
Safety of Medical Interventions in Children Versus
Adults

WHAT’S KNOWN ON THIS SUBJECT: Drug use in pediatrics is
often based on adult efficacy data. Clinically significant
discrepancies between adults and children may exist. To our
knowledge, there is no large-scale evaluation of evidence
comparing rates of adverse events between adults and children.

WHAT THIS STUDY ADDS: Available evidence on the comparative
safety of pharmacologic interventions in adults versus children is
inconclusive. In a third of meta-analyses, twofold or greater
differences were identified between adults and children, and
some clinically important discrepancies were also found.

abstract
OBJECTIVE: Compare the risk of harm from pharmacologic interventions
in pediatric versus adult randomized controlled trials (RCTs).

METHODS: We used systematic reviews from the Cochrane Database of
Systematic Reviews. We considered separately 7 categories of harms/
harm-related end points: severe harms, withdrawals due to harms, any
harm, organ system–level harms, specific harms, withdrawals for any
reason, and mortality. Systematic reviews with quantitative synthesis from
at least 1 adult and 1 pediatric RCT for any of those end points were
eligible. We calculated the summary odds ratio (experimental versus
control intervention) in adult and pediatric trials/meta-analysis; the
relative odds ratio (ROR) in adults versus children per meta-analysis;
and the summary ROR (sROR) across all meta-analyses for each end
point. ROR ,1 means that the experimental intervention fared worse in
children than adults.

RESULTS: We identified 176 meta-analyses for 52 types of harms/harm-
related end points with 669 adult and 184 pediatric RCTs. Of those, 165 had
sufficient data for ROR estimation. sRORs showed statistically significant
discrepancy between adults and children only for headache (sROR 0.82;
95% confidence interval 0.70–0.96). Nominally significant discrepancies
for specific harms were identified in 12 of 165 meta-analyses (RORs ,1
in 7, ROR .1 in 5). In 36% of meta-analyses, the ROR estimates suggested
twofold or greater differences between children and adults, and the 95%
confidence intervals could exclude twofold differences only in 18% of
meta-analyses.

CONCLUSIONS: Available evidence on harms/harm-related end points
from pharmacologic interventions has large uncertainty. Extrapolation
of evidence from adults to children may be tenuous. Some clinically
important discrepancies were identified. Pediatrics 2014;133:e666–e673

AUTHORS: Dimitrios Lathyris, MD,a Orestis A. Panagiotou,
MD,b Maria Baltogianni, MD,c John P.A. Ioannidis, MD, DSc,d,e

and Despina G. Contopoulos-Ioannidis, MDf,g

aIntensive Care Unit, General Hospital G. Gennimatas,
Thessaloniki, Greece; bClinical Trials and Evidence-Based
Medicine Unit, Department of Hygiene and Epidemiology,
University of Ioannina School of Medicine, Ioannina, Greece;
cNeonatal Intensive Care Unit, University Hospital of Ioannina,
Ioannina, Greece; dStanford Prevention Research Center,
Department of Medicine, eDepartment of Health Research and
Policy, and fDivision of Infectious Diseases, Department of
Pediatrics, Stanford University School of Medicine, Stanford,
California; and gPalo Alto Medical Foundation Research Institute,
Palo Alto, California

KEY WORDS
comparative safety, harms, withdrawals, mortality, children,
adults, pharmacologic interventions

ABBREVIATIONS
CDSR—Cochrane Database of Systematic Reviews
CI—confidence interval
OR—odds ratio
RCT—randomized controlled trial
ROR—relative odds ratio
sROR—summary relative odds ratio

Dr Lathyris contributed to the study design and generation of
the methodologic plan for data extraction and analysis,
performed data extraction, coordinated and supervised data
collection, and reviewed and revised the manuscript; Dr
Panagiotou contributed to the study design and generation of
the methodologic plan for data analysis, performed statistical
analyses, and reviewed and revised the manuscript; Dr
Baltogianni contributed to the study design, performed data
extraction, and reviewed and revised the manuscript; Dr
Ioannidis contributed to the study design, generated the
methodologic and statistical analysis plans, and reviewed and
revised the manuscript; Dr Contopoulos-Ioannidis
conceptualized and designed the study methodology,
coordinated and supervised data collection, performed
statistical analyses, and drafted the initial manuscript; and all
authors approved the final manuscript as submitted.

