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ABSTRACT
Objectives  To analyse the amount, reporting and handling 
of missing data, approach to intention-to-treat (ITT) 
principle application and sensitivity analysis utilisation in 
randomised clinical trials (RCTs) of rheumatoid arthritis 
(RA). To assess the trend in such reporting 10 years apart 
(2006 and 2016).
Methods  Parallel group drug therapy RA RCTs with a 
clinical primary endpoint.
Results  176 studies enrolling a median of 160 (IQR 
62–339) patients were eligible. In terms of actual analysis: 
81 (46%) RCTs conducted ITT, 42 (23.9%) conducted 
modified ITT while 53 (30.1%) conducted non-ITT analysis. 
Only 58 of 97 (59.8%) RCTs reporting an ITT analysis 
actually performed it. The median (IQR) numbers of 
participants completing the trial and included in analysis 
for primary outcome were 86% (74%–91%) and 100% 
(97.1%–100%), respectively. 53 (32.7%) and 65 (40.1%) 
RCTs had >20% and 10%–20% missing primary outcome 
data, respectively. Missing data handling was unreported 
by 58 of 171 (33.9%) RCTs. When reported, vast majority 
used simple imputation methods. No significant trend 
towards improved reporting was seen between 2006 and 
2016. Sensitivity analysis numerically improved from 2006 
to 2016 (14.7% vs 21.4%).
Conclusions  There is significant discrepancy in the 
reported and the actual performed analysis in RA drug 
therapy RCTs. Nearly one-third of RCTs had >20% missing 
data. The reporting and methods of missing data handling 
remain inadequate with high usage of non-preferred 
simple imputation methods. Sensitivity analysis utilisation 
was low. No trend towards better missing data reporting 
and handling was seen.

INTRODUCTION
Randomised controlled trial (RCT) is the 
gold standard for comparing treatments and 
determining efficacy. Randomization reduces 
bias by balancing distribution of known 
and unknown confounding factors.1 The 
intention-to-treat (ITT) principle preserves 
randomisation by evaluating all participants 
as original randomly assigned, regardless of 

deviations from randomised treatment and 
actual interventions.1–3

Most trials have missing data due to 
protocol deviation, non-adherence, trial non-
completion and other issues.3 The ideal anal-
ysis, a true ITT analysis, has no missing data.2 
Per-protocol (PP) or complete-case (CC) 
analysis include only subjects who adhere 
to the assigned treatment and complete the 
study. These approaches generally intro-
duce bias. Missing data undermine the RCT 
by introducing confounding, unbalancing 
baseline characteristics and compromising 
the internal validity.4 5 Moreover, compliant 
subjects do better than non-compliant ones, 
irrespective of active treatment or placebo 
status.6 Thus, restricting analysis to those who 
completed a trial as PP can lead to misleading 

Key messages

What is already known about this subject?
►► Missing data are common in randomised controlled 
trials (RCTs).

►► Handling of missing data has implication for the re-
sults of RCTs.

►► Little is known about missing data reporting and 
its handling in RCTs of rheumatoid arthritis (RA) 
treatment.

What does this study add?
►► Missing data are a significant issue in RCTs in RA.
►► More importantly, missing data handling relies heav-
ily on error-prone methods of simple imputation with 
no trend of improvement.

►► Sensitivity analysis usage remains very low.

How might this impact on clinical practice or 
future developments?

►► Increased awareness and requirement of using the 
preferred imputation methods is needed.

►► Journals should require reporting of these methods 
as well as sensitivity analysis.
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estimates of treatment efficacy.7 Non-ITT methods may 
simply reflect confounding from differences of demo-
graphics, prognostic features or subject characteris-
tics.5 8 The ITT approach reflects the real-world settings 
where subjects drop out, switch treatments or are non-
compliant. Although ITT may underestimate the true 
difference, via dilution, it still represents the best unbi-
ased estimate.9 10 However, it must be noted that ITT 
analysis only matters if there are missing data, otherwise 
ITT and CC are similar.

