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Abstract

Objective—To measure the rate of non-publication and assess possible publication bias in
clinical trials of electronic health records.

Methods—We searched Clinical Trials.gov to identify registered clinical trials of electronic
health records and searched the biomedical literature and contacted trial investigators to determine
whether the results of the trials were published. Publications were judged as positive, negative, or
neutral according to the primary outcome.

Results—76% of trials had publications describing trial results; of these, 74% were positive,
21% were neutral, and 4% were negative (harmful). Of unpublished studies for which the
investigator responded, 43% were positive, 57% were neutral, and none were negative; the lower
rate of positive results was significant (p<0.001).

Conclusion—The rate of non-publication in electronic health record studies is similar to that in
other biomedical studies. There appears to be a bias toward publication of positive trials in this
domain.

Background

Publication bias refers to the selective publication or suppression of research results

according to outcome. In multiple scientific domains, there has been a greater likelihood for

publication when studies have positive results [1-3]. A recent review assessed the effect of
health information technology on care quality, efficiency, and provider satisfaction, finding
that 92% of articles reached conclusions that were positive [4]. Although the positive
findings associated with health information technology adoption are encouraging for those

implementing electronic health records, we hypothesized that the true rate of positive results

in trials of electronic health records may differ from the published rate due to publication
bias.

Advance registration of clinical trials has been introduced as a method to reduce publication

bias by making available a catalog of the trials that are less likely to be published due to
neutral or negative results [5]. ClinicalTrials.gov is an information resource maintained by

the United States National Library of Medicine that provides a registry of both federally and

privately funded clinical trials since February 2000. Journals whose editors belong to the
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Methods

International Committee of Medical Journal Editors (ICMJE) will only publish clinical trial
results if the trial is registered with ClinicalTrials.gov or another ICMJE approved trial
registry before the first patient is recruited [6].

When the ICMJE adopted the policy requiring registration of clinical trials, they noted that
only ClinicalTrials.gov met their standards for free public access, completeness and validity
of the registration data, electronic search capability [7]. While other registries exist (notably
the International Standard Randomised Controlled Trial Number [8]), ClinicalTrials.gov
appears to be the preferred Web site for posting clinical trials [9]. A U.S. federal law enacted
in 2007 mandates ClinicalTrials.gov registration and basic results reporting for
interventional studies of drugs, biological products, and devices, regardless of sponsor or
funding source [10].

We hypothesized that Clinical Trials.gov could be used to examine potential publication bias
in studies of electronic health records (EHRSs), based on the number of completed clinical
trials that were never published. We recognize that not all EHR studies are registered in
ClinicalTrials.gov. For example, ICMJE guidelines may not apply where the unit of
randomization in a trial is the healthcare system or care delivery location as opposed to an
individual human subject. Moreover, while any study can be registered with
ClinicalTrials.gov, studies that are observational, or that lack a control group, are less likely
to be registered than other trials. Nevertheless, ClinicalTrials.gov is a convenient, publicly
available repository of trial information that can provide an estimate of publication rates
related to EHR studies.

We queried ClinicalTrials.gov for clinical trials of electronic health records using the
following search phrases: “electronic health records,” “electronic medical records,”
“electronic documentation,” “electronic prescribing,” “electronic reminders,” and “CPOE”
(computerized provider order entry) for all trials registered with Clinical Trials.gov from
2000 to 2008. Trials were reviewed and excluded if they did not involve a primary
intervention that was use of an electronic health record, use of an electronic prescribing or
ordering system, or delivery of electronic reminders. Those found to be in scope were
reviewed by the authors to ascertain whether the trial was completed and whether it was
published in a peer-reviewed journal. Publication was determined by reviewing the
ClinicalTrials.gov record, which occasionally listed publications, by searching PubMed, and
by contacting trial investigators. The authors (DKV and GH) searched PubMed for all
publications by all personnel listed in the ClinicalTrials.gov record. If no relevant
publication was found, then secondary search terms were used, such as the name of the trial,
the sponsoring consortium, or the location of the trial. If still no publication was identified
for a trial, the authors attempted to contact the principal investigator listed in
ClinicalTrials.gov to determine the trial results and whether there was a resulting
publication.

