable analyses showed that medium 

high hsCRP was borderline associated with lower total hip bone mineral density in 

men (β=-0.115; 95%CI -0.73 – 0.00, p=0.05). In men, medium high hsCRP was 

significant associated with a lower femoral neck bone mineral density in 

multivariable analysis (β= -0.126; 95%CI -0.07 – -0.001,  p<0.05) as compared to 

low hsCRP. Multivariable regression analyses showed that women with high hsCRP 

levels had a significantly higher femoral neck bone mineral density (β=0.140; 

95%CI 0.001 – 0.09, p<0.05) as compared to low hsCRP. Sensitivity analyses with 

hsCRP in tertiles did not alter the results (data not shown).  

 

Inflammation and bone turnover markers 

Plasma levels of hsCRP were negatively, though marginally, correlated with OC (r= 

-0.085, p=0.002), no other correlations were found. In women medium high 

hsCRP levels were significantly associated with higher urinary DPD levels (β= 

0.113; 95%CI 0.05 – 0.29,  p<0.05) and with lower osteocalcin levels (β= -0.094; 

95%CI –0.19 – -0.02,  p<0.05),  as compared to low hsCRP. However, after 

adjustment for age and other possible confounders, these associations were no 
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longer significant. Additional analysis with hsCRP in tertiles showed a significant 

negative association of women in the second tertile of hsCRP with osteocalcin (β= -

0.154; 95%CI -0.26 – -0.06,  p<0.05) and of the higher hsCRP tertile with 

osteocalcin (β= -0.144; 95%CI -0.24 – -0.04,  p<0.05). Both did not remain 

significant in multivariable analysis. Analysis with dichotomized ESR did not alter 

the results. In men, no significant associations were found.  

 

Inflammation and bone loss 

Mean ± SD bone loss after 3 year follow-up in men (n=163) was 0.6% in the total 

hip, 0.8% in the femoral neck and 0.6% in the lumbar spine and in women (n=172) 

1.8% in the total hip, 0.1% in the femoral neck and 0.4% in the lumbar spine. No 

significant associations were observed between plasma levels of IL-6 and hsCRP 

with bone loss in multivariable analyses (data not shown). Extra analyses with 

hsCRP in tertiles did not alter the results.   

 

Inflammation and fracture risk 

After 6 years, 132 participants (51 men and 81 women) sustained a fracture of 

which 96 (36 men and 60 women) were considered osteoporotic. Serum IL-6, 

hsCRP and ESR levels were not significantly different between participants with or 

without a fracture (data not shown). Multivariable logistic regression analyses 

showed no significant associations between IL-6 or hsCRP with incident fractures 

or osteoporotic fractures (data not shown). Additional analyses with dichotomized 

hsCRP or hsCRP in tertiles did not alter the results. Cox-regression analyses 

revealed that participants with higher levels of IL-6 and hsCRP had a higher risk of 

(osteoporotic) fractures, however, this did not reach significance. 

 

Excluding participants with inflammatory disease 

In total 244 participants with a self-reported inflammatory disease (133 women 

and 111 men) were excluded in the sensitivity analyses. With regard to bone mineral 

density, this resulted in loss of significance for the association of medium high 

hsCRP and femoral neck bone mineral density in men and loss of the association of 

high hsCRP and femoral neck bone mineral density in women (data not shown). 



Chapter 8 

160 

The associations in men between high IL-6 with lower VOS and high ESR with 

lower BUA remained largely unchanged (β= -0.094; 95%CI –57.4 – -4.8,  p<0.05) 

and (β= -0.201; 95%CI –14.6 – -2.3,  p<0.05) respectively. The lack of an 

association between inflammatory markers and bone loss and fracture risk 

remained unchanged.  

 

Discussion 

The findings of the present study suggests that in older men low grade systemic 

inflammation is associated with lower bone quality as assessed by ultrasound at the 

calcaneus. Furthermore, we have shown that slightly elevated hsCRP plasma levels 

(e.g. 3-10 μg/ml) in men were associated with lower bone mineral density at the 

femoral neck, while high hsCRP levels were associated with higher bone mineral 

density in women. Even after we excluded participants with a self-reported 

diagnosis of inflammatory disease known to influence bone metabolism, the 

associations in men between high IL-6 with lower VOS and high ESR with lower 

BUA remained largely unchanged, while the associations between hsCRP and BMD 

disappeared. We could not demonstrate an association between inflammatory 

markers and bone markers, bone loss or incident fractures.  

This is the first study to demonstrate an association between QUS values and 

plasma levels of the inflammatory markers IL-6 or ESR. The association between 

hsCRP and lower QUS values has previously been demonstrated [13;16], indicating 

a role for inflammation on bone quality. Our data strengthen this relationship since 

also other markers for inflammation, e.g. high IL-6 and ESR levels, are associated 

with low QUS measurements. ESR as marker for low grade inflammation has not 

previously been studied in association with osteoporosis. While ESR and BMD 

were both determined only in a selection of the study population, resulting in 

participants with either ESR levels or BMD measurements this might have caused  

further association of ESR with bone markers to be missed.  

The strength in our study lies in the applicability of our results in daily practice. 

QUS is an easy and non-expensive method to determine bone quality with the 

advantage of being mobile, radiation-free and inexpensive and therefore applicable 

in many circumstances, including the immobile elderly population, in order to 
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identify those at risk for fractures. QUS measurements reflect bone quality by 

measuring the elastic properties and structure of bone and, as a consequence, QUS 

values of the calcaneus are able to predict fractures. It has been shown that the 

predictive for future fracture for QUS measurements are more or less similar to 

DXA [25-27]. Furthermore, ESR is an easy feasible method in daily practice to 

determine the level of inflammation as compared to hsCRP or IL-6 levels.  

In the present study we noticed an association of median high hsCRP plasma levels 

in men with lower bone mineral density at the femoral neck, while high levels of 

hsCRP were not associated with lower bone mineral density. It could be that this 

high level of hsCRP was an incidental high measurement at times of an infection, 

while the median high hsCRP levels might represent a state of chronic low grade 

inflammation. Unfortunately, we have no information whether there was a 

concomitant infectious disease during collection of blood samples. Surprisingly, in 

women high hsCRP levels were associated with higher bone mineral density. This 

has been found in earlier studies [7;14] and there seems to be a role for BMI in this 

association. Indeed, in our multivariate analyses, BMI appeared to have a constant 

and important positive association with BMD, thereby influencing the association 

between hsCRP and BMD. It must be stated that the association of hsCRP on BMD 

disappeared after participants with an inflammatory disease were excluded. 

In addition, we found no association between bone turnover markers and 

inflammatory markers. Earlier literature showed conflicting results. hsCRP levels 

were associated with elevated bone turnover markers as measured by urinary N-

terminal telopeptide of type I collagen levels (NTx) and urinary pyridinoline levels, 

β-crosslaps and osteocalcin [10;17;28], but no association between hsCRP and C-

terminal telopeptide of type I collagen levels (CTx), osteocalcin or DPD were found 

in other studies [9;16], as in our study. The conflicting findings raise the question 

whether the role of inflammatory markers on bone quality or bone mass is 

sufficiently represented by bone turnover markers. However, it must be stated that 

generally the biological and analytical variance in bone markers measurements are 

high, and that there is no consensus which bone turnover markers are the most 

reliable [29]. 
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In the present study, we failed to demonstrate an association between 

inflammatory markers and fracture risk. Although there was a low number of 

fractures in this study, the percentage of participants that sustained a fracture 

during follow-up (total 7.4%) was similar to other studies (6.6% – 7.5%) that 

observed a significant association [10;14]. In contrast, in Pasco et al a large 

percentage of fractures occurred (23%) during 5.5 years of follow-up: for each SD 

increase in ln-hsCRP there was an 24-32% increase in fracture risk, independent of 

BMD or prevalent fracture. In a large cohort study (n=919 men and women) hsCRP 

significantly predicted fracture risk after 15 years of follow-up, with the highest risk 

in participants with a hsCRP group >3.0 mg/L, even after excluding participants 

with chronic inflammatory conditions: OR 8.2 (95% CI 2.3-29.3) [10]. However, 

the hsCRP levels in this group ranged from 3.0 to 89.9 mg/L, suggestive for the 

presence of intermittent infectious disease. Interestingly, there was no significant 

association with medium high hsCRP levels (1.0-3.0 mg/L) and fracture risk.  

In contrast to other studies, in our study the associations were shown 

predominantly in men, while in women most of the associations were no longer 

statistically significant after adjustment for confounders. A possible explanation for 

the discrepancy in results in women between our study and others could be that the 

women in our study were relatively old compared with earlier literature. The mean 

age of women in studies that found a significant association between bone 

metabolism and inflammation ranged from 45.8 to 59.5 years, while in our study 

the mean age was 76 ± 6.7 years [12;13;17;18;28;30]. The role for IL-6 on bone 

mass has been shown to be modified by age: there is a differential role of IL-6  

immediately or within years after menopause [20]. Specifically, the predictive role 

for serum IL-6 levels for bone loss was strongest in women just after menopause 

and disappeared in women more than 10 years since menopause [18]. There is 

compelling evidence that the initial phase of estrogen deficiency is characterized by 

rapid bone loss [31]. The mean number of years since menopause (26.8 ± 8.1 years) 

of the women in our study illustrates that they were postmenopausal for many 

years, and the effect of estrogen deficiency on cytokine level might have passed. In 

addition, perhaps other factors influence bone mineral density or bone quality 

more than low grade inflammation in the women in our study. Low vitamin D 
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levels and sex hormone levels play an important role in osteoporosis and were 

found to be associated with low QUS values and high fractures risk earlier in the 

same population [32;33], however, this should account for both the women and 

men in this study.  

This study has some limitations. Given the high detection limit for IL-6, a large 

number of participants had IL-6 concentrations below the detection limit and IL-6 

was analyzed dichotomized. The downside of analyzing IL-6 as a dichotomous 

variable is that much information is lost and the statistical power to detect a 

significant association reduced. This could possibly explain why the effect of IL-6 

on bone mineral density or fractures is missed in our study. With regard to bone 

loss, there was a limited number of participants available for longitudinal BMD 

analyses: repeated DXA scans were performed in only 336 out of 512 participants. 

Participants had to travel for these BMD measurements and it likely resulted in 

selection of healthier participants, as shown earlier by Furrer et al [34], accounting 

for a part of the observed discrepancies. Furthermore, the inflammatory 

parameters were measured on one occasion, therefore no conclusions can be drawn 

about the role of persistent elevated inflammatory markers and we cannot exclude 

the possible temporal influence of an intermittent infection. In addition, 

information on prevalent diseases and medication was obtained by questionnaires 

and these self-reported data might have resulted in an underestimation of the 

number of patients that ever used corticosteroids or bisphosphonates and in an 

overestimation in the number of patients with an inflammatory disease, as 

osteoarthritis was also categorized as rheumatic disease. 

 

Key message 

Elevated inflammatory markers are associated with impaired bone quality in older 

men, but not in women. After excluding participants with a prevalent chronic 

inflammatory diseases, elevated inflammatory markers were no longer associated 

with a low bone mineral density. We could not demonstrate an association with 

bone loss or fracture risk. 
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Abstract 

 

Background 

Both cardiovascular disease and osteoporosis are important causes of morbidity 

and mortality in the elderly. The co-occurrence of cardiovascular disease and 

osteoporosis  prompted us to review the evidence of an association between 

cardiovascular (CV) disease and osteoporosis and potential shared common 

pathophysiological mechanisms. 

 

Methods 

A systematic literature search (Medline-Pubmed and Embase) was conducted to 

identify all clinical studies that investigated the association between cardiovascular 

disease and osteoporosis. Relevant studies were screened for quality according to 

guidelines as proposed by Dutch Cochrane Centre (1) and evidence was 

summarized.  

 

Results 

Seventy studies were included in this review. Due to a large heterogeneity in study 

population, design and outcome measures a formal meta-analysis was not possible. 

Six of the highest ranked studies (mean n=2000) showed that individuals with 

prevalent subclinical CV disease had higher risk for increased bone loss and 

fractures during follow-up compared to persons without CV disease (range of 

reported risk: hazard ratio (HR) 1.5; OR 2.3-3.0). The largest study (n=31936) 

reported an over 4 times higher risk in women and over 6 times higher risk in men. 

There is moderate evidence that individuals with low bone mass had higher CV 

mortality rates and incident CV events than subjects with normal bone mass (risk 

rates 1.2-1.4). Although the shared common pathophysiological mechanisms are 

not fully elucidated, the most important factors that might explain this association 

appear to be, besides age, estrogen deficiency and inflammation.   
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Conclusions 

The current evidence indicates that individuals with prevalent subclinical CV 

disease are at increased risk for bone loss and subsequent fractures. Presently no 

firm conclusions can be drawn as to what extent low bone mineral density might be 

associated with increased cardiovascular risk.  
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Introduction 

Cardiovascular (CV) disease and osteoporosis are both important causes of 

morbidity and mortality in aging men and women. They share common risk 

factors, such as increased age and inactivity, and are frequently found in the same 

individuals, suggesting a possible relationship. Results from epidemiological 

studies indicates an association between CV disease and osteoporosis. Prevalent CV 

disease and subclinical atherosclerosis have been found to be related with low bone 

mass and increased fracture risk [1-4]. Similarly, low bone mineral density (BMD) 

has been related with increased cardiovascular risk [5-8]. This relationship is often 

regarded as a result of aging, however, recent evidence suggests a direct 

association, independent of age and traditional cardiovascular risk factors and 

accumulating evidence from experimental research indicates a shared 

pathogenesis. A variety of factors that influence bone metabolism are involved in 

the development of vascular disease, e.g. atherosclerosis and vascular calcification. 

Interestingly, several bone-related proteins are implicated in the calcification 

process resulting in mineral deposition [9]. This is important as calcification of the 

arterial wall may be a marker for CV disease and was shown to predict CV events 

[10]. Given the importance of identifying person at risk for CV events or fractures, 

evidence for an association of CV disease with osteoporosis might have implications 

for screening decisions in patients with low bone mass and vice versa. This review 

aims to summarize all the present clinical literature about the association between 

CV disease and osteoporosis and to describe common pathophysiological 

mechanisms. The results of this review are grouped in two topics: clinical results, 

discussing the relationship between 1) cardiovascular disease and osteoporosis and 

2) vice versa. In addition, the possible pathophysiological links of CV disease and 

osteoporosis will be discussed.  

 

Methods 

Search strategy 

A systematic search (Medline Pubmed and Embase) was conducted to identify all 

clinical studies from 1966 to January 2010 (last updated 08 June 2010) that 

investigated the association between cardiovascular disease and osteoporosis. The 
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following search terms for cardiovascular disease were used: cardiovascular 

diseases, cerebrovascular diseases and peripheral vascular diseases. These searches 

were alternating intersected with an osteoporosis search block and duplicates were 

removed. Searches were limited to human studies in the English, Dutch and 

German language. The complete Medline search is available in Supplement 1. In 

addition, references from the retrieved articles were scanned for additional relevant 

studies.  

 

Selection criteria 

Abstracts were screened by one reviewer (DdU) and studies were included in the 

review if they fulfilled the following inclusion criteria: epidemiological studies 

(including prospective, cross-sectional, case-control, or retrospective studies) 

reporting the association between CV disease and osteoporosis in the general 

population or in patients with prevalent CV disease or low bone mass. 

Cardiovascular disease was defined as coronary heart disease (CHD) (myocardial 

infarction, angina pectoris, coronary insufficiency or ischemic heart disease), 

cerebrovascular disease (stroke, transient ischemic attacks), peripheral arterial 

disease (PAD) (lower extremity claudication, arterial thrombosis/embolism, ankle 

brachial index (ABI) <0.90) or subclinical atherosclerosis measured as intima 

media thickness (IMT) or vascular calcification. In addition, bone mass had to be 

assessed as bone mineral density or bone quality and osteoporosis was defined as 

low bone mass (T-score ≤ -2,5) or increased fracture risk (vertebral and non-

vertebral). Exclusion criteria were: reviews, letters, case-reports, intervention 

studies and biomechanical studies. Studies in patients with co-morbidity other than 

osteoporosis or CV disease were also excluded. Finally, investigations using risk 

factors of CV disease or osteoporosis as outcome measurements, such as 

hypertension, metabolic syndrome, atrial fibrillation, bone markers, and calcium 

supplementation were not included.  

 

Assessment of study quality 

The quality of each manuscript was systematically assessed with a checklist for 

cohort studies as proposed by the Dutch Cochrane Collaboration [11]. (Supplement 
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2) Quality assessment included a scoring of the following components: definition of 

study population, the likelihood of bias, adequate blinding, the accuracy of outcome 

measurements, duration of follow-up and selective loss-to follow-up, the 

appropriateness of the statistical analysis and the clinical relevance. All items had 

the following answer options: yes/no/to little information to answer the question. 

We considered incomplete information or data an important criteria for study 

quality. Therefore, if the answer could not be given because the study provided to 

little information, a negative score (e.g. “no”) was given. Each “no” was scored and 

an equal weight was given to each item. A maximum of 10 points can be given. The 

scores of each study are given in Table 1 and Table 2.  

