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ABSTRACT 

OBJECTIVE: To examine the association between study characteristics and the harms reported in 

randomised controlled trials (RCTs) on biological and targeted synthetic disease-modifying 

antirheumatic drugs (b/tsDMARDs) in patients with inflammatory arthritis (IA). 

METHODS: We searched MEDLINE for all Cochrane reviews and for systematic reviews published 

since April 2015. RCTs were eligible if they included patients with IA receiving b/tsDMARD, 

compared to any comparator arm. Harms were evaluated based on number of withdrawals due to 

adverse events (WDdtAEs), total withdrawals (WDs), serious adverse events (SAEs), and deaths. 

Data were extracted for 48 trial/patient characteristics and meta-regression analyses were 

performed to relate the relative risk ratio (RRR) of harms to the trial characteristics.  

RESULTS: A total of 284 trials (from 245 reviews) with 97,607 patients were included, 

contributing 490 comparisons for the primary analysis. Overall, the relative risk of WDdtAEs was 

lower when trials used active comparators (RRR, 0.74 [95%CI: 0.58-0.94]) and higher when 

requiring raised inflammatory markers at enrolment (RRR, 1.25 [1.01-1.55]). Our meta-regression 

analyses suggested that trials with eligibility criteria for minimum tender/swollen joint count and 

maximum disease duration decreased the risk of WDs, while previous b/tsDMARDs use at the 

time of enrolment increased the risk of SAEs. 

CONCLUSIONS: Most study characteristics do not affect the reported harm measures. However, 

a trend was observed where trials selecting patients with higher baseline disease activity found a 

higher risk ratio of WDdtAEs and SAEs, but also a lower risk of WDs, compared to trials not 

selecting patients with a high disease activity. 

SYSTEMATIC REVIEW REGISTRATION: CRD42020171124. 
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What is known on this subject? 

• Empirical evidence shows that various established bias domains can help assess the risk of 

bias in individual studies, thereby helping to determine the confidence in the overall 

findings concerning health benefits. 

• There might be differences amongst patient subgroups and in the clinical context, in 

terms of harm outcomes in randomised trials. Stratified analyses and effect modification 

are mostly thought of in terms of beneficial treatment effects (as opposed to their 

modification of harms) and have received most attention.  

 

 

What this study adds: 

• This study provides empirical evidence that frequently used bias domains in randomised 

trials are not associated with the reported harm estimates. 

• Trials selecting patients with a higher disease activity are associated with higher risks of 

withdrawals due to adverse events and serious adverse events but also a lower risk of total 

withdrawals, compared to trials selecting patients with lower disease activity. 

 

 

How this study might affect research, practice or policy 

• This study highlights that specific trial design choices can impact reported harms. These 

findings suggest that both regulatory bodies, when evaluating clinical trial designs and 

approving new treatments, and those designing future studies may need to adopt more 

nuanced approaches. Future trials might consider these factors more carefully during the 

planning phase to ensure balanced and representative results, as a one-size-fits-all model 

may not effectively address variations in safety outcomes. 
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INTRODUCTION 

Inflammatory arthritis (IA) is an umbrella term grouping diseases with autoimmune inflammation 

affecting the joints: Rheumatoid arthritis (RA), psoriatic arthritis (PsA), and axial 

spondyloarthritis.(1,2) Inflammatory cell infiltration of the joints leads to pain, swelling, and 

impaired mobility as well as cartilage and bone destruction.(3,4) IA can severely reduce patients’ 

quality of life and lead to loss of function and premature death.(5,6) 80-100 adults in 100,000 

develop IA every year and RA alone affects about 1% of the world’s population, making it a global 

health concern.(7,8) Conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs) 

have been used to treat IA, with varying degrees of success.(9) The more recently introduced 

biological disease-modifying anti-rheumatic drugs (bDMARDs) and targeted synthetic DMARDs 

(tsDMARDs) can be highly efficacious,(9–11) but all currently available b/tsDMARDs also carry a 

risk of harms.(12) Indeed, some bDMARD and/or tsDMARD studies have indicated potential 

increased risk of malignancies(13,14), as well as higher rates of serious infections and especially H. 

zoster.(13,15–17) Recent reviews on tsDMARDs have found a possible increased risk of 

thromboembolism.(18,19), and some studies suggest that the rates of malignancies and serious 

infections are comparable between bDMARDs and tsDMARDs.(18,20)  

 Randomised controlled trials (RCTs) are performed to compare the benefits and 

harms amongst interventions and should employ rigorous methods that can achieve and preserve 

comparability of the intervention and comparator groups,(21,22). While it is evident that 

randomised trials lacking methodological rigour, and flaws in trial conduct can lead to various 

biases and misestimation of the reported intervention effect, it is unclear to what extent the same 

is the case for reported relative harm estimates.(26) Furthermore, there might be differences 

amongst patient subgroups and in clinical context, in terms of harm outcomes in randomised 

trials. Effect modification is mostly thought of in terms of beneficial treatment effects and this 

aspect has received much attention,(27,28) in contrast to modification of harmful effects. 