The term ITT is often used incorrectly11 12 as RCTs with 
post-randomisation exclusions are still described as using 
‘ITT analysis’.13 The term modified ITT (mITT) reflects 
analyses where participants are excluded for different 
reason(s) post-randomisation.14 mITT analysis usage has 
increased.15 Consequently, the Consolidated Standards 
of Reporting Trials (CONSORT) statement requires a 
clear description of subject randomisation and analysis 
rather than simply stating the method.1

Missing data may seriously compromise inferences 
ascertained from RCTs,16 17 limit the ability to draw 
conclusions18 or lead to incorrect inferences about drug 
safety.19 20 Missing data can be handled by imputation. 
Simple imputation (SI) methods include last obser-
vation carried forward (LOCF), baseline observation 
carried forward, non-response imputation (NRI) or poor 
response imputation. SI assumes lack of temporal change, 
underestimates true data variability and biases treatment 
effect estimates.16 17 21 Multiple imputation, maximum 
likelihood-based methods such as expectation–maximi-
sation algorithm, or equation-based methods such as 
full information maximum likelihood or mixed model 
regression for longitudinal data are generally preferred. 
These methods incorporate auxiliary information about 
the missing data and report SE and p values.16 17 21 Any 
attempt at replacing missing data makes unverifiable 
assumptions about the distribution of the unobserved 
or missing data.22 23 To test these assumption(s), sensi-
tivity analyses with a different assumption(s) should be 
performed.16 17 21 24

Studies across disciplines have reported inappropriate 
use of the ITT principle, incorrect handling of missing 
data, utilisation of weak imputation methods and lack 
of sensitivity analyses.13 24–27 Studies in rheumatoid 
arthritis (RA) exploring this have either been restricted 
to top medical journals or have also included subjects 
without RA.25 27 Our study examines RA publications in 
all medical journals and gives temporal trends in missing 
data reporting and handling, before and after the publi-
cation of 2010 CONSORT statement.1 Our goal was to 
identify areas of improvement and create awareness 
about such shortcomings.

METHODS
Literature search and RCT selection
MEDLINE and Cochrane Central Register of Controlled 
Trials databases were searched using terms “rheumatoid 

arthritis” and “arthritis, rheumatoid” with limits of 
“Clinical Trials” & years “2002–3”, “2006–7”, “2010–11” 
and “2016”. Inclusion criteria were original report of a 
single RCT in a population with RA, parallel design, drug 
therapy intervention and a clinical primary endpoint. 
Non-English language, abstract only, non-clinical 
endpoint, open-label extensions, population without RA, 
phase I studies and non-drug intervention studies were 
excluded. Studies with safety as the primary outcome 
were also excluded as safety analyses typically focus on 
the subgroup of trial participants who received the inter-
vention, although such approach may be misleading by 
ignoring the reasons trial participants stop treatment.28

Trial selection and data acquisition
Two reviewers independently assessed each eligible RCT. 
Differences were resolved by consensus. Funding source, 
experimental agent used, study phase, study duration, 
study outcome, sample size calculation, participant 
flow description, overall subject dropout, self-reported 
data analysis method, actual data analysis method used 
(determined by study reviewers), missing data propor-
tion and missing data handling methods were assessed.29 
An adequate description of study participant flow was 
defined as a clear description of the number of subjects 
who were randomised, number completing and not 
completing the study with reasons, and number analysed 
for the primary outcome. We assessed whether partici-
pant progress through the phases of parallel RCT (enrol-
ment, allocation, follow-up and analysed) was presented 
in a flow diagram, as recommended.1 30 Definitions are 
given in box 1.

Box 1  Definitions for different methods of missing data 
handling

Definitions

ITT analysis
►► All subjects analysed after randomisation. No exclusions.

Modified ITT analysis excluded the following15:
►► Subjects who did not receive any study intervention (treatment-
related exclusion).