 

Statistical analysis 

A formal meta-analysis of the prospective studies investigating the association of 

bone mass and risk for cardiovascular events and mortality was not possible due to 

extended heterogeneity between studies with respect to the study population and 

methods used. Furthermore, the number of  prospective studies that were eligible 

for pooling was too small for analysis. For this reason, narrative summaries are 

provided in the results section and quantitatively presented in Table 1 and 2. The 

heterogeneity between studies in terms of study population and outcome measures 

is shown in Table 1 and 2. Moreover, cross-sectional studies are shown in Table 3.  

 

Results 

Studies included  

Our search strategy resulted in 2886 references. The search strategy resulted in 70 

relevant articles, including 9 studies prospectively assessing the relationship 

between CV disease and osteoporosis and 18 prospective studies about the inverse 

relationship.  Figure 1 shows the flow-chart of included and excluded studies.  

 

Study results  

The Relationship between CV disease and Osteoporosis 

Cardiovascular disease and fracture risk 
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Seven population-based cohort studies assessed the relationship between CV 

disease and fracture risk [1;2;4;12-15] (Table 1). An increased risk of incident 

fractures was observed in four studies with risk rates ranging from 1.2 to 6.7 

[1;2;13;14].  

 

 
Figure 1 Flow-chart of the systematic review  
  
 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

 

The largest study included more than 30.000 twins with a follow-up duration of 20 

years [13]. In this study twins, without prevalent CV disease, were included at the 

age of 50 years and followed up until a first hip fracture, death or end of follow-up 

period. Twins were considered unexposed until the first CV event. An increased hip 

fracture risk was found after all diagnoses of CV disease in both men (hazard ratio 

(HR) 6.65; 95% CI 4.82-9.19) and women (HR 4.42; 95% CI 3.49-5.61).  

Database search 
(pubmed) 

2886 references 

2886 references screened after 
duplicates removed  

References excluded: 2780 

Full-text articles assessed for 
eligibility: 

106 references 

Number of studies included in  

systematic review: 70 

prospective:      27 

cross-sectional:  43 

 

 Articles excluded: 36 

Inappropriate exposure/outcome  14 

Study of risk factors 11 

Case-report/letter 2 
Pathogenesis 9 

Database search 
(embase) 

1653 references 
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Furthermore, this study showed that CHD was associated with an increased 

fracture risk (HR 2.32; 95% CI 1.91-2.84) as was cerebral vascular disease (HR 5.09 

95% CI 4.18-6.20) [13]. This was confirmed in a large population case-control 

study. This case-control study was conducted using the PHARMO Record Linkage 

System database. Patients (n=6763) with a hip fracture were compared with age- 

and sex-matched patients without a hip fracture (n=26341), with the objective to 

evaluate the association between stroke and risk of hip fracture [16]. The 

prevalence of stroke was 3.3% in cases versus 1.5% in control patients. The risk for 

a hip fracture was increased in patients who experienced a stroke before the index 

date (OR 1.96; 95% CI 1.65-2.33). 

Three studies looked at the association between PAD and fracture risk. PAD was 

associated with increased risk for non-vertebral fractures (HR 1.47; 95% CI 1.07-

2.04) [2] and hip fractures (HR 3.20; 95% CI 2.28-4.50) [13]. In contrast, a smaller 

study in men and women, with shorter follow-up time, did not find an association 

between PAD and non-vertebral fracture risk [15]. Time of follow-up might be an 

important factor explaining different results, for the risk of fractures was highest 

more than ten years after the diagnosis of PAD [13]. 

Longitudinal analysis in healthy postmenopausal women (n=2262) showed that 

aortic calcifications (AC) represented a strong predictor for fragility fractures: AC 

predicted a 2.3-fold increased risk for hip fracture [1]. Not only women, but also 

men with advanced AC have a 2-3 fold increased fracture risk [14]. However, a 

large population-based study with 21 years follow-up, found no evidence that 

severity of vascular calcification, measured as AC, is associated with an increased 

risk of incident hip fracture [12]. Conflicting results might be due to differences in 

population and methodology. The incident fracture rates were equal in comparison 

to the other studies.  

Hence, although heterogeneity makes it difficult to draw firm conclusions, there is 

evidence that subjects with atherosclerotic disease are at an increased risk for 

frailty fractures. There is insufficient data to draw conclusions about fracture risk 

in patients with prevalent coronary or cerebral CV disease.  
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Cardiovascular disease and bone loss 

Longitudinal data about CV disease and bone loss were available from six studies 

[1-4;15;17]. All studies showed that prevalent CV disease was associated with an 

increased bone loss during follow-up, independently of age and traditional risk 

factors. In addition, several cross-sectional studies similarly reported that prevalent 

CV disease is associated with low BMD [18-22]. In the next section the results are 

presented per subcategory of CV disease. 

The association of CHD and BMD was only addressed in cross-sectional studies 

and all but one found an association with low BMD [20;22-25]. Several studies 

reported increased bone loss after an incident stroke. Particularly patients who are 

wheelchair-bound or have paretic limbs as a result of the stroke have significant 

bone loss within months after the stroke [26]. These studies were not included in 

this review, for the underlying pathogenesis is obvious. One study looked at bone 

density immediately after the stroke and found that female stroke patients have 

lower BMD than controls [27]. Since the BMD measurement was assessed within 6 

days after the stroke, one may assume that the possible differences are not a result 

of immobilisation.   

A large prospective study found that men with prevalent PAD had an increased rate 

of hip bone loss compared with men without PAD (-0.6% vs -0.3%, p<0.001) [2]. In 

another, smaller, study the association between PAD and bone loss in women was 

weaker and not observed in men [15]. In addition, a number of cross-sectional 

studies showed that women and/or men with PAD have decreased BMD [19,28-

30]. 

Numerous reports have looked at the association between subclinical 

atherosclerosis and osteoporosis. Men and women with progression of AC have 

significantly higher bone loss in the lumbar spine compared with subjects without 

AC progression (-1.5%  vs 1.4 %) [4]. This is in line with other studies were AC 

progression is associated with higher rates of bone loss in the proximal femur and 

metacarpal bones [1;3]. Furthermore, several studies confirmed the prospective 

data and showed that subjects with calcifications in the aorta, coronary arteries, 

carotid arteries or femoral arteries have significant lower BMD compared with 

controls [31-39]. Only a few fail to find an association [40-43]. In the recent years, 
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many studies have examined the association of atherosclerosis and osteoporosis. 

An increased IMT has been associated with severity of atherosclerosis and 

increased cardiovascular risk and considered useful in identifying subjects with 

increased risk [44]. An association between IMT and BMD was studied intensively 

and most of the studies reported an associated of increased IMT with low bone 

density [45-54]. Endothelial dysfunction is considered to be an early phase of 

atherosclerosis and one way to measure this, is to focus on arterial compliance. The 

endothelium plays an important role in determining vascular tone and dysfunction 

will result in increased arterial stiffness [55]. In line with earlier discussed results, 

an increased arterial stiffness is associated with low BMD [45;54;56-61].    

Altogether, the results strongly suggest that subjects with subclinical 

atherosclerosis and early CV disease are at increased risk of bone loss. Again, there 

was insufficient data to reach conclusions about bone loss in patients with 

prevalent coronary or cerebral CV disease.  

 

The Relationship between Osteoporosis and CV disease  

Eighteen studies, most of moderate quality, reporting about the relationship 

between osteoporosis and CV disease were included. Results will be discussed per 

subcategory CV disease, when possible.  

 

Low bone mineral density and cardiovascular mortality 

The association of osteoporosis with CV mortality was studied in ten prospective 

studies [5;7;8;62-68]. (Table 2) Low bone mass was inversely related with CV 

mortality in seven studies [5;7;8;62-64;66;67]. Postmenopausal women with a low 

BMD had an 1.2 - 2.3 fold increased risk for dying from CV events, independent of 

traditional CV risk factors [7;8;66]. Similar results were found in elderly men 

[7;67]. Studies in postmenopausal women with relative short follow-up periods 

(around 3 years) showed no or minimally significant elevated mortality rates 

[5;63;64]. Two large population-based studies in elderly men and women did not 

reveal a significant association between low bone mass and CV mortality [65;69]. 

The most recent and largest study determined the risk of CV mortality in 5272 

persons [69]. Women with low BMD had higher risk for CV mortality, however this 
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did not reach significance (RR 1.26; 95% CI 0.88-1.80). No association was found 

in men.  

Focusing on the few studies that reported the results per CV subcategory, women 

with low bone mass had none or a small increased risk for mortality by coronary 

heart disease (RR 1.17; 95% CI 0.92-1.51) and (RH 1.3; 95% CI 1.0-1.8) respectively 

[5;64] and two out of three studies showed that men and women with low BMD 

had a 1.3 -1.7 fold increased risk for stroke mortality [5;62;65]. 

 

Low bone mineral density and incident cardiovascular disease 

A total of six studies assessed the risk of incident CV events in persons with 

osteoporosis [6;62;70-73]. Most of them show a significant inverse relationship 

between BMD and incident CV event in women (HR 1.23-3.9) [6,39,62,70] but not 

in men [6,70]. Two studies related the prevalence of vertebral fractures with future 

CV events and were unable to find any association [68;71]. Surprisingly, one study 

showed that women with prevalent fractures and known CHD had a reduced risk 

for CV events [73].  

Few articles assessed incident CV events separated per CV category. Three studies 

assessed the risk for CHD. Two studies showed an association with increased risk 

for CHD in postmenopausal women [72;73]. One study could not find an 

association in elderly men and women [70]. Cerebrovascular events were studied in 

two articles. Both found an increased risk for stroke in postmenopausal women 

with low BMD with hazard ratios of 1.31 and 4.1 [62;72]. 

There was a considerable heterogeneity in measurement of osteoporosis. It is 

shown that the specificity and sensitivity of the densitometry tests differs greatly, 

and the site of measurement plays an important role in diagnosing osteoporosis as 

well [74]. Only six studies used dual energy absorptiometry (DXA) measurements 

to asses BMD [6;64;66;67;69;75;76], while in the other studies BMD was measured 

with older techniques such as single photon absorptiometry, dual photon 

absorptiometry (DPA) or quantitative ultrasonography (QUS). Most studies 

measured BMD of the hip and lumber spine, but also distal radius and heel was 

measured and in some the phalangeals.  
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Low bone mineral density and subclinical atherosclerosis 

In addition to associations with CV events, low BMD has also been shown to be 

associated with surrogate markers of CV disease, such as vascular calcification. In 

women with the largest decrease in metacarpal cortical area during 25-years 

follow-up, the most severe progression of aortic calcification was observed [77] and 

women with a prevalent vertebral fracture had a higher IMT measured 10 years 

later [75]. Moreover, results from several cross-sectional studies confirmed that 

both women and men with low bone mass, compared to subjects with normal bone 

mass, have significantly more subclinical atherosclerosis [20;28;31-

34,37;38;45;48-52;78;79], increased risk of peripheral arterial disease 

[28;29;34;54] and other surrogate end markers for CV disease [57;60;61].  

Taken together, there is some evidence that persons with low BMD are at increased 

risk for CV events and subsequent CV mortality. However, variation in study 

design, e.g. study population and outcome measures, limits interpretation. Since 

only few studies assessed the CV outcome divided per CV subcategory, no 

conclusions can be drawn concerning a relationship of osteoporosis and specific 

categories of CV disease.  

 

Links between CV disease and Osteoporosis 

Common Pathogenesis  

CV disease is preceded by atherosclerosis, e.g. arterial disease. Atherosclerosis is a 

long-term process in which deposits of cholesterol, cellular waste products and 

calcium accumulates in the arterial wall causing it to thicken. Clinically, 

atherosclerosis is manifested by coronary heart disease, cerebrovascular disease 

and peripheral arterial disease. Endothelial dysfunction is the first step in the 

pathogenesis of atherosclerosis and predicts future CV events [80]. Calcification in 

the aorta and coronary arteries, e.g. vascular calcification, may be a surrogate 

marker for atherosclerosis and increased CV risk [81]. In a recent meta-analysis 

patients with calcifications were found to have an increased risk for CV mortality 

and events [10]. Presently, vascular calcification is regarded as an active process, 

regulated by factors known to be involved in the process of osteogenesis, such as 



Review CV disease and OP 

181 

bone morphogenetic protein (BMP), alkaline phosphatase (ALP), osteopontin 

(OPN) and matrix GLA protein (MGP) [82-85]. (Figure 2)  

 

Figure 2 Vascular calcification  
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Vascular calcification is an active process regulated by factors known to be involved in the process of 

osteogenesis. Vascular smooth muscle cells are able to differentiate towards osteoblast-like cells, 

promoted by a variety of stimuli, including BMP, RANKL, oxidative stress, inflammation and estrogen 

deficiency. These osteoblastic cells produce osteocalcin and ALP, important factors in mineralisation.  

# Excessive vitamin D promotes mineralisation. * It is not clear whether OPN promotes or inhibits 

calcification in the arterial wall, in bone mineralisation it is a known mineralisation inhibitor. 

Abbreviations: ALP,alkaline phosphatase; BMP,bone morphogenetic protein; Cbfa1,core binding factor-

α1; MGP,matrix GLA protein; Msx2,msh homeobox 2; OPG,osteoprotegerin; OPN,osteopontin; ox-

LDL,oxidized low density lipoprotein; RANKL,receptor activator of nuclear factor-B ligand; 

VSMC,vascular smooth muscle cell; Wnt,combination of wingless and Int. 

 

Accumulating evidence suggests that calcification is a consequence of active bone 

formation by osteoblast-like cells [86]. Vascular smooth muscle cells (VSMC’s) are 

able to re-differentiate towards osteoblast-like cells and a subpopulation, i.e. 
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calcifying vascular cells (CVC’s), was shown to form nodules and mineralisation 

spontaneously [87]. In vitro, these osteoblastic cells produce hydroxyapatite, a 

mineral important in bone formation [88]. In the following paragraphs some of the 

bone related factors that are involved in vascular calcification will be discussed in 

more detail.   

BMP’s are members of the transforming growth factor-β superfamily and 

important factors in the regulation of osteoblast differentiation. BMP acts through 

upregulation of transcription factors important in bone metabolism, such as core 

binding factor-α1 (Cbfa1), also known as runt-related transcription factor 2 

(Runx2), and msh homeobox 2 (Msx2). BMP appears to be  an important mediator 

in vascular calcification. An increased expression of BMP2 and BMP4  is found in 

atherosclerotic lesions in endothelial cells, foam cells and VSMC's [88;89]. In vitro 

studies showed that several factors that are known to induce CV disease, such as 

oxidative stress, oxidized low-density lipoprotein (ox-LDL) and tumor necrosis 

factor alpha (TNF-α), are able to upregulate BMP expression in endothelial cells 

[90;91].  

MGP is a calcium-binding protein and requires vitamin K to function. MGP is 

found to be expressed in area with arterial calcification [92] and may be an 

important calcification inhibitor. MGP knock-out mice developed extensive 

calcification in coronary arteries [93]. Recently the mechanism by which MGP 

inhibits calcification has become clear. In vitro, MGP has been shown to inhibit 

calcification by binding to BMP2, thereby blocking the induction of osteoblasts 

[94].  

OPN is a glycoprotein that accumulates in the extracellular matrix of bone tissue, 

were it binds to hydroxyapatite and calcium. In bone, OPN is expressed by (pre-) 

osteoblasts and osteoclasts and also found to be highly expressed in the 

atherosclerotic artery [89;92]. Whether it promotes or inhibits calcification in the 

arterial wall is not completely clear [95]. While high OPN serum levels are 

associated with vascular calcification [96] and vitamin increases OPN and 

subsequent calcification in bovine VSMC’s [97], OPN is also shown to inhibit 

calcification by inhibiting de novo hydroxyapatite production [98]. 
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ALP is found on the surface of osteoblasts and is often used as a marker for bone 

turnover. ALP is an enzyme that catalyses the hydrolysis of phosphate esters. 

Especially hydrolysis of pyrophosphate, which is an inhibitor of hydroxyapatite 

formation, is needed to facilitate normal mineralisation [99]. In vitro studies in 

VSMC’s showed that the ALP expression is increased in response to inflammatory 

markers, LDL and oxidative stress and this increased expression was associated 

with increased mineralisation [100-102].   

The recent identification of receptor activator of nuclear factor-kB (RANK), 

osteoprotegerin (OPG) and RANK ligand (RANKL), provides more insight in bone 

metabolism [103]. Most interestingly, there is increasing evidence that OPG is a key 

regulator in the pathogenesis of osteoporosis and vascular calcification. OPG 

production by osteoblastic cells is regulated by a number of factors, including BMP-

2, inflammation, estrogen, vitamin D and oxidative stress [104]. OPG is expressed 

in various tissues, including the skeleton and vascular wall, and serves as a soluble 

decoy for RANKL [105]. Interestingly, OPG knock-out mice show, in addition to 

early-onset osteoporosis, increased vascular calcification [106]. In vitro studies 

have shown that OPG appears to be important for endothelial cell survival [107] 

and may inhibit active calcification [108]. Surprisingly, while experimental studies 

showed that OPG might protect against vascular calcification, OPG levels appear to 

be elevated in patients with CV disease. Several, but not all, clinical studies found a 

correlation of high OPG serum levels and more severe CV disease [45;50;62;109-

111]. Other pathways interacting with OPG might explain this discrepant finding. 

