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Abstract

Objective: Differential attrition is regarded as a major threat to the internal validity of a randomized controlled trial (RCT). This study
identifies the degree of differential attrition in RCTs covering a broad spectrum of clinical areas and factors that are related to this.

Study Design and Setting: A PubMed search was conducted to obtain a random sample of 100 RCTs published between 2008 and
2010 in journals from the ISI Web of KnowledgeS™ category of medicine, general and internal. Eligibility criteria for selecting studies were
primary publications of two-arm parallel randomized clinical trials, containing human participants and one or multiple follow-up measure-
ments whose availability depended on the patients’ willingness to participate.

Results: A significant amount of differential attrition was observed in 8% of the trials. The average differential attrition rate was 0.99
(95% confidence interval: 0.97—1.01), indicating no general difference in attrition rates between intervention and control groups. Moreover,
no indication of heterogeneity was found, suggesting that the occurrence of differential attrition in the published literature is mostly a chance

finding, unrelated to any particular design factors.

Conclusion: Differential attrition did not generally occur in RCTs covering a broad spectrum of clinical areas within general and in-

ternal medicine. © 2013 Elsevier Inc. All rights reserved.

Keywords: Differential attrition; RCT; Internal validity; Meta-analysis; Bias; Loss to follow-up

1. Introduction

Attrition or loss to follow-up after randomization is
a common problem in randomized controlled trials (RCTs)
[1,2], which complicates the statistical analyses and can
lead to bias in the findings [3]. When the degree of attrition
differs between the various treatment groups that are being
compared in an RCT, then this is typically called differen-
tial attrition. Because these groups are, if random allocation
is undertaken properly, comparable at baseline (e.g., in
terms of the study’s primary outcome), differential attrition
can be assumed to be a consequence of differences between
the groups that arose at some point after randomization
(e.g., because of perceived treatment efficacy, safety, or tol-
erability) [4]. For example, patients in the control group
who improve in terms of the study’s primary outcome
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might be more prone to complete follow-up measures than
those who do not improve, or treated patients (i.e., those in
the intervention group) may feel a general obligation to
complete follow-up measures [5]. Therefore, differential
attrition is usually regarded as a major threat to the internal
validity of a study (i.e., whether the intervention really did
cause a change in the outcome) [6], but insight into the
degree of differential attrition occurring in RCTs is limited.

Previous meta-analyses focusing on a single clinical area
found no differential attrition in trials regarding interventions
aimed at self-monitoring of blood glucose in type 2 diabetes
[7] and the use of serotonin-specific reuptake inhibitors in
treatment of posttraumatic stress disorder [8] but did find
differences when comparing atypical and typical antipsy-
chotic medications [9]. In a convenience sample of 10 trials
evaluating interventions for the treatment of musculoskeletal
disorders, all trials showed some level of differential attrition
between the treatment arms, ranging from 1% to 14% [10]. A
systematic review of comprehensive cohorts and two-stage
trials that measured or recorded patient or physician
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What is new?

o This study did not find evidence that differential at-
trition generally occurs in RCTs covering a broad
spectrum of clinical areas.

e Potentially anticipatable sources of differential at-
trition (e.g., differences in the number of contact
moments, additional advantages because of taking
part in the intervention) should be taken into ac-
count when designing an RCT.

e The average overall attrition is 13%, which can
be used as a rule of thumb in sample size calcu-
lations of future RCTs within general and internal
medicine.

preference found little evidence that preference affects val-
idity [11]. Furthermore, Puffer et al. [12] found evidence of
differential attrition in 4 of 36 cluster randomized trials
published in three general medicine journals. In only one
of these trials did the authors comment on this in the dis-
cussion section.

To our knowledge, no study exists that has examined
differential attrition in general (i.e., not focused on a single
clinical area). This makes it impossible to draw any gen-
eral conclusions about the degree of differential attrition
in RCTs. We therefore conducted the present study to
address the following key question: How often and to what
degree does differential attrition occur in RCTs covering
a broad spectrum of clinical areas within general and
internal medicine, and which factors may be related to
the degree to which differential attrition occurs in such
studies?