In this meta-epidemiological study, we aim to examine the association between 

study characteristics and the relative harm signals reported in randomised trials on synthetic and 

biological anti-rheumatic drugs in patients with inflammatory arthritis. 
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METHODS 

This meta-research study follows the PRISMA statement and reporting guidelines for meta-

epidemiological research.(29,30) We registered the protocol with PROSPERO (CRD42020171124) 

on 2020-08-17, and it was published as a peer-reviewed article.(31) This study combines into a 

single database the data from a large representative sample of available trials already included in 

published systematic reviews. 

 

Eligibility criteria 

Systematic reviews were eligible if they reported on any phase RCTs that included adult patients 

with RA, PsA, or AxSpA, who received bDMARD or tsDMARD compared to any comparator 

intervention (ie. Placebo, active comparator, no intervention). The drugs examined in this study 

(bDMARD and tsDMARD) included those that, on the date the systematic search began, had 

already been approved by the European Medicines Agency (EMA) and/or the U.S. Food and Drug 

Administration (FDA) for treating Inflammatory arthritis (supplementary appendix S1). To 

minimize the inclusion of duplicate references, we limited our selection to reviews published from 

2015 onwards. However, we applied no publication year restrictions to Cochrane reviews. Reviews 

that had been withdrawn or did not have an explicit reference list of included trials were excluded. 

 The RCTs sampled from the systematic reviews needed to have a readily available 

full text in English language, in addition to fulfilling the eligibility criteria mentioned above. There 

was no restriction on the publication year of the individual trials. During the study selection, it was 

decided that trials that were designed to investigate the effect of drug withdrawal, tapering, or 

dose reduction should be excluded. 

 

Data sources and search strategy 

On the 1st of April 2021, we searched MEDLINE (via PubMed) for systematic reviews (published 

since April 2015) or Cochrane reviews, using a predefined search string (supplementary appendix 

S2).(31) The RCTs were sampled from the reference lists of the reviews. 

 

Study selection 
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Two reviewers (JIB and SMN/EM) independently evaluated the systematic reviews for eligibility. 

Subsequently, the same reviewers found trial references from the eligible reviews. If the reference 

list in a given review was deemed insufficient, the corresponding author was contacted to obtain a 

complete reference list. Disagreements were resolved by discussion or by consulting a third 

reviewer (RC). 

  We used Python 3.70 software to initially screen the reference lists of the systematic 

reviews, to minimise extracting duplicate trial references (supplementary appendix S3). We used 

Zotero version 5.0.96.3 software to manage the records retrieved from the search, and the 

systematic review study selection was conducted using the Covidence online software 

(www.covidence.org). 

 

Data extraction and data items 

A single reviewer (JIB), assisted by (SMN/EM) extracted data using a predefined, standardised 

data extraction form. In case of uncertainty, we consulted a third reviewer (RC). After assigning 

each included trial an ID number, we extracted data on first author, year of publication, trial 

registration, trial duration, disease, number of participants, arms and number of participants 

randomised to each arm, treatment given in the comparator and active arms, treatment dose, 

and concomitant medication in trial design. While an Individual Participant Data (IPD) meta-

analysis requires direct access to raw data from each study, we utilized an aggregate data meta-

analysis approach, relying on reported summary statistics. 

For trial eligibility criteria, we extracted data on 10 potentially important contextual 

factor domains: 1) presence of at least one raised inflammatory marker (erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP), or morning stiffness); 2-3) minimum TJC and 

SJC (pragmatically categorised as high [6] or low [5], respectively); 4-5) maximum TJC and SJC; 

6-7) minimum and maximum disease duration; 8) rheumatoid factor (RF); 9) anti-cyclic 

citrullinated peptide (anti-CCP); and 10) anti-cyclic citrullinated peptide antibody 2 (anti-CCP2) 

status. 

For medication background, we extracted data on five potentially important 

contextual factor domains: 1) DMARD history, defined as the DMARD status of participants at 

inclusion - categorised as having either never received any DMARDs (DMARD naïve), inadequate 
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response to csDMARD (csDMARD-IR), or inadequate response to bDMARDs and tsDMARDs 

(bDMARDs-IR and tsDMARDs-IR); 2-5) Concomitant medication use at inclusion in terms of 

methotrexate (MTX); csDMARDs other than MTX; bDMARDs or tsDMARDs; and corticosteroids 

or NSAID - all categorised as the population were either naïve, continued, discontinued in 

conjunction with inclusion or were not currently using the medication (ie, had previously used and 

discontinued before screening for inclusion). 