Estrogen deficiency results in an increased vascular OPG/RANKL ratio with 

subsequent increased calcification in an animal model [112]. Furthermore, pro-

inflammatory cytokines are shown to elevate OPG levels in patients with CV disease 

[113]. Thus, while OPG appears to play a role in the pathogenesis of atherosclerosis, 

the exact mechanism remains to be elucidated.  

Another important mechanism linking CV disease and osteoporosis is Wnt 

signalling, a combination of the genes Wg (wingless) and Int. Animal models 

showed the important role  of Wnt signalling in bone formation through 

lipoprotein receptor-related protein 5 (LRP5), lipoprotein receptor-related protein 

6 (LRP6) and β-catenin [114]. Wnt signalling is suggested to play an important role 
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in bone formation and bone adaptation to mechanical loading [115;116]. 

Interestingly, TNF-α [117], oxidative stress [118] and vitamin D [119] are shown to 

promote vascular calcification through the Wnt signalling pathway and this 

supports the hypothesis that Wnt signalling is an interesting new molecular 

mechanism that influences bone and vascular metabolism. 

 

Common Risk Factors  

CV disease and osteoporosis are both common diseases in elderly men and women. 

While the increased prevalence of both conditions is often attributed to aging, most 

of the associations found in observational studies remain significant after 

adjustment for age. Other important traditional risk factors are also shared, such as 

inactivity, smoking, estrogen deficiency and chronic inflammation, explaining part 

of the link between CV disease and osteoporosis [9].  

Estrogen deficiency is considered an important risk factor for osteoporosis [120] 

and some studies suggest estrogen deficiency to be a cardiovascular risk factor [121-

123]. Estrogen regulates bone turnover and the CV system directly and indirectly 

through effects on the immune system, antioxidant system and other risk factors. 

After menopause, estrogen levels decrease rapidly resulting in an upregulated 

osteoclast formation and differentiation, inducing high bone turnover and 

accelerated bone loss [124]. Furthermore, following estrogen withdrawal the 

production and secretion of the pro-inflammatory cytokines interleukine-6 (IL-6), 

interleukine-1 and TNF-α is increased [116;125].  

Presently, inflammation is considered to play an important role in the process of 

atherosclerosis [126;127]. Both cellular and humoral pathways of the immune 

response contribute to an important part in the pathogenesis of atherosclerosis 

[128]. Markers of inflammation, such as pro-inflammatory cytokines and C-

reactive protein (CRP), are involved in the development of atherosclerosis and CRP 

predicts cardiovascular events independently of other CV risk factors [129;130]. 

There is accumulating evidence that inflammation influences bone metabolism and 

is considered to be the most important cause of postmenopausal osteoporosis. Pro-

inflammatory cytokines enhance bone resorption directly through an induction of 

osteoclastogenesis or through the OPG pathway [116;131].  
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Recent research has identified new common mediators for vascular calcification 

and bone loss, such as hyperlipidemia, oxidative stress and vitamin D deficiency. 

An abnormal lipid profile, that is high levels of total cholesterol, LDL and 

triglycerides and low levels of high-density lipoprotein (HDL), is known to play a 

key role in development of atherosclerosis and CV disease [132;133]. Interestingly, 

HDL is able to regulate the calcification of VSMC’s [134] HDL inhibited the 

spontaneous and cytokine induced osteogenic differentiation of CVC’s in vitro. The 

role of lipids in the regulation of bone mass is more complicated. While 

experimental studies showed that ox-LDL influence bone metabolism [135] results 

in observational studies are contradictory [1;136-138].  

Oxidative stress is believed to increase with age and is associated with hypertension 

and atherosclerosis [139]. Free radicals have important effects on osteoclast 

differentiation and function [140] and oxidative stress markers are significantly 

associated with BMD [141]. In vitro, minimally oxidized low-density lipoprotein 

(MM-LDL) enhances the differentiation of VSMC’s towards osteoblastic cells. 

Interestingly, antioxidants inhibited these effects [100]. 

The prevalence of vitamin D deficiency is high amongst elderly men and women 

[142] and associated with osteoporosis and increased fracture risk [143]. 

Observational studies showed an inverse association of vitamin D deficiency with 

hypertension and CV events, suggesting a role for low vitamin D [144-148]. 

Proposed mechanisms are effects on myocardial gene expression, the renin-

angiotensin axis or through secondary hyperparathyroidism. Important risk factors 

as physical condition and immobility were rarely assessed. Animal models and in 

vitro studies on the other hand, demonstrated that toxic levels of vitamin D induces 

vascular calcification [97;149]. Interestingly, osteoprotegerin has been shown to 

inhibit the vitamin-induced calcifications in an animal model [150]. It has been 

suggested that vitamin D has a biphasic relation with vascular calcification and that 

both vitamin D deficiency and vitamin D excess results in increased vascular 

calcification.   
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Genetic studies 

In complex, multifactorial diseases genetic factors are believed to play an important 

role in the pathogenesis in addition to environmental influences. Identifying 

candidate genes offers opportunities to gain more insight in possible shared 

pathogenesis and common risk factors in CV disease and osteoporosis. Many 

candidate genes have been examined, mainly genes coding for known factors, such 

as cytokines, bone-associated factors and receptors. The genes that might be 

involved in both diseases will be discussed here. 

Polymorphism in the IL-6 gene, a cytokine involved in bone metabolism and CV 

disease, might be an interestingly candidate gene. A G174C polymorphism in the 

promoter region of the IL-6 gene was shown to be associated with low bone mass in 

the radius in postmenopausal women [151] and with a high blood pressure and 

increased CV risk in men [152].  

Vitamin D receptor polymorphisms have been associated in many studies with 

bone density [153;154]. Although this could not be replicated in a large meta-

analysis, it did show that the Cdx2 polymorphism was associated with risk for 

vertebral fractures [155]. In addition, the BsmI polymorphism was associated with 

IMT and myocardial infarction (MI) [156;157], strengthening the possible role of 

vitamin D in linking CV disease and osteoporosis. 

One of most interesting candidate genes to mention is the OPG gene, located on 

chromosome 8 and several single nucleotide polymorphisms (SNP’s) are identified 

in this gene. So far, studies were able to associate different SNP’s with either bone 

density or vascular disease. SNP’s A163G and T245G were associated with 

osteoporotic fractures [158]. The linked polymorphisms T950C and C1181C within 

the promoter region of the OPG gene were associated with an increased risk for 

CAD in men [159]. In addition, C1181C was also associated with first-ever 

intracerebral haemorrhage [160]. Furthermore, another SNP in the promoter 

region in the TATA box was related to vascular morphology and function [161]. 

A genetic defect in the Wnt signalling pathway was recently discovered in a family 

with features of metabolic syndrome and early onset coronary artery disease [162]. 

This rare mutation in the LRP6 gene is associated with dyslipidemia, hypertension 
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and diabetes. This finding supports further research for mutations in genes 

involved in the Wnt signalling pathway. 

Collagen type I is an important protein in the mineralisation matrix and connective 

tissue. Mutations in this gene are associated with low BMD and fracture risk [163]. 

Interestingly, besides low BMD, individuals with a SNP in the COL1A gene 

(rs42524) had an increased prevalence of stroke and MI [164]. 

The calcium-sensing receptor (CASR) is a receptor involved in the regulation of 

calcium homeostasis. A SNP in the CARS gene (A986S) was associated with higher 

serum calcium and increased prevalence of  coronary artery disease (CAD) and MI 

[165]. This SNP was also associated with low BMD in premenopausal women [166]. 

However, the role in postmenopausal osteoporosis is not clear, since several studies 

showed no association of this SNP with BMD or fracture risk in postmenopausal 

women [167;168]. 

An interestingly candidate gene to mention is the klotho gene. Defects in the klotho 

gene has been shown to result in arteriosclerosis and increased IMT in klotho 

deficient mice [169]. A SNP in this gene (G395A) was associated with CAD. 

Surprisingly, this same SNP was associated with bone density [170] and was 

suggested to be involved in the pathophysiology of bone loss. This SNP in the 

promoter region resulted in impaired function of the gene. What makes this gene 

interestingly, is that it might offer a new treatment approach for the abnormalities 

seen in klotho-deficient mice can be revered by restoring the klotho expression 

[171].  

Finally, polymorphisms in the apolipoprotein E (APOE) gene has been studied 

intensively. It has been associated with hypertension, atherosclerotic disease and 

CV disease [172-174]. Furthermore, APOE gene polymorphisms have been 

suggested to be associated with low BMD and fracture risk. However, a recent 

meta-analysis was unable to show a strong and consistent association with BMD 

and fracture incidence [175].  

 

Discussion 

Our study is the first to systematically review the epidemiological literature about 

the association between CV disease and osteoporosis. An extensive literature search 
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yielded 27 prospective studies addressing this relationship. Due to considerable 

heterogeneity in study design and outcome measurements the results could not be 

pooled. Focusing on the methodological strongest studies (those with minimal 

selection bias and the appropriate assessments, i.e. a methodological score of more 

than 3), our review indicates that the prevalent subclinical CV disease predicts 

future fractures and bone loss [2-4;13-15]. (Table 4)  

Furthermore there is some evidence that low bone mass predicts CV mortality and 

CV events [6;62;68;69;75]. 

Interestingly, several studies demonstrated shared risk factors, supporting the 

existence of a direct association between vascular calcification and bone biology.  

Due to the substantial diversity of patients and study methods, pooled analysis was 

not considered appropriate. Although numerous efforts were made to investigate 

the association of CV disease and osteoporosis, a vast majority of studies used 

secondary outcome measurements, while a limited number of studies used primary 

outcome measurements such as incident CV events or osteoporosis. Furthermore, 

the population studied varied with respect to age, sex, baseline risk for CV events or 

fractures and ethnicity. Larger prospective studies in elderly persons, men and 

women, are needed to answer this question. To reduce heterogeneity we encourage 

that in new studies well-defined outcome measures will be incorporated, such as 

incident CV disease presented per subcategory of CV disease and measurement of 

BMD by DXA-scans on regular interval periods. 

 

Conclusions 

The current evidence indicates that individuals with prevalent subclinical CV 

disease are at increased risk for bone loss and subsequent fractures. Presently, no 

firm conclusions can be drawn to which extend low BMD might be associated with 

increased cardiovascular risk. Age, estrogen deficiency and inflammation represent 

the most important common risk factors and the discovery of new pathways, e.g. 

OGP/RANKL and Wnt signalling, might provide interesting new therapeutic 

options.  

Altogether our results suggest that bone density screening could be recommended 

in patients with prevalent CV disease.  
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Title: Medline search 

Description: Complete medline search on 08 June 2010 

 

 

Search Most Recent Queries Time Result 

#10 Search #9 NOT #5 NOT #6 03:57:57 214 

#9 Search #1 AND #4 AND #8 03:57:36 343 

#8 Search ((aorta[tiab] OR aortal[tiab] OR aortic[tiab] OR arteries[tiab] 

OR artery[tiab] OR arterial[tiab]) AND (stenosi*[tiab] OR 

thrombosi*[tiab])) OR "Peripheral Vascular Diseases"[MesH] OR 

"Arteries"[Mesh] 

03:57:06 414086 

#7 Search #6 NOT #5 03:54:03 201 

#6 Search #1 AND #3 AND #4 03:53:43 319 

#5 Search #1 AND #2 AND #4 03:53:22 2355 

#4 Search (dutch[la] OR english[la] OR german[la]) NOT 

(animals[mesh] NOT humans[mesh]) 

03:52:59 13015971 

#3 Search ((("Brain Infarction"[Mesh]) OR "Carotid Artery 

Thrombosis"[Mesh]) OR "Carotid Stenosis"[Mesh]) OR "Intracranial 

Embolism and Thrombosis"[Mesh] OR ((((cerebral[tiab] OR 

intracranial[tiab]) AND (artery[tiab] OR arteries[tiab] OR 

arterial[tiab])) OR brain[tiab]) AND infarct*[tiab]) OR 

(cerebrovascular[tiab] OR intracranial[tiab] OR brain[tiab]) AND 

(disorder*[tiab] OR disease*[tiab] OR insufficienc*[tiab] OR 

occlusion*[tiab]) OR (carotid [tiab] AND (disorder*[tiab] OR 

disease*[tiab])) 

03:52:51 152157 

#2 Search ((("Coronary Stenosis"[Mesh]) OR "Coronary 

Thrombosis"[Mesh]) OR "Arteriosclerosis"[Mesh]) OR 

(coronar*[tiab] AND (stenosi*[tiab] OR thrombosi*[tiab])) OR 

arteriosclerosi*[tiab] OR atherosclerosi*[tiab] OR (vascular[tiab] 

AND (disorder*[tiab] OR disease*[tiab])) OR (cardiovascular[tiab] 

AND (disorder*[tiab] OR disease*[tiab])) 

03:52:11 308626 

#1 Search (("Osteoporosis"[Mesh:noexp] OR "Osteoporosis, 

Postmenopausal"[Mesh]) OR "Bone Density"[Mesh] OR 

osteoporos*[tiab] OR "bone loss"[tiab] OR "bone losses"[tiab] OR 

(bone[tiab] AND (densit*[tiab] OR content*[tiab]))) 

03:49:53 89159 
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Quality assessment cohort studies  

1. Was the study population clear defined? 

2. Was selection bias sufficiently accounted for? 

3. Was the exposure clear defined and was the method appropriate? 

4. Was the outcome clear defined and was the method appropriate? 

5. Was the outcome blinded assessed? If the outcome was not blinded; did this influence the 

outcome? 

6. Was the follow-up sufficiently long? 

7. Was selective loss to follow-up appropriately prevented? 

8. Are the most important confounders identified and is this adequately accounted for in the 

design and analyses? 

9. Were the results valid and applicable? If not, the checklist could be stopped 

10. Summary of the mean results 

11. Are the results clinically relevant? 

All items had the following answer options: yes/no/to little information to answer the question. We 

considered incomplete information/data an important criteria for study quality. Therefore, if the answer 

could not be given, because the study provided to little information, a negative score (e.g. “no”) was 

given. Each “no” was scored and an equal weight was given to each item. A maximum of 10 points can be 

given.  

 
Description: List of quality assessment of cohort studies as proposed by the Dutch Cochrane 

Collaboration 

  



 

 

Table 1  Prospective studies investigating relationship CV disease and low BMD 
 

Study Study 
population 
(years 
follow-up) 

Number of 
cases           
(% women) 

Post 
MP 

CVD  
excl 

Mean 
age 

Outcome 
CVD  

Outcome bone 
mass 

Results # Quality  
 

Sennerby 
2009 
[13] 

Population-
based 
(20) 

31936 
(NA) 

NA Yes 67.9-
74.4 

CVD by 
National 
patient 
registry, ICD 9 
codes  

Incident hip 
fracture by 
National patient 
registry, ICD 9 
codes 

Women: 
HR: 4.42 (95% CI 3.49-5.61) 
Men: 
HR: 6.65 (95% CI 4.82-9.19) 

3 

Szulc 
2008 
[14] 

Population-
based 
(10) 

781 
(0%) 

No No 65 AC by X-spine Incident fracture 
by hospital records 
or X-ray 

OR 2.54-3.04 (p<0.005-0.001) 3 

Naves 
2008 [4]   

Population-
based 
(4) 

624 
(51%) 

NA No 65 AC by X-spine  BMD lumbar 
spine and femur 
by DXA 
Incident fracture 
by hospital record 
or X-ray 

Change BMD spine in progression AC vs 
no progression AC: 
-1.48% vs 1.43% (p<.0001) 
Change BMD hip in progression AC and no 
progression AC: 
-0.48% vs 0.23% (p=0.315) 
Incident fracture: 
OR 2.13 (95% CI 0.85-5.31) 

3 

Von 
Muhlen 
2009 
[15]  

Population-
based 
(4) 

1332 
(60%) 

NA No 73.8 PAD by ABI BMD lumbar 
spine and hip by 
DXA and incident 
fracture by X-ray 

Women: 
Change BMD in PAD vs no PAD: 
59.2% vs 43.5% (p<0.05) 
Incident non-vert fracture:  
OR: 0.84 (95% CI 0.31-2.26) 
Men :  
Change BMD in PAD vs no PAD : 
43.5% vs 35.5% (p=0.20) 
Incident non-vert fracture:  
OR : 1.52 (95% CI 0.30-7.45)  

3 

Collins 
2009 [2] 

Population-
based 
(5.4) 

4302 
(0%) 

NA No 73.5 PAD by ABI BMD hip by DXA 
Incident fractures 
by x-ray and 
hospital records 

Change BMD in PAD vs no PAD: 
-0.60% vs -0.32% (p<0.001  
PAD and non-vert fracture risk: HR=1.47 
(95% CI 1.07-2.04)   

3 

 

This table gives an overview of the included prospective studies that investigate the relationship between CV disease (CVD) and low BMD.  

Postmenopausal (Post MP). 