2. Methods

A systematic review and meta-analysis of a random
selection of RCTs published between 2008 and 2010 in
journals from the ISI Web of KnowledgeS™ category of
medicine, general and internal was conducted.

2.1. Search strategy

To identify the trials, we obtained the impact factors
(IFs) from the Journal Citation Reports Science Edition
2009 of ISI Web of Knowledge®™. To obtain a representa-
tive sample of articles from both higher and lower impact
journals, we selected the top 40 journals (IF: mean, 6.8;
standard deviation [SD], 9.3; median, 2.9; range, 1.8—
47.1), ranked these journals based on their IF, and created
4 groups of 10 journals, group 1 being the group with the
highest IF and group 4 with the lowest. Subsequently, we
searched PubMed for articles in each group with the

following restrictions: ((‘Randomized Controlled Trial”
[PT] OR “Controlled Clinical Trial” [PT] OR *“Clinical
Trial” [PT]) AND humans [MeSH Terms] AND English
[LA] AND 2008:2010 [DP] AND random* [TIAB]). This
resulted in 1,150 hits for group 1; 221 hits for group 2;
504 hits for group 3; and 99 hits for group 4; a total of
1,974.

2.2. Selection of trials

Each study identified in this manner then received a trial
identification number and was randomly assigned to one of
the investigators, who examined whether the article fitted
the inclusion criteria. In particular, the article had to be
the primary publication of a randomized clinical trial with
an identifiable intervention and control/comparison group.
Trials with more than two treatment groups or multifactor
studies were included if groups could be collapsed in a log-
ical manner (e.g., groups receiving varying dosages of
a medication could be collapsed into a single intervention
group). Furthermore, the trial should contain human partic-
ipants and one or multiple follow-up measurements whose
availability depended on the patients’ willingness to partic-
ipate (e.g., a trial that measured outcomes while patients
stayed in the clinic was excluded because of the limited
chance of loss to follow-up). If in doubt, inclusion of the
article was discussed with the rest of the research team until
a unanimous decision was reached. If an article did not fit
the inclusion criteria, a new article was randomly selected
based on the screening list.

This process was continued until the desired number of
studies was selected from each group. Proportional strati-
fied sampling (i.e., in proportion to the number of hits
per group) was used to select articles, with the goal of ob-
taining approximately 5% of the trials within each group.
Accordingly, we included articles until the following num-
ber of articles from each group was selected: 58 articles
from group 1; 12 articles from group 2; 24 articles from
group 3; and 6 articles from group 4; resulting in a total
of 100 articles (Fig. 1).

2.3. Analysis of RCTs

The final set of 100 articles included a wide variety of
trials, covering the following general categories: various
types of medication for a variety of different medical con-
ditions (e.g., uncomplicated acute cystitis, superficial vein
thrombosis), the benefits of vitamin supplementation (e.g.,
vitamin K in postmenopausal women with osteopenia), sur-
gical procedures (e.g., male circumcision, stent placement),
vaccination (e.g., hepatitis B), behavioral/counseling in-
terventions (e.g., computerized tailored physical activity
reports), and policy evaluations (e.g., removing direct
payment for health care). Each included RCT was indepen-
dently scored on the items shown in Table 1 by two inves-
tigators (the one who initially examined the article for



950 R. Crutzen et al. / Journal of Clinical Epidemiology 66 (2013) 948—954

1,974 records identified through
database search

276 full-text records randomly

sampled and assessed for eligibility

100 studies that fit

176 records excluded:

54 not (primary publication of) RCT
45 follow-up not patient dependent
39 more than two comparison groups
19 not a classic RCT
19 other reasons

inclusion criteria

96 studies included in
the meta-analysis

4 records excluded (number of subjects
lost to follow-up not available)

Fig. 1. Flowchart of study selection. RCT, randomized controlled trial.

