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WHAT’S KNOWN ON THIS SUBJECT: Existing clinical research
policy does not guarantee availability of results. Registration on
the Web site ClinicalTrials.gov and the Food and Drug
Administration Amendments Act improved transparency in
pediatric clinical research. Registration and publication remain
voluntary for many trials involving children.
WHAT THIS STUDY ADDS: Only 29% of completed registered studies
and 53% of National Institutes of Health–funded trials involving
children were published. Numbers of studies are increasing.
Registration and posting of results on ClinicalTrials.gov should be
mandatory for all studies involving children.

abstract
BACKGROUND AND OBJECTIVE: Effective health care for children must
be based on thorough analyses of the best research evidence. The objective of this study was to examine registration, completeness, and
publication of studies involving children.
METHODS: We searched the ClinicalTrials.gov registry to identify all
closed studies involving children and examined them for completeness
and availability of results. We examined publication in peer-reviewed
journals for 160 randomly selected National Institutes of Health (NIH)–
funded studies from 2000 through 2010 and for 758 randomly selected
completed studies.
RESULTS: Of 3428 closed studies involving children identiﬁed in ClinicalTrials.gov, 2385 (70%) were completed, 28 (0.8%) suspended, 152 (4.4%)
terminated, and 38 (1.1%) withdrawn. The proportion of non-completed
studies (terminated and suspended) increased linearly by 186% between
2001 and 2009, from 1.9% to 8.4%. Of the 152 terminated studies, 48 did
not report reasons for termination, 21 cited safety concerns, and 83
cited poor recruitment or other administrative reasons. Only 29% of
completed studies were published. Publication that did occur was an
average of 2 years after study completion. Completed interventional
studies were published more often than observational studies.
Completed industry-funded studies were published less often than
studies funded by the NIH. Registered NIH-funded trials were published
more often than unregistered.
CONCLUSIONS: Results are unavailable for more than half of the studies involving children, revealing a substantial publication bias. Registration and posting of results on ClinicalTrials.gov should be mandatory
for all studies involving children. Pediatrics 2012;129:e1291–e1300
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Effective health care for children requires thorough analysis of the best
research evidence.1 Evidence-based
health care decisions rely on investigators reporting the results of all
studies, including those not completed
or completed but not published.2 Lack
of comprehensive information threatens the transparency and integrity of
research.3
Publication bias (ie, when publication
decisions are based on the direction
and signiﬁcance of the results) is a serious concern.4 Studies showing a positive signiﬁcant beneﬁt from examined
treatments are more likely to be published. Publication bias can distort the
basis of treatment decisions.5–7
Several regulations have helped to improve transparency and public oversight
of clinical studies involving children. In
2000, the National Institutes of Health
(NIH) requested (but did not mandate)
that clinical trials assessing pharmacological treatments for serious or lifethreatening diseases be registered in
the online database ClinicalTrials.gov,
a Web site established by the National
Library of Medicine.8 Since 2000, 26 870
studies involving children have been
registered on ClinicalTrials.gov, providing detailed information about interventions, outcomes, and sponsors.9–11
In 2005, the International Committee
of Medical Journal Editors required
registration of all clinical studies as a
condition of publication.12 However, registration and publication of studies remain
voluntary. Although policies vary among
pediatric journals that publish trials,
Pediatrics does require that trials be
registered as a condition of publication.13
The Food and Drug Administration
(FDA) Amendments Act (FDAAA) of 2007
requires many studies to provide
ClinicalTrials.gov with the study ﬂow,
baseline subject characteristics, and
outcomes after active and control
interventions within 1 year of study
completion (phase II–IV interventional
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studies; studies involving FDA-regulated
drugs; biological products or medical
devices; studies having at least 1 site in
the United States or conducted under
an investigational new drug application or investigational device exemption; and studies initiated or ongoing as
of September 27, 2007, or later).14–19
Published analyses of compliance with
registration and reporting have demonstrated substantial bias in selecting
and publishing outcomes.20,21 Results of
only 7.5% of phase II through IV clinical
trials involving children were posted on
ClinicalTrials.gov.22 Registration, completeness, publication, and posting of
results from studies involving children
have not been previously examined. We
investigated registration rates for NIHfunded studies involving children; rates
of completion, termination, or suspension of registered studies involving children; and how often investigators whose
research involved children published
their results in peer-reviewed journals
or posted results on ClinicaTrials.gov.

METHODS
We searched the Research Portfolio
Online Reporting Tools (RePORT) grant
database (available at http://projectreporter.nih.gov/reporter.cfm) on August 16, 2010, to ﬁnd NIH-funded
studies involving children. We used key
words “child” AND “trial” or “randomized controlled clinical trial” in
the years 2000 through 2010 to ﬁnd all
closed studies involving children sponsored by the NIH during this time period.
This database does not provide search
options using medical subject headings
nor does it identify registration or
recruitment status. To explore potential bias, we examined registration
rate differences by funding institutes
within the NIH.
We randomly selected 160 of all funded
trials to ascertain whether they were
(1) registered on ClinicalTrials.gov and
(2) published in peer-reviewed journals

