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The reliability and interpretability of results from clinical trials can be
substantially reduced by missing data. Frequently used approaches
to address these concerns, such as upward adjustments in sample
sizes or simplistic methods for handling missing data, including
last-observation-carried-forward, complete-case, or worst-case anal-
yses, are usually inadequate. Although rational imputation methods
may be useful to treat missingness after it has occurred, these
methods depend on untestable assumptions. Thus, the preferred
and often only satisfactory approach to addressing missing data is

to prevent it. Procedures should be in place to maximize the like-
lihood that outcome data will be obtained at scheduled times of
evaluation for all surviving patients who have not withdrawn con-
sent. To meaningfully reduce missing data, it is important to rec-
ognize and address many factors that commonly lead to higher
levels of missingness.
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The reliability and interpretability of results from ran-
domized clinical trials is greatly influenced by the qual-

ity of trial conduct. A factor having a substantial effect on
this quality is the amount of missing data, particularly
when patients who are lost to follow-up have an inherently
different level of frailty and prognosis. Such missingness
induces risk for substantial bias.

A recent study illustrates the important differences be-
tween patients who have and those who do not have miss-
ing data and the resulting inadequacy of some simplistic
approaches to handling missingness that are popular, par-
ticularly in regulatory settings (1). The study described
changes from baseline in 6-minute walk distance over 48
months in patients with pulmonary arterial hypertension
who were receiving sildenafil. In the Figure, at each sched-
uled visit, it is clear that patients who are about to discon-
tinue follow-up are less vigorous. A complete case estimate
of 6-minute walk distance, defined by averaging the out-
come of patients who remain under observation, would
provide a significant overestimate of the true long-term
performance of the original cohort of patients in the trial
because patients remaining under follow-up tend to have a
more favorable clinical course. A last-observation-carried-
forward analysis also would provide an overestimate be-
cause patients who discontinue are likely to have continued
decline in stamina, and some will die soon after discontin-
uation of follow-up. Imputing the worst possible outcome
for those with missing data would be justified for patients who
have died (2) and may be appropriate for those too ill to
complete the 6-minute walk distance assessment but would
underestimate the clinical course for others who do not have a
rapid decline when they are no longer under observation.

A preferred approach to addressing missing data is to
prevent it. In order to preserve the integrity of randomiza-
tion, all patients should be followed until the complete
capture of trial outcomes (3–5), even after patients have
discontinued randomized treatment or initiated other in-
terventions. Achieving such follow-up enables the conduct
of a proper “as-randomized” analysis in which the study
outcome is assessed in all patients (6). This analysis evalu-
ates an intervention as part of an experimental regimen
that also includes effects of ancillary care and rescue ther-

apies that might be provided to patients and addresses the
questions of greatest relevance to real-world settings be-
cause of its unconditional nature (7). In contrast, a “per-
protocol” analysis that includes only patients who have
adhered closely to what is prescribed in the study protocol
does not maintain the comparability of treatment groups
that randomization provides because it excludes randomly
assigned participants on the basis of outcomes after base-
line. It also addresses only a conditional situation that
would not validly apply to the entire set of eligible patients,
diminishing its relevance and interpretability in the real-
world setting (8). Per-protocol analyses of safety outcomes
that truncate follow-up soon after treatment discontinua-
tion also are problematic, especially about the evaluation of
treatment-induced risks that could arise on a delayed basis.

Procedures should be in place to maximize the likeli-
hood that outcome data will be obtained at scheduled
times of evaluation for all surviving patients who have not
withdrawn consent. This article discusses approaches to the
design, conduct, and analysis of clinical trials that will en-
hance the reliability of results by reducing missingness.

ADDRESSING FACTORS IN TRIAL DESIGN THAT

INFLUENCE LEVELS OF MISSING DATA

The level of missing data can be reduced by creative
approaches in the formulation of protocols, informed con-
sents, and data collection forms, as well as in the selection
and education of both investigators and patients.