For patient baseline characteristics, we extracted data on 15 potentially important 

contextual factor domains: 1) age; 2) proportion of females; 3) disease duration; 4) ESR; 5) CRP; 6) 

disease activity score (DAS); 7) proportion of rheumatoid factor positive (RF); 8) anti-CCP; 9) anti-

CCP2-positive; 10) TJC; 11) SJC; 12) health assessment questionnaire-disability index (HAQ); 13) 

MD global assessment of disease activity; 14) patient global assessment of disease activity; and 

15) patient-reported pain - the last three domains all being measured on a visual analogue scale 

(VAS). 

Furthermore, for bias-related trial characteristics, we extracted data on seven 

potentially important risk-of-bias domains: 1) risk-of-selection bias; 2) performance bias; and 3) 

attrition bias (categorised as high, low or unclear). We also characterised trials by 4) type (multi-

centre or single centre); 5) size (small [<100] or large [100]); 6) publication year (before 2005, 

2006-2010, 2011-2015, and 2016 or later); and 7) funding (non-profit, 100% industry, mixed, or 

unclear/undisclosed). 

Harm estimates in relation to the use of targeted therapies were analysed to 

determine whether they were affected by contextual factors amongst population, drug classes 

(eg, biologics vs small molecules), and trial characteristics. Generic outcome measures covering 

important harm domains were used, namely: the numbers of trial participants that (i) withdrew 

from the study overall (WDs); (ii) withdrew due to adverse events (WD d/t AEs); and (iii) 

experienced serious adverse events (SAEs) as well as mortality. These three outcome measures 

constituted the dependent variables in the meta-epidemiology database.(12,26) If the number of 

individual patients with SAEs was not reported, we extracted the number of reported SAEs 

instead. 

 

Risk of bias assessment 
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Where possible, we included the risk-of-bias assessments on trials from the source systematic 

reviews. (22,32,33) The trials with no or insufficient risk-of-bias assessment reported in the 

systematic reviews were assessed using the Cochrane RoB V.1. (33) on three domains by a single 

reviewer (JIB) for the following critical RoB domains (32):  

• Selection bias - biased allocation to comparison groups 

• Performance bias - unequal provision of care apart from treatment under evaluation 

• Attrition bias - biased occurrence and handling of deviations from protocol and loss to 

follow-up 

After conducting the main meta-analyses, we performed additional analyses stratified by overall 

risk of bias. Stratifying the meta-analysis by risk of bias allowed us to assess the potential impact 

of bias (weather selection bias, performance bias, or attrition bias) on the overall findings.(22) 

These analyses were used to determine whether the observed summary measures for each type 

of adverse event were influenced predominantly by studies with a high risk of bias or if they 

remained consistent across studies with a low risk of bias. 

 

Summary measures and statistical analysis 

For each harm outcome, we calculated the risk ratios (RRs) and corresponding standard errors 

(SEs, for the logRR) based on the number of patients who experienced the outcome in the 

experimental intervention group and comparison group, and the total number of patients 

randomised to those groups (ie, corresponding to a trial 2×2 contingency table). The RR values 

were coded so that RR>1 indicated a potentially more harmful experimental intervention over the 

comparator. In the case of zero-events, we used the continuity correction suggested by Sweeting 

et al.(34) For trials with multiple comparisons, the comparator group was divided by the number 

of comparisons (ie, referred to as randomised comparisons). Furthermore, odds ratios (ORs) with 

95% confidence intervals (CIs) were also calculated using the Peto method, for the purpose of 

sensitivity analysis (supplementary table S5-8). 

It is important to explore and understand the reasons behind heterogeneity across 

studies in a meta-analysis. In meta-epidemiological studies, which examine study characteristics 

and biases there is a need to account for both within- and between-meta-analysis heterogeneity 

to provide accurate results. We applied restricted maximum likelihood (REML)-based meta-
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analysis models with trial ID as a random-effects factor to synthesise the RRs for harms across 

comparisons (35,36). While the 𝐼2 provides a percentage representation of the proportion of total 

variability due to heterogeneity in standard contrast-based meta-analysis, the estimate for τ2 

provides an actual measure of the absolute variance in effect sizes (measured in log[RR] units).(37) 

The association between each outcome’s summary measure and each participant and trial 

characteristic was investigated by univariably adding the individual fixed-factor covariates for the 

characteristic to the model.(36) If introducing the covariate to the model reduces the estimated τ2 

(between trial variance), this corresponds to an indication of a potentially important effect 

modifier.(37,38)  

All analyses were conducted in the statistical program R with the package metafor.(39) 
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RESULTS 

As illustrated in figure 1 (‘Review part’), a total of 683 review records were identified through 

PubMed. Of these records, 245 systematic reviews were deemed eligible, comprising 2,283 

potentially eligible RCTs. After removing duplicates, we assessed the remaining 2,148 records for 

eligibility (fig 1, ‘Trial part’). Of these remaining records, 644 trial records representing 304 unique 

RCTs were eligible for qualitative synthesis. However, 20 trials could not be included in the 

quantitative synthesis due to incomplete data reporting. Thus, 284 RCTs (490 randomised 

comparisons) were included in the present data synthesis. 