indexed in Medline. Random selection
was conducted by using the unique
grant number. We estimated a need for
80 studies to detect statistically signiﬁcant differences at a 95% conﬁdence
interval (CI) with statistical power of
80%, assuming a 25% vs 10% rate difference in registration of studies funded by different institutions. We excluded
instances of continued funding of the
same project titles.
To identify registration status of the
NIH-funded studies, we used the grant
number of each study to search ClinicalTrials.gov. To identify peer-reviewed
publication of NIH-funded trials, we
used the grant number of each study to
search PubMed. We separately determined the proportion of published
studies to test the hypothesis that registered studies were more likely to be
published. We also analyzed time intervals between each study’s end date and
ﬁrst publication date.
To evaluate the completeness of studies registered in ClinicalTrials.gov, we
searched that database for all closed
studies (exact string is “Closed Studies |
Child”) involving children exclusively. We
used the exact data provided by sponsors, relying on quality assurance conducted by registry personnel (Table 1).19
We used theClinicalTrials.gov classiﬁcation scheme for interventions to look for
differences in reporting rates.
To evaluate peer-reviewed publication
of registered studies involving children, we randomly selected and examined 30% of the completed studies. We
conducted random selection by using
the unique National Clinical Trial (NCT)
number (SAS codes are available from
the authors by request). We reviewed
the publication status of all terminated
and suspended studies from ClinicalTrials.gov, assessed the reasons
for suspension or termination provided
on ClinicalTrials.gov, and categorized
them according to whether they were
“safety related” (deﬁned as signiﬁcant
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TABLE 1 Deﬁnitions of Data Elements Available for Downloading From ClinicalTrials.gov
Field Name
NCT ID
Other IDs
Title
Acronym
Funded bys
Sponsors
Recruitment

Conditions
Study types
Study designs
Phases
Study results

Interventions

Outcome measures

Gender
Age groups
Enrollment
First received
Start date
Completion date
Last updated
Last veriﬁed
Primary completion date
Why study stopped? (not available for
downloading)

Deﬁnition of the Data Element
The ClinicalTrials.gov identiﬁer
Other identiﬁcation numbers assigned to the protocol, including unique identiﬁers from other registries and NIH grant
numbers
Ofﬁcial name of the protocol provided by the study principal investigator or sponsor
Acronym or initials used to identify this study
Funding source as industry, NIH, US federal government, network, or other
Name of primary organization that oversees implementation of study and is responsible for data analysis
Enrolling by invitation: participants are being (or will be) selected from a predetermined population.
Active, not recruiting: study is ongoing (ie, patients are being treated or examined), but participants are not currently
being recruited or enrolled.
Completed: the study has concluded normally; participants are no longer being examined or treated (ie, last patient’s
last visit has occurred).
Suspended: recruiting or enrolling participants has halted prematurely but potentially will resume.
Terminated: recruiting or enrolling participants has halted prematurely and will not resume; participants are no
longer being examined or treated.
Withdrawn: study halted prematurely, before enrollment of ﬁrst participant.
Primary disease or condition being studied, or focus of the study. Diseases or conditions should use the National Library
of Medicine’s Medical Subject Headings (MeSH) controlled vocabulary when possible.
Interventional or observational studies
Purpose, phase, treatment allocation, masking of the treatment status; type of primary outcome or endpoint that the
protocol is designed to evaluate
Phase of investigation, as deﬁned by the US FDA for trials involving investigational new drugs
Participant Flow
Baseline Characteristics
Outcome Measures and Statistical Analyses
Adverse Events Information
Administrative Information
“Applicable clinical trials” generally include interventional studies (with 1 or more arms) of drugs, biological
products, or devices that are subject to FDA regulation, meaning that the trial has 1 or more sites in the United
States; involves a drug, biologic, or device that is manufactured in the United States (or its territories); or is
conducted under an investigational new drug application (IND) or investigational device exemption (IDE).
However, all studies registered at ClinicalTrials.gov are eligible for results submission
Drug (including placebo)
Device (including sham)
Biological/Vaccine
Procedure/Surgery
Radiation
Behavioral (eg, Psychotherapy, Lifestyle Counseling)
Genetic (including gene transfer, stem cell, and recombinant DNA)
Dietary Supplement (eg, vitamins, minerals)
Speciﬁc key measurement(s) or observation(s) used to measure the effect of experimental variables in a study or, for
observational studies, to describe patterns of diseases or traits or associations with exposures, risk factors or
treatment
Physical gender of individuals who may participate in the protocol
Age of participants.
Number of subjects in the trial
Date the protocol information was received (retrospective registration for the studies started before 2000 is possible)
Date that enrollment to the protocol begins
Final date on which data were (or is expected to be) collected
Date the protocol information was updated
Date the protocol information was last veriﬁed
The date that the ﬁnal subject was examined or received an intervention for the purposes of ﬁnal collection of data for
the primary outcome, whether the clinical trial concluded according to the prespeciﬁed protocol or was terminated
A brief explanation of why suspended, terminated, or withdrawn studies have been halted or terminated

harms or lack of efﬁcacy)23 or “other”
(eg, poor recruitment, economic, or organizational reasons).
We tested the association among availability of results from registered studies