suitability and one additional randomly chosen investi-
gator). Besides descriptive characteristics, these items con-
cerned factors potentially related to differential attrition
(e.g., intensity of treatment per group, type of control;
Table 1). These items were selected based on their face val-
idity in line with the study aim, determined on by all inves-
tigators before the start of collecting data. Disagreements
between the two scorers were resolved by discussion. The
intensity of the intervention, control condition, and follow-
up procedure were scored on a scale from 1 (lowest intensity;
e.g., only an information leaflet or single questionnaire) to 10
(highest intensity; e.g., severe surgical intervention or long-
term diary registration). The number of participants who re-
mained in the study in the intervention and control groups
was determined based on the primary outcome indicated
by the authors. Moreover, when multiple follow-up measure-
ments were taken, we recorded the number that remained at
the last time point that contributed to the primary analysis
(e.g., at 12 months, for a study with measurements at base-
line and at 3, 6, 9, 12, and 24 months after treatment, where
the primary analysis is a repeated-measures analysis for the
data up to month 12). For each study, we therefore obtained
a 2 x 2 table with the number of participants who were lost
to follow-up and the number that remained in the study in
the intervention and control groups.

2.4. Statistical analysis

For each study, we determined the proportion of partic-
ipants who were lost to follow-up after randomization in
the intervention and control groups (pr and pc, respec-
tively) based on the 2 x 2 table. We then calculated the
relative attrition rate (i.e., pr/pc), so that a relative attrition

rate greater than one indicates a higher attrition rate in the
intervention group, whereas a rate less than one indicates
a higher attrition rate in the control group. Studies with
no dropout in either the intervention or the control group
were handled by adding half to each cell in the 2 x 2 table,
which not only makes the computation of the log relative
attrition rate possible but also more generally acts as a bias
correction [13]. Studies with no dropout in both groups
were excluded from the analysis (a sensitivity analysis
including such studies leads to unchanged conclusions)
[13].

The log-transformed relative attrition rates were then
meta-analyzed based on a random-effects model, using
restricted maximum likelihood (REML) estimation to esti-
mate the amount of heterogeneity. We reported the (back-
transformed) estimated average relative attrition rate and
corresponding 95% confidence interval (CI), in addition
to the results from the Q test for heterogeneity and the I*
statistic. The rank correlation and regression test were used
to examine whether asymmetry was present in the funnel
plot [14].

Meta-regression analyses using mixed-effects models
were then conducted to examine whether the degree of
differential attrition was related to the IF group, differ-
ence between the treatment intensity in the intervention
and control groups, type of control group, whether partic-
ipants were blinded or not, follow-up duration, and
follow-up intensity. We examined these potential modera-
tors univariately and also jointly in a single meta-
regression model. Again, REML estimation was used to
fit these models.

For all models, we checked the data for outliers and in-
fluential cases using residuals and various case and deletion
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Table 1. Characteristics of included studies, stratified by group of journals
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Group

Characteristics 1 (N =58) 2(N=12) 3(N=24) 4 (N=6) Total (N = 100)
Intensity of the intervention® 4.5 (1.8) 3.8 (2.1) 3.9(1.5) 4.8 (2.1) 4.3 (1.8)
Intensity of the control® 3.5(1.8) 2.4 (2.0) 3.7 (1.8) 4.8 (2.1) 3.5(1.9)
Type of control, % (N)

Wait list/nothing 5.2 (3) 25.0 (3) 4.2 (1) 0 7.0 (7)

Care as usual 20.7 (12) 33.3(4) 12.5 (3) 0 19.0 (19)

Placebo/sham intervention 46.6 (27) 8.3 (1) 37.5(9) 33.3(2) 39.0 (39)

Alternative intervention 27.6 (16) 33.3(4) 45.8 (11) 66.7 (4) 35.0 (35)

Blinding of participants (yes), % (N) 18.8 (3/16) 0 54.5 (6/11) 25.0 (1/4) 28.6 (10/35)