www.pediatrics.org/cgi/doi/10.1542/peds.2013-3128

doi:10.1542/peds.2013-3128

Accepted for publication Dec 2, 2013

Address correspondence to Despina G. Contopoulos-Ioannidis,
MD, Department of Pediatrics, Division of Infectious Diseases,
Stanford University School of Medicine, Room G312, 300 Pasteur
Dr, Stanford, CA 94305. E-mail: dcontop@stanford.edu

(Continued on last page)

e666 LATHYRIS et al

mailto:dcontop@stanford.edu


Adverse events from pharmacologic
interventions are common among chil-
dren and adult patients both in hospital
and ambulatory settings.1–3 For most of
these harms, it is unknown whether
their frequency and profile differs be-
tween children and adults. Differences
between these 2 age groups4,5 may be
due to unique pharmacokinetic and
pharmacodynamic properties of drugs
in children.6 Children could be more
resilient to drug adverse events due to
better organ function or more vulnera-
ble due to higher tissue sensitivity.
There is also evidence that adverse
drug reactions can lead more often to
hospital admissions in children than in
adults,7 and certain pediatric pop-
ulations may be at even higher risk for
hospitalization.8,9 Pediatric use of drugs
often depends on adult efficacy data be-
cause of the limited amount of data from
randomized controlled trials (RCTs) in
children. However, clinically significant
discrepancies between adults and chil-
drenmayoccur.10 To our knowledge, there
is no large-scale evaluation of the evi-
dence on the comparative rates of ad-
verse events between adults and children.
Meta-analysis can be used as a tool to
improve the power to detect clinically
significant differences in harms.

We set out to perform a large-scale
empirical evaluation, across diverse
topics, of the relative risk of harms and
related outcomes between adults and
children by focusing on outcomes
reported in meta-analyses of pediatric
and adult RCTs. We wanted to study
whether differences exist in the relative
risks of harms and other harm-related
outcomes (such as withdrawals and
mortality) betweenadults and children.

METHODS

Eligible Systematic Reviews and
Trials

We perused a sample of 106 systematic
reviews previously identified in the
Cochrane Database of Systematic

Reviews (CDSR)10 as part of an empir-
ical evaluation comparing primary ef-
fectiveness outcomes in pediatric
versus adult RCTs. The eligibility crite-
ria of these reviews have been de-
scribed in detail elsewhere.10

We screened reviews in the 2011 (issue
1) of the CDSR (except for mortality, for
which we used the CDSR 2013, issue 1
vol) to identify meta-analyses on
pharmacologic interventions (drugs,
biologics, vaccines, parenteral solu-
tions) with a quantitative synthesis
for binary harms and harm-related
outcomes from $1 pediatric RCT and
$1 RCT in adults. For the character-
ization of trials as adult or pediatric
RCTs, we used the same rules as pre-
viously reported10 (Supplemental Ap-
pendix 1).

The typesof endpointsconsideredwere
grouped in the following 7 categories:
severe harm, withdrawals due to harm,
any harm (without further specifica-
tion), organ system–level harm (eg,
gastrointestinal adverse events), spe-
cific harm (eg, headache, nausea),
withdrawals for any reason, and mor-
tality. The last 2 categories combine
both effectiveness and harms.

For the categorization of medical in-
terventions into experimental and con-
trol interventions, we used the same
criteria previously described.10 We
excluded systematic reviews with no
quantitative synthesis for any study
end point and those without data
available for both age groups. The
screening was done in duplicate by 2
independent investigators (DL, MB)
and disagreements were discussed
with a third investigator (DCI) to reach
consensus.

Data Extraction

From each eligible meta-analysis, we
extracted the following information:
title, experimental intervention, control
intervention, outcome, and trials per
age group (author, year, 232 table-data

for outcomes per trial). Meta-analyses
for different end points in the same
systematic review were considered
separately.