with participant characteristics, study
methodology, and funding source. Results
of registered studies were available for
the public when sponsors posted outcomes on ClinicalTrials.gov or published

them in peer-reviewed journals. We
compared proportions of (1) completed and noncompleted studies, (2)
studies with and without results posted
on ClinicalTrials.gov, and (3) studies
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published or not in peer-reviewed journals. We compared the proportions by
using x 2 tests and Fisher exact tests in
cases of small numbers.
We examined time intervals between
study completion or termination and
posting of results on ClinicalTrials.gov,
and between study completion and
publication in peer-reviewed journals.
We used logistic regression and calculated odds ratios (ORs) with 95% CIs
for all comparisons. All calculations
were performed with the frequency
procedure by using SAS 9.1 software
(SAS Institute Inc, Cary, NC) at 95% CIs
with two-sided P values.24

(6%) studies involving exclusively children for the analysis.
Completeness of the Registered
Studies Involving Children
The majority of the studies were completed (Table 2). Suspended, terminated, or withdrawn studies (28, 152,
and 38, respectively) constituted 6.4%
of all closed studies involving children.
The proportion of noncompleted studies (terminated and suspended) increased linearly by 186% between 2001
and 2009, from 1.9% to 8.4% (R2 for
linear trend 84%).
Terminated Studies

RESULTS
Registration of NIH-Sponsored
Studies Involving Children
We retrieved 1571 studies from the RePORT grant database. We randomly selected 160 unique pediatric studies after
deleting duplicate records of continuous
grants (Supplemental Fig 2). Of the 160
studies in our sample, only 52 (33%)
were registered on ClinicalTrials.gov. The
RePORT database provides insufﬁcient
detail about study designs and protocols
to determine whether a study was
subject to the FDAAA requirements for
registration and posting of results.
However, we searched speciﬁcally for
trials described as randomized controlled clinical trials, for which registration should have been a publication
requirement.
Odds of registration varied across sponsoring agencies (Supplemental Table 4).
Studies sponsored by the National Heart,
Lung and Blood Institute were registered
more often than studies funded by other
NIH institutes.
Registered Studies Involving
Children
We retrieved 57 299 records of closed
studies from ClinicalTrials.gov, eliminating 66 because of misplaced ﬁelds. From
the remaining 57 233, we identiﬁed 3428
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Odds of termination varied across study
categories (Supplemental Table 5).
Studies that examined medical devices
were terminated more often than those
that examined biological agents (OR
of termination, 4.5; 95% CI: 1.1–19.3).
Studies that examined drugs were
terminated more often than those
that examined disease management
(OR: 6.6; 95% CI: 2.1–21.0) or biological
agents (OR: 3.9 95% CI: 2.0–7.6). Studies
that examined procedures were terminated more often than those that examined biological agents (OR: 3.4; 95%
CI: 1.4–8.7). Odds of termination did not
differ between industry- and NIH-funded
studies (OR: 0.9; 95% CI: 0.5–1.7).
Of 152 terminated studies, 48 (32%) did
not report reasons for termination, 21
(14%) cited safety-related reasons, and
83 (55%) cited poor recruitment or
other administrative reasons. Odds of
termination due to safety did not differ between industry- and NIH-funded
studies. Neither odds of termination
due to safety nor odds of failing to report reasons for termination differed
by funding source or intervention type.
Safety-related reasons for termination
varied across the studies (Supplemental
Table 6). In many cases, study termination
was initiated by institutional review
boards or by data safety monitoring

boards. Terminated studies lasted 2
years on average. Results of only 7
terminated studies were posted, and
3 of those cited safety as the reason
for termination.
Suspended Studies
Of the 28 suspended studies, 7 (25%) did
not report reasons for suspension, 7
(25%) reported safety reasons, 11 (39%)
reported other reasons, and 3 (11%)
changed their status to active. Safetyrelated reasons for suspension varied
across the studies (Supplemental Table
4). For instance, studies could be suspended for lack of approval from institutional review boards (NCT00176956;
NCT00577226), an FDA hold (NCT00589953),
or decisions from other regulatory
agencies (NCT00657748). Suspended
studies lasted on average 2.8 years,
and none of their results were posted
on ClinicalTrials.gov.
Posting of the Results From the
Registered Studies Involving Children
The results from the majority of studies
involving children were not posted on
ClinicalTrials.gov (3249 or 95%; Table 2).
The results of industry-funded studies
were posted more often than NIHfunded studies (OR: 13.9; 95% CI: 5.1–
37.6; Supplemental Table 7). The results
of interventional studies were posted
more often than observational studies
(OR: of posting 3.6; 95% CI: 1.8–7.4). The
results of phase III clinical trials were
posted more often than phase II (OR:
2.6; 95% CI: 1.6–4.1) or phase IV clinical
trials (OR: 1.6; 95% CI: 1–2.4). The
results of studies that examined biological agents were posted more often than studies of medical devices
(OR: 7.6; 95% CI: 1.8–31.6), drugs (OR: 2.0;
95% CI: 1.4–2.8), or all other interventions combined (OR: 8.1; 95% CI: 4.4–14.8;
Table 3). The results of drug studies
were posted more often than studies
of all other interventions combined
(OR: 4; 95% CI: 2.2–7.3).
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TABLE 2 Studies Involving Children by Recruitment Status and Posting of the Results on ClinicalTrials.gov
Study Characteristics