Follow-up duration (mo), median (IQR) 10.0 (15.0) 6.5 (9.0) 2.0 (5.2) 1.4 (2.4) 6.0 (10.0)
Follow-up intensity? 3.4 (1.9) 2.7 (1.0) 3.6 (1.6) 4.5 (2.4) 3.4 (1.8)
Intention-to-treat analysis mentioned (yes), % (N) 86.2 (50) 50.0 (6) 58.3 (14) 33.3 (2) 72.0 (72)
Participants randomized into intervention, median (IQR) 167.0 (404) 182.5 (322) 62.5 (145) 44.0 (41) 120.5 (235)
Participants randomized into control, median (IQR) 158.0 (402) 148.0 (240) 73.5(129) 44.5 (40) 119.0 (217)
Participants retained in intervention, median (IQR) 137.0 (316) 159.5 (247) 42.0 (140) 38.0 (43) 107.5 (194)
Participants retained in control, median (IQR) 117.0 (317) 108.5 (194) 55.0 (121) 35.0 (40) 103.5 (186)
Handling of attrition, % (N)

Nothing (complete case analysis) 22.4 (13) 41.7 (5) 41.7 (10) 33.3 (2) 30.0 (30)

Imputation of missing values 37.9 (22) 41.7 (5) 25.0 (6) 33.3(2) 35.0 (35)

All available data analyzed 27.6 (16) 8.3 (1) 12.5 (3) 0 20.0 (20)

Other method 0 0 4.2 (1) 0 1.0 (1)

Unknown 8.6 (5) 8.3 (1) 12.5(3) 33.3(2) 11.0(11)
Attrition discussed in article (yes), % (N) 46.6 (27) 66.7 (8) 20.8 (5) 0 40.0 (40)

If attrition discussed, differential attrition 55.6 (15/27) 37.5 (3/8) 80.0 (4/5) NA 55.0 (22/40)

discussed in article (yes), %° (N)

Abbreviations: |QR, interquartile range; NA, not available.

Data presented as mean (standard deviation), unless stated otherwise. Groups of journals defined on the basis of 2009 impact factors.
@ Intensity measured on a scale from 1 (lowest) to 10 (highest intensity).

b Percentage of articles in which attrition was discussed (N = 40).

diagnostics [15]. All analyses were conducted in R [16] us-
ing the metafor package (written by W.V.) [17].

3. Results

Of the 1,974 articles that were obtained from the
PubMed search, a total of 276 articles had to be screened
to identify 100 eligible articles (36%). The numbers of ar-
ticles per group (and total number of articles screened for
eligibility in that group) were 58 (131) in group 1; 12
(32) in group 2; 24 (93) in group 3; and 6 (20) in group
4. Therefore, a total of 176 articles were not eligible and
excluded from the analyses: 54 (31%) because the article
did not present data from an RCT or because the article
was not the primary publication of the trial; 45 (26%) be-
cause the intervention or the follow-up measurement was
not patient dependent; 39 (22%) because the trial had more
than two comparison groups (and collapsing of groups was
not possible); 19 (11%) because the study was not a classic
RCT (e.g., Zelen design or equivalence trial), and 19 (11%)
for other reasons (e.g., “zero” follow-up time, or in other
words, the outcome of a study was assessed during the
same session as the treatment).

For 4 of the 100 studies (three in IF group 1 and one in
IF group 4), we were unable to extract or determine the

number of subjects that were lost to follow-up in the inter-
vention and control groups. In the remaining 96 studies, the
attrition rates ranged from 0 to 0.54 (0—54%) in the inter-
vention and from 0 to 0.62 (0—62%) in the control groups.
The average attrition rate was 0.13 (SD, 0.11; median, 0.11)
in both groups. As shown in Fig. 2, the distribution of the
attrition rates was heavily right skewed in both groups.

In 6 of the 96 studies, there was no dropout in both the
intervention and control groups. These studies were there-
fore removed from the analysis. In the remaining 90 stud-
ies, the relative attrition rates ranged from 0.19 to 5.00,
with the distribution centered visibly at a relative rate of
1 (Fig. 3). The distribution was not entirely balanced: in
53 of 89 cases (60%), the attrition rate was larger in the
control group (leaving out one study with a relative attrition
rate exactly equal to 1).