@

Trials were considered “completed” if the Recruitment or Completion Date fields of the
ClinicalTrials.gov record indicated that they were completed by 2009 or if there was a
definitive publication by the investigators. Completed here implies that a sufficient portion
of the trial was completed to allow for publication of results, even though aspects of the trial
may have been ongoing. If trial status was not recorded by December 2009 and there was no
publication through July 2012, they were considered “missing publication.” If trials were
designated as completed or expected to be completed after July 2012, then they were
considered “ongoing” (even if the intervention was over, there may have been insufficient
time to publish results).
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Results

Trials with one or more publications were then categorized using the framework of Buntin et
al. [4] as being positive (including trials with mixed results that were predominantly
positive), neutral (no effect), or negative (meaning actually harmful). Broadly speaking,
most studies involving health information technology have mixed results. For example, an
EHR reminder might improve adherence for a quality measure at the expense of requiring
extra time or additional mouse clicks for clinicians. In our categorization, positive outcomes
were recorded when health information technology was associated with improvement in one
or more aspects of care, and in the case of mixed results, the overall conclusion of the study
authors was that the positive effects of technology outweighed the negative effects. Negative
outcomes were recorded when the negative effects of the technology intervention
outweighed the positive effects. A neutral rating was given when the study reported no
demonstrable change in care.

The results are shown in Table 1. One hundred twelve trials were identified in
ClinicalTrials.gov using the search phrases; 85 were found to be within scope, and 62 were
completed. Of completed trials, 76% had publications that described trial results. Most
publications (74%) reported positive results, with 21% reporting neutral results and 4%
reporting negative (harmful) results. Of the 24% of completed trials that had no publications,
8 were studies where the principal investigator (P1) listed in ClinicalTrials.gov did not
respond to our repeated requests for information (in one instance, the Pl was deceased), 3
were studies where the PI reported positive results, and 4 were studies where the PI reported
neutral results. Pls identified several reasons for the lack of publications about a trial, such
as: key members had left the project team, they were too busy or had not had sufficient time
to publish, and their manuscript was rejected by journal editors.

Discussion

Two particular issues may affect our results. First, in the initial years of ClinicalTrials.gov,
the resource was not well known so few trials were registered. Moreover, the few trials that
were registered may have been unusual (e.g., investigators may have registered trials that
were more likely to be published), and the data were frequently unreliable (e.g., in several
cases, the completion date preceded the start date). Before 2005, there were only zero to
three registered EHR studies per year; after that there were five or more. The second
concern is that the recent trials may not have had enough time to be published. The mean
and median time to publication were 4.3 years and 4.1 years, respectively. Based on these
data and on knowledge of the publication process, most trials completed by 2007 should
have had enough time to be published. Taking only trials that completed between 2005 and
2007 (inclusive), 75% were published and 25% were not, corroborating our main result.
Therefore, despite concerns on either end, our overall non-publication result of 24% appears
to be reasonable.

The classification of study results was performed by the two authors together; the study may
be limited by the fact that no formal calculation of inter-observer agreement was made.
Nevertheless, our analysis does provide bounds to the proportion of registered trials with
positive results. Depending on the outcome of trials with missing results, the number of
positive trials ranged from 61-74%. In 7 unpublished trials for which trial investigators
reported results, 3 studies were positive and 4 were neutral. Thus, unpublished trials were
less likely to have positive results (3/7) compared to published trials (35/47, p<0.001). In
other evaluations of publication bias, trials with missing results were more likely to be
negative or neutral than positive [11,12].
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Assuming that the disposition of trials with missing results is similar to other unpublished
trials, our best estimate is that approximately 67% of EHR trials had positive results. This is
somewhat less than the 92% reported by Buntin et al. [4]. Other than publication bias,
several reasons may account for the difference. Our study focused specifically on electronic
health records, while Buntin’s review also included telemedicine, administrative functions,
information retrieval, patient registries, health information exchange, and personal health
records. Moreover, our study examined only trials registered in ClinicalTrials.gov. This
repository does not contain a comprehensive listing of all studies of health information
technology interventions. For example, studies where individual subjects are not considered
to be “at risk” from the intervention may not require trial registration according to ICMJE or
other policies. It is conceivable that the sample of EHR studies that were registered in
ClinicalTrials.gov had a greater likelihood of being published than the larger population of
all studies of EHR from the same time period. Thus, our findings may overestimate the
publication rate for HER interventions.