Active, Not Recruiting

Completed

Enrolling by Invitation

Suspended

Terminated

Withdrawn

Total

Total
%
Gender
Both
Posted results
Female
Posted results
Male
Posted results
Study type
Interventional
Posted results
Observational
Posted results
Phase of clinical trial
Phase 0
Posted results
Phase I
Posted results
Phase II
Posted results
Phase III
Posted results
Phase II| phase III
Posted results
Phase IV
Posted results
Type of intervention
Behavioral
Posted results
Biological
Posted results
Device
Posted results
Diet
Posted results
Dietary Supplements
Posted results
Disease Management
Posted results
Drug
Posted results
Education
Posted results
Genetic
Posted results
Other
Posted results
Procedure
Posted results
Radiation
Posted results
Exercise
Posted results
Funding
Industry
Posted results
National Institutes of health
Posted results
Total with the results
Total without the results

738
21.53

2385
69.57

87
2.54

28
0.82

152
4.43

38
1.11

3428
100

705
4
21
0
11
0

2300
162
51
6
34
0

85
0
1
0
1
0

28
0
0
0
0
0

148
7
2
0
2
0

36
0
2
0
0
0

3302
173
77
6
48
0

616
4
122
0

2090
160
295
8

59
0
28
0

23
0
5
0

132
7
20
0

31
0
7
0

2951
171
477
8

3
0
46
0
101
0
166
4
29
0
82
0

4
0
143
4
355
21
773
94
47
1
315
30

2
0
3
0
6
0
10
0
2
0
7
0

0
0
2
0
4
0
11
0
0
0
2
0

0
0
7
0
21
0
46
6
3
0
30
0

0
0
1
0
5
0
9
0
0
0
3
0

9
0
202
4
492
21
1015
104
81
1
439
30

140
0
125
3
22
0
5
0
30
0
0
0
245
1
2
0
4
0
36
0
37
0
1
0
3
0

225
5
447
65
83
2
6
0
59
3
1
0
1125
84
5
0
4
0
81
5
117
0
0
0
5
0

10
0
4
0
9
0
1
0
5
0
0
0
18
0
1
0
0
0
14
0
2
0
0
0
1
0

1
0
6
0
0
0
0
0
0
0
0
0
15
0
0
0
0
0
0
0
3
0
0
0
0
0

3
0
10
0
5
0
0
0
3
0
0
0
99
7
0
0
0
0
7
0
9
0
0
0
0
0

2
0
5
0
2
0
1
0
0
0
0
0
19
0
0
0
0
0
2
0
3
0
0
0
0
0

381
5
597
68
121
2
13
0
97
3
1
0
1521
92
8
0
8
0
140
5
171
0
1
0
9
0

164
4
98
0
4
734

1039
143
295
4
168
2217

9
0
5
0
0
87

12
0
1
0
0
28

50
5
15
0
7
145

8
0
2
0
0
38

1282
152
416
4
179
3249

All closed studies of children were retrieved from ClinicalTrials.gov on May 20, 2010.
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Time intervals between completion or
termination dates and posting of
results averaged 1.7 years (median, 1.1
years; SD, 1.6 years). Time intervals
varied across sponsors; 7 of 41 sponsors posted results at 2.0 to 2.9 years, 4
sponsors at 3.0 to 3.9 years, and 1
sponsor at 4.3 years after study completion or termination. Intervals between completion and posting were
longer for studies of biological agents
than for drug studies (mean difference
in time interval, 0.6; 95% CI: 0.2–1.1 years,
P = .02). Time intervals from completion
to posting averaged 1.8 years for studies closed $1 year at the time of our
examination (SD, 1.6 years). We separately analyzed the time intervals from
closing to posting of results for studies
that closed .1 year before our examination to account for any studies not yet
required to have posted results under
the FDAAA of 2007.
Publication of Results From Studies
Involving Children
Publication of NIH-Funded Studies
It proved difﬁcult to identify publications. Most published articles included several grant numbers, and
each grant project included links to
several articles. Published article titles
and abstracts differed from descriptions of the grants. We used the names
of the principal investigators to determine which grant numbers most
closely reﬂected the results in speciﬁc
published articles. Funded studies may
last several years or be renewed; thus
publication time varied depending on
the area of research.
In our search in Medline using grant
numbers, only 85 (53%) of the randomly
selected NIH-sponsored studies were
published. Registered trials were published more often than unregistered
trials (Fig 1). Odds of publication did
not differ signiﬁcantly by grant type
or funding agency (Supplemental
Table 8).
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Time intervals between project end
dates and ﬁrst publication averaged
1.6 years (SD 1.7 years, median 1.6 years).
Time intervals did not differ by registration status of the grants or by sponsoring
agencies.
Publication of Completed Registered
Studies
We examined the peer-reviewed publication of 758 (32%) studies randomly
selected from 2385 completed studies
involving children. Only 29% of completed registered studies were published in peer-reviewed journals
indexed in Medline (Supplemental
Table 9). The odds of study publication signiﬁcantly differed by sponsor
(industry- versus NIH-funded studies),
by study type, and by intervention
type (Fig 1). The results of industrysponsored studies were published
less often than those funded by the
NIH. Results of interventional studies
were published more often than those
from observational studies. Results
from randomized controlled clinical
trials were published more often than
results from nonrandomized studies.
Results from studies examining drugs
were published less often than those
of medical devices.
Publication rates differed most among
individual sponsors (Table 3). Of 117
sponsors that funded .1 study, 65 did
not publish results. Of 17 sponsors that
funded .5 studies, 3 did not publish
results. Only 5 sponsors published
results of more than half of their
studies.
Publication of Incomplete Registered
Studies
The results from terminated and suspended studies on ClinicalTrials.gov
were rarely published. Results from
only 6% of terminated (9/152) and none
of the suspended studies were published. Time intervals between termination dates and posting of results