 

 

Table 2 Prospective studies investigating relationship low BMD and CV disease  
Study  Study 

population 
(years 
follow-up) 

Number of 
cases 
 (% women) 

Post 
MP 

CVD  
excl 

Mean 
age 
 

Race Outcome 
osteoporosis 

Outcome 
CVD 

Results # 
 

Quality 

Mussolino, 
2007 [69] 

Population-
based 
(9) 

5272 (NA) NA Yes 60.9-
69.4 

Caucasian 
(NA%), black 
and Mexican-
American  

BMD proximal 
femur by DXA 

CV and stroke 
mortality by 
death 
certificates 
 

Women:  
BMD and CV mortality RR 1.26 
(95% CI 0.88-1.80) 
BMD and stroke mortality: RR 
1.34 (95% CI 0.86-2.07)  
Men:  
BMD and CV mortality: RR 1.05 
(95% CI 0.79-1.39) 
BMD and stroke mortality: RR 
0.73 (95% CI 0.43-1.23) 

3 

Farhat, 2007 
[6]   

Population-
based 
(5.4) 
 

2310 (55%) Yes Yes 73.5 Caucasian 
(58%) and 
black 

BMD total hip, 
femoral neck 
and trochanter 
by DXA  
BMD spine by  
CT-scans 

Incident CV 
disease by 
hospital 
records and 
death 
certificates 

Women:  BMD fem neck and 
incident CV disease: HR 1.24 
(95% CI 1.02-1.52) 
Men: BMD fem neck and incident 
CV disease:  
HR 1.04 (95% CI 0.89-1.21)  

3 

Tamaki, 2009 
[75]  

Population-
based 
(10) 

609 (100%) Yes 
(60%) 

No 55.9 Japanese BMD lumbar 
spine and total 
hip by DXA 

IMT values <10 YSM: 
IMT  OP vs normal bone mass: 
1.55 vs 1.19 (p<0.05) 
≥ YSM: 
IMT OP vs normal bone mass: 
1.53 vs 1.28 (p<0.05) 

3 

Browner, 
1991 [5] 

Population-
based 
(2.8) 

9704 (100%) Yes No NA Caucasian 
(99%) and 
Asian  

BMD distal 
radius, prox 
radius and 
calcaneus by 
single photon 
absorptiometry 

Overall 
mortality and 
CV mortality 
by death 
certificates 

BMD and risk overall mortality: 
RR 1.22 (95% CI 1.01-1.47) 
BMD and stroke mortality: RR 
1.75 (95% CI 1.15-2.65) 
BMD and CV mortality:  RR 1.17 
(95% CI 0.92-1.51) 

3 

Trone, 
2007 [68] 

Population-
based  
(7.6) 

1580 (60%) Yes 
(NA %) 

No 71.9 Caucasian Prevalence 
vertebral 
fracture by 
lateral spine 
radiographs 

Overall 
mortality by 
death 
certificates 

Women: prevalent vertebral 
fracture and overall mortality: 
HR 1.15 (95% CI 0.83-1.59) 
Men: prevalent vertebral fracture 
and overall mortality: HR 0.98 
(95% CI 0.55-1.46) 
 

3 



 

 

Table 2 continued          
Study  Study 

population 
(years 
follow-up) 

Number of 
cases 
 (% women) 

Post 
MP 

CVD  
excl 

Mean 
age 
 

Race Outcome 
osteoporosis 

Outcome 
CVD 

Results # 
 

Quality 

           
Kado, 2000 
[64]  

Population-
based 
(3.5)  

6018 (100%) Yes No 76.5 Caucasian BMD total hip 
by DXA 
 

Overall and 
CV mortality 
by death 
certificates 

BMD and overall mortality: RH 
1.3 (95% CI 1.1-1.4) 
BMD and CV mortality: RH 1.3 
(95% CI 1.0-1.9)  

4 

Trivedi, 2001 
[67]  

Population-
based 
(6.7) 
 

1002 (0%) No 
women 
include
d 

No 69.7 NA BMD total hip 
by DXA 

Overall and 
CV mortality 
by death 
certificates 
 

BMD and overall mortality: RR 
0.79 (95% CI 0.65-0.97)  
BMD and CV mortality: RR 0.72 
(95% CI 0.56-0.93)   

4 

Tanko, 2005 
[76]  

Clinic-based 
(4) 

2576 (100%) Yes No 66.5 NA BMD lumbar 
spine and 
femoral neck by 
DXA 

Incidence CV 
events self-
reported and 
confirmed by 
primary 
documents 
 

HR 3.9 (95% CI 2.0-7.7)  
 

4 

Pinheiro, 
2006 [66]  

Population-
based 
(5) 

208 (100%) Yes No 75.1 Caucasian BMD lumbar 
spine, femoral 
neck and 
trochanter by 
DXA 
 

Overall and 
CV mortality 
by death 
certificates 
 

BMD and overall mortality: HR 
1.44 ( 95% CI 1.06-2.21)  
BMD and CV mortality: HR 1.28 ( 
95% CI 1.08-2.26)  

4 

Johansson, 
1998 [7] 

Population-
based 
(7)  

1468 (56%) Yes No 74,0 Caucasian BMD calcaneus 
by DPA 

Overall 
mortality by 
death 
certificates 
 

Women: RR 1.19 ( 95%  CI 1.02-
1.39) 
Men: RR 1.23 ( 95% CI 1.10-1.41) 

4 

Mussolino, 
2003 [65] 

Population-
based 
(18.5) 

3402 (NA) NA Yes NA Caucasian  
(87%) and 
black 

BMD 
phalangeal by 
single photon 
absorption 

Stroke 
mortality by 
death 
certificates 

Women: RR 1.01 (95% CI 0.86-
1.19) 
Men: RR 1.13 (95% CI 0.93-1.38) 
Blacks : RR 0.93 (95% CI 0.72-
1.21) 
 
 
 

4 



 

 

Table 2 continued          
Study  Study 

population 
(years 
follow-up) 

Number of 
cases 
 (% women) 

Post 
MP 

CVD  
excl 

Mean 
age 
 

Race Outcome 
osteoporosis 

Outcome 
CVD 

Results # 
 

Quality 

           
Samelson, 
2004 [70] 

Population-
based 
(30)  
 

2059 (60%) Yes 
(85,3-
94%) 

Yes 60.2 NA Second MCA by 
radiogrammatr
y 
 

Incidence 
coronary 
heart disease 
by hospital 
records and 
death 
certificates 
 

Women: HR 0.73 (95% CI 0.53-
1.00) 
Men: HR 1.14 (95% CI 0.84-1.56) 

4 

Kiel, 2001 
[77]  

Population-
based 
(25) 
 

554 (66%) NA No 54.4 NA Second MCA by 
radiogrammetr
y 

AC by 
radiograph of 
the lumbar 
spine 

Women: Sign association % 
change in MCA and change AC 
index (p=0.01) 
Men: No association % change 
MCA and change AC index 
(p=0.50) 
 

4 

Browner, 
1993 [62] 

Population-
based  
(1.98) 

4024 (100%) Yes Yes NA Caucasian BMD distal 
radius and 
calcaneus by 
single photon 
absorptiometry 

Incident 
strokes by 
hospital 
records and 
death 
certificates   
  

HR 1.31 (95% CI 1.03-1.67) 5 

Von der 
Recke, 1999 
[8]  

Clinic-based 
(17) 

1063 (100%) Yes Yes 50 and 
70 

NA BMD distal 
forearm by 
single photon 
absorptiometry 
with 125I source 
 

CV mortality 
by death 
certificates, 
hospital 
records and 
autopsy 
reports 
 

Early menopause: RR 2.3 ( 95% 
CI 1.0-5.3) 
Late menopause: RR 1.3 (95% CI 
0.9-1.8) 
 

5 

Silverman, 
2004 [71]  

Clinic-based 
(3) 

2565 (100%) Yes No 67 Caucasian 
(95,8%) 

Prevalence 
vertebral 
fracture by 
lateral spine 
radiographs 

Incident CV 
event self-
reported and 
confirmed by 
primary 
documents 

CV event rate women with 
prevalent vertebral fracture vs no 
vertebral fracture: 15.1 vs 8.3 
(p=0.55)   

5 



 

 

Table 2 continued          
Study  Study 

population 
(years 
follow-up) 

Number of 
cases 
 (% women) 

Post 
MP 

CVD  
excl 

Mean 
age 
 

Race Outcome 
osteoporosis 

Outcome 
CVD 

Results # 
 

Quality 

           
Varosy, 
2003 [73] 

Clinic-based 
(4.1) 

2763 (100%) Yes Yes NA NA Prevalent and 
incident 
skeletal 
fracture self-
reported. 
Incident 
fractures were 
confirmed by 
radiological 
reports  
 

Incident 
coronay event 
by hospital 
records  

HR 0.75 (95% CI 0.57-0.98) 5 

Gonzales-
Macias, 
2009 [63] 

Clinic-based 
(3) 

5201 (100%) Yes No 72.3 Caucasian eBMD 
calcaneus by 
QUS 

Overall and 
CV mortality 
by medical 
records 

eBMD and overall mortality: HR 
1.19 (95% CI 0.97-1.45) 
eBMD and CV mortality: HR 1.39 
(95% CI 1.15-1.66) 

6 

 
#adjusted for age; NA, not available; BMD, bone mineral density; DXA, dual-energy x-ray absorptiometry;  IMT, intima media thickness;  YSM, years since menopause;  
DPA, dual photon absorptiometry;  MCA, metacarpal relative cortical area; AC, aortic calcification;  QUS, quantitative ultrasonography 
 
This table gives an overview of the included prospective studies that investigate the relationship between low BMD and CV disease (CVD). 
Postmenopausal (Post MP). 

 
 



 

 

Table 3 Cross-sectional studies investigating relationship CV disease and low BMD 
Study Study 

population 
Number 
of cases 

% 
women 

Outcome bone mass Outcome CVD Main results #  

       
Frye, 1992 [35] Population-

based 
200 100% BMD lumbar spine and hip by 

single photon absorptiometry 
AC by x-ray Association AC and BMD lumbar spine: β -2.213 (p<0.05) 

Association AC and BMD hip: β -0.661 (NS) 

Barengolts, 
1998 [32] 

Clinic-based 45 100% BMD lumbar spine and hip  by 
DXA 

Coronary calcium 
score by EBT 

Correlation BDM hip and calcium score: r -0.34 (p=0.022) 
Correlation BMD spine and calcium score: r- 0.28 (p=0.056) 

Jorgensen , 
2001 [27] 

Clinic-based 63 52% BMD femoral neck by DXA Incident stroke  Women: 
OR 6.6 (95% CI 1.8-24.8) 
Men:  
OR 0.6 (95% CI 0.1-2.3)   
 

Aoyagi, 2001 
[40]  

Population-
based  

524 100% BMD distal and proximal 
radius, calcaneus single photon 
absorptiometry by sinlge 
photon absorptiometry 
 

AC by x-ray BMD distal radius and AC: OR 1.1 (95% CI 0.9-1.3) 
BMD calcaneus and AC: OR 1.1 (0.9-1.3) 

Van der Klift, 
2002 [29] 

Population-
based  
 

5268 57% BMD lumbar spine and hip by 
DXA 

PAD by ABI Women:  
PAD and BMD hip: OR 1.35 (95% CI 1.02-1.79)  
Men:  
PAD and BMD hip: OR 0.89 (95% CI 0.64-1.23) 
 

Tanko, 2003 
[39] 

Population-
based 

963 100% BMD hip and lumbar spine by 
DXA 
 

AC by x-ray AC and BMD hip: β-0.10, 9 (p=0.004) 

Hirose, 2003 
[56] 

Clinic-based 7865 9% OSI calcaneus  baPWV Women: β-0.11 (p<0.01) 
Men: β -0.07 (p<0.01) 

Pennisi, 2004 
[50] 

Clinic-based 36 44% BMD total body, lumbar spine, 
and hip by DXA and calcaneus 
by QUS  
 

IMT and presence of 
plaque in carotid 
artery  

63% patients with BMD spine T<-1 
93% patients with BMD hip T<-1 

Jorgensen, 
2004 [47]  

Population-
based  
 

5296 52% BMD distal radius by single x-
ray absorptiometry 

IMT and prevalent 
plaque   

BMD and IMT: NS 
BMD and prevalent plaque: OR 0.90 (95% CI 0.75-1.07) 
BMD and echogenic plaque: OR 0.51 (95% CI  0.31-0.83)  
 



 

 

Table 3 continued      

Study Study 
population 

Number 
of cases 

% 
women 

Outcome bone mass Outcome CVD Main results #  

       
Montalcini, 
2004 [49] 

Clinic-based 157 100% BMD calcaneus by QUS IMT BMD and IMT: NS 
 

Magnus, 2005 
[23] 
 

Population-
based  
 

5050 36% BMD hip by DXA Self reported CV 
events  

Women: 
OR 1.22 (0.80-1.86) 
Men: 
OR 1.39 (95% CI 1.03-1.87) 
 

Bakhireva, 
2005 [31] 

Population-
based 

366 51% BMD lumbar spine and hip by 
DXA 

CAC by CT scan Women: 
BMD hip and CAC: OR 0.69 (95% CI 0.51-0.93) 
Men:  
BMD hip and CAC: OR 1.03 (0.75-1.41) 
 

Wong, 2005 
[30] 

Population-
based 

3998 50% BMD lumbar spine and hip by 
DXA 

PAD by ABI Per SD increase in ABI sign associated with hip BMD: 
0.5 (95% CI 0.02-0.9) 

Yamada, 2005 
[53] 

Clinic-based 260 59% BMD lumbar spine by DXA 
and OSI calcanues   

IMT carotid artery 
and femoral artery 

BMD lumbar spine and FA-IMT: ρ -0.117 (p<0.005) 

Farhat, 2006 
[34] 

Population-
based 

490 100% vBMD spine by CT scan  AC and CAC by CT 
scan 

AC and BMD: OR 1.68 (95% CI 1.06-2.68) 
CAC and BMD: OR 1.19 (95% CI 0.81-1.74) 

Farhat, 2006 
[19] 

Population-
based 

1489 51% BMD hip by DXA 
vBMD lumbar spine by QCT  

Prevalent CV disease 
self reported  
Prevalent PAD by ABI 

Women:  
Prevalent CV disease and BMD hip: OR 1.22 (95%CI 1.03-
1.43)  
PAD and BMD hip: NS 
Men:  
Prevalent CV disease and BMD hip: NS 
PAD and BMD hip: OR 1.39 (95% CI 1.03-1.84)   
 

Yamada, 2006 
[54] 

Population-
based 

149 100% BMD lumbar spine by DXA 
and vBMD calcaneus by QCT  

IMT and PWV FA-IMT and BMD spine: β -0.067 (p<0.05) 
PWV and BMD spine: NS  
 

Sumino, 2006 
[60] 
 
 

Clinic-based 315 100% BMD lumbar spine by DXA  baPWV Association baPWV and BMD: β-0.265 (p=0.002)   



 

 

Table 3 continued      

Study Study 
population 

Number 
of cases 

% 
women 

Outcome bone mass Outcome CVD Main results #  

       
Sinnot, 2006 
[43] 
 

Clinic-based 480 65% BMD lumbar spine by QCT Calcium score by CT-
scan 

No correlation CAD and BMD in women and men 
 

Shaffer, 2007 
[51] 

Population-
based 

870 61% BMD lumbar spine, hip and 
distal radius by DXA 

IMT Women >60 years:  
IMT and BMD spine: β -73.0 (p<0.001) 
IMT and BMD hip: β -62.4 (p< 0.001) 
Men >60 years:  
IMT and BMD radius: β -27.0 (p<0.001) 
 

Sumino, 2007 
[61] 

Clinic-based 85 100% BMD lumbar spine by DXA Brachial arterial 
endothelial function 
(FMD) 
 

Correlation FMD and BMD: r .034  (p<0.01) 
Association FMD and BMD: β 0.40 (p<0.01) 

Hyder, 2007 
[36] 

Clinic-based 
 

365 64% 
 

BMD lumbar spine by CT-scan Atherosclerotic 
calcium in carotid, 
coronary and iliac 
arteries by CT-scan 

Women:  
Calcium score aorta and BMD: OR 3.14 (95% CI 1.55-6.38)  
Calcium score iliac arteries and BMD: OR 2.20 (95% CI 1.13-
4.29)  
Men:  
Calcium score carotid and BMD: OR 2.85 (95% CI 1.02-7.96)  
Calcium score aorta and BMD: OR 5.90 (95% CI 1.78-19.6)  
 

Shen, 2007 
[42] 

Population-
based 

682 56% BMD lumbar spine and hip by 
DXA 

CAC by CT scan 
 

CAC and BMD spine: -0.105 ± 0.132 (NS) 
CAC and BMD hip: 0.022 ± 0.142 (NS) 
 

Sioka, 2007 
[24] 

Clinic-based 21 0% BMD lumbar spine and hip by 
DXA 

CAD by angiography BMD in severe CAD vs no CAD: 
77.8% vs 37.5%, p=? 
 