 

[Figure 1 approx. here] 

 

Study characteristics 

The eligible trials included a total of 97,607 patients (63,361 in the experimental intervention 

groups and 34,246 in comparator groups); a summary of the trial characteristics is shown in Table 

1. The majority of trials (69.7%) included patients with RA (198 trials and 359 comparisons). 

Tumour necrosis factor inhibitor (TNFi) bDMARDs were the most frequently used experimental 

interventions (50.4%), and placebo was the most frequently used comparator (78.2%). 

 

Table 1 Characteristics of the trials included in this study 

Characteristics RCTs (284 trials) 

Sample size, no. 275 (20 to 1,759) 

No. of comparisons  

1 156 (54.9%) 

2 85 (29.9%) 

3 23 (8.1%) 

4 9 (3.2%) 

5 7 (2.5%) 

6 4 (1.4%) 

Disease  

RA 198 (69.7%) 

PsA 40 (14.1%) 

AxSpA 46 (16.2%) 

Intervention  

TNFi-bDMARDs 143 (50.4%) 

non-TNFi-bDMARDs 90 (31.7%) 

tsDMARD 42 (14.8%) 

Mixed 9 (3.2%) 

Trial groups treated with csDMARDs  

None 151 (53.2%) 

MTX 117 (41.2%) 
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Other* 16 (5.6%) 

Comparison  

Placebo 222 (78.2%) 

Active comparator 54 (19.0%) 

No intervention 8 (2.8%) 

Trial duration, weeks 16 (2 to 104) 

Data are no (%) trials or median (range). 

*Other csDMARDs included azathioprine (AZA), Chloroquine (CQ), Hydroxychloroquine (HCQ), Leflunomide (LEF), parenteral 

gold therapy (PGT), Sulfasalazine (SSZ) and non-steroidal anti-inflammatory drugs (NSAIDs) in AxSpA (including AS) trials. 

AxSpA, axial spondyloarthritis; bDMARD, biological disease-modifying anti-rheumatic drugs; MTX, Methotrexate; PsA, psoriatic 

arthritis; RA, rheumatoid arthritis; RTC, randomised controlled trials; TNFi, tumour necrosis factor inhibitor; tsDMARD, targeted 

synthetic disease-modifying anti-rheumatic drugs.  

 

Harm estimates across all contexts 

The four harm outcomes (WDdtAE, WD, SAE, and death) were reported in 260 (91.5%), 264 

(93.0%), 257 (90.5%), and 219 (77.1%) trials, respectively. These figures corresponded to 455, 455, 

444, and 403 randomised comparisons, respectively. Only 194 (68.3%) trials reported data on all 

four outcomes. Forest plots for each of the outcomes are available in supplementary figure 1.  

The overall effect of adding a targeted therapy was RR, 1.14 (95%CI, 1.04 to 1.27; 

k=455 comparisons; I2=24.6%) for WDdtAE; 0.73 (0.68 to 0.78; k=455; 51.4%) for WD; 1.06 (0.98 to 

1.14; k=444; 16.5%) for SAE; and 1.06 (0.88 to 1.28; k=403; 0.0%) for death. For three outcomes 

(WDdtAE, WD, and SAE), sufficient data were available for 34 (71%) of the 48 possible population 

and trial characteristics. For the outcome death, there were insufficient data on the trial eligibility 

aCCP positive/negative criterion; thus, data were available for only 33 (69%) characteristics of the 

48 possible population and trial characteristics. For the outcome WDdtAE, the between-trial 

variance (τ2) was 0.187 (table 2 and supplementary table S1). For the remaining three outcomes 

(WD, SAE and death), the between-trial variance (τ2) was 0.147, 0.072, and 0.000, respectively 

(supplementary table S2-4). 