averaged 1.6 years (median, 1.2 years;
SD, 0.9 years). Time intervals did not
differ by examined study characteristics or reasons for termination.
However, time intervals signiﬁcantly
differed across sponsors.
Of 9 terminated studies for which results were published, 4 mentioned that
the study was terminated,25–28 and 5
omitted this information.29–33 The 2
published studies terminated for safety
reasons both provided detailed information about exact harms. The ClinicalTrials.gov listings for those studies did
not provide actionable information
about exact rates of harms.

DISCUSSION
Out ﬁndings demonstrate that results
from a signiﬁcant number of completed
and noncompleted studies are not
available for comprehensive evidence
analysis. Complete public availability of
information about trials could be ensured by consistent registration and
posting of results in ClinicalTrials.gov of
all clinical trials involving children regardless of funding, completion status,
or previous FDA approval.3
All federally funded trials should be
registered in ClinicalTrials.gov. Although
mandatory registration of applicable
clinical trials involving children would
improve transparency in research, less
than half of federally funded studies
involving children were registered on
ClinicalTrials.gov.
The RePORT grant database allows for
analysis of registration and publication
status of all federally funded studies,
published or not, thereby facilitating assessment of publication bias.
Unfortunately, the RePORT database
does not include a speciﬁc variable for
registration status of funded grants,
necessitating time-consuming manual
extraction of this information. In addition, the current practice of posting
all publications that mention a grant
obfuscates attempts to determine a
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TABLE 3 Publication of the Completed Studies Involving Children
Study Characteristics

Gender
Both
Female
Male
Study type
Interventional
Observational
RCT
Not RCT
Posted results
Has results
No results available
Phase of clinical trials
Phase 0
Phase I
Phase I | phase II
Phase II
Phase II | phase III
Phase III
Phase IV
Type of intervention
Behavioral
Biological
Device
Diet
Dietary supplement
Drug
Education
Exercise
Genetic
Other
Procedure
Funding
Industry
National Institutes of Health
Sponsor (shown if sponsored more than 5 studies)
GlaxoSmithKline
Merck
National Heart, Lung, and Blood Institute
National Institute of Allergy and Infectious Diseases
Eli Lilly and Company
Wyeth
Sanoﬁ-Aventis
AstraZeneca
National Institute of Mental Health
Pﬁzer
Shire Pharmaceutical Development
UCB, Inc.
Novartis
Novartis | Novartis Vaccines
Novo Nordisk
Eunice Kennedy Shriver National Institute of
Child Health and Human Development
MedImmune LLC Wyeth

Publication in Peer-Reviewed Journals in Medline
Published (% of Total)

Not Published

Total

212 (29)
5 (26)
1 (9)

516
14
10

728
19
11

201 (30)
17 (20)
158 (32)
56 (23)

470
70
336
188

671
87
494
244

16 (24)
202 (29)

50
490

66
692

0
16 (32)
5 (26)
25 (23)
3 (18)
91 (34)
24 (22)

1
34
14
83
14
175
85

1
50
19
108
17
266
109

26 (36)
35 (25)
12 (60)
1 (100)
7 (50)
112 (28)
0
0
0
7 (44)
7 (18)

47
103
8
0
7
282
2
1
1
9
31

73
138
20
1
14
394
2
1
1
16
38

82 (24)
37 (41)

259
53

341
90

22 (34)
6 (21)
11 (52)
7 (37)
2 (11)
2 (11)
0
6 (40)
8 (57)
0
5 (56)
5 (56)
2 (22)
0
1 (13)
3 (43)

43
22
10
12
17
16
18
9
6
13
4
4
7
9
7
4

65
28
21
19
19
18
18
15
14
13
9
9
9
9
8
7

4 (67)

2

6

Random sample of 758 studies from 2385 completed registered in ClinicalTrials.gov. RCT, randomized clinical trial.