Sumino, 2008 
[52] 
 

Clinic-based 175 100% BMD lumbar spine by DXA IMT   BMD and IMT β -0.313 (p=0.001) 

Kim, 2008 [48] Clinic-based 194 100% BMD lumbar spine and hip by 
DXA 
Prevalent vertebral fracture  

IMT and prevalent 
plaque  

BMD and IMT: NS 
BMD and plaque: NS 
Vertebral fracture and plaque: OR 2.8 (95% CI 1.17-7.12) 
 
 
 



 

 

Table 3 continued      

Study Study 
population 

Number 
of cases 

% 
women 

Outcome bone mass Outcome CVD Main results #  

       
Frost, 2008 
[45] 

Clinic-based 54 100% Lumbar spine and hip by DXA  IMT and PWV   BMD spine and IMT: r -.025 (p=0.26) 
BMD hip and IMT: r -0.17 (NS) 
BMD and PWV: NS  
 

Mangiafico, 
2008 [57] 

Clinic-based 182 100% BMD lumbar spine and hip 
DXA 

PWA (AIx and PWV) BMD hip and AIx:  β-5.46 (p<0.0001) 
BMD spine and Aix: β -3.29 (p<0.0001) 

Tekin, 2008 
[25] 
 

Clinic-based 
 

227 100% BMD lumbar spine by DXA Prevalence CAD  CAD and low BMD: OR 0.68 (95% CI 0.39-1.28) 

Broussard, 
2008 [18]  

Population-
based 
 

3881 51% 
 

BMD total femur by DXA Framingham CHD 
risk score by 
Framingham CHD 
prediction model 

Women:  
moderate CHD risk and low BMD: OR 1.45 (95% CI 1.03-
2.06) 
high CHD risk and low BMD: OR 1.73 (95% CI 1.12-2.66) 
Men: NS 
 

Chow, 2008 
[41] 

Population-
based 

693 54% vBMD lumbar spine and hip by 
QCT and vBMD distal radius 
by HRpQCT 
 

AC by CT-scan Women: NS 
Men: NS 

Hyder, 2009 
[37] 

NA 1909 50% vBMD lumbar spine by CT 
scan 

CAC and AAC score  Women:  
vBMD and CAC (p-trend <0.002) 
vBMD AND AAC (p-trend <0.004) 
Men:  
vBMD and CAC (p-trend <0.034) 
vBMD and AAC (p-trend < 0.001)  
 

Hmamouchi, 
2009 [46] 

Clinic-based 72 100% BMD lulmbar spine and hip by 
DXA 

IMT in carotid artery 
and femoral artery 

CA-IMT and BMD hip: r-0.330 (p<0.05) 
FA-IMT and BMD hip: NS 
IMT and BMD lumbar spine: NS 
 

Mikumo, 2009 
[58] 
 
 

Clinic-based 143 100% BMD lumbar spine by DXA PWV BMD and PWV: r-99.78 (NS) 



 

 

Table 3 continued      

Study Study 
population 

Number 
of cases 

% 
women 

Outcome bone mass Outcome CVD Main results #  

       
Marcowitz , 
2005 [20] 

Clinic-based 
 

209 88% Lumbar spine, hip and distal 
radius by DXA  
 

CAD  Osteoporosis: OR 5.58 (95% CI 2.59-12.0) for CAD  

Ness, 2006 
[38] 

Clinic-based 1000 100% Diagnosis osteoporosis or 
osteopenia by electronic 
medical records 

AVD  Prevalence AVD osteoporotis vs osteopenia: 
60% vs 35% (p<0.001)  
Prevalence AVD osteoporis vs normal bone mass: 
60% vs 22% (p<0.001) 
 

Gupta, 2006 
[78]  

Clinic-based 101 100% BMD lumbar spine and total 
hip by DXA 

Prevalent CV disease Prevalent CV disease in low BMD vs normal BMD:  
61% vs 38% (p<0.025)  
 

Mangifico, 
2006 [28] 
 

Clinic-based 345 100% BMD lumbar spine and 
femoral neck by DXA 

PAD by ABI PAD and BMD lumbar spine: OR 1.01 (95% CI 0.97-1.05) 
PAD and BMD hip: OR 0.20 (95% CI 0.05-0.70) 

Erbilen, 2007 
[33] 
 

Clinic-based 74 0% BMD lumbar spine and hip by 
DXA 

CAD Association BMD and CAD:  
OR 5.4 (95% CI 1.66-17.49)  

Sennerby, 2007 
[21] 
 

Clinic-based 1327 100% Incident hip fracture by X-ray 
and hospital record 

Prevalent CV disease 
by questionnaire 

OR 2.38 (95% CI 1.92-2.94)  

Varma, 2008 
[22] 

Clinic-based 
 

198 74% Lumbar spine and hip by DXA Obstructive CAD  Prevalence CAD osteoporosis vs osteopenia: 
76% vs 68% (p<0.01) 
Prevalence CAD osteoporosis vs normal bone mass: 
76% vs 47% (p<0.005) 
 

Seo, 2009 [59] Clinic-based 253 100% BMD lumbar spine and hip by 
DXA 

baPWV  Sign association BMD hip and baPWV:  
Β-0.123 (p<0.05) 
 

Pouwels, 2009 
[16] 

Clinic-based 6763 73% 
 

Incident hip fracture Incident stroke by 
ICD 9 code 

Risk hip fracture after stroke 
Women: OR 2.12 (95% CI 1.73-2.59) 
Men: OR 1.63 (95% CI 1.17-2.28) 

#adjusted for confounders; CVD CV disease; BMD, bone mineral density; AC, aortic calcification; DXA, dual-energy x-ray absorptiometry;  PAD, peripheral arterial disease; ABI, 
ankle brachial index; OSI, osteosono assessment index; baPWV, brachial-ankle pulse wave velocity; IMT, intimal medial thickness; CAC, coronary artery calcium; QCT, 
quantitative computerized tomography; PWV, pulse wave velocity; CAD, coronary artery disease; PWA, pulse wave analysis; AIx, augmentation index; CHD, coronary hearth 
disease; AVD, atherosclerotic vascular disease;   
This table gives an overview of the included cross-sectional and case-control  studies that investigate the relationship between CV disease and low BMD
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 Table 4.  Summary of findings in high quality prospective studies 

 Association No association 

CV disease and OP n=6 n=0 

Bone mass and CV events n=3 n=2 

 
Description: This table summarizes the findings in high quality prospective studies. 
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Summary and general discussion 

 

The main goal of this thesis was to investigate the effectiveness and tolerance of an 

attenuated treat-to-target treatment schedule for early and active rheumatoid 

arthritis (RA), i.e., COBRA-light, and to evaluate specifically the possible adverse 

events of glucocorticoids on cardiovascular disease and osteoporosis. In addition, 

in this thesis aimed to provide more insight in the pathophysiology of the 

association between inflammation, cardiovascular disease and osteoporosis. The 

results of these studies are reported in the second part. 

 

Main findings section I Results of the COBRA-light study 

 

Section I of this thesis describes the results of the COBRA-light study. This is an 

open-label, randomised controlled, treat-to-target trial that compared two 

treatment schedules both consisting of a combination of conventional disease 

modifying rheumatic drugs (DMARDs) with prednisolone. The COBRA-light 

schedule was compared with the COBRA (COmbinatietherapie Bij Reumatoide 

Artritis) treatment schedule, which already has been proven the be an effective, 

safe and cost-effective treatment [1,2]. This trial was conducted because the 

COBRA schedule, despite proven to be effective and safe, has been shown to be 

prescribed infrequently due to its complexity and because of persistent fear for 

adverse events [3]. The main advantage of the COBRA-light schedule is that it 

starts with a lower dose prednisolone (i.e. 30mg/day) compared to COBRA (i.e. 

60mg/day) and only one DMARD (i.e. methotrexate escalated to 25mg/week in 9 

weeks) compared with a more complex schedule of two DMARDs (sulfasalazine 

2gr/day and methotrexate 7.5mg/day) in the COBRA. Because in RA methotrexate 

is the treatment of first choice, which is proven to be more effective in higher 

weekly doses (20-30mg/week) [4], this was chosen as first-line DMARD in 

combination with prednisolone in the COBRA light schedule. In addition, in the 

COBRA-light schedule a biological (i.e. etanercept) could be added if minimal 

disease activity (a Disease Activity Score in 44 joints (DAS44) <1.6) was not reached 

after 6 months without adding an additional DMARD first.  
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In chapter 2, we showed that treatment with COBRA-light compared to COBRA 

was equally effective in treatment of 160 patients with early and active RA. After six 

months of treatment disease activity, measured as the 44-joint disease activity 

score (DAS44) significantly decreased in both treatment groups. In COBRA-light 

with –2.2 points (SD 1.1); in COBRA with –2.5 points (SD 1.2). The adjusted 

difference in DAS44 improvement between the groups was 0.3 points (95% CI: -0.0 

to 0.7; p=0.08), which was smaller than the predefined clinically relevant 

difference of 0.5 and therefore non-inferiority for COBRA-light could be stated. The 

treatment goal of minimal disease activity (defined as DAS44 <1.6) was reached in 

almost half of patients in both groups (49% and 41% in COBRA and COBRA-light, 

respectively). In addition, there were no differences seen in all other outcome 

measures between both strategies, including number of (serious) adverse events.  

 

Chapter 3 provides the results of the COBRA-light study after 52 weeks of follow-

up. These data include the results of treatment intensification with etanercept at 

week 26 or 39 if patients had not reached minimal disease activity (DAS44 <1.6). In 

accordance with the results after 6 months, as shown in chapter 2, the disease 

activity remained low in both groups after 52 weeks and not significantly different 

between the groups. The change over time in DAS44 between baseline and week 52 

was –2.0 points (SD 1.0) in the COBRA-light group and –2.4 points (SD 1.2) in the 

COBRA group. There was minimal radiological joint damage after 1 year of 

intensive treat-to-target treatment; 70% of the patients in both groups had no 

radiological progression and less than 5% of patients had progression of 

radiological damage above the smallest detectable change (defined as an increase of 

the Sharp/van der Heijde score (SHS) with 5 points or more). The SHS increased in 

both groups with a mean of 0.49 and 0.59 points for COBRA and COBRA-light 

respectively. In total, 6% of the patients had erosive disease at week 52. 

After 6 months, a considerable number of patients did not reach minimal disease 

activity and needed intensification with etanercept. This was 75% (n=61) in the 

COBRA-light group and 59% (n=47) in the COBRA group. However, while of the 

total population 67% required intensification of treatment with addition of 

etanercept according to the study protocol, only 62% of these patients with a DAS44 
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> 1.6 actually received it. The main reason for this protocol violation was that the 

physician assessed the disease activity lower than the research nurse. Both actual 

etanercept starters and non-starters had a mean DAS44 of 2.2 at week 52. From 

these results it can be concluded that addition of etanercept had limited effect on 

further reduction of disease activity. Another interesting result was that during the 

52 weeks of treatment, there was at least one protocol violation in more than half of 

the patients: 49% in COBRA and 47% in COBRA-light. 

 

The main conclusion from chapter 2 and chapter 3 of this thesis is that the COBRA-

light schedule is an effective treatment option for early and active RA patients, with 

rapid improvement of disease activity, maintaining functional ability and 

minimalizing radiological progression with an acceptable safety profile. In the 

European League Against Rheumatism (EULAR) recommendations for treatment 

of early RA key recommendations are made including 1) early treatment with a 

combination of DMARDs, 2) regularly and strict monitoring with adjustment of 

therapy according to disease activity and 3) treatment should be aimed a remission 

or at least low disease activity in every patient [5]. We show that the COBRA-light 

provides a treatment schedule fulfilling these recommendations. It is generally 

accepted that glucocorticosteroids have disease modifying effects, since they are 

able to suppress both disease activity and radiological progression [2,6] and can 

therefor be considered as a DMARD.  

An other EULAR recommendation is that a biological DMARD (bDMARD) should 

be started if the treatment target is not met after 6 months or after 3 months when 

prognostic poor factors are present. [5] The added benefit of etanercept in patients 

with low disease activity in our study, however, was limited, as both the patients 

that started with etanercept compared with those that should have started but 

didn’t, had the same mean DAS44 score at week 52. This provides an interesting 

topic for debate, as adding a biological like etanercept results in a relevant increase 

of costs [7], while the effect on treatment outcome appears to be modest. Also in 

the Treatment of Early Aggressive Rheumatoid Arthritis (TEAR)-study, the 

additional costs of immediate etanercept, or etanercept before triple therapy, was 

not justified by any clinical benefit [8] and also in the BeSt trial, the costs of initial 
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combination therapy with infliximab was considered to be to high [9]. Overall, 

authors of a recent systemic review concluded that in most cases treat-to-target is 

likely to be cost-effective, except where biological treatment in early disease is used 

initially [10]. 

Remarkably, a large number of protocol violations were reported, especially when 

intensification of treatment to acquire remission is necessary while the patients 

already received low disease activity (DAS44<2.4). While there is general agreement 

that aiming for remission is the ultimate goal in RA, our results show a discrepancy 

in actual practice. This was also seen in the BeSt and IMPROVED-study [11]. In 

these studies non-adherence was more likely if physicians disagreed with the DAS-

score, especially with discrepancies between subjective (such as tender joint count 

and VAS) and objective disease outcomes (i.e. swollen joint count and erythrocyte 

sedimentation rate (ESR)) and with disagreement with the next treatment step. As 

in our study, patients arguments for non-adherence to the study protocol were not 

documented, but will most likely also play a role and should be taken into account 

in future treat-to-target trials.  

Future treatment trials of early RA should not only focus on disease activity 

parameters, but also on patient related outcomes (PRO) and should target on 

reducing sick leave and maintaining work productivity. As recent research showed 

that sick leave and work disability is only partially explained by disease variables, 

but also contextual factors such as job control and support from colleagues and 

supervisors [12]. In future studies, we should also collect information about work 

related characteristics in order to get a better understanding of work participation 

in RA. 

 

Glucocorticosteroids are commonly used to treat RA, however, glucocorticosteroid 

treatment is associated with several side effects, including an impaired glucose 

metabolism, new-onset hyperglycaemia in patients without a history of diabetes 

mellitus (DM) or severely uncontrolled hyperglycaemia in patients with known DM 

with a (temporarily) need for (increasing) blood-glucose lowering treatment 

[13,14]. 
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This is an important reason for physicians to have resistance to prescribe 

glucocorticosteroids [3,15]. However, irrespective of treatment given, patients with 

active chronic RA are at increased risk to develop disturbed glucose metabolism, 

likely due to chronic and systemic inflammation affecting beta-cell function and 

insulin sensitivity [16,17].  

In order to provide more insight in the balance between diabetogenic effects of 

glucocorticosteroids and interaction with inflammation, we studied the short term 

effects of high dose glucocorticosteroids in early RA patients. Chapter 4 describes 

the effects of short-term treatment with prednisone 60mg/day or 30mg/day on 

glucose tolerance in 41 patients participating in a sub study of the COBRA-light 

study. In our study, a large portion of patients with active RA were found to have 

impaired glucose tolerance (56%) and 7% were found to have unrecognized type 2 

DM at baseline. This finding is in accordance with the results of earlier studies that 

showed disturbed glucose metabolism in patients with early active disease [18,19]. 

Overall, there was no deterioration of the glucose state during 1 week of treatment 

with high dose prednisolone. However, there were individual differences in 

response, with an increased number of patients meeting the criteria for type 2 DM 

after 1 week (increasing from 7% to 24%), while 22% of patients showed 

normalisation of the glucose metabolism after high dose prednisone treatment. 

Interestingly, patients with the longest disease duration not only had the highest 

postload glucose levels after treatment, but were also at higher risk of progression 

to glucose intolerance or type 2 DM. Interestingly, compared with healthy 

individuals the diabetogenic effects of glucocorticosteroids in our population of 

active RA patient was less pronounced [20]. This might suggest that the anti-

inflammatory actions of glucocorticosteroids may outweigh their diabetogenic 

effects. However, the long-term effects remain unclear. In order to gain more 

insight on long-term effects of glucocorticosteroid therapy on glucose tolerance, 

glucose metabolism should be studied in well designed trials with frequent 

assessments of glucose tolerance, beta-cell function and insulin resistance using 

dynamic tests such as OGTTs.  

Surprisingly, at present scientific evidence is lacking regarding strategies for 

prevention and treatment of glucocorticosteroid induced DM, and no consensus 
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guidelines exist for the optimal management of hyperglycaemia secondary to 

glucocorticoids. Similarly to not glucocorticoid related DM, the principles of early 

detection and risk factor modification apply to all patients treated with 

glucocorticoids, and recommendations for screening for glucocorticosteroid 

induced DM (GC-induced DM) in the RA-patient specifically are made by the 

EULAR-task force [21]. Optimal treatment of glucocorticosteroid induced DM is 

different than not glucocorticosteroid related DM, as for instance, metformin is not 

recommended in the treatment of the first phase of GC-induced hyperglycemia due 

to its slow onset of action, and insulin is considered the best treatment option. The 

effects of the newest diabetes drugs remain to be determined. One promising 

randomised controlled trial  in a small number of healthy persons showed that the 

glucagonlike peptide receptor agonist exenatide could prevent GC-induced glucose 

intolerance [22]. Further studies are needed to explore the role of the new 

medications for GC- induced DM. 

Glucocorticosteroids are frequently used in the treatment of inflammatory diseases 

and proven to be effective in decreasing inflammation and thus disease activity. 