Table 2 shows the analysis results of trial design, trial eligibility criteria, and trial 

characteristics for WDdtAE. Analysis results of all study characteristics for all four outcomes are 

available in supplementary table S1-4. 
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Table 2: Association between trial/population characteristics and withdrawals due to adverse events 

Population and trial characteristics Comparisons Summary* 

Association with harm 

outcome† τ2 p value 

Overall k=455 - RR, 1.14 (1.04 to 1.27) 0.187 - 

Trial design           

Disease k=455   0.187 0.598 

    AxSpA  61 (13.4%) RR, 1.10 (0.77 to 1.57)   

    PsA  62 (13.6%) RR, 1.01 (0.77 to 1.33)   

    RA  332 (73.0%) RR, 1.17 (1.05 to 1.31)   

Intervention k=455   0.189 0.512 

    Mixed  27 (5.9%) RR, 1.63 (1.02 to 2.63)   

    Non-TNFibDMARD  157 (34.5%) RR, 1.11 (0.94 to 1.31)   

    TNFibDMARD  173 (38.0%) RR, 1.14 (0.97 to 1.33)   

    tsDMARD  98 (21.5%) RR, 1.13 (0.90 to 1.43)   

Comparison k=455   0.169 0.014 

    Active comparator  54 (11.9%) RR, 0.90 (0.73 to 1.11)   

    Placebo  393 (86.4%) RR, 1.21 (1.08 to 1.35)   

    No intervention  8 (1.8%) RR, 2.29 (0.99 to 5.30)   

Trial duration, weeks k=455 16.0 (2.0 to 104.0) β, 1.00 (0.99 to 1.00) 0.188 0.701 

Trial eligibility criteria           

ESR/CRP/morning stiffness criteria k=455   0.173 0.044 

    No  143 (31.4%) RR, 0.98 (0.81 to 1.17)   

    Yes  312 (68.6%) RR, 1.22 (1.09 to 1.37)   

Min swollen joint count‡ k=355   0.156 0.799 

    High  255 (71.8%) RR, 1.22 (1.07 to 1.39)   

    Low  100 (28.2%) RR, 1.19 (0.98 to 1.43)   

Min tender joint count‡ k=352   0.156 0.565 

    High  263 (74.7%) RR, 1.24 (1.09 to 1.41)   

    Low  89 (25.3%) RR, 1.16 (0.94 to 1.42)   

Min disease duration, months k=232 6.0 (1.4 to 36.0) β, 1.01 (0.98 to 1.04) 0.111 0.542 

Max disease duration, months k=84 60.0 (3.0 to 240.0) β, 1.00 (1.00 to 1.00) 0.330 0.954 

RF k=79   0.374 0.478 

    Negative  8 (10.1%) RR, 1.91 (0.74 to 4.94)   

    Positive  71 (89.9%) RR, 1.34 (1.02 to 1.76)   

aCCP k=66   0.179 0.871 

    Negative  1 (1.5%) RR, 1.00 (0.02 to 66.24)   

    Positive   65 (98.5%) RR, 1.41 (1.11 to 1.80)     

Trial characteristics           

RoB selection bias k=455   0.185 0.392 

    High  5 (1.1%) RR, 1.43 (0.59 to 3.44)   

    Low  174 (38.2%) RR, 1.22 (1.06 to 1.41)   

    Unclear  276 (60.7%) RR, 1.07 (0.93 to 1.23)   

RoB performance bias k=455   0.190 0.790 

    High  31 (6.8%) RR, 1.06 (0.75 to 1.50)   

    Low  255 (56.0%) RR, 1.13 (0.99 to 1.29)   

    Unclear  169 (37.1%) RR, 1.19 (1.01 to 1.41)   

RoB attrition bias k=455   0.191 0.906 

    High  27 (5.9%) RR, 1.22 (0.86 to 1.75)   

    Low  396 (87.0%) RR, 1.14 (1.02 to 1.26)   

    Unclear  32 (7.0%) RR, 1.20 (0.76 to 1.90)   

Trial type k=451   0.189 0.649 

    Multicenter  439 (97.3%) RR, 1.14 (1.03 to 1.26)   

    Singlecenter  12 (2.7%) RR, 1.44 (0.53 to 3.97)   

Trial size§ k=455   0.188 0.641 

    Large  217 (47.7%) RR, 1.13 (1.01 to 1.27)   

    Small  238 (52.3%) RR, 1.19 (0.98 to 1.45)   

Publication year, calendar year k=455 2013 (1998 to 2021) β, 0.99 (0.97 to 1.01) 0.191 0.425 
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*Data are no. (%) comparisons, median percentage (range of percentages), or median of means (range of means) for aggregated data. 

†To investigate the association between each of the population and trial characteristics and risk of harm (ie, logRRs for withdrawals due to AEs), 

separate REML-based meta-regression models with random effects, including a factor for the characteristic were performed. The slope β should 
be interpreted as the proportional increase (or decrease) in the RR per 1 unit increase in the characteristic. A slope of β=1.00 indicates no 

association with the treatment effect, whereas, for example, a slope of β=1.03 for disease duration means that for every 1 year, the RR increases by 

a factor 1.03 (ie, 3%). It was not possible to analyse three trial characteristics: max TJC, max SJC, and aCCP2 status, as well as the patient baseline 

characteristic aCCP2 positive percentage, due to missing and/or inconsistent reporting in the eligible trials.  

‡High and low indicate six or more joints and five or fewer joints, respectively. 