Primary and Secondary End Points

We considered the following 2 primary
end points: severe harms and with-
drawals due to harms. As secondary
end points we considered any harm,
organ system–level harms, specific
harms, withdrawals due to any reason,
and mortality.

Quantitative Data Synthesis

Odds ratio (OR)wasusedas themetric of
relative risk for each harm or harm-
related end point. All interventions and
end points were coined so that the
compared arms always referred to the
experimental versus the control in-
tervention and the calculated OR always
referred to an adverse outcome (ie, OR
,1.00 means that the experimental in-
tervention fared better than the control).

When .1 trial per age group was
available in each meta-analysis, we
estimated the OR for the experimental
versus the control intervention sepa-
rately for the adult and the pediatric
trials combining the ORs within each
age group by fixed and random effects
models.11,12 Between-study heteroge-
neity was evaluated with the I 2 metric
and the corresponding 95% confidence
intervals (CI).13 Moreover, each end
point was considered separately.

For each meta-analysis, we then calcu-
lated the relative odds ratio (ROR) and
thecorresponding95%CIofadult versus
pediatric trials per meta-analysis by
dividing the OR in adults by the OR in
children. A topic with ROR,1.00 means
that the experimental intervention
(versus the control intervention) fared
worse in children compared with
adults. Finally, when $4 meta-analyses
were available for an end point, we
calculated the summary ROR (sROR) in
adults versus children, across all topics,
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by combining the natural logarithms of
all individual RORs per random effects
meta-analysis.12 We calculated the
between-topic heterogeneity for the
sROR estimates by using I2 and the 95%
CIs thereof.13–15

We identified the topics for which the
results in children versus adults dif-
fered beyond chance; those where the
point estimate of the ROR suggested
differences $20% in the OR between
children and adults; those where the
point estimate of the ROR suggested
differences twofold or greater in the OR
between children and adults; and those
in which the 95% CIs of the estimated
ROR excluded twofold difference in the
OR between children and adults. Cal-
culations were performed in Stata 12
(Stata Corp, College Station, TX) using
the metan module. The CIs for I2 were
obtained by using the heterogi mod-
ule.13 P values are 2-tailed.

RESULTS

Eligible Topics

Of the previously identified systematic
reviews,10 we considered as eligible 55
reviews (Supplemental Appendix 2)
corresponding to 176 individual meta-
analyses, pertaining to 113 compar-
isons of experimental versus control
interventions and targeting 52 types of
harm and harm-related end points. The
total number of meta-analyses for each
type of harms and harm-related end
point is shown in Fig 1. After excluding
75 mixed age group and 69 unspecified
age group studies, we included 669
adult RCTs and 184 pediatric RCTs
across all 176 meta-analyses (Fig 1).
RORs were calculated in 165 of 176
meta-analyses. In the remaining 11
meta-analyses, RORs could not be cal-
culated because there were no harm
or harm-related events in all adult or
all pediatric trials or in both.

The topics for those systematic reviews
are shown in Supplemental Table 3. We
performed quantitative synthesis for

sROR estimation for the following 12
unique harms and related end points
with $4 pertinent meta-analyses: se-
vere harms, withdrawals due to harms,
any harm, 7 specific harms (headache,
drowsiness, nausea, fatigue, dizziness,
tremor, and infections; from a total of
42 specific harms), withdrawals for
any reason, and mortality. Additionally,
there were 5 organ system–level
harms and 35 specific harms for which

only individual RORs were calculated
because there were not $4 pertinent
meta-analyses for each.

Frequency of Differences Between
Children and Adults

Nominally significant discrepancies for
harm risks in children versus adults
were identified in 12 of 165 (7%) meta-
analyses (ROR ,1 in 7, ROR .1 in 5).