However, glucocorticoid-induced osteoporosis (GIOP) is one of the most important 

side-effects of glucocorticoid use, leading to an increased fracture risk within the 

first 3 months of use [23]. Glucocorticoid use is associated with a rapid and 

transient increase in bone resorption followed by a decrease in bone formation that 

persists during its use. However, active RA doubles the risk of hip and vertebral 

fractures, regardless of the use of GCs, and disease activity is consistently 

associated with low BMD [24]. In chapter 5 the changes in BMD after 4 years 

follow-up are analysed, and were found to be minimal. The average change in BMD 

was not significantly different between treatment groups over time at the lumbar 

spine and femoral neck. At the total hip, there was a significant difference of −0.01 

g/cm2 (p=0.05) between COBRA-light and COBRA therapy in BMD change on 

average over time (p=0.02). We showed that in four years, clinically relevant bone 

loss, defined as more than 5% bone loss [1], was found in 31% (n=23) of COBRA-

light versus 27% (n=21) in COBRA therapy patients at the lumbar spine (p=0.58), 

28% (n=21) versus 26% (n=20) at the total hip (p=0.78) and 41% (n=31) versus 

37% (n=29) at the femoral neck (p=0.60). Including all patients, clinically relevant 
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BMD loss after one year was found in 8.9% at the lumbar spine, 1.3% at the total 

hip and 7.7% at the femoral neck. Compared to other treat-to-target designs, these 

results at total hip and lumbar spine were similar [1, 25,26]. Overall, our study 

showed that a treat-to-target regime with high starting dose of prednisolone was 

not associated with a substantial bone loss and that controlling for inflammation, 

even with high dose GCs, arrests BMD loss in active RA. During four years follow-

up the incidence of clinical fractures was significantly higher in patients treated 

with COBRA-light therapy (n=13, 19%) compared to patients treated with COBRA 

therapy (n=6, 8%), however  small in absolute number. We could not find a good 

explanation for this remarkable difference, perhaps the effect of GCs on bone 

strength is different in both groups. As generally known, GC-induced changes in 

BMD do not fully account for the increased fracture risk in GC-treated patients and 

BMD is not the same as bone quality. Unfortunately, we did not measure bone 

quality and this might be interesting for future studies.  

 

Main findings Section II Interaction between inflammation, 

osteoporosis and cardiovascular disease 

 

In section II the aim is to provide more insight in the link between inflammation, 

osteoporosis and cardiovascular disease. As well as for osteoporosis as for 

cardiovascular disease, inflammation is an important independent contributor, 

apart from traditional risk factors for both cardiovascular and osteoporosis. Below 

the interplay between inflammation, osteoporosis and cardiovascular disease is 

discussed in more detail.  

 

Recent advances in the understanding of the mechanisms of GIOP are summarised 

in chapter 6. Glucocorticoids increase apoptosis of osteoblasts and osteocytes, 

impair differentiation of osteoblasts and increase the life-span of osteoclasts 

resulting in a shift of bone metabolism towards bone loss. The interplay of several 

important molecular mechanisms, with a central role for the Receptor activator of 

nuclear factor kappa-Β ligand (RANKL)/ Osteoprotegerin (OPG) and Wnt 

signalling pathway, are shown in figure 1  
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Figure 1 Pathophysiology of glucocorticoid-induced effects on bone cells 

 

 

 

 

 

GIOP prevention starts with calcium and vitamin D supplementation, but 

bisphosphonates play a key role in preventing GIOP in patients treated with high 

dose glucocorticosteroids or in case of long-term GC-treatment. Interestingly, 

treatment with the anabolic PTH 1-34 (teriparatide) seems to be superior to oral 

bisphosphonates in preventing GIOP and reducing fracture rate [27]. Because of 

the relatively high cost price of teriparatide, introduction of teriparatide might have 

impact on several budgets. It might be attractive to prescribe teriparatide in those 

patients with very high risk for fractures, for example in patients with a 10-year 

absolute fracture risk above 20%.  

Treatment recommendations to prevent GIOP are based on studies in post-

menopausal women and elderly men; however, glucocorticosteroid therapy is not 

limited to elderly, but frequently prescribed in younger adults. This is addressed in 

the recent American College of Rheumatology (ACR) guidelines for the prevention 

and treatment of GIOP [28]. However, because of the lack of safety data on 

potential foetal harm also these guidelines do not include recommendations about 

GIOP prevention or treatment, other than calcium and vitamin D intake and 

lifestyle modification, in women who are pregnant. Suggestions for future research 

include studies that identify risk factors that influence fracture risk in pre-
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menopausal women and men <50 years and asses the long-term safety of 

medications used to treat GIOP in these populations, specifically addressing the 

risk of these medications during pregnancy.  

Non-adherence to medication is a major public health problem and is has been 

estimated that about 50% of patients do not take their long-term therapy for 

chronic conditions as prescribed. In patients with osteoporosis, similarly to other 

chronic diseases, treatment is started for secondary prevention of symptoms (e.g. 

fractures) and adherence is poorer when symptoms are minimal. Poor medication 

adherence is associated with significant consequences; fracture risk increases by 

approximately 30% with noncompliance and by 30% to 40% with no persistence 

versus optimal adherence [29]. Reasons for patient non-adherence are complex 

and influenced by many factors, such as adverse events, concerns about medication 

and practical difficulties taking the medication. When studying patients 

perspectives on adherence in chronic conditions, the following items were 

considered by patients as important for improving their adherence to medication: 

a) therapeutic alliance (the therapeutic relationship between health care provider 

and patient), b) shared decision making, c) revise the therapeutic regime more 

often [30]. Since reasons for nonadherence partly depend on individual 

preferences, the strategy to improve adherence should be to tailor treatment 

according to the individual patient. In chapter 7 the patients’ preference for 

calcium and vitamin D replacement is studied and patients had a specific 

preference for the chewable tablet compared to the sachet (67% versus 19% and 

15% stated no preference). Adverse events were mild and related to the gastro-

intestinal tract, and reported equally for both treatment formulas (21% versus 

21%). Knowledge of patients’ preference for medication specific factors, such as 

preference for route of administration, is an important item in making treatment 

decisions together. 

While osteoporosis is a well known complication of inflammatory diseases, 

systemic low-grade inflammation is, at least partially, a common mechanism for 

the development of generalized age-related osteoporosis. Certain pro-inflammatory 

cytokines, such as interleukin 6 (IL-6), TNF-α and interleukin 1 (IL-1), are elevated 

during senescence and believed to play a potential critical role in the pathogenesis 
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of perimenopausal and late-life osteoporosis by affecting the balance of bone 

mineralization and resorption by the opposing actions on osteoblasts and 

osteoclasts. Moreover, there is compelling evidence that the oestrogen deficiency 

after menopause contributes to the pathogenesis of age-related bone loss through 

immunologically mediated mechanisms. It has been postulated that oestrogens 

exert their effect on bone not only by direct action per se, but also by inhibiting IL-

6 gene expression. A similar relationship between androgen and IL-6 gene 

expression also exists. Indeed, a decline in sex hormones is associated with an 

increase in IL-6 [31].  

Chapter 8 describes the results of a sub study of the Longitudinal Aging Study 

Amsterdam (LASA). LASA is a longitudinal study to determine predictors and 

consequences of aging. LASA started in 1991 and focuses on physical, emotional, 

cognitive and social functioning in later life. Over the years LASA has built up the 

largest data source on aging in the Netherlands. In this unique cross-sequential 

longitudinal cohort study of respondents aged 55-84 years old, we investigated if 

low grade systemic inflammation was associated with osteoporosis and/or 

increased fracture risk in the general elderly population. In total complete data was 

available for 1287 participants. In this study bone quality was assessed by 

quantitative ultrasound measurements (QUS). QUS measures the speed at which 

sound propagates through or along bone (velocity of sound (VOS)) or the pattern of 

attenuation of a wide range of ultrasonic frequencies in bone (broadband 

ultrasound attenuation (BUA)). The QUS parameters of the calcaneus are able to 

predict fractures more or less similar to bone mineral density (BMD). High IL-6 

was significantly associated with a lower VOS in men as compared with a low IL-6. 

Also high ESR was associated with lower BUA in men as compared to low ESR. 

Therefore, we can conclude that elevated inflammatory markers are associated with 

impaired bone quality in older men, and this was irrespective of other well known 

risk factors for bone mass. No associations were found in women and a possible 

explanation could be that the women in our cohort were relatively old; the mean 

age of women in studies that found a significant association between bone 

metabolism and inflammation ranged from 45.8 to 59.5 years, while in our study 

the mean age was 76 (± 6.7) years with an average of 26.8 (± 8.1) years since 



Chapter 10 

226 

menopause. It has been shown earlier that the role for IL-6 on bone mass was 

strongest in women just after menopause and that the predictive role of IL-6 on 

bone loss disappeared in women more than 10 years since menopause [32]. In 

addition, we cannot exclude the possibility that unmeasured markers influenced 

our results. In controlled settings, IL-6 stimulates bone resorption indirectly, by 

promoting the expression of RANKL in vitro [33]. The effects of IL-6 on bone 

remodelling via RANKL in vivo, for example, may depend on the influence of other 

factors, such as other cytokines, receptors, and hormones not measured in this 

study. Additional longitudinal studies are required to elucidate the relation of low 

grade inflammation, as measured by pro-inflammatory cytokines, with bone loss 

and fractures.  

 

Chapter 9 describes the results of a systematic review of the literature on the 

association between cardiovascular disease and osteoporosis. In total, 70 cohort 

studies, case-control, and cross-sectional studies were included, there were no 

randomized controlled trials. Because of the large  heterogeneity in quality, study 

population, the design and outcome of the available studies (pre- or 

postmenopausal women, men excluded or included, various methods to measure 

cardiovascular disease and bone quality), we decided not to pool the study 

estimates and instead carried out a narrative review. We concluded that individuals 

with prevalent subclinical atherosclerosis or early cardiovascular disease are at 

increased risk of bone loss and subsequent frailty fractures. Conclusions about the 

risk for cardiovascular events in individuals with low bone mass were hampered by 

lack of uniformity in measurement of bone mass. Recently, two meta-analysis were 

conducted and they both concluded that there is a strong link between decreased 

bone mineral density and the risk of atherosclerotic vascular abnormalities (OR 

1.81, 95% CI: 1.01 to 2.19) [34] and incident cardiovascular disease (HR 1.33, 95% 

CI: 1.27 to 1.38) [35], independent of traditional risk factors. While the authors of 

the first study state that heterogeneity was not observed because they only included 

high quality studies, the second study does mention the results with some caution 

because of the high heterogeneity and potential bias. This relationship between 

bone loss and CVD might potentially be explained by some common pathways, as 
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arterial vascular calcification is organized by mechanisms similar to those involved 

in bone metabolism, such as the RANKL/OPG and Wnt signalling pathway. The 

shared risk factors age, oestrogen deficiency and inflammation all interfere with 

these common pathways. Finally, evidence that some medications such as statins, 

insulin, antihypertensive medicine and bisphosphonates are effective on both 

osteoporosis and cardiovascular disease, suggests a common pathophysiological 

basis. 

In conclusion, these data suggest that bone density screening could be 

recommended in patients with prevalent CV disease and  that patients with 

osteoporosis would benefit from a detailed assessment of the cardiovascular status. 

Future studies should focus on well-defined outcome measures, such as incident 

CV disease and measurement of BMD by DXA-scans on regular interval periods. 

Ultimately, it will be interesting to evaluate if preventive measures or treatment for 

osteoporosis could possibly influence cardiovascular disease outcome and vice 

versa. 

 

Overall discussion 

The main conclusions of this thesis are that COBRA-light is an effective treat-to-

target strategy for induction of low disease activity in early and active RA patients, 

resulting in improved quality of life and minimal progression of radiological joint 

damage, that adding of etanercept had limited additional value when patients 

already reached low disease activity and that adherence to a treat-to-target protocol 

can be a challenge. Moreover, this thesis reveals that the positive effect of 

treatment with glucocorticoids on inflammation in RA patients might outweigh the 

negative effects of GC’s on insulin resistance and bone mineralisation.  

As adequate control of disease activity by treat-to-target will probably positively 

influence comorbidity and work disability, future treat-to-target trials in early RA 

should focus on the effect of remission on comorbidity, and should investigate the 

additional value of intervention strategies on preventing bone loss, decreasing CV-

risk or maintaining work productivity. 
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Furthermore, this thesis suggests that inflammation also plays an important role in 

the development of increased risk of osteoporosis and cardiovascular disease in the 

general population. 
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Nederlandse samenvatting  

Reumatoïde artritis (RA) is een chronische, systemische auto-immuunaandoening,  

gekarakteriseerd door ontstekingen van de gewrichten. Deze ontstekingen kunnen 

leiden tot schade aan kraakbeen en bot en uiteindelijk functieverlies.  Vroege en 

intensieve behandeling van de gewrichtsontsteking kan dit voorkomen.   

In dit proefschrift worden de uitkomsten van de COBRA-light studie besproken. Dit 

is een studie waarin de effectiviteit en veiligheid van twee behandelschema’s voor 

vroege en actieve reumatoïde artritis worden vergeleken. In deel 2 van dit 

proefschrift wordt aandacht besteed aan de pathofysiologie van hart- en 

vaatziekten en botontkalking (osteoporose) en wordt dieper ingegaan op de 

mogelijke rol van inflammatie op deze twee aandoeningen.  

 

Deel 1 Resultaten van de COBRA-light studie 

De COBRA-light studie is een open-label, gerandomiseerde,  treat-to-target studie 

waarin het COBRA-light schema werd vergeleken met het COBRA 

(COmbinatietherapie Bij Reumatoide Artritis) schema.  

Het COBRA schema is reeds in eerder onderzoek een effectieve behandelstrategie 

gebleken voor vroege reumatoïde artritis, maar in de dagelijkse praktijk blijkt het 

niet frequent te worden toegepast door reumatologen. Reumatologen gaven aan dat 

zij het schema te ingewikkeld vinden en angst voor mogelijke bijwerkingen blijkt 

eveneens een rol te spelen. Gebaseerd op deze gegevens werd het COBRA-light 

schema ontwikkeld. Het grote voordeel van dit schema is de lagere begin dosis 

prednison (30mg per dag) in vergelijking met het COBRA schema (namelijk 60mg 

per dag) en dat er wordt gestart met één anti-reumatisch middel (DMARD) 

(methotrexaat opgehoogd tot 25mg per week) in plaats van twee zoals in het 

COBRA schema (sulfasalazine 2gram per dag en methotrexaat 7.5mg per week). In 

het COBRA-light schema is gekozen voor methotrexaat in een hoge dosis als 

voorkeur DMARD, omdat dit over het algemeen wordt gezien als de eerste keus in 

de behandeling van reumatoïde artritis, en een hogere dosis effectiever is dan een 

lagere dosis .  
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In hoofdstuk 2 worden de primaire uitkomsten van de COBRA-light studie 

beschreven. In dit onderzoek werden in totaal 164 patiënten met vroege en actieve 

RA willekeurig verdeeld (gerandomiseerd) in de COBRA-light of COBRA groep. 

Elke drie maanden werd door onafhankelijke onderzoeksverpleegkundigen de 

ziekte activiteit (DAS44) bepaald aan de hand van uitgebreid gewrichtsonderzoek, 

bezinking en algehele gezondheid. Na zes maanden behandeling bleek COBRA-

light even effectief als het COBRA schema. De ziekteactiviteit (DAS44) 

verminderde beduidend in beide groepen. Na zes maanden was er bij bijna de helft 

van de patiënten sprake van een lage ziekteactiviteit (gedefinieerd als DAS44<1.6): 

49% in de COBRA groep en 41% in de COBRA-light groep. Concluderend is 

behandeling met het COBRA-light schema niet slechter dan behandeling met het 

COBRA schema. Ook op alle andere uitkomstmaten, inclusief (ernstige) 

bijwerkingen, werd geen significant verschil gevonden tussen beide strategieën.   

 

Hoofdstuk 3 toont de resultaten van de COBRA-light studie na 52 weken follow-

up. Indien patiënten na 6 of 9 maanden behandeling geen lage ziekte activiteit 

(DAS44<1.6) hadden bereikt, dan werd een biological toegevoegd, namelijk 

etanercept. Conform de resultaten na 6 maanden, zoals in hoofdstuk 2 genoemd, 

was na 52 weken de ziekteactiviteit in beide groepen even laag. Daarnaast werden 

de röntgenfoto’s van handen en voeten beoordeeld om te zien of beide schema’s 

schade (erosies) aan de gewrichten voorkomen. Na 52 weken intensieve treat-to-

target behandeling was er zeer minimale radiologische schade in de hele 

studiegroep: bij slechts 6% van de patiënten was er sprake van erosieve ziekte. Na 

52 weken had 70% van de patiënten geen toename van botschade aan hun 

gewrichten in handen en voeten. 

Uiteindelijk bleek een groot deel van de patiëntengroep intensivering van hun 

behandeling met etanercept nodig te hebben na 26 of 39 weken, namelijk 75% van 

de patiënten in de COBRA-light groep en 59% van de patiënten in de COBRA 

groep. Hoewel volgens het studieprotocol 67% van de totale patiëntengroep met 

etanercept had moeten starten, werd dit vaak niet opgestart door reumatologen. 

Wat verder opviel was dat het toevoegen van etanercept maar een minimale 
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verbetering gaf van de ziekteactiviteit bij patiënten die gemiddeld al een lage 

ziekteactiviteit hadden, maar nog geen remissie.    