study’s publication status. Instead, registered studies should be published
with trial identiﬁcation numbers and
links to detailed protocol descriptions

and precise information about study
results. NIH-funded studies involving
children should be routinely monitored
for registration and posting of results

on the ClinicalTrials.gov. Industry-funded
clinical trials should be required to
register before seeking consent for or
enrollment of children in the trial.
Reporting of noncompleted studies is
especially important if they were terminated because of detected harms
from the treatments. Although the literature includes extensive discussions
of ethics and regulations related to research involving children,34–55 completeness and reporting of results have
been neglected. Studies involving children should always post reasons for
termination or suspension on ClinicalTrials.gov. Many of the terminated
and completed studies we examined
lasted more than 2 years, during which
time children experienced important
outcomes, including harms. Those outcomes should be available for analysis.
Poor recruitment often led to termination of studies involving children.
Possible reasons for poor recruitment,
and strategies to enhance children’s
participation in clinical research, have
been discussed in the literature.56–64
Public conﬁdence in clinical research is
integral to improving recruitment and
participation in research involving children.65 Better regulation and oversight of
research transparency, including consistent posting of results from all clinical
research, may help improve public trust.
Publication bias presents a serious
problem in children’s clinical research.
Our ﬁndings are comparable to previously published analyses of completed
trials involving children, which show
a 42% publication rate.21 Such a substantial publication bias may threaten the
validity of research summaries. Publication bias is endemic, and, along with lack
of access to research results, it is evident
across studies of all age groups.5–7
Posting study results in ClinicalTrials.
gov provides access to research ﬁndings
not otherwise available to the public,19
but the credibility of the posted protocols and ﬁndings depends on the
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FIGURE 1
ORs of publication in peer-reviewed journals by study characteristics.

commitment of investigators to submit
complete and accurate data.19 The
results of only 9% of all completed
studies and 7.5% of phase II through IV
clinical trials involving children were
posted on ClinicalTrials.gov.22 Only 24% of
the studies that posted results were also
published. Previous analyses of all research across age categories have estimated a 30% compliance rate with the
FDAA requirements for posting results
and a 25% to 52% publication rate for
studies that post results.19 Thus, publications alone provided ﬁndings from
only 16% (0.3 * 0.52 = 0.156) of the
studies for which the FDAA requirements apply. Policy should obligate
principal investigators of all clinical

trials involving children to post results
on ClinicalTrials.gov.
Our study has several limitations. We
did not analyze the number of suspended or terminated unregistered
studies involving children. The RePORT
grant database includes no variables
indicating recruitment status of the
studies. We did not examine studies
registered in the World Health Organization clinical trials database; we assumed all studies funded by the US
government should be registered on
ClinicalTrials.gov. Deviations from
protocols and selective reporting of
outcomes in published studies were
beyond our scope. We sampled completed studies involving children and

did not analyze publication of all
completed studies. Potential implications of our limitations include lack
of causal association between study
results and publication, and investigators’ true motivations to publish
the results. Nevertheless, our preliminary analysis is the ﬁrst to reveal low
registration and publication rates and
a growing number of noncompleted
studies involving children.
We conclude that results are not available from the majority of studies involving children, revealing a substantial
publication bias. Registration and posting of the results on ClinicalTrials.gov
should be mandatory for all studies involving children.

REFERENCES
1. Clancy CM, Slutsky JR, Patton LT. Evidencebased health care 2004: AHRQ moves research to translation and implementation.
Health Serv Res. 2004;39(5):xv–xxiii
2. Slutsky JR, Clancy CM. The Agency for
Healthcare Research and Quality’s Effective

e1298

Health Care Program: creating a dynamic
system for discovering and reporting what
works in health care. Am J Med Qual. 2005;
20(6):358–360
3. The Ofﬁce of Research Integrity (ORI).
Responsible Conduct of Research (RCR).

Available at: http://ori.dhhs.gov/education/.
Accessed June 16, 2010
4. Dickersin K. The existence of publication bias and risk factors for its occurrence. JAMA. 1990;263(10):1385–
1389