►► Subjects without a baseline assessment (baseline assessment 
exclusion).

►► Subjects without a post-baseline assessment (post-baseline 
exclusion).

►► Subjects found non-eligible after randomisation (target condition-
related exclusion).

►► Exclusion of study centre(s) due to study conduct issues (centre-
related exclusion).

Non-ITT analysis included the following:
►► Performed per-protocol analysis.
►► Performed a case completer analysis.
►► Included exclusions not specified in the modified ITT analysis 
definition.

ITT, intention-to-treat.
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Additional data for 2006 and 2016 trials
Additional data collected for the 2006 and 2016 studies 
included reporting of sample size inflation to account for 
anticipated dropout, mechanism of missing data, missing 
data in each study arm, and baseline characteristics 
comparison of study subjects with complete and missing 
data, and performance of sensitivity analysis. The 2006 
and 2016 RCTs were compared for data analysis, use of 
ITT principle and handling of missing data.

Statistical analysis
Categorical data are described as the number (per cent), 
and the continuous variables are described as the median 
(IQR). Comparison of RCT characteristics among trials 
using different analysis approaches and temporal changes 
from 2006 to 2016 was assessed using Pearson’s Χ2 tests, 
Fisher’s exact test or likelihood ratio tests (for categorical 
variables) and Mann-Whitney U tests or Kruskal-Wallis 
tests (for continuous variables). SPSS V.21 was used for 
data analysis.

RESULTS
Study characteristics
The 2027 reports published in 7 years (2002–2003, 2006–
2007, 2010–2011, 2016) were screened to identify 176 
eligible RCTs (figure 1). These RCTs enrolled a median 
of 160 (IQR 62–339) patients. In terms of actual anal-
ysis: 81 (46%) RCTs conducted ITT analysis, 42 (23.9%) 
conducted mITT analysis, while 53 (30.1%) conducted 
non-ITT analysis (27 RCTs conduced CC analysis, while 
analysis approach for 26 RCTs was unclear). Discordance 

was present between the reported and the actual anal-
ysis performed (figure 2). Only 58 of 97 (59.8%) RCTs 
reporting an ITT analysis actually performed it. Of 42 
(23.9%) studies which performed mITT, only 8 (19.0%) 
described their analysis as mITT. RCT participant flow 
diagram was unreported or inadequate in 66.5% RCTs: 
mostly resulted from non-reporting of participants 
analysed for the primary outcome. A median of 86% 
participants (IQR 74%–91%) remained enrolled until 
trial completion, although 14 RCT reports did not 
specify number of patients completing the trial. Fifty-
three (32.7%) and 65 (40.1%) of RCTs had >20% and 
10%–20% missing primary outcome data, respectively. 
A median of 100% (IQR 97.1%–100%) patients were 
included in the efficacy analysis of primary trial outcome; 
13 RCT reports did not specify number of patients 
analysed for the primary outcome. Most common missing 
data handling method was LOCF (69 (39.2%)), followed 
by NRI (49 (27.8%)) and imputing missing value by 
interpolation (21 (11.9%)). Only three study RCTs used 
preferred methods to deal with missing data for primary 
outcome analysis: two used linear mixed model regres-
sion,31 32 while one used expectation–maximisation algo-
rithm to impute missing data.33 In addition, two RCTs 
used equation-based methods for sensitivity analyses.

Missing data handling was not reported by 58 of 171 
(33.9%) RCTs; 5 RCTs had no missing data. Twelve RCTs 
using ITT analysis did not specify missing data handling 
method.

RCT characteristics associated with analysis type
Table  1 shows the characteristics of RCTs according to 
the analysis performed. Industry-funded RCTs were more 
likely to perform ITT or mITT than non-profit-funded 
RCTs. Trials reporting ITT or mITT analysis were more 
likely to enrol higher number of participants, be multi-
centre, describe sample size calculation, adequately 
report participant flow, describe missing data handling 
methods and include higher proportion of participants 

Figure 1  Study selection flow diagram. RA, rheumatoid 
arthritis; RCT, randomised controlled trial.