§Large and small indicate 100 or more participants and 99 or fewer participants, respectively. 

aCCP, anti-cyclic citrullinated peptide antibody; bDMRD, biological disease-modifying anti-rheumatic drug; CRP, c-reactive protein; csDMARD, 

conventional synthetic disease-modifying anti-rheumatic drug; DMARD, disease-modifying anti-rheumatic drug; ESR, erythrocyte sedimentation 

rate; HAQ-DI, health assessment questionnaire-disability index; IR, inadequate responder; MD, medical doctor; MTX, methotrexate; NSAID, non-

steroidal anti-inflammatory drug; Pt, patient; RF, rheumatoid factor; tsDMARD, targeted synthetic disease-modifying anti-rheumatic drug; VAS, 

visual analogue scale 

 

Withdrawals due to adverse events, and estimates of intervention effects 

The risk of WDdtAE was 26% lower in trials using an active comparator relative to trials using 

placebo or no intervention (RRR, 0.74 [0.58 to 0.94]), reducing the between-trial variance by 9.6% 

(τ2=0.169) and with a statistically suggestive interaction (P=0.014; k=455 comparisons). In 

contrast, the risk of WDdtAE was increased by 25% when the eligibility criteria explicitly required a 

minimum level of the inflammatory markers ESR, CRP, and/or morning stiffness (RRR, 1.25 [1.01 

to 1.55]), reducing the between-trial variance by 7.5% (τ2=0.173), with a statistically suggestive 

interaction (P=0.044; k=455 comparisons). 

 

Withdrawals and estimates of intervention effects 

Relative to the comparator, the likelihood of WD in the intervention group was 18% lower in trials 

requiring participants to have a minimum TJC of 6 or more (RRR, 0.82 [0.69 to 0.98]) and 15% 

lower in trials requiring participants to have a minimum SJC of 6 or more (RRR, 0.85 [0.72 to 1.00]). 

For minimum TJC the between-trial variance was increased by 6.1% (τ2=0.156) with a statistically 

suggestive interaction (P=0.029; k=348 comparisons) and for minimum SJC the between-trial 

variance was increased by 6.1% (τ2=0.156) with a possible interaction (P=0.057; k=351 

comparisons). Also, the likelihood of WD was reduced in the intervention group by 4% per year 

when the trials extended the criteria for maximum disease duration (β-years, 0.96 [0.94 to 0.98]), 

reducing the between-trial variance by 72.1% (τ2=0.041), with a highly statistically significant 

interaction (P=<0.001; k=85 comparisons). 
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Serious adverse events and estimates of intervention effects 

The likelihood of SAE in the intervention group was increased, corresponding to a 93% higher 

likelihood in trials where participants had previously been using a bDMARDs or tsDMARDs but 

discontinued before screening, compared to trials where participants were naïve (RRR, 1.93 [1.30 

to 2.86]), reducing the between-trial variance by 1.4% (τ2=0.071), with a statistically suggestive 

interaction (P=0.011; k=411 comparisons) across all four bDMARDs or tsDMARDs backgrounds. 

For death as an outcome and the remaining population and trial characteristic factors across all 

outcomes, no statistical interactions were observed.  

Overall, analyses stratified by rheumatological conditions and other sensitivity 

analyses indicated that the conclusions from the main analysis were robust, as they did not lead to 

different interpretations. Although, due to the low number of events, some did not reach 

statistical significance, the direction of the effect remained consistent across all point estimates. 

Tables reporting these stratified analyses and sensitivity approaches, are available in 

Supplementary Table S5-20. 
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[Figure 2 approx. here] 
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DISCUSSION 

In this large meta-epidemiological study of randomised RA, PsA, and AxSpA trials, we 

investigated whether contextual factors modify the risk of harms in trials testing targeted 

therapies. Trial designs with active comparators, and trials with the eligibility criteria 

ESR/CRP/morning stiffness criteria, minimum TJC, and maximum disease duration - as well as 

medication status of bDMARDs or tsDMARDs at enrolment - appear to influence the risk of 

harms, albeit not always in the same direction.(40) Overall, across the eligible randomised 

comparisons, there was a higher risk of withdrawals due to AEs, and a lower risk of total 

withdrawals in the intervention groups compared to the comparison groups when receiving a 

b/tsDMARD. 

In general, although separate markers were present within each outcome, our 

results indicate that trials including patients who had raised inflammatory markers or were not 

currently (but had been) using bDMARDs or tsDMARDs are at greater relative risk of WDdtAE and 

SAE from the experimental intervention compared to the control comparator. However, our 

findings also reveal that trials with patients having more severe manifestations of their condition 

(e.g., higher tender joint count and longer disease duration), are less likely to withdraw during the 

trial period. This counterintuitive result may be attributed to these patients' greater familiarity 

with managing their condition and coping with various drugs and side effects. Consequently, their 

ability to remain in the trial could reflect their resilience and adaptability to treatment-related 

challenges. Thus, in this context, withdrawals (regardless of cause) might not necessarily indicate 

a lack of harm but could instead be interpreted as a measure of perceived benefit, reflecting the 

patients' commitment to remaining in the trial due to the advantages they experience, such as 

improved access to care or symptom management.  