SHAMLIYAN and KANE

Downloaded from www.aappublications.org/news by guest on February 22, 2019

ARTICLE

5. Dwan K, Altman DG, Arnaiz JA, et al. Systematic review of the empirical evidence of
study publication bias and outcome reporting bias. PLoS ONE. 2008;3(8):e3081
6. Sterne JA, Gavaghan D, Egger M. Publication and related bias in meta-analysis:
power of statistical tests and prevalence
in the literature. J Clin Epidemiol. 2000;53
(11):1119–1129
7. Mathieu S, Boutron I, Moher D, Altman DG,
Ravaud P. Comparison of registered and
published primary outcomes in randomized controlled trials. JAMA. 2009;302(9):
977–984
8. Food and Drug Administration Modernization Act (FDAMA) of 1997 Pub L No 105-115,
111 Stat 2296, 2310, 113 (November 21,
1997)
9. Zarin DA, Keselman A. Registering a clinical
trial in ClinicalTrials.gov. Chest. 2007;131
(3):909–912
10. Zarin DA, Ide NC, Tse T, Harlan WR, West JC,
Lindberg DA. Issues in the registration of
clinical trials. JAMA. 2007;297(19):2112–
2120
11. Zarin DA, Tse T, Ide NC. Trial Registration at
ClinicalTrials.gov between May and October
2005. N Engl J Med. 2005;353(26):2779–2787
12. Editorial Policy Committee. The Registration
of Clinical Trials. Toronto, Canada: World
Association of Medical Editors
13. Moyer VA, First LR. To integrity and beyond.
Pediatrics. 2011;127(4):776–778
14. Food and Drug Administration Amendments Act of 2007. Pub L No 110-85, 121
Stat 823, 904, Title VIII (September 27,
2007), 42 USC 282(j) (Supp 2009) (2010)
15. Chan AW, Laupacis A, Moher D. Registering
results from clinical trials. JAMA. 2010;303
(21):2138–2139
16. Mancini J, Reynier CJ. Registering results
from clinical trials. JAMA. 2010;303(21):2139
17. Miller JD. Registering clinical trial results:
the next step. JAMA. 2010;303(8):773–774
18. Tse T, Williams RJ, Zarin DA. Update on
registration of clinical trials in ClinicalTrials.gov. Chest. 2009;136(1):304–305
19. Zarin DA, Tse T, Williams RJ, Califf RM, Ide
NC. The ClinicalTrials.gov results database
—update and key issues. N Engl J Med.
2011;364(9):852–860
20. Bourgeois FT, Murthy S, Mandl KD. Outcome
reporting among drug trials registered in
ClinicalTrials.gov. Ann Intern Med. 2010;153
(3):158–166
21. Ross JS, Mulvey GK, Hines EM, Nissen SE,
Krumholz HM. Trial publication after
registration in ClinicalTrials.Gov: a crosssectional analysis. PLoS Med. 2009;6(9):
e1000144

22. Shamliyan T. Reporting of results of interventional studies by the information service of the National Institutes of Health. Clin
Pharmacol Adv Applications. 2010;2(1):169–
176
23. Code of Federal Regulations. Title 45: Public
Welfare. Department of Health and Human
Services Part 46. 2009
24. SAS [computer software]. Version 9.1.3.
Chicago, IL: SAS Institute Inc; 2008
25. Ambalavanan N, El-Ferzli GT, Roane C,
Johnson R, Carlo WA. Nitric oxide administration using an oxygen hood: a pilot trial.
PLoS ONE. 2009;4(2):e4312
26. Laughon M, Bose C, Moya F, et al; Surfaxin
Study Group. A pilot randomized, controlled
trial of later treatment with a peptidecontaining, synthetic surfactant for the prevention of bronchopulmonary dysplasia.
Pediatrics. 2009;123(1):89–96
27. Czarnetzki C, Elia N, Lysakowski C, et al.
Dexamethasone and risk of nausea and
vomiting and postoperative bleeding after
tonsillectomy in children: a randomized
trial. JAMA. 2008;300(22):2621–2630
28. Gesase S, Gosling RD, Hashim R, et al. High
resistance of Plasmodium falciparum to
sulphadoxine/pyrimethamine in northern
Tanzania and the emergence of dhps resistance mutation at Codon 581. PLoS ONE.
2009;4(2):e4569
29. Montini G, Toffolo A, Zucchetta P, et al. Antibiotic treatment for pyelonephritis in children: multicentre randomised controlled
non-inferiority trial. BMJ. 2007;335(7616):386
30. Schuerman L, Prymula R, Henckaerts I,
Poolman J. ELISA IgG concentrations and
opsonophagocytic activity following pneumococcal protein D conjugate vaccination
and relationship to efﬁcacy against acute
otitis media. Vaccine. 2007;25(11):1962–1968
31. Beck R, Elias N, Shoval S, et al. Computerized acoustic assessment of treatment
efﬁcacy of nebulized epinephrine and
albuterol in RSV bronchiolitis. BMC Pediatr.
2007;7:22
32. Lin HC, Hsu CH, Chen HL, et al. Oral probiotics prevent necrotizing enterocolitis in
very low birth weight preterm infants:
a multicenter, randomized, controlled trial.
Pediatrics. 2008;122(4):693–700
33. Paal P, Niederklapfer T, Keller C, et al. Headposition angles in children for opening the
upper airway. Resuscitation. 2010;81(6):
676–678
34. Kopelman LM. Children as research subjects: a dilemma. J Med Philos. 2000;25(6):
745–764
35. Maloney DM. New federal rule on protecting children as research subjects. Hum Res
Rep. 2001;16(6):3