Figure 2  Discrepancy between self-reported analysis type 
and actual analysis performed for handling missing data. ITT, 
intention-to-treat; mITT, modified ITT; N, number.
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in the primary outcome analysis. However, there was no 
difference in proportion of participants completing the 
trials among the three groups. Among the mITT trials, 
the top two reasons for post-randomisation exclusions 
were no study treatment received (n=27) and no post-
baseline assessment (n=17). Among non-ITT trials, the 
top two exclusions were study protocol deviation (n=22) 
and outcome absence at study completion (n=7).

Temporal trends in missing data reporting from 2006 to 
2016
These studies, 10 years apart, were compared to assess 
trends in missing data reporting and handling. A total 
of 76 studies (34 published in 2006 and 42 published in 
2016) were eligible. Baseline characteristics are given in 
online supplemental table 1 and were similar except for 
more RCTs in 2016 having a placebo arm compared with 

Table 1  Characteristics of the study RCTs according to the actual analysis type

Characteristics
ITT
(N=81)

mITT
(N=42)

Non-ITT
(N=53) P value

Funding source
<0.001 � Industry, full or partial 59 (72.8) 31 (73.8) 14 (26.4)

 � Non-profit or unspecified 22 (27.2) 11 (26.2) 39 (73.6)

Experimental agent 0.001

 � Traditional DMARD 13 (16.0) 5 (11.9) 12 (22.6)

 � Biological DMARD 30 (37) 27 (64.3) 16 (30.2)

 � Small molecule 8 (9.9) 2 (4.8) 0 (0.0)

 � Others 30 (37.0) 8 (19.0) 25 (47.2)

Study phase 0.086

 � Phase 2 20 (24.7) 8 (19.0) 5 (9.4)

 � Non-phase 2/unspecified 59 (75.3) 34 (81.0) 48 (90.6)

Study centres, multiple 63 (77.8) 42 (100) 19 (35.8) <0.001

Study duration, months 6 (3–12) 9 (3–12) 6 (3–12) 0.481

Pre-study sample size calculation reported* 42 (68.9) 29 (85.3) 24 (50) 0.003

Participant flow diagram 0.001

 � Adequate 24 (29.6) 24 (57.1) 11 (20.8)

 � Inadequate 26 (32.1) 9 (21.4) 12 (22.6)

 � Not reported 31 (38.3) 9 (21.4) 30 (56.6)

Adequate follow-up description 63 (77.8) 40 (95.2) 33 (62.3) <0.001

Number of patients enrolled 165 (70–339) 317 (160–549) 70 (41–160) <0.001

Percentage of patients completing RCT† 85.8 (70.4–89.3) 82.9 (76–88.9) 89 (72.8–92.3) 0.232

Percentage of missing data† 0.341

 � 0–5 8 (10.5) 3 (7.1) 6 (13.6)

 � >5–10 10 (13.2) 5 (11.9) 12 (27.3)

 � >10–20 32 (42.1) 20 (47.5) 13 (29.5)

 � >20 26 (34.2) 14 (33.3) 13 (29.5)

Percentage of patients analysed for the primary 
outcome‡

100 (100–100) 98.7 (97.1–99.6) 90.8 (86.3–97.7) <0.001

Missing data handling method described§ 64 (84.2) 38 (90.5) 11 (20.8) <0.001

Efficacy, positive¶ 54 (69.2) 35 (87.5) 29 (63.0) 0.032

Values represent number (%) for categorical variables and median (25th–75th percentile) for the numerical variables.
*N=143 (33 phase 2 RCTs excluded as they have different sample size calculation considerations).
†N=162 (five RCTs performing ITT and nine RCTs performing non-ITT analysis did not clearly report number of patients completing the trial).
‡N=163 (13 RCTs performing non-ITT analysis did not clearly report number of patients analysed for the primary outcome).
§N=169 (all enrolled patients reported to complete seven RCTs with no missing data).
¶Positive efficacy defined as statistically significant outcome for the primary outcome favouring the experimental intervention for superiority 
trials or meeting the threshold for equivalence in the non-inferiority trials. N=164, 12 RCTs were strategy trials with no intervention designated 
as experimental.
DMARD, disease-modifying anti-rheumatic drug; ITT, intention-to-treat; mITT, modified ITT; N, number; RCT, randomised controlled trial.
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2006. There were four RCTs of small molecules in 2016 
and none in 2006.