In 7 of the 90 studies (8%), the relative attrition rate dif-
fered significantly from 1 at o = 0.05 (two sided), which is
quite close to the number of significant findings one would
expect to obtain if the true relative attrition rate was equal
to 1 in all the studies. In fact, the average relative attrition
rate as estimated by the random-effects model was essen-
tially indistinguishable from 1 (i.e., 0.99 with 95% CI:
0.97—1.01). Moreover, the relative attrition rates were not
heterogeneous (Q[df = 89] = 87.86, P =0.51; P= 0%),
indicating that actual differential attrition observed in any
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particular trial can be attributed to pure random sampling
fluctuations. Three studies had disproportionately large
weights (one of which was based on more than 100,000
subjects) and therefore were quite influential, but their re-
moval did not change any of the conclusions. The funnel
plot for all 90 studies is shown in Fig. 4. Neither the regres-
sion test (P = 0.34) nor the rank correlation test (P = (0.55)
indicated asymmetry in the plot.

All the studies were unblinded where the control group
consisted of a wait list or received no treatment at all.
Moreover, all studies (except one) were unblinded where
the control group received care as usual. On the other hand,
all the studies using placebos or sham interventions were,
by definition, blinded. Only when the control group re-
ceived an alternative intervention was there any differenti-
ation between blinded and unblinded studies. Therefore, to
reduce the number of moderators tested, we collapsed these
two moderators into a single moderator with five levels

o
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Fig. 3. Distribution of the relative attrition rates.
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2. Distribution of the attrition rates in the (A) intervention and (B) control groups.

(Table 2). A mixed-effects model indicated that the average
attrition rates differed slightly across these five levels, with
studies using alternative intervention control groups with
blinding being significantly different from the other types
(all pairwise P <0.023). In those studies, the attrition rate
was estimated to be approximately 35% higher in the con-
trol groups. A close look at these studies revealed that this
mostly concerned trials comparing two active interventions,
in particular, two types of drugs.

There were also some slight differences in the estimated
attrition rates across the four IF groups, but none of the
pairwise differences was significant (all P > 0.45). Addi-
tional meta-regression models indicated that the relative
attrition rate was not influenced by differences in the treat-
ment intensity between the intervention and control groups
(P =0.51), follow-up duration (P = 0.33), or follow-up in-
tensity (P = 0.43). Finally, when using backward elimina-
tion with a meta-regression model where all moderators

0.40 0.00
| |

Standard Error
0.80
|

1.60
1

025 1.00 4.00 20.00 100.00

Relative Attrition Rate

Fig. 4. Contour-enhanced funnel plot of the relative attrition rates
(>1 indicates higher attrition rate in intervention group). White area:
P>0.1; light gray area: 0.05 < P < 0.1; dark gray area: 0.01 <P <
0.05; area outside funnel: P < 0.01.
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Table 2. Estimated average relative attrition rate (and 95% Cl) for the moderators IF group, type of control, and blinding

Moderator Levels Number of studies® Estimate 95% ClI
Type of control Waiting list/nothing 6 1.05 0.93-1.19
Care as usual 19 0.97 0.90—-1.05
Placebo/sham intervention 32 1.00 0.97-1.02

Alternative intervention

Without blinding 24 0.97 0.88-1.07
With blinding 9 0.74 0.60-0.92
IF group 1 53 0.99 0.96-1.02
2 12 0.97 0.89-1.06
3 21 1.02 0.91-1.15
4 4 0.88 0.55—-1.40

Abbreviations: 95% Cl, 95% confidence interval; IF, impact factor.

@ Number of studies included in the meta-regression analyses.

were included initially, we found again that the type of con-
trol group was the only significant factor.