Our study complements that of Ammenwerth and de Keizer [13], who used a survey to
assess non-publication of medical informatics studies. While the response rate was low, they
found that over one-third of studies are not published, a finding that is close to our results.
The authors elicited several reasons for non-publication, including the results not being of
interest for others, the publication being in preparation, not having time for publication,
limited scientific quality of the study, political or legal reasons, and the study only being
conducted for internal use. Several of these reasons would not be relevant to trials registered
in ClinicalTrials.gov. Machan et al. [14] reported a similar rate of positive published study
results (69.8%) to ours (74%).

Other investigators have used ClinicalTrials.gov to study publication outcomes [15]. In
2007, Ross et al. examined a cross-section of all trials registered in ClinicalTrials.gov,
finding that of trials that ended by 2004 had a 61% publication rate [16]. Bourgeois and
colleagues reported a 66.3% publication rate for drug trials registered in Clinical Trials.gov
[17]. These findings suggest that the rate of non-publication for studies of EHRs in this data
set is comparable to other types of studies. Bourgeois and colleagues found a statistically
significant difference in the outcomes of studies that were funded by industry (85.4%)
compared with government (50.0%) and nonprofit or nonfederal organizations (71.9%) [17].
We did not have a large enough sample to stratify our results according to funding source,
but it is possible that published outcomes of EHR studies may be influenced by this
parameter.

There is no simple answer to the question of how many studies "ought" to be positive. Even
if electronic health records are generally beneficial, as researchers develop innovative
interventions and employ clinical equipoise in designing trials, one may expect some
substantial number to be positive, another substantial number to be neutral (due to failed
innovations, unsuccessful implementations of efficacious interventions, and underpowered
studies), and a small number to be negative (harmful). This is consistent with our results.

Implications

Our results demonstrate that there is a moderate amount of non-publication of EHR trials,
and that the rate is in line with that of other areas. Such non-publication may lead to
publication bias. This finding has several implications.

Investigators and publishers should continue to be encouraged to disseminate neutral and
negative results [18]. In the still-nascent field of health information technology, it is just as
important to understand why systems fail as it is to learn about why they succeed. Research
investigators who also happen to be the developers or implementers of health information
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technology should recognize the subtle ways that they may be influenced by their
preexisting belief in the technology’s value [19] and how this may affect their own
likelihood to publish the results. Publishers should also be mindful of the developer-
evaluator bias, perhaps recommending manuscript authors to provide a disclosure of such
“personal” conflicts of interest in the same way financial conflicts are currently revealed.
Additional research could be conducted to assess differences in publication rates and
outcomes for studies based on whether the evaluator of a system or application also plays a
key role in its development or implementation.

Policymakers should be aware that publication bias likely has some effect on meta-analyses
of studies, such as the recent evaluation performed by Buntin et al. [4]. Health information
technology meta-analyses should comment specifically on the possibility of non-publication
and should estimate the range of its likely effect on the results of the analysis.

Our main implication, however, is that the rate of non-publication of EHR studies does not
appear to be larger than in other domains. There may be a small inflation of the proportion
of positive trials published, but the potential difference probably is not large enough to
warrant undue concern. Based on our data, it is likely that the majority of EHR studies
produce positive results. Nevertheless, publication of negative results remains essential;
indeed, such studies have provided substantial benefit by warning would-be adopters of
implementation pitfalls as well as alerting the EHR software development community of
problems that need to be addressed [20-22].
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Table 1

Disposition of completed trials of electronic health records registered in ClinicalTrials.gov from 2000-2008.

Trials(%) Published Trials(%) Unpublished Trials (%)

Negativeresult 5 () * 2.4 00~
Neutral result 14 (26) *  10(21) 4(57)"
Positive result  3g(70) *  35(74) 3(43)"
Unknown result 8 0 8
TOTAL 62 47 15

*
Computed percentage omits trials with “Unknown” results.
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