Table  2 provides a detailed description of data 
reporting in 2006 and 2016 RCTs. Of the 65 non-phase 
2 RCTs, only 43 (66.2%) adequately reported sample 
size calculation. Thirteen (20.0%) RCTs inflated sample 
size by median of 20% (IQR 12.5%–25.5%) anticipating 
loss to follow-up. RCTs reporting sample size inflation 
numerically increased from 2006 (4 (12.9%)) to 2016 (9 
(26.5%), p=0.167). Phase 2 trials were excluded as they 
have different sample size considerations.34 A signifi-
cant increase in adequate participant flow description 
occurred between 2006 and 2016.

Self-reporting of ITT analysis declined from 2006 
to 2016, while the actual analysis type was unchanged 
(table  2). Notably, 49 (68.1%) RCTs had >10% and 18 
(25%) had >20% missing primary outcome data on 
completion. Four (5.5%) RCTs lacked information 
about subjects completing the RCT. The 2016 RCTs 
showed a trend toward higher percentage of participants 
completing the trials (table 2). Nearly one-third of RCTs 
did not report missing outcome data handling method: 
unimproved from 2006 to 2016. LOCF and NRI were 
the most common approaches to handle missing data, 
although a trend in decline of LOCF use was noted. 
No 2006 study and two 2016 studies used the preferred 
missing data handling methods.

Ten of 14 (17.5%) RCTs using sensitivity analysis 
reported results. Alternate imputation was the most 
used (seven RCTs) method for sensitivity testing. Sensi-
tivity analysis usage improved from 2006 to 2016 (14.7% 
vs 21.4%). Only one trial each reported mechanism 
of missing data35 and baseline characteristics of trial 
completers and non-completers.36

Online supplemental table 2 gives the differential attri-
tion between study arms. In 17 of 68 (25%) RCTs which 
reported number of patients completing each study arm, 
the comparator arm had >10% loss of patients compared 
with experimental arm, while three had >10% loss in the 
experimental arm compared with the comparator arm.

DISCUSSION
Our review of RCTs of RA drug therapy showed that 
missing primary outcome data are a major issue. Reas-
suringly, however, almost all patients were included in 
the final primary outcome analysis (mostly by using SI 
methods for missing data). RCTs in 2016 reported the 
highest number of sensitivity analyses (20.5%). The 
2006 and 2016 comparisons did not show any signifi-
cant improvement in the parameters of missing data 
reporting, handling and sensitivity analysis.

Missing data handling methods were not reported by 
38.0% RCTs. This is, however, improved from a previous 
report where 76.5% did not do so.25 When reported, 
non-preferred SI methods (LOCF and NRI) were used. 
Limited missing data handling reporting and preference 
for SI methods, when 67.0% of RCTs have >10% missing 

data, are concerning. To determine how much of missing 
data is problematic, some authors have reported a ‘5 and 
20’ rule where <5% missing data lead to minimal bias, 
while >20% pose a serious validity issue.37 38

Table  3 summarises missing data reporting in four 
studies, including our study. The 2005 study looked at 
RCT data published in high-impact journals pertaining 
to RA, osteoarthritis and osteoporosis.25 The 2014 paper 
is of RCTs published in top four medical journals irre-
spective of medical condition.24 The 2016 study looking 
at phase 3 RA RCTs published in top rheumatology and 
medical journals is also included.27 The latter report’s 
RCTs may have some overlap with our study.

