


Figure 5. Ranking of average adverse event diversity in each of the age groups. The rankings are calculated within each group. Two organ classes are
tied at the sixth place in the total rank (marked with asterisk).

Discussion

Principal Findings
We conducted a population study to analyze the adverse event
risk among clinical trial participants. This study differs from
patient-level adverse event analysis in that we integrated large
amounts of clinical trial data to conduct a population-level
analysis looking at adverse event risk patterns across different
age groups. We found that young pediatric patients and older
patients have a higher level of incidence and diversity of adverse
events. The total incidence of adverse events in the youngest
age group is higher compared with all other groups.
Additionally, the incidence rate of adverse events in this group
is significantly higher in the infectious event and general event
categories. The older adult groups (aged older than 60 years)
showed a comparatively higher incidence of cardiac disorders
and vascular disorders. When compared across the 26 SOCs,
we observed that the diversity of adverse event patterns differs
significantly across the age groups. Older patients show a
significantly higher level of adverse event diversity in most of
the SOCs, while the younger age groups show higher levels
within some SOCs.

Related Studies
Previous studies have focused on the incidence of adverse events
in population levels in various clinical settings. The Canadian

Adverse Events Study [18] reported an adverse event rate of
7.5% in 2.8 million hospital admissions. Older patients were
more likely to be affected by adverse events. The study also
suggests that 9250 to 23,750 deaths from adverse events could
have been prevented among the 2.5 million admissions to
acute-care hospitals in Canada. A study on 1000 discharged
patient records showed that elderly patients (aged 65 years and
older) had a high incidence of adverse drug events (18.7%) [19].
Among the identified events, 35% were considered preventable
and 32% were serious events. A systematic review of 8 studies
[20] on in-hospital adverse events in 6 countries shows that the
median incidence of adverse events was 9.2%, and about 43.5%
of the adverse events could be preventable. In the outpatient
setting, a study showed that adverse event–related visits
increased between 1995 and 2005 [21]. Furthermore, the
incidence of adverse events also increases with patient age. This
study indicated that patient age was one of the important risk
factors for adverse event–related visits. Patients aged 65 years
and older had a peak of adverse event visits of 47 per 1000
patients. A pediatric study [22] showed that adverse events
occurred in about 1% of the pediatric hospitalizations, of which
about 0.6% were preventable events compared with a rate of
1.5% in nonelderly adults. The Critical Care Safety Study [23]
showed that among 391 studied patients, 20.2% were affected
by 120 adverse events and 54% of the events were preventable.
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Compared to these studies which focused on preventable adverse
events in health care settings, the adverse event rate in clinical
studies is significantly higher in terms of incidence rates in all
age groups at an average of 27.0%. Many clinical study
interventions are experimental in nature and thus are associated
inherently with a higher level of risk than normal clinical
interventions. In-hospital treatments normally use matured
intervention protocols that use validated postmarketing drugs
or procedures, whereas clinical trials are often designed to test
experimental interventions. For example, in clinical trials aimed
to develop new drugs, only about 1 in 10 will be approved by
the US Food and Drug Administration [24,25]. Many trials are
canceled in the process or the tested substance is disapproved
due to risk of adverse events. This suggests that adverse event
risk estimation is critical for clinical study preparation. This
study provides a quantitative reference for clinical investigators
to estimate the trial adverse event risk for targeted age groups
when planning clinical trials.

Clinical Trial Adverse Events and Participant Age
Age is one of the most commonly used clinical study recruitment
criteria [26,27], and the risk for adverse events is a primary
criterion for evaluating the safety of the targeted intervention
in a clinical study [28]. However, few systematic studies have
explored the association between adverse clinical trial outcomes
and participant age. This study fills the gap by focusing on the
adverse event patterns in clinical trials at the population-health
level. This study shows that age-related adverse events could
be an important factor for clinical trial planning, recruitment,
and monitoring. Furthermore, the importance of recruiting more
children in clinical trials has been discussed in various reviews
[29,30]. The risk of adverse events in children is higher, as
suggested by our study results; however, even though numerous
regulations have been established to improve children’s safety
in clinical studies, there is still a lack of evidence-based support
to help clinical investigators estimate the adverse event risks
for children at the early stages of a clinical study [28,31]. This
study suggests that the adverse event distribution shows strong
categorical patterns among age groups, providing a population
baseline for estimating the risk of adverse events. Similarly,
many studies have verified that older patients have a higher risk
of adverse events. Our study shows that among older
populations, not only is the adverse event incidence rate higher,
the diversity of adverse events also is significantly higher in
clinical trials. Furthermore, specific adverse events may be more
common in one age group compared to another as seen with the
higher incidence of infectious events in the young children group
or the peak of psychiatric disorders in the middle age group.

Limitations and Future Work
This study is limited due to the data granularity on
ClinicalTrials.gov. The report on ClinicalTrials.gov does not
include adverse event diversity at the individual patient level;
for example, we cannot determine how many different adverse
events occurred in an individual patient. Therefore, we
performed the adverse event diversity analysis on the trial arm
level and categorized events by the MedDRE organ classes.
The inability to identify individual patients may also create bias
when a patient joins multiple trials, although we estimate the
proportion of patients joining multiple trials is low because most
trials exclude patients who are participating in other trials
concurrently. Furthermore, certain types of studies may be more
common in one age group than another which could lead to a
higher incidence of a type of adverse event. For instance,
perhaps few psychiatric studies are performed in the younger
patients in comparison to the older patients. For nonserious
events, some trials on ClinicalTrials.gov only reported events
that exceeded a frequency of 5% within any arm of the trials.
This could lead to potential undercount of nonserious events.
We used MetaMap [14] to normalized terminologies, which
may not normalize terms 100% correctly to the UMLS concepts.
However, a few studies evaluated the performance of MetaMap
[32,33] and found that the accuracy of MetaMap was over 90%.
The MedDRA system classes were updated in March 2016 to
include a new category called product issues. The new system
class contains events related to device issues. We currently have
no adverse events mapped to this category. We also want to
compare the differences of adverse event patterns between the
intervention groups and the placebo groups on the population
level. However, it requires us to develop new natural language
processing methods to systematically identify placebo and
intervention arms from the free-text trial arm descriptions. This
will be our future work.

Conclusions
The adverse event incidence rate in clinical trial studies is as
high as 27.0% at the population level, which is higher than the
reported incident rate in various patient care settings (7%-20%).
Clinical trials may include a greater risk in terms of adverse
events by their nature. Young children and older patients have
higher risks of adverse events in clinical trials. The pattern of
adverse event types in different organ categories is different
across the age groups. Evidence-based risk analysis should be
used to facilitate clinical trial design and planning.
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