Een ander opvallend resultaat van de studie was dat na 52 weken treat-to-target 

behandeling, in ongeveer de helft van de patiënten minstens één protocol violation 

van het studieprotocol had plaatsgevonden: 47% in de COBRA-light groep en 49% 

in de COBRA groep. Het protocol werd met name niet gevolgd wanneer 

intensivering van de behandeling volgens het studieprotocol werd voorgeschreven 

terwijl patiënt al een lage ziekteactiviteit had. Wat de rol c.q. mening  van de 

patiënt was in het niet opvolgen van de volgende stap is niet gedocumenteerd, maar 

dit zal waarschijnlijk ook een rol hebben gespeeld in een aantal protocol violations 

en het zou goed zijn als die ook worden gedocumenteerd in toekomstige studies. 

De voornaamste bevinding van hoofdstuk 2 en 3 is dat het COBRA-light schema 

een effectieve en veilige behandeling is voor patiënten met vroege en actieve 

reumatoïde artritis, resulterend in snelle onderdrukking van ziekteactiviteit, 

behouden van functie en voorkomen met radiologische schade.  

In de recente European League Against Rheumatism (EULAR) 2018 richtlijn voor 

behandeling van vroege RA worden de volgende punten aanbevolen: 1) vroege 

behandeling met een combinatie van DMARDs, 2) regelmatige en strikte 

monitoring van ziekteactiviteit met aanpassing van de behandeling op basis van 

deze ziekteactiviteit, en 3) behandeling moet gericht zijn op remissie of op zijn 

minst lage ziekteactiviteit in elke patiënt. Het COBRA-light schema is een 

behandeling die voldoet aan deze aanbevelingen.  

 

In hoofdstuk 4 en 5 worden twee van de meest bekende bijwerkingen van 

glucocorticoïden behandeld, namelijk glucose intolerantie en osteoporose 

(botontkalking).  

Glucocorticoïden verminderen de werkzaamheid van het hormoon insuline met als 

gevolg insuline resistentie en als gevolg daarvan hyperglykemie (verhoogde 

bloedsuikerspiegel). Eerder onderzoek laat echter ook zien dat, onafhankelijk van 

de behandeling, patiënten met een actieve en chronische RA een verhoogd risico 

hebben op het ontwikkelen van een gestoord glucosemetabolisme, waarbij wordt 

gedacht dat chronische en systemische inflammatie ongunstig is voor beta-cel 
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functie en insuline gevoeligheid.  Om meer inzicht te krijgen in de balans tussen de 

negatieve effecten van glucocorticoïden op glucosemetabolisme en positieve 

effecten van onderdrukking van de inflammatie, hebben we de korte termijn 

effecten van hoge dosis glucocorticoïden bestudeerd in patiënten met vroege RA.  

Hoofdstuk 4 beschrijft de resultaten van ons onderzoek naar de effecten van een 

korte behandeling met prednison 60mg/dag of 30mg/dag op glucose tolerantie in 

41 patiënten die deelnamen aan een substudie van de COBRA-light studie. 

Patiënten kregen op baseline en na 1 week prednison een orale glucose tolerantie 

test (OGTT). We vonden dat een groot percentage van deze patiënten op baseline 

een gestoord glucosemetabolisme had (56%) en bij 7% van de patiënten bleek er 

sprake te zijn van niet eerder vastgestelde diabetes mellitus (DM) type II. Deze 

resultaten komen overeen met vroegere studies waarin eveneens een gestoord 

glucosemetabolisme werd gevonden in patiënten met vroege en actieve RA. In onze 

substudie vonden we geen nadelig effect van 1 week hoge dosis prednison op het 

glucosemetabolisme. Wel waren er meer patiënten die na 1 week voldeden aan de 

criteria voor type 2 DM (van 7% naar 24%), terwijl 22% van de patiënten juist een 

verbetering had van het glucosemetabolisme. Opvallend was dat vooral de 

patiënten met de langste ziekteduur een verhoogd risico hadden op het 

ontwikkelen van glucose-intolerantie en manifest type II DM na 1 week prednison. 

Op basis van deze resultaten kunnen we concluderen dat systemische inflammatie 

zelf ongunstig is voor glucosemetabolisme en dat glucocorticoïden een gunstig 

effect kunnen hebben op de glucosemetabolisme door vermindering van de 

inflammatie.  Op basis van de resultaten van deze studie kunnen we echter niets 

zeggen over de lange-termijn effecten of wat de effecten zijn van een cumulatieve 

dosis glucocorticoïden op glucose intolerantie.   

Glucocorticoid-geïnduceerde osteoporose (GIOP) is eveneens een belangrijke 

bijwerking van glucocorticoïden, waarbij al in de eerste 3 maanden van 

behandeling al een verhoogd risico op botbreuken wordt gevonden. In hoofdstuk 

5  zijn de gegevens te zien van het effect van 4 jaar behandeling met het COBRA-

light schema en het COBRA schema op de botmineraaldichtheid (BMD) van de 

wervelkolom (LWK) en heup; deze bleken beperkt te zijn. In de LWK is er in beide 

groepen een vergelijkbaar aantal patiënten met klinisch relevant botverlies, 
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gedefinieerd als meer dan 5% botverlies. In de COBRA-light groep is er bij 31% van 

de patiënten een klinisch relevant botverlies na 4 jaar, versus  27% in COBRA 

groep. De gemiddelde afname van BMD van de LWK was niet verschillend tussen 

de twee groepen. In de heup is er in 28% van de patiënten in de COBRA-light groep 

een klinisch relevant botverlies na 4 jaar, versus 26% in de COBRA groep. De BMD 

in de heup was in de COBRA groep gemiddeld −0.01 g/cm2 minder, en dit kleine 

verschil bleef ook na correctie voor andere bekende factoren die een rol spelen het 

botmetabolisme aanwezig.  

Na 4 jaar follow-up is er een klein aantal patiënten met een fractuur, waarbij in de 

COBRA-light groep iets meer fracturen optraden dan in de COBRA groep; 13 

patiënten versus 6 patiënten.  

Samengevat, behandeling met een hoge dosis prednison zoals in het COBRA-light 

schema of het COBRA schema zorgt voor een minimaal toegenomen verlies van 

BMD, maar dit verlies is niet groter dan wat verwacht mag worden van een 

populatie van vergelijkbare leeftijd en geslacht. 

 

Deel II Interactie tussen inflammatie, osteoporose en hart- en 

vaatziekten 

 

In deel II wordt dieper ingegaan op de interactie tussen inflammatie, osteoporose 

en hart- en vaatziekten. Voor zowel de pathogenese van osteoporose als voor hart- 

en vaatziekten, is inflammatie een belangrijke negatieve factor.  

In hoofdstuk 6 worden de onderliggende mechanismen van glucocorticoid-

geïnduceerde osteoporose (GIOP) samengevat.  De blootstelling aan 

glucocorticoïden heeft tot gevolg dat de overleving van osteoblasten en osteocyten 

wordt verkort (door toegenomen apoptose of celdood), dat er minder osteoblasten 

worden gevormd door een remming van de uitrijping en verminderde differentiatie 

van voorlopercellen, en dat osteoclasten langer overleven. Door deze combinatie 

van verminderde botaanmaak en versnelde botafbraak neemt over de tijd het 

gemiddelde botvolume af.  Wel is het zo dat na het beëindigen van de behandeling 

met glucocorticoïden het risico op botbreuken weer daalt naar het basisrisico van 
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onbehandelde patiënten. Diverse factoren spelen een rol bij de effecten van 

glucocorticoïden op het botmetabolisme, waaronder Receptor activator of nuclear 

factor kappa-Β ligand (RANKL)/ Osteoprotegerin (OPG) en de Wnt signalling 

pathway.  

Preventie van botverlies en het verhoogde risico op botbreuken is vooral tijdens de 

blootstelling aan glucocorticoïden belangrijk. De medicamenteuze opties worden 

eveneens in hoofdstuk 6 op een rij gezet. Calcium en vitamine D suppletie kan het 

botverlies door glucocorticoïden beperken, maar volstaat echter vaak onvoldoende. 

Vooral in patiënten met een verhoogd risico op botbreuken, zoals een hoge dosis 

glucocorticoïden, bij langdurige behandeling met glucocorticoïden of een hoge 

leeftijd, moet er een bisfosfonaat toegevoegd worden aan de behandeling. 

Teriparatide, een anabool geneesmiddel, blijkt beter dan bisfosfonaten het 

botverlies en risico op botbreuken te beperken. Helaas wordt dit nog niet ingezet 

als voorkeursbehandeling, onder andere vanwege de kosten, maar zou overwogen 

kunnen worden voor patiënten met een hoog risico op fracturen, bijvoorbeeld 

omdat er al sprake is van een gevorderde osteoporose voor de start van een 

behandeling met glucocorticoïden.    

 

Om effectief botbreuken te voorkomen is het van belang dat patiënten een eenmaal 

ingezette behandeling blijven continueren. Het blijkt echter dat, net als in vele 

andere chronische ziekten, niet iedere patiënt trouw zijn medicatie blijft innemen. 

Onderzoek laat zien dat bij 33-50% van de patiënten sprake is van 

therapieontrouw, vaak al snel na het begin van de behandeling. Door deze 

therapieontrouw is het risico op botbreuken verhoogd (30-40%) vergeleken met 

patiënten die wel trouw de medicatie innemen. De redenen voor therapieontrouw 

zijn divers en bestaan onder andere uit angst voor bijwerkingen, afkeer tegen 

medicatie en problemen met inname. Gezamenlijke besluitvorming, oftewel 

“shared decision making”, waarbij de patiënt actief betrokken wordt bij zijn 

behandeling, zoals keuze van het medicijn, bevordert de therapietrouw. Het zou 

helpen als de patiënt een voorkeur kan uitspreken voor de bijvoorbeeld de vorm en 
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textuur van medicatie. Met deze gedachten als uitgangspunt is een studie opgezet 

waarin de voorkeur van patiënten voor een calcium- en vitamine D supplement 

werd uitgezocht. Deze resultaten staan in hoofdstuk 7. Patiënten bleken een 

voorkeur te hebben voor een kauwtablet boven een poederzakje (67% versus 19% 

en 15% had geen voorkeur).  

 

Er zijn steeds meer signalen dat chronische, laaggradige inflammatie gerelateerd is 

aan de ouderdomsgebonden vorm van osteoporose. Er zijn verhoogde 

concentraties gevonden van pro-inflammatoire cytokines, zoals interleukine 6 (IL-

6), TNF-α en interleukine 1 (IL-1) in het bloed van gezonde ouderen. Deze 

cytokines zorgen direct en indirect (via RANKL/OPG) voor een afname van de 

botdichtheid door remming van de botaanmaak en stimulatie van botafbaak. Er 

wordt gedacht dat een deel van het botverlies rondom de menopauze te verklaren is 

door de verhoogde aanwezigheid van deze cytokines. Zo is aangetoond dat 

oestrogeen de gen-expressie van IL-6 remt, en als dus deze remming wegvalt, 

neemt de concentratie hiervan toe. In hoofdstuk 8 worden de resultaten 

beschreven van een substudie van de Longitudinal Aging Study Amsterdam 

(LASA). LASA is een langlopend onderzoek op het gebied van veroudering in 

Nederland. In 1287 ouderen, met een leeftijd van 55-84 jaar, werd gekeken of er 

een relatie was met laaggradige inflammatie en osteoporose en/of verhoogd risico 

op botbreuken. Met behulp van QUS (Quantitative Ultrasound) werd de 

botkwaliteit van de calcaneus, het hielbeen, gemeten. QUS-systeem gebruikt 

geluidsgolven van een hoge frequentie om de toestand van de calcaneus te 

beoordelen. Het systeem meet de geluidssnelheid (Velocity of Sound = VOS) en de 

frequentieafhankelijke verzwakking (Broadband Ultrasound Attenuation = BUA) 

van de ultrageluidsgolven. De QUS metingen kunnen het risico op botbreuken 

voorspellen.  

In deze substudie werd aangetoond dat mannen met een hoge IL-6 waarde in het 

bloed een lagere VOS hadden in vergelijking met mannen met een lage IL-6 

waarde. En ook hadden mannen met een hoge bezinking (een maat voor 

ontsteking) een lagere VOS vergeleken met mannen met een lage bezinking. Er was 

dus een verband tussen verhoogde ontstekingsparameters in oudere mannen in de 
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algemene populatie en verminderde botkwaliteit, onafhankelijk van andere 

bekende factoren die een rol spelen in het botmetabolisme. Er werd geen relatie 

gevonden met verhoogde ontstekingsparameters en botkwaliteit in de vrouwen die 

deelnamen aan dit onderzoek, en dat heeft waarschijnlijk te maken met de oudere 

leeftijd van de vrouwen in deze studie, namelijk gemiddeld 76 jaar, en dus de vele 

jaren na menopauze, namelijk gemiddeld 26.8 jaar. Eerder onderzoek heeft 

bijvoorbeeld laten zien dat de relatie van IL-6 met botkwaliteit het sterkste was in 

de eerste jaren na menopauze en dat de voorspellende waarde voor botbreuken 

verdween in vrouwen die langer dan 10 jaar postmenopausaal waren. 

 

Hoewel osteoporose en aderverkalking (atherosclerose) lange tijd los van elkaar 

gezien werden, is er toenemend bewijs dat er een relatie bestaat tussen beide 

chronische aandoeningen. In hoofdstuk 9 wordt een uitgebreid overzicht gegeven 

van alle klinische studies die de relatie tussen hart- en vaatziekten en osteoporose 

hebben onderzocht.  In totaal zijn 70 klinische studies bestudeerd, er werden geen 

gerandomiseerde studies gevonden. Omdat de studies qua opzet en uitkomstmaten 

te verschillend bleken is geen meta-analyse van de gegevens verricht, maar zijn de 

gegevens omschreven. Een algemene conclusie van dit systematische review is dat 

subklinische atherosclerose, of een vroege uiting van hart- en vaatziekten, 

geassocieerd is met een verhoogd risico op botverlies en botbreuken. We konden 

geen uitspraak doen over het risico op hart- en vaatziekten bij mensen met een lage 

botdichtheid, omdat de studies te verschillend waren in methode en uitkomst.  

Diverse factoren kunnen bijdragen aan dit verband, zoals bekende en 

gemeenschappelijke traditionele risicofactoren als oudere leeftijd, 

oestrogeendeficiëntie en inflammatie. Gebleken is dat RANKL / OPG niet alleen 

een rol speelt in de (patho)fysiologie van osteoporose, maar ook van atherosclerose. 

Bovendien zijn er bewijzen dat medicatie die gebruikt wordt bij vasculaire 

aandoeningen, zoals statines, insuline en antihypertensiva, een positief effect 

hebben op botmassa. En andersom zijn er bewijzen dat bisfosfonaten de 

ontwikkeling van atherosclerose zouden kunnen remmen. Deze bevindingen 

suggereren dat een analyse van botdichtheid en fractuurrisico bij patiënten met 

hart- en vaatziekten laagdrempelig overwogen kan worden en dat patiënten met 
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osteoporose mogelijk kunnen profiteren van een screening naar hart- en 

vaatziekten. Om meer duidelijkheid te krijgen is het belangrijk dat de kwaliteit van 

toekomstig onderzoek toeneemt en dat er met name gebruikt gemaakt wordt van 

goed gedefinieerde uitkomstmaten als BMD of cardiovasculaire events. Uiteindelijk 

zou het interessant zijn om te evalueren wat preventie of behandeling van 

botverlies doet op hart- en vaatziekten en vice versa.  

 

Algemene conclusie 

In dit proefschrift wordt beschreven dat COBRA-light een effectieve 

behandelstrategie is voor vroege en actieve RA met snelle vermindering van 

ziekteactiviteit, verbetering van kwaliteit van leven en minimale radiologische 

progressie van gewrichtsschade. Dat toevoegen van etanercept voor een groot deel 

van de patiënten nodig is omdat remissie nog niet is bereikt na 26-39 weken 

behandeling met een combinatie van DMARDs en prednison. Echter, de 

toegevoegde waarde van etanercept is minimaal, en het opvolgen van een treat-to 

target protocol blijkt een uitdaging kan zijn.  

Verder wordt in dit proefschrift beschreven dat negatieve effecten van 

glucocorticoïden op glucosemetabolisme en osteoporose mee lijken te vallen, in 

ieder geval op korte termijn. We denken dat dit komt doordat inflammatie 

bovengenoemde processen negatief beïnvloed. Door onderdrukking van 

inflammatie bij patiënten met een actieve RA worden de negatieve effecten van het 

medicament als het ware deels tenietgedaan door reductie van inflammatie.   

Tot slot is in dit proefschrift aangetoond dat ook chronische laaggradige 

inflammatie een belangrijke rol speelt in de ontwikkeling van osteoporose en hart- 

en vaatziekten in de algemene populatie.  
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Dankwoord  

 

Vele jaren na aanvang van mijn promotietraject, is nu dan toch echt het moment 

om het af te mogen ronden. Het leven is wat je gebeurd, terwijl je andere plannen 

maakt.  

Hoewel het hele traject langer is verlopen dan van te voren gepland, heb ik zo wel 

het geluk gehad diverse mooie mensen te mogen ontmoeten die op allerlei wijzen 

mijn professionele leven hebben verrijkt. Ik ben blij met deze gelegenheid om 

iedereen te bedanken die me de afgelopen jaren heeft geholpen en gesteund.  