 Patients who have discontinued a bDMARDs or tsDMARDs prior to the time of 

enrolment might have a history of AEs and/or SAEs from previous treatments and therefore 

might as a group be at higher risk compared to patients who are naïve or in active treatment at 

enrolment. These patients might also have a higher disease activity due to previous treatment 

failures and thus lack proper disease control at inclusion. Furthermore, patients with higher 

disease activity are thought to have a greater potential for improvement and can therefore be 

more motivated to stay longer in the trials. Similarly, subjects recruited from regions where they 
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have poor access to efficacious therapies can be highly motivated to receive medical care, 

particularly with a chance for active treatment, in a trial context.  

In trials employing an active comparator, participants in the comparator group were 

more likely to withdraw due to AEs compared to participants in placebo trials. This outcome could 

indicate a potential bias in active comparator trials, wherein researchers may lean towards 

portraying the intervention as less harmful. Alternatively, the significantly greater efficacy noted 

in active comparator studies compared to placebo-controlled trials might influence a preference 

for remaining in the trial. This observation aligns with previous findings that demonstrate that RA 

patients in RCTs exhibit a higher likelihood of response compared to those in placebo-controlled 

trials testing the same drug.(41) This phenomenon has been attributed to psychological factors in 

both patients and trial assessors, such as expectations, hope, and perception, suggesting that 

these may contribute to an outcome measurement artifact. This implies that outcomes in RA 

trials may reflect more than just the reduction of inflammation achievable by the trial drugs.(42) 

The extent to which this phenomenon could explain the observed effect modification by trial type 

(placebo-controlled vs. active comparator-controlled) on harm outcomes remains an open 

question. However, since most recent trials incorporate bDMARDs as active comparators, the risk 

of AE might be different. Consequently, it appears that the AE profile of conventional DMARDs is 

similar to or potentially worse than that of b/tsDMARDs. Notably, potentially related to “healthy 

user effect”, the opposite trend was observed for the outcome SAE, although this finding could 

not be confirmed as statistically significant.  

The duration of follow-up varied across the trials, making it difficult to ensure 

consistency in drug exposure over time. Some adverse effects, such as malignancies, may emerge 

only after extended periods. Therefore, if the follow-up time was insufficient, caution should be 

exercised when generalizing our findings to all potential adverse events. Although our study was 

not specifically designed to evaluate individual or specific SAEs, the variability and in some cases, 

relative brevity in follow-up duration constitutes a limitation to ensure that our findings are 

accurately interpreted within the context of the follow-up periods relevant to randomised trials. 

Also, when reporting outcomes such as withdrawal and withdrawal due to adverse events in 

clinical trials, the attribution of attrition to adverse events, loss of efficacy, lack of efficacy, or a 

combination thereof presents a significant challenge. This complexity renders these harm 
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outcomes conceptually difficult to interpret and complicates the drawing of robust conclusions. In 

contrast, outcomes like SAEs and mortality, while more straightforward, are infrequent and thus 

do not present the same interpretive difficulties. 

Relation to other studies 

Previously, concerns have been voiced over the majority of patients in routine care not being 

eligible candidates for participating in randomised trials due to strict inclusion criteria for testing 

of new drugs in typical clinical trials.(43,44) The findings of this study show that trials including 

patients with higher disease activity also experience an increased risk of AEs in the treatment 

groups. 

A previous meta-epidemiological study found that trials with highly selective 

inclusion criteria did not show increased efficacy of targeted therapies.(45) This finding raises the 

question of whether trial inclusion criteria for clinical trials on new treatment need to be revised. 

Our findings showed that trials extending the criteria for maximum disease duration lowered the 

risk of patients’ withdrawing from the intervention. This finding is in line with previous meta-

analysis,(45,46) which found an overall positive effect of longer disease duration on treatment 

efficacy outcomes in RA trials. The data presented here suggest  that fewer withdrawals may be 

achieved by including patient populations with longer disease durations, as this may lead to 

patients being sufficiently satisfied with the results obtained, despite the potentially lower 

efficacy.(47) 

 

Strengths and limitations  

This study has several strengths. First, this study is the most comprehensive analysis to date on 

the risk of harm of bDMARDs and tsDMARDs across IA diagnoses, having collected trial data on 

nearly 500 randomised comparisons. Second, all FDA/EMA-approved drugs were included, which 

adds to the study's external validity. Third, most previous meta-epidemiological studies in this 

field have focused mainly on patient baseline characteristics, whereas we have also looked at trial 

eligibility criteria. Fourth, we included only RCTs to avoid inherent problems when investigating 

effect modifiers in non-RCTs.(48) Fifth, the study selection was performed by two independent 

reviewers. 