Misrepresentation of ITT analysis was common with 
only 59.8% of self-reported ITT being true ITT analysis. 
Overall, 46.0% actually performed an ITT analysis, which 
is slightly higher as compared with some other reports 
of 37%–40%24 26 and improved from older RA studies at 
7.4%.25 mITT analysis excludes subjects which violate the 
ITT principles. However, the number of patients actually 
analysed for the primary outcome was high: 100% for 
ITT (as expected) and 98.8% for mITT. Thus, the abso-
lute patient exclusions in mITT RCTs are small. Exclu-
sion of such subjects, especially with small numbers, does 
not always violate the ITT principle.9 15 27 39 40 Recently, 
the treatment effect estimation in RA trials was shown to 
be similar between mITT and ITT analysis.39

For the 2006 and 2016 studies, only 20% adjusted the 
sample size for dropouts despite a quarter having >20% 
missing outcome data. Sample size inflation accounts for 
dropout data loss but it does not remedy missing data 
and any differences between the observed and missed 
data.16 Differential attrition can be a source of bias in 
RCTs.37 In our analysis, >10% attrition in the placebo or 
comparator arm versus the experimental arm was seen 
in 25% of trials which may artificially increase treatment 
effect in favour of experimental intervention if using SI. 
The use of SI in differential attrition biases results.41 A 
sensitivity analysis is required to assess the impact of such 
possible bias, but was performed in <20% trials. Impact 
of differential attrition in RA is unexplored. A small study 
of musculoskeletal RCTs found differential attrition rates 
ranging from 1% to 14%42 without impacting the results. 
The authors suggested reporting of baseline characteris-
tics of both the analysed and randomised subjects.

Only one study reported a missing data mechanism.35 
Another review reported this number at 7.8% RCTs.27 
Three missing data mechanisms exist: missing completely 
at random (MCAR), missing at random (MAR) and missing 
not at random (MNAR) and are discussed elsewhere.43 44 
It is important to obtain data on study completers and 
the non-completers. It is possible to distinguish between 
MCAR and MAR by studying the available data. If the 
completers and the non-completers differ (for example, 
if older participants have more missing data than younger 
participants, the data are not MCAR but possibly MAR). 
It is not possible to distinguish between MAR and MNAR 
by studying the available data.24 Only one RCT in our 
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Table 2  Comparison of data reporting including missing data and its handling in 2006 and 2016 RCTs

Characteristics
All
(N=76)

Study year

P value2006 (N=34) 2016 (N=42)

Total patients 0.913

 � Median (IQR) 162 (74–326) 163 (53–367) 159 (79–311)

 � Range 21–1404 21–1093 43–1404

Patient per cent completing study* 0.089

 � Median (IQR) 86.4 (79.5–91.6) 84.5 (72.8–91.8) 87.9 (81.7–91.6)

 � Range 38.5–100 40.9–95.8 38-5–100

Patient per cent analysed for primary 
outcome†

0.962

 � Median (IQR) 99.7 (97.1–100) 99.5 (97.3–100) 99.7 (97–100)

 � Range 38.5–100 85.8–100 38.5–100

Patient in experiment arm(s) 0.81

 � Median (IQR) 100 (40–217) 99 (29–252) 103 (40–177)

 � Range 11–1286 11–751 19–1286

Patient per cent completing study in 
experimental arm(s)‡

0.405

 � Median (IQR) 87.7 (81.3–93.1) 86.4 (81.7–93) 88.6 (80.7–94.4)

 � Range 37.5–100 45.2–100 37.5–100

Patient per cent analysed for primary 
outcome in experimental arm(s)§

0.721

 � Median (IQR) 100 (99.6–100) 100 (99.3–100) 100 (99.6–100)

 � Range 37.5–100 88.6–100 37.5–100

Patient in comparator arm¶ 0.983

 � Median (IQR) 56 (30–132) 68 (25–141) 53 (31–121)