 

Allereerst wil ik de patiënten bedanken die deelnamen aan het COBRA-light 

onderzoek. Zonder uw deelname en inzet had de COBRA-light studie niet kunnen 

plaatsvinden. Ik herinner mij nog velen van u. Met name de lange zit tijdens de 

OGTT´s (suikertesten) leidde tot mooie gesprekken.  

 

Professor dr BAC Dijkmans wil ik bijzonder bedanken voor de gelegenheid die hij 

me bood voor het verrichten van wetenschappelijk onderzoek in het VUmc. Beste 

Ben, ik kan me nog een telefoontje herinneren terwijl ik op station Duivendrecht 

stond, waarin u me enthousiast informeerde over de mogelijkheden binnen de 

reumatologie. Dank voor de gelegenheid om eigen input mogelijk te maken en ook 

voor de relativerende gesprekken los van het onderzoek.  

Professor dr WF Lems, promoter. Beste Willem. We hebben deze prachtige trial 

opgebouwd vanaf 1  A4tje. Dank voor je aanmoedigingen en ondersteuning. Naast 

dit promotietraject heb je me ook zeer enthousiast gemaakt voor het onderwerp 

osteoporose en op allerlei manieren laten kennismaken met de rest van de 

specialisten in dit vakgebied. Hoewel ik nu in een heel ander deel van Nederland 

werk, zullen we elkaar op deze bijeenkomsten nog vaak tegenkomen.  

Professor dr MT Nurmohamed wil ik bedanken voor de steun en bijdrage aan dit 

proefschrift. Beste Mike, beste copromoter. Het proefschrift heeft uiteindelijk niet 

zoveel cardiovasculaire onderwerpen als van te voren bedacht, desondanks is jouw 

invloed groot geweest. Ik bewonder  je arbeidsethos, maar benijd je werkuren niet. 

Ik waardeer je enorme gedrevenheid om bij iedere reumatoloog de aandacht te 
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vestigen op cardiovasculaire problematiek bij reumatische aandoeningen. Ik zal 

goed voor mijn patiënten zorgen.  

Vervolgens wil ik dr PJSM Kerstens bedanken voor zijn aandeel in dit proefschrift. 

Beste Pit, als copromoter wil ik je danken voor je enthousiasme en steun, voor de 

persoonlijke gesprekken en voor het brengen van een stuk menselijkheid in het 

leven als promovendus. Jij bracht de dokter in mij naar boven en je bent een 

voorbeeld van hoe ik als arts zou willen functioneren.  

 

Bij deze wil ik de leden van de leescommissie, bestaande uit professor dr RF van 

Vollenhoven, professor dr JM van Laar, professor dr YM Smulders, professor dr 

TWJ Huizinga, professor dr MH Emmelot-Vonk en professor dr PPMM Geusens, 

hartelijk bedanken voor het kritisch beoordelen van het manuscript.  

 

De rest van de betrokken artsen van de COBRA-light trial wil ik natuurlijk ook 

bedanken.  

Beste professor M Boers, beste Maarten. Hartelijk dank voor je bijdrage aan dit 

proefschrift. Vooral voor je input op epidemiologisch gebied en de vormgeving van 

de resultaten van de COBRA-light studie. Dankzij jouw kritische inbreng is elk 

artikel er beter van geworden.  

Professor dr Alexandre Voskuyl en professor dr Dirkjan van Schaardenburg, dank 

voor jullie aandeel in de totstandkoming van de COBRA-light trial, voor de 

interpretatie van resultaten en voor de belangrijke inbreng in de artikels.   

 

Mijn COBRA-light partner, dr MM ter Wee, beste Marieke. Dankzij jouw 

enthousiasme en ervaring met het verrichten van klinisch geneesmiddelen 

onderzoek is de COBRA-light trial een stuk professioneler geworden. Je hebt me 

veel geleerd over het doen van wetenschappelijk onderzoek en je bent een held op 

het gebied van statistiek. We hebben een mooie tijd samen gehad en ik zal je 

aanstekelijke lach nooit vergeten. Bedankt voor al je hulp en ik wens je een goede 

carrière binnen het VUmc.  

Dr NPC Konijn, beste Nicole. Je hebt als derde onderzoeker van de COBRA-light 

studie in no-time een prachtig proefschrift weten te schrijven.  
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In het kader van het translationele TI Pharma project T1-106 is er nauw 

samengewerkt met onder andere de afdeling endocrinologie in het VUmc en 

reumatologie in het UMC Utrecht. Dit heeft geleid tot een 2-tal specialisme 

overstijgende artikelen.   

Dr Daniel van Raalte, jouw ondersteuning en input bij de interpretatie van data van 

de OGTT´s is van grote waarde geweest. En ook wil ik de onderzoeksmedewerkers 

Jennifer, Jeanette, Nicolette en Ans bedanken voor de praktische ondersteuning 

tijdens de testen op jullie onderzoeksafdeling.  

Beste professor dr Hans Bijlsma, dr Marlies van der Goes en dr Jos Hoes. Dit 

project bleek het begin van een mooie samenwerking en werd later ook mijn 

opleidingsplek. Beste Marlies, ik bewonder je bevlogenheid en flexibiliteit, alles 

lijkt je makkelijk af te gaan. Jos, wie had toen bedacht dat we nu zouden 

samenwerken als maat. Samen met dr Leonard Schoneveld heb je een mooie 

praktijk opgericht in West-Brabant, en ik ben blij dat ik nu deel uitmaak van het 

team en dit met jullie verder mag uitbreiden.  

 

Professor dr Paul Lips, dr Nathalie Bravenboer en dr Natasja van Schoor, met 

plezier sloot ik aan bij de osteoporoselunch en Journal Club. We hebben 

gezamenlijk een mooi artikel geschreven met data van LASA over een voor ons 

verbindend onderwerp.  

 

Mijn dank gaat uit naar alle andere medeauteurs voor hun inbreng aan de 

verschillende hoofdstukken van dit proefschrift.  

 

Esmee Kooijman en Birgit Blomjous, dank voor jullie invoerwerk van de COBRA-

light data en veel geluk met jullie toekomstige carrière.  

 

Daarnaast wil ik alle researchverpleegkundigen danken voor hun onmisbare inzet, 

enthousiasme en betrokkenheid bij cohortstudies. Jullie zijn onmisbaar als het gaat 

om het verrichten van klinische studies. Jet, Elleke, Veronique, Ewa, Erna, Houkje, 

Miriam en Lea, ik heb fijn met jullie samengewerkt. 
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De secretaresses en ondersteunende medewerkers van het VUmc, Reade en 

Dijklander ziekenhuis  (voormalig Westfriesgasthuis) wil ik danken voor hun hulp 

en ondersteuning. Met name Ida Gaspersz voor haar logistieke hulp bij de laatste 

afrondende fase van dit proefschrift.  

 

Tevens bedank ik de medewerkers van het laboratorium in het VUmc en Reade, in 

het bijzonder Kees van Uffelen en Margret de Koning. Bedankt voor het 

verzamelen, opslaan en weer opzoeken van spijtmateriaal. 

 

Alle reumatologen en arts-assistenten van het VUmc, Reade en Dijklander 

ziekenhuis wil ik danken voor een prettige samenwerking en jullie bijdrage aan de 

COBRA-light studie. In het bijzonder wil ik dr Irene Bultink danken. Irene, dank 

voor alles wat je me hebt geleerd over osteoporose als supervisor van de 

osteoporosepoli en over het artsenvak in het bijzonder.  

Marita Nabibux, ik heb je ontmoet tijdens mijn keuzecoschap reumatologie in het 

Slotervaartziekenhuis, je was toen mijn supervisor tijdens de zaalstage. Uiteindelijk 

was onze samenwerking in het VUmc het begin van een vriendschap hebben die ik 

als waardevol beschouw. Dankzij jou kreeg ik al gauw een kijkje in de ´volwassen` 

wereld als specialist. Je bent voor mij een voorbeeld van vakgroepmanager, waarin 

je zowel je zakelijke kant als ook ´moederlijke` kant laat zien. Ik hoop dat we elkaar 

nog vaak treffen en kijk uit naar ons weekendje op bezoek bij Danielle.   

 

Danielle Eekman, mijn osteoporose maatje. Vanaf het allerbegin van mijn 

promotietijd zijn we samen opgetrokken. Ik ben blij dat ik zo´n leuke 

onderzoekspartner ben tegengekomen. Behoudens gesprekken over inhoudelijke 

zaken, ging het vooral over het leven. Ik wens je een mooie tijd in het buitenland en 

hoop je gauw eens op te kunnen zoeken.  

 

Verder wil ik alle mede-onderzoekers met wie ik in het VUmc en Reade intensief en 

minder intensief heb samengewerkt, bedanken voor hun bijdrage en gezellige 

momenten. Bedankt Mirjam, Mignon, Ernst, Yoony, Hennie, Mike, Wouter, Izhar, 
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Jennie, Joost, Ruud, Lotte, Anne, Margret, Ingrid, Charlotte, Inge, Karin, Alper, 

Lilian en Linda.  

 

Er zijn heel wat samenwerkingsverbanden geweest binnen het VUmc gedurende 

mijn onderzoeksperiode, die niet allen tot een hoofdstuk hebben geleid in dit 

proefschrift, maar die ik wel wil noemen.  

Dr Angela Oostlander, jammer dat een uiteindelijke samenwerking niet gelukt is 

omwille van tijd. Het was leuk brainstormen over overlappende mogelijkheden van 

onze studies op het gebied van bot en inflammatie.  

Dr Sue-Ellen Verbrugge, we hebben ons samen verbeten in het laboratorium op een 

speciale kleuring van de membraangebonden glucocorticoïdreceptor. Helaas was 

de conclusie dat de test niet reproduceerbaar was in een ander laboratorium dan 

Berlijn.  

Dr Gerrit Jansen en dr Saskia Vosslamber, dank voor jullie hulp bij de SNP 

bepalingen van de glucocorticoïdreceptor. Hopelijk vindt iemand nog de tijd om 

hier verder mee te gaan. 

Dear professor dr Buttgereit and dr Cindy Strehl, thank you for giving me the 

opportunity to visit your laboratory in Berlin and teach me all about the 

membrane-bound glucocorticoid receptor.  

 

Dank collega AIOS en reumatologen in het UMC Utrecht voor het vertrouwen en de 

ruimte die ik heb gekregen bij het afronden van dit proefschrift. Dank professor 

Jaap van Laar ook voor de mogelijkheden om me te differentiëren los van de geijkte 

paden. Ik kijk met veel plezier terug op dit deel van mijn opleiding tot specialist en 

ben blij te zijn opgeleid in dit mooie team. In het bijzonder wil ik Janneke Tekstra 

en Aike Kruize danken voor de details van het laatste deel van mijn opleiding, die 

meer behelzen dan alleen medisch inhoudelijke kennis, maar ook communicatie en 

andere aspecten van het menselijk contact.  

 

Dank secretaressen en verpleegkundigen van de reumatologie in het Bravis 

ziekenhuis voor de warme ontvangst. Ik voel me thuis bij jullie en kan me geen 

betere werkplek bedenken.  
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Lieve paranimfen Natalia Kuchuk en Sharon Slisser. Ik ben trots dat jullie vandaag 

naast me staan. Natalia, de eerste ontmoeting was tijdens een wetenschappelijke 

stage bij de endocrinologie in het VUmc. En daarna hebben we elkaars pad telkens 

weer gekruist. Je bent een trouw en puur persoon en ik geniet van onze 

ontmoetingen waarin onze verschillen toch overeenkomsten blijken te zijn. Sharon, 

vanaf dag 1 van de opleiding medische biologie zijn we vriendinnen en hebben we 

lief en leed gedeeld. Onze band werd nog sterker toen we allebei na 3 jaar ook nog 

werden ingeloot voor de studie geneeskunde. Ondertussen werk jij al weer jaren als 

huisarts. Naast uiteraard de gezelligheid, waardeer ik de momenten waarin we 

ervaringen kunnen uitwisselen over overlappende medische thema´s.   

 

Lieve vriendinnen van de middelbare school en medische biologie. Maaike, 

Martine, Sandra, Linda en Petra. Ook jullie ben ik dankbaar voor jullie interesse, 

medeleven en begrip. Ik heb nogal eens een gezellig avondje of weekend afgezegd 

om iets af te kunnen ronden. Het eindresultaat heeft lang op zich laten wachten, 

maar hier is het dan! Ik voel me bevoorrecht met zoveel onvoorwaardelijke 

vriendschap. Op naar nog vele mooie jaren.  

 

Volleybal is de mooiste sport die er bestaat en heeft me behoudens goede afleiding 

ook bijzondere vriendschappen opgeleverd (en de liefde van mijn leven, maar die 

komt later). 

Francine, het begin van onze vriendschap gaat al lange tijd terug en je hoeft elkaar 

niet vaak te zien om toch een belangrijk deel uit te maken van iemands leven. Als 

we elkaar zien is het als vanouds.  

Marieke Vianen, je bent een echt teamspeler. Dank voor de prachtige vormgeving 

van dit proefschrift.  

 

En dan zijn er nog meer lieve vrienden, kennissen en buren; Eric en Claudia, Heidi 

en Etienne, Rene en Sinan. Ik zou iedereen wel willen noemen, maar dan wordt dit 

onderdeel echt veel te lang. Ik krijg altijd energie van onze middagen/avonden/ 

weekendjes.  
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Lieve schoonfamilie, Wim, Riet, Colette en Jeroen, dank voor jullie onuitputtelijke 

steun,  geloof en hulp bij het afronden van dit traject. 

Zeb, stoere broer, trots laat ik jou en Elisa zien wat het eindresultaat is van dit 

promotietraject.  

 

Bovenal wil ik mijn ouders bedanken. Lieve pap, had ik toch bijna te lang gewacht 

met dit boekje. Ik ben zo blij dat je erbij bent. Jij bent degene die me als jong meisje 

al heeft gestimuleerd alles eruit te halen wat erin zit. En je bent altijd 

geïnteresseerd en betrokken geweest bij de voortgang van dit promotietraject en 

het was heerlijk om alle hobbels op deze weg met jou te bespreken. Mam, je bent te 

lief voor deze wereld. Dank voor je steun en eindeloos vertrouwen. Dankzij jullie 

heb ik alle kansen die langskwamen met beide handen kunnen aangrijpen.  

 

Lieve León, Myra en Vere. Jullie zijn de zonnetjes in mijn leven. Wat is het 

moederschap een prachtig cadeau. Het is fantastisch jullie te zien groeien tot 

krachtige individuen. Ik ben trots op jullie en hou zielsveel van jullie. 

Edward, mijn partner en metgezel. We zijn al heel wat jaren samen en het is nooit 

saai geweest, we hebben samen al heel wat meegemaakt. Dank voor je steun, 

kritische noot, relativisme en vooral rust en liefde. Je hebt me laten groeien tot wie 

ik nu ben. Ik kijk uit naar nog vele jaren samen met jou.  
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Curriculum Vitae 

 

Debby den Uijl was born on the 27th of November 1978 in Utrecht, The 

Netherlands. In 1997 she graduated from high school (Gymnasium) at College de 

Klop in Utrecht. In 1998 she started the study BioMedical Sciences at the Vrije 

Universiteit (VU) in Amsterdam and obtained her master of science degree in 

2004. In 2001 she started her studies in Medicine, also at the VU in Amsterdam, 

and recieved her masters degree in 2005 and in 2007 her medical doctor’s degree. 

In 2007 she started her PhD at the department of Rheumatology at the VU medical 

center (VUmc) in Amsterdam under supervision of Prof. dr. B.A.C. Dijkmans and 

Prof. dr. W.F. Lems. The main focus of the research was to set up and conduct the 

multicenter COBRA-light trial. Part of this research was in collaboration with the 

department Endocrinology of the VUmc and the department of Rheumatology and 

Clinical Immunology of the University Medical Center Utrecht (UMCU) as part of 

the Top Institute Pharma (project T1-106). Most of the research performed during 

this period is presented in this thesis. During this period she also performed patient 

care in the outpatient clinic of the VUmc. From March 2012 - November 2015 she 

followed her residency in Internal Medicine at the Sint Antonius Hospital in 

Nieuwegein (supervisor dr. A.B.M. Geers). In November 2015 she started her 

residency Rheumatology at the department of Rheumatology and Clinical 

Immunology of the UMCU (supervisor Prof. dr. J.M. van Laar) which led to the 

registration as Rheumatologist 0n the 31th of December 2018. In January 2019 she 

started working as a Rheumatologist at Bravis Hospital in Roosendaal and Bergen 

op Zoom with colleagues dr J.N. Hoes and dr J.L.M. Schoneveld. 

Debby is married with Edward van den Elshout and they live in Essen, Belgium, 

with their son León (2007), and daugthers Myra (2011) and Vere (2016). 

 

Debby den Uijl werd op 27 november 1978 geboren te Utrecht. In 1997 behaalde zij 

haar Gymnasium diploma aan College de Klop in Utrecht. In 1998 begon zij aan de 

studie medische biologie aan de Vrije Universiteit (VU) te Amsterdam en behaalde 
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