 This study also has limitations that should be considered. First, we did not do double 
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data extraction by two independent reviewers, so the amount of missing data might be slightly 

overestimated. Second, all extracted variables were limited to information from the trial reports, 

so it was impossible to investigate a number of the predefined characteristics due to sparse or 

inconsistent reporting. Also, as observed in a previous review, harms were generally 

heterogeneously and insufficiently reported in trials (eg, many RCTs chose only to report 

treatment-related SAE, whereas others reported on all SAEs.(49) Third, a notable issue that could 

be considered a caveat, is that the baseline characteristics prespecified for extraction were 

primarily relevant to rheumatoid arthritis (RA) and might not adequately address the other 

diseases under study. Indeed, in AxSpA and, to some degree, PsA studies, different clinical and 

biochemical measures are used, thus resulting in a great deal of missed data for those studies. 

Thus, pooling data between IA diseases has limitations, given they have different comorbidities, 

age at presentation, etc. Post hoc, we conducted additional analyses stratified by type of 

inflammatory condition. Robust findings should remain consistent and reliable across different 

analytical approaches and conditions. Indeed, all these exploratory secondary sensitivity analyses 

indicated that the findings were robust across different conditions. To judge the robustness of our 

findings after running a series of sensitivity analyses, we evaluated the consistency of results, 

statistical and clinical significance, variability, and provided detailed documentation (see 

Supplementary Table S9-20). Fourth, by relying on the search results of published reviews, we 

assumed that the retrieved sample of trials for our analysis was representative. However, eligible 

trials might have been omitted—due, for example, to specific eligibility criteria in the systematic 

reviews, or trials being too recent to have been included in a systematic review on the date of the 

search. Such omissions theoretically could have influenced our results, but there is no reason to 

believe that harms estimates would be affected in one particular direction. Fifth, many statistical 

tests were performed, increasing the risk of type I error (ie, finding statistically significant results 

that in actuality appeared by chance or could be due to meta-confounding). Therefore, we 

consider p-values <0.05 suggestive and p<0.005 as statistically significant. 

Sixth, trial withdrawal is a multifaceted construct influenced by a range of factors, and different 

effect modifiers could potentially interact with each other, influencing the overall outcome. In this 

study, effect modification was assessed using a variable-by-variable approach due to limited 

statistical power. However, a multivariable approach, allowing for simultaneous modelling of 
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various trial characteristics and meta-confounders, could provide a more nuanced understanding 

of the factors influencing trial withdrawal.(50) This approach would potentially help clarify how 

different effect modifiers may interact and jointly impact outcomes. Future research with larger 

sample sizes and more comprehensive data collection should consider such multivariable 

modelling to fully capture the complex interplay of factors affecting trial withdrawal. 

Seventh, the number of comparisons across contextual variables varied in our study, this may 

have resulted in insufficient power to detect meaningful effect modification for some factors. 

Consequently, while some variables showed reasonable changes in τ², these were not always 

statistically significant. A lack of statistical significance does not necessarily imply the absence of 

effect modification, and we interpret these findings with caution, as true effect modification may 

have been missed due to limited power. 

Eighth, it is relevant to be mindful that this study only assessed the risk of harms. Future studies 

should evaluate the risk-benefit profile of the interventions, by also weighing against the efficacy 

of the intervention to hopefully provide a more comprehensive understanding of their clinical 

utility. Also, to review the largest possible sample of data, we included trials in several phases, 

and while most of the trials assessed standard dosing, we also included trials with differing and 

not always optimal dosing-regiments, which might have led to an over/underestimation of the 

harms. 

Last, all data were obtained at trial level, including patient characteristics that ideally should have 

been collected at patient level. The use of aggregated data to draw conclusions on individuals 

should be done with care. When performing meta-regression analysis based on averages, the 

results might not reflect the true relationship within the study and hence might be misleading. 

This phenomenon is known as ecological fallacy.(37) Ideally, such population characteristics 

should have been investigated using individual patient data, although such data are unlikely to be 

available in the larger scale needed for the meta-epidemiological study of harms observed across 

RCTs. 

 

Conclusions 

In conclusion, our results suggest that four trial eligibility criteria - ESR/CRP/morning stiffness 

criteria, minimum TJC, maximum disease duration - as well as medication status of bDMARDs or 
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tsDMARDs at enrolment, might influence the reported risk of harms across the examined 

outcomes. Trials that select patients with a higher disease activity seem to report a higher risk 

ratio of WDdtAsE and SAEs but also a lower risk ratio of total WDs, compared to trials selecting 

patients with lower disease activity. 
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