 � Range 10–532 10–531 15–532

Patient per cent completing study in 
comparator arm**

0.1

 � Median (IQR) 84.4 (73–91.5) 81.9 (64.6–90.6) 84.9 (78.1–93.5)

 � Range 23.9–100 30–93.7 23.9–100

Patient per cent analysed for primary 
outcome in comparator arm

0.507

 � Median (IQR) 100 (97.2–100) 100 (96.1–100) 100 (97.6–100)

 � Range 39.5–100 84.5–100 39.5–100

Adequate sample size calculation 
description††

43 (66.2) 19 (61.3) 24 (70.6) 0.429

Sample size inflation anticipating follow-up 
loss††

13 (20.0) 4 (12.9) 9 (26.5) 0.167

Adequate follow-up description 64 (84.2) 28 (82.4) 36 (85.7) 0.689

Flow diagram for patient follow-up 0.016

 � Adequate 31 (40.8) 17 (50.0) 14 (33.3)

 � Inadequate 18 (23.7) 3 (8.8) 15 (35.7)

 � Not reported 27 (35.5) 14 (41.2) 13 (31.0)

Amount of missing outcome data* 0.042

 � <5% 10 (13.9) 1 (3.1) 9 (22.5)

 � 5.1%–10% 13 (18.1) 8 (25.0) 5 (12.5)

 � 10.1%–20% 31 (43.1) 13 (40.6) 18 (45.0)

 � >20% 18 (25) 10 (31.3) 8 (20.0)

Continued
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Characteristics
All
(N=76)

Study year

P value2006 (N=34) 2016 (N=42)

Missing data handling method given‡‡ 0.75

 � N (%) 48 (65.8) 23 (67.6) 25 (64.1)

Self-reported analysis term used 0.05

 � ITT 33 (43.4) 20 (58.8) 13 (43.4)

 � Modified ITT 6 (7.9) 2 (5.9) 4 (9.5)

 � None 37 (48.7) 12 (35.3) 25 (59.5)

Actual analysis performed 0.266

 � ITT 29 (38.2) 12 (35.3) 17 (40.5)

 � Modified ITT 20 (26.3) 11 (32.4) 9 (21.4)

 � Completer/inadequate 15 (19.7) 4 (11.8) 11 (26.2)

 � Unclear 12 (15.8) 7 (20.6) 5 (11.9)

Top methods to impute missing data

 � LOCF, N (%) 29 (38.2) 17 (50.0) 12 (28.6) 0.056

 � NRI, N (%) 22 (28.9) 10 (29.4) 12 (28.6) 0.936

 � Simple imputation, N (%) 11 (14.5) 6 (17.6) 9 (21.4) 0.68

Performed sensitivity analysis 0.452

 � N (%) 14 (18.4) 5 (14.7) 9 (21.4)

*N=72, number of patients completing the trial unclear for four RCTs.
†N=73, number of patients included in primary outcome analysis unclear for three RCTs.
‡N=69, number of patients in experimental arm(s) completing the trial unclear for seven RCTs.
§N=70, number of patients in experimental arm(s) included in primary outcome analysis unclear for six RCTs.
¶N=75, one RCT had three arms with different doses of experimental intervention, no comparator group.
**N=68, number of patients in comparator arm completing the trial unclear for seven RCTs and one RCT did not have a comparator group.
††N=65, excluded 11 phase 2 RCTs as they have different sample size calculation considerations.
‡‡N=73, all enrolled patients reported to complete three RCTs with no missing data.
ITT, intention-to-treat; LOCF, last observation carried forward; N, number; NRI, non-response imputation; RCTs, randomised controlled trials.