First, there should be proper distinction in study pro-
tocols between reasons for nonadherence (that is, for not
receiving randomized therapy and hence for being “off
study treatment”) versus nonretention (that is, for not ob-
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taining outcome information and hence for being “off
study”) (9). There are only 2 valid reasons a patient can be
off study: withdrawal of consent or the achievement of all
required efficacy and safety end point information. If study
end points are properly defined, the occurrence of death
satisfies the latter condition rather than inducing missing
data. Unfortunately, it is common for protocols to provide
a long list of reasons that the patient will be off study, such
as inability to tolerate the intervention, toxicity, physician
choice, or need for other therapies. These may be valid
reasons for nonadherence (for being off study treatment),
but not for nonretention (for being off study). The proto-
col should separately list the 2 reasons a patient could go
off study and the many reasons the patient could go off
study treatment, with an indication that all reasonable ef-
forts should be made to ensure patients who go off study
treatment be consistently followed for outcomes unless
they have withdrawn consent. The terminology inactive

rather than lost to follow-up or off study has been suggested
for missing patients who have not withdrawn consent to
reflect the possibility of achieving resumption of adherence
or recovery of missing data (10).

Second, the term withdrawal of consent should not be
used simply because the patient no longer wishes to receive
randomized treatment or actively continue to return for
follow-up assessments or simply to justify why efforts are
not being made to continue to follow some patients who
have discontinued their randomized intervention (9).
Rather, the term should be used only when the patient no
longer wishes to participate in the trial and no longer au-
thorizes the investigators to make efforts to continue to
obtain their outcome data. Ideally, if patients withdraw
their consent, it should be done in writing (11). The rates
of properly validated withdrawal of consent usually should
be in the range of 1%, although higher rates might be
expected in antipsychotic settings or where patients have
impaired cognitive function. It is important that investiga-
tors be educated and evaluated about the proper use of the
term withdrawal of consent, and data monitoring commit-
tees should regularly assess whether the term was being
used properly.

Third, patients should be adequately educated during
the informed consent process about the continued scien-
tific relevance of their data even if they discontinue treat-
ment, as well as the deleterious effect that missing data has
on trial integrity and credibility (8, 12–15). Patients join
trials not only for their own personal gain but also for
altruistic reasons. Although they should be informed that
they can withdraw consent at any time, they also deserve to
be informed that missing data diminish the scientific value
of all patients’ altruistic contributions. Wording to this
effect has been successfully added to informed consent
forms to enable patients to make more informed decisions
about their willingness to join a trial and to participate in
continued follow-up without feeling inappropriately pres-
sured to do so (10).

Fourth, protocols should not give a misleading sense
that biostatisticians have adequately corrected for the neg-
ative effect of substantial levels of missing data. Specifically,
sections on statistical considerations frequently indicate
that 10% to 50% increases in sample size have been made
to address expected levels of missing data. Clarification is
lacking that such adjustments in sample size address only
the variability and not the bias induced by missing data so
that these adjustments simply result in obtaining more pre-
cise biased estimates.

Fifth, protocols should specify the performance stan-
dards that should be met to achieve high quality of trial
conduct, including specification of targeted levels of data
capture (16). A performance standards document should
be developed before finalization of the study protocol that
specifies targets about the enrollment and eligibility rates,
event rate, adherence and retention rates, and currentness
of data capture.

Key Summary Points

Often the only satisfactory approach to addressing missing
data is to prevent it.

It is important to pursue many approaches to reduce the
occurrence of missing data.

Protocols should more clearly distinguish between reasons
for taking a patient “off study treatment” (nonadherence)
vs. “off study” (nonretention).

Follow-up should not be discontinued because of inappro-
priate characterization of “withdrawal of consent.”

The informed consent process should more clearly alert
patients to the negative effect that incomplete capture of
outcomes has on trial integrity and credibility.

Protocol-specified increases in sample sizes to address
missing data should be recognized to simply produce more
precise biased estimates.

Protocols should specify performance standards for achiev-
ing high quality of trial conduct, including high levels of
data capture.

Studies should involve only those investigators who are
committed to follow all patients until death or capture of
all trial outcomes, even if the patients have discontinued
randomized treatment or initiated other interventions.

Creative and effective procedures should be implemented
during enrollment and follow-up to enhance achieving
prespecified targeted levels of retention.