As a post hoc analysis, we closely inspected the top 10%
and bottom 10% of studies (denoted as “‘extreme studies’”)
in terms of the relative attrition rate to identify possible fac-
tors related to differential attrition. These extreme studies
mostly concerned trials with relatively small sample sizes
(n per group < 50), which increase the likelihood of a study
being labeled as extreme. In the trials with relatively larger
sample sizes, there was more contact with patients in one of
the groups in three trials (offering follow-up services by
a team [18], differences in time being discharged from
the hospital [19], and a self-management program vs. a bro-
chure [20]), taking part in the intervention was more ap-
pealing in one trial (food supplementation vs. nutritional
advice [21]), and there was a higher discontinuation proba-
bly because of side effects of the drug in one trial (11% in
the intervention group and 1% in the control group) [22].
Therefore, this post hoc analysis revealed that differential
attrition might have been a serious issue in five trials (6%).

4. Discussion

This study did not find evidence that differential attrition
generally occurs in RCTs. We covered a broad spectrum of
clinical areas within general and internal medicine, but our
results are in line with studies focusing on a single clinical
area [7,8]. In five studies, we were able to account for
a rather high differential attrition rate based on the way
the control group was shaped (e.g., differences in the num-
ber of contact moments, additional advantages because of
taking part in the intervention). Such potentially anticipat-
able sources of differential attrition should be taken into ac-
count when designing an RCT.

Furthermore, the meta-regression analyses identified
“trials in which the control group received an alternative
intervention and participants were blinded” as the only fac-
tor being related to differential attrition. A relatively higher
attrition rate in these control groups could possibly be ex-
plained by a lack of perceived treatment efficacy. After this
reasoning, however, the attrition rate in control groups with

placebo/sham intervention should be even higher (as per-
ceived treatment efficacy is likely to be even lower), which
we did not find. Although interpreting these findings, how-
ever, it is important to keep in mind that the estimated
average relative attrition rate of all trials combined was es-
sentially indistinguishable from one and had a very narrow
CI. This, together with the lack of heterogeneity, suggests
that the occurrence of differential attrition in the published
literature is mostly a chance finding, unrelated to any par-
ticular design factors (e.g., type of control). This is in line
with a previous study identifying only a small number of
key relationships between patient characteristics and attri-
tion in general [23].

The factors examined in the present study were selected
based on their face validity and availability from the pub-
lished articles, but other possible factors are imaginable
(e.g., unintentional differences in the way the groups are
treated). It is unlikely, however, that there are unidentified
factors related to differential attrition in the present study
because the problem of differential attrition was generally
quite limited. Another valuable finding of the study at hand,
however, is the average overall attrition of 13%. This num-
ber can be used as a rule of thumb in sample size calcula-
tions of future RCTs within general and internal medicine.

Although the lack of asymmetry in the funnel plot
(Fig. 4) does not suggest the presence of publication bias
in one specific direction, it could be that there is a publica-
tion bias regarding trials in which there is strong differen-
tial attrition in either direction. The lack of heterogeneity
regarding relative attrition rates is in line with this possibil-
ity. This is, however, not problematic and indicates that
current review procedures are effective: RCTs in which dif-
ferential attrition is a problem are less likely to be pub-
lished (or submitted for publication).

Our conclusions are limited to RCTs published in the 40
general and internal medicine journals included in our sam-
ple. A strength of the present study, however, is the system-
atic way in which trials were randomly sampled from
recently published RCTs in these journals and indepen-
dently scored by two investigators. This is in fact one of
the rare cases where a meta-analysis can be said with con-
fidence to provide a representative sample of studies
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because there is a clearly defined population of studies from
which a random sample of studies was taken. This method-
ology can be applied to analyze the potential problem of
differential attrition in other fields. Although RCTs in this
study already covered a broad spectrum of clinical areas,
we feel that it might be worthwhile to conduct a comparable
study among nonpharmaceutical trials only. It is imagin-
able, for example, that differential attrition might be a prob-
lem in interventions aimed at behavior change in primary
prevention (e.g., smoking cessation, increased physical ac-
tivity). Efficacy trials regarding these types of interventions
are normally unblinded. Moreover, participants in these tri-
als are often highly motivated (e.g., they participate despite
that they do not experience illness) and, therefore, have
high expectations regarding treatment efficacy. Future re-
search is needed to determine whether this leads to a higher
degree of differential attrition in these types of trials. In
RCTs within general and internal medicine, however, the
problem of differential attrition is currently very limited.
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