Table 2  Continued

Table 3  Trend of salient characteristics over time in RA studies and comparison with a study from top four medical journals

Characteristic

Time period of included studies/(reference) (publication year)

1994–200325

(2005)
2006
(Current)

2016
(Current)

2013* 24

(2014)
2008–2013* 27

(2016)

Overall ITT analysis performed, % 7.4 35.3 38.1 40.0 NA†

Overall PP analysis performed, % 59.3 11.7 28.5 NA NA

Preferred missing data handling methods used, % 1.2 2.7 4.9 27.3 1.9

Dropout in each study arm given, % 69.0 82.3 85.7 97.0 NA

Missing data handling given, % 23.5 61.1 48.8 36.0 94.1

LOCF used to handle missing data‡, % 52.6 41.7 22.7 12.0 56.8

Missing mechanism given, % NA 2.9 0.0 NA 7.8

Sensitivity analysis performed, % 11.1 13.9 20.5 37.0 27.0

Comparison of completers/non-completers, % 16.7 0.0 2.3 11.6 NA

*Studies involving top medical journals.
†86% stated that ITT was used but no information on those that actually performed ITT.
‡LOCF was the most common method used across all years for imputation except 2016 (Ibrahim et al) where NRI was most frequent (74.5%) 
but NRI and LOCF were used simultaneously as well; in the 1994–2003 and 2013 studies, complete case analysis (59.3% and 45.0%, 
respectively) was the most common method to handle missing data.
ITT, intention-to-treat; LOCF, last observation carried forward; NA, not available; PP, per-protocol; RA, rheumatoid arthritis.
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analysis reported data on completers and dropouts.36 In 
one study, this was 11.6%24 and 16.7% in older RA trials.25 
Generally, MAR is a reasonable starting point.16 21 In our 
study, LOCF was the most common method (53.7%) 
to handle missing data in the 95 RCTs that used ITT or 
mITT. This is different from a prior report of RA trials 
where NRI was the most common (75%) imputation 
method.27 The US Food and Drug Administration as well 
as the European Medicines Agency used to recommend 
LOCF method, assuming that it could provide conser-
vative effect estimates. This may have contributed to its 
widespread use. However, it generally introduces bias 
even if data are missing completely at random.45 In an 
RCT with longitudinal data, it is generally recommended 
to use a mixed model analysis excluding any systematic 
treatment effect at baseline. This is called ‘constrained 
analysis’.46 It is also recommended to adjust for baseline 
value of the outcome variable.47 In particular, this is a 
good way to handle missing data in an RCT with longitu-
dinal data.48 None of our study RCTs used this approach.

A sensitivity analysis to test a range of plausible mecha-
nisms responsible for the missing data is generally recom-
mended.7 A sensitivity analysis should be performed with 
a different mechanism of missingness.44 Agreement of 
different sensitivity analyses is reassuring. Sensitivity anal-
ysis was reported by 17.5% RCTs in our review. These 
numbers are similar (21%–27%) for recent studies 
reviewing sensitivity analysis in RA trials26 27 but lower 
than numbers (37% and 27%) from top medical jour-
nals.24 27

Our study has limitations. The RCTs in our study were 
time and language restricted. Results may not be appli-
cable to non-RA trials. Some of the deficiencies may result 
from poor reporting (not mentioning relevant details) 
and not necessarily poor execution.49 On the other 
hand, we have looked at a large number of trials over 
several years. We have compared the trend in reporting 
at two time points separated by a decade. We have not 
restricted our analysis to high-impact journals increasing 
representation.

Major gaps exist between statistical analysis recommen-
dations and actual reporting. Many papers and recom-
mendations have addressed these deficiencies from a 
statistical perspective.16 23 44 50 51 These issues are seemingly 
better handled in papers published in high-ranking jour-
nals signifying greater attention to missing data handling 
during peer review might improve such reporting.

In conclusion, our study has found significant short-
comings in the reporting and handling of missing data 
in RA trials: there is wide variability in reporting and 
performance of ITT analysis, SI methods remain popular 
despite shortcomings, sensitivity analysis usage is low, 
there is inadequate explicit reporting of participants with 
missing outcomes and methods used to handle them, 
baseline comparisons of completers versus dropouts 
are deficient. Lack of a significant trend in improved 
reporting 10 years apart remains a major concern.
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