An oversight process should be in place during trial con-
duct to ensure the achievement of performance standards,
including targeted levels of data capture.
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Finally, forms and procedures for data collection
should include creative approaches to reduce missing data
(12). The burden on patients should be minimized by re-
ducing the number of visits and assessments conducted,
reducing the number of variables collected, formulating
user-friendly case report forms, and enlarging the visit win-
dow. Investigators should be screened for their track record
for retention and should be well trained in procedures to
maximize data capture.

IMPLEMENTING PROCEDURES DURING ENROLLMENT

AND FOLLOW-UP THAT INFLUENCE MISSINGNESS

Creative and effective procedures should be imple-
mented during enrollment and follow-up to enhance the
likelihood of high levels of retention. Such procedures are
illustrated by HIVNET (HIV Network for Prevention Tri-
als) 012, which was designed to evaluate a regimen to re-
duce the risk for mother-to-child transmission of HIV in
developing country settings (17). The HIV status of in-
fants was to be assessed through 18 months after delivery.
Many believed targeted levels of at least 95% retention
could not be achieved in such settings because mother–
infant pairs who were coming into Kampala, Uganda, to
participate in the trial were very mobile and living “up
country” without home addresses.

The HIVNET 012 research team recognized that the
level of bias from missing data would not be lower simply
because it would be more difficult to achieve retention. To
reduce this risk for bias, the team formed a group of health
visitors trained as health social workers, community health
educators, or home visitors for maternal and child health,
who had several important roles, including increasing re-
tention (18).

The health visitors, assigned to participants by geo-
graphic area, increased retention by creating rapport, at
first with the participants and then with their families.
They provided education about primary health care com-
ponents, such as nutrition, family planning, and immuni-
zations. They also assured participants of their confidenti-
ality and observed customer care principles, making
participants comfortable, thanking them when they came
for scheduled visits to the clinic, and demonstrating caring
attitudes toward the sick.

The health visitors obtained locator information from
the participants and additional information about contacts
to assist in achieving effective follow-up. They made regu-
lar home visits to keep close contact, strengthen relation-
ships, and provide reminders about scheduled visits. The
health visitors recorded daily activities in report forms, held
monthly meetings to evaluate their activities and solve
problems, and attended regular meetings with the trial’s
principal investigators and study coordinators to share up-
dates on each participant.

The landmark HIVNET 012 trial established an eco-
nomically and practically feasible intervention in a devel-

oping country setting to be safe and effective. Its integrity
was substantially enhanced by high levels of retention.
Contrary to claims that even short-term rates of loss to
follow-up would be at least 20%, infant HIV status was
captured in 97.1% of the 619 mother–infant pairs in the
HIVNET 012 trial at the week 14 to 16 visit and in 95.5%
at the month 18 visit (19).

IMPLEMENTING OVERSIGHT PROCESSES DURING TRIAL

CONDUCT TO ENHANCE RETENTION

Regular oversight by peer reviewers during a trial can
improve the implementation of creative procedures for en-
hancing the quality of trial conduct, such as those proce-
dures specified in the HIVNET 012 trial to improve re-
tention. For illustration, the networks sponsored by the
National Institute of Allergy and Infectious Diseases con-
ducting HIV prevention trials have created multidisci-
plinary “study monitoring committees” that meet during
the trial to conduct periodic reviews of data pooled across
intervention groups. Their goal is to assess whether pre-
specified targets for performance are met for measures,
such as the enrollment and eligibility rates, event rate, ad-
herence and retention rates, and currentness of data cap-

Figure. Change from baseline in 6-minute walk distance
over 48 months after initiation of treatment in patients with
pulmonary arterial hypertension.
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At each scheduled visit, the average change from baseline in 6-minute
walk distance is plotted separately for the subgroups that will and will
not remain under follow-up at the time of the next scheduled visit. The
numbers above the squares represent, at each scheduled visit, the number
of patients in the subgroup that will remain under follow-up at the time
of the next scheduled visit. Hence, these are the numbers of patients who
contribute to the calculations of the means and the 95% CIs for that
subgroup.
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ture, and then to make recommendations about steps that
could be implemented to improve these rates. The study
monitoring committee has semi-independent membership
that includes network researchers who do not have leader-
ship responsibilities in the trials. Its findings are reported to
the independent data monitoring committee, and both
committees can assess the appropriateness of trial continu-
ation if these findings reveal serious and uncorrected defi-
ciencies in trial conduct. Substantial improvements in re-
tention achieved in many trials having oversight by study
monitoring committees have been among the important
benefits of this oversight process.