36. Knudson PL. Research with children. Arch
Med Res. 2002;33(2):203–204
37. Kipnis K. Seven vulnerabilities in the pediatric research subject. Theor Med Bioeth.
2003;24(2):107–120
38. Tauer C. Children as research subjects:
guinea pigs or therapeutic orphans? Bioeth
Exam. 2003;7(2):1–2, 4–5
39. Maloney DM. New recommendations for
protecting children as human research
subjects. Hum Res Rep. 2004;19(11):1–2
40. Neill SJ. Research with children: a critical
review of the guidelines. J Child Health
Care. 2005;9(1):46–58
41. Chesney RW. Children as clinical research
subjects. J Pediatr. 2005;146(5):579–580
42. Gandhi R. Research involving children:
regulations, review boards and reform.
J Health Care Law Policy. 2005;8(2):264–330
43. Rosner F. Medical research in children: ethical issues. Cancer Invest. 2006;24(2):218–220
44. Kopelman LM. Children as research subjects: moral disputes, regulatory guidance,
and recent court decisions. Mt Sinai J Med.
2006;73(3):596–604
45. Diekema DS. Conducting ethical research in
pediatrics: a brief historical overview and
review of pediatric regulations. J Pediatr.
2006;149(suppl 1):S3–S11
46. Morales-Olivas FJ, Morales-Carpi C. Clinical
trials in children. Rev Recent Clin Trials.
2006;1(3):251–258
47. Richter MS, Groft JN, Prinsloo L. Ethical
issues surrounding studies with vulnerable
populations: a case study of South African
street children. Int J Adolesc Med Health.
2007;19(2):117–126
48. Coleman DL. The legal ethics of pediatric
research. Duke Law J. 2007;57(3):517–
624
49. Hoop JG, Smyth AC, Roberts LW. Ethical
issues in psychiatric research on children
and adolescents. Child Adolesc Psychiatr
Clin N Am. 2008;17(1):127–148, x
50. Thomas KA. When neonatal ICU infants
participate in research: special protections
for special subjects. Crit Care Nurs Clin
North Am. 2009;21(2):277–281
51. Ries NM, LeGrandeur J, Caulﬁeld T. Handling
ethical, legal and social issues in birth
cohort studies involving genetic research:
responses from studies in six countries.
BMC Med Ethics. 2010;11(1):4
52. Halila R, Lötjönen S. Children and medical
research. Med Law. 2005;24(3):505–513
53. Corkery J. Guidelines to aid ethical committees considering research in children.
BMJ. 1980;280(6212):481
54. Jago R, Bailey R. Ethics and paediatric exercise science: issues and making a submission

PEDIATRICS Volume 129, Number 5, May 2012
Downloaded from www.aappublications.org/news by guest on February 22, 2019

e1299

55.

56.

57.

58.

59.

to a local ethics and research committee.
J Sports Sci. 2001;19(7):527–535
Davidson AJ, O’Brien M. Ethics and medical
research in children. Paediatr Anaesth.
2009;19(10):994–1004
Meaux JB, Bell PL. Balancing recruitment and
protection: children as research subjects. Issues Compr Pediatr Nurs. 2001;24(4):241–251
Afshar K, Lodha A, Costei A, Vaneyke N. Recruitment in pediatric clinical trials: an ethical
perspective. J Urol. 2005;174(3):835–840
Iltis AS, DeVader S, Matsuo H. Payments to
children and adolescents enrolled in research: a pilot study. Pediatrics. 2006;118
(4):1546–1552
Burke ME, Albritton K, Marina N. Challenges
in the recruitment of adolescents and young

e1300

adults to cancer clinical trials. Cancer. 2007;
110(11):2385–2393
60. van der Lee JH, Wesseling J, Tanck MW, Offringa M. Efﬁcient ways exist to obtain the
optimal sample size in clinical trials in rare
diseases. J Clin Epidemiol. 2008;61(4):324–330
61. Pritchard-Jones K, Dixon-Woods M, NaafsWilstra M, Valsecchi MG. Improving recruitment to clinical trials for cancer in
childhood. Lancet Oncol. 2008;9(4):392–399
62. Fern L, Davies S, Eden T, et al; National
Cancer Research Institute (NCRI) Teenage
and Young Adult Clinical Studies Development Group. Rates of inclusion of
teenagers and young adults in England into
National Cancer Research Network clinical
trials: report from the National Cancer

Research Institute (NCRI) Teenage and
Young Adult Clinical Studies Development
Group. Br J Cancer. 2008;99(12):1967–1974
63. Raynor HA, Osterholt KM, Hart CN, Jelalian
E, Vivier P, Wing RR. Evaluation of active and
passive recruitment methods used in randomized controlled trials targeting pediatric obesity. Int J Pediatr Obes. 2009;4(4):
224–232
64. Fern LA, Whelan JS. Recruitment of adolescents and young adults to cancer clinical trials—international comparisons,
barriers, and implications. Semin Oncol.
2010;37(2):e1–e8
65. Woolley M, Propst SM. Public attitudes and
perceptions about health-related research.
JAMA. 2005;294(11):1380–1384

SHAMLIYAN and KANE

Downloaded from www.aappublications.org/news by guest on February 22, 2019

Clinical Research Involving Children: Registration, Completeness, and
Publication
Tatyana Shamliyan and Robert L. Kane
Pediatrics 2012;129;e1291
DOI: 10.1542/peds.2010-2847 originally published online April 23, 2012;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/129/5/e1291

References

This article cites 59 articles, 6 of which you can access for free at:
http://pediatrics.aappublications.org/content/129/5/e1291#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Medical Education
http://www.aappublications.org/cgi/collection/medical_education_su
b
Research Methods & Statistics
http://www.aappublications.org/cgi/collection/research_methods_-_s
tatistics_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on February 22, 2019

Clinical Research Involving Children: Registration, Completeness, and
Publication
Tatyana Shamliyan and Robert L. Kane
Pediatrics 2012;129;e1291
DOI: 10.1542/peds.2010-2847 originally published online April 23, 2012;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/129/5/e1291

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2012 by the American Academy of Pediatrics. All rights reserved. Print
ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on February 22, 2019