ILLUSTRATING CREATIVE APPROACHES TO REDUCE

MISSING DATA AND ITS EFFECT ON TRIAL INTEGRITY

In psychotherapy research, clinical trials often have
had high levels of missing data. This resulted from frequent
nonadherence to study regimens and widely implemented
practices of either excluding patients who did not complete
the protocol-specified randomized treatments or discon-
tinuing follow-up after randomized treatments were
stopped. Creative approaches were implemented in the
evaluation of treatments for posttraumatic stress disorder
to effectively reduce missingness and thus enhance the re-
liability and relevance of results to real-world clinical prac-
tice (8, 20). Trials were designed by using a clinically rel-
evant control regimen that represented a true version of
standard of care; reducing restrictions about patient access
to ancillary care during the trial; defining relatively nonre-
strictive eligibility criteria; allowing enrollment of patients
from diverse clinical settings; evaluating a range of out-
come measures beyond the target symptoms assessed in the
primary end point; and educating patients and investiga-
tors about the importance of continuing follow-up, even
after treatment discontinuation or initiation of rescue in-
terventions. In one posttraumatic stress disorder trial, the
level of missingness that would have been greater than 30%
was reduced to less than 10% by using the procedures
mentioned (8). In the same study with high levels of re-
tention, the primary analysis indicated lack of benefit on
any outcome measure, in contrast to a misleading indica-
tion of benefit when analysis was restricted to patients who
completed treatment.

APPROACHES TO AVOID

Some approaches for reducing the risk for missing data
should be avoided. Changing the definition of a primary
end point to reduce the risk for missing data would be
inappropriate if such a change meaningfully compromises
the end point’s clinical relevance. For example, reducing
the follow-up to obtain a reduction in patients with miss-
ing data should not be encouraged in chronic disease set-
tings when it is important to understand the longer-term
benefit–risk profile of the experimental intervention. Fur-

thermore, the clinical relevance of a time-to-event end
point based on the composite of events, “progression of
major symptoms,” and “death” often would be meaning-
fully compromised by forming a broader composite that
also includes the event “discontinuation of treatment” or
“exposure to rescue treatment.” Compromising clinical rel-
evance is an unacceptable price to pay to eliminate the risk
for informative missingness that occurs through failure to
follow patients after they have discontinued randomized
interventions.

SUMMARY

Missing data on outcome measures in clinical trials
meaningfully reduce the integrity and interpretability of
results, adversely affecting science and thus the medical
community pursing an evidence-based practice of medi-
cine. The effect is substantial when a nontrivial fraction of
patients have missing data on primary and secondary effi-
cacy and safety end points in the trial and when mecha-
nisms for missingness are related to or informative about
the outcome measures. For too long, there has been over-
reliance on methods to adjust for missing data in clinical
trials. Worse yet, these methods often have been naively
inadequate, such as making adjustments in sample size
that address the variability but not the bias induced by
missingness or using simplistic approaches, such as last-
observation-carried-forward, complete-case, or worst-case
analyses.

Although rational imputation methods may be useful
to treat missingness after it has occurred, all such methods
depend on untestable assumptions. The preferred and of-
ten only satisfactory approach to addressing missing data is
to prevent it. Among the procedures that should be in
place to reduce missing data are training of investigators
about the importance of retention (9, 12) and obtaining
signed investigator agreements indicating commitments to
continue follow-up efforts even after patients have discon-
tinued randomized treatment or initiated other interven-
tions. Consideration should be given to discontinuing sites
at which investigators are unable or unwilling to achieve
this level of data capture. The Key Summary Points and
the Institute of Medicine’s extensive report about handling
missing data (12) provide additional approaches to reduc-
ing missingness by addressing the many factors that com-
monly contribute to missing data. There is wisdom in the
recognition that “an ounce of prevention is worth a pound
of cure.”

From the University of Washington, Seattle, Washington.
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presentation at the National Academy of Sciences Workshop on the
Handling of Missing Data in Clinical Trials.
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