FIGURE 1
Flow chart: total number ofmeta-analyses for each type of harm and harm-related end point. a Each RCT
could have reported .1 harm or harm-related end points. MA, meta-analysis.
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In 38% (63 of 165) of the studied meta-
analyses, the point estimates of the
RORswere#0.83, and in 19% (32 of 165),
they were #0.5. In another 36% (59 of
165) of the meta-analyses, the point
estimates of the RORswere$1.20, and in
16% (27 of 165) they were$2.0. Thus the
point estimates suggested$20% differ-
ences in the OR between children and
adults in 74% of the meta-analyses and
twofold or greater differences in the OR
in 36% of the meta-analyses.

The lower 95% CI of the estimated RORs
were#0.5 in 73% of the meta-analyses
(120 of 165 for which RORs were cal-
culated). The upper 95% CI of RORs
were $2.0 in 76% (124 of 165) of the
meta-analyses. Only in 18% (30 of 165)
of the meta-analyses could twofold
differences in the OR between children
and adults be excluded in both direc-
tions based on the 95% CIs. The char-
acteristics of included meta-analyses
for each harm and harm-related end
point and the respective quantitative
synthesis results are shown in Sup-
plemental Tables 3 and 4.

sRORs

Across the 12 types of harms and harm-
related end points forwhich quantitative
synthesis was performed (Table 1),
nominally statistically significant dis-
crepancies between adults and children
were identified for only 1, headache. The
sROR for headache was 0.82 (95% CI
0.70–0.96), indicating that children fared
worse than adults for this adverse event,
although none of the individual meta-
analyses on headache had nominally
statistically significant RORs. For the
other 11 categories of harm, the differ-
ences were not beyond chance, and
sROR estimates were relatively close to
1.00 (range 0.88–1.15) for the end points
that had the largest number of trials
(192–406) and the largest number of
meta-analyses (13–23): that is, mortality,
withdrawals due to harms, withdrawals
due to any reason, and any harm.

Nominally Significant Differences in
Children Versus Adults for Specific
Topics

There were 12 meta-analyses for which
the RORs on specific harms or harm-
related end points were nominally
statistically significant (Supplemental
Table 4). On the basis of random effects
calculations of RORs, children fared
worse than adults in 7 of those cases
(ROR ,1), whereas the opposite oc-
curred in 5 cases. Results are sum-
marized in Table 2, and we present
these 12 topics in more detail next.

RORs ,1

For 7 topics, children had more unfavor-
ableoutcomesthanadults.Clarithromycin
had fewer adverse events than eryth-
romycin for community acquired pneu-
monia in adults, whereas there was no
difference between the 2 medications in
children. The RTS,S malaria vaccine
causedmoreswelling than thecontrol in
children, but thiswasnotdocumented in
adults; ofnote, therewasonly1adultRCT
(n = 865 patients) versus 3 substantially
larger pediatric RCTs (n = 6464 chil-
dren). Clozapine caused more drowsi-
ness than typical neuroleptics in both
adults and children with schizophrenia,
but in children, it was much more
prominent, and a 24-fold increase was
documented in the single small pediat-
ric RCT with 22 children. Hyoscine for
prevention of postoperative nausea/
vomiting caused dry mouth more fre-
quently than placebo in both adults and
children, but in children, it was more
prominent, with a 23-fold increase
documented in the single pediatric RCT
of 40 children. Children had relatively
more withdrawals for any reason with
phenytoin versus phenobarbitone for
partial or generalized seizures. Phenyt-
oin was associated with an increase in
discontinuation rates in both adults and
children, but children had significantly
more withdrawals in the single pediat-
ric RCT of 63 children. Artemisin drugs

offered a survival benefit versus quinine
for severe malaria only in adults, not
in children (11 adult RCTs, n = 1414
patients; 8 pediatric RCTs, n = 1492 chil-
dren). Furthermore, children had in-
creased mortality with routine use of
phenobarbitone versus placebo for
treating cerebral malaria (single large
pediatric RCT, n = 340 children), while
such an increase was not seen in adults.

RORs >1

For 5 topics, children had less unfavor-
ableoutcomes thanadults.Azithromycin
caused fewer harms than amoxicillin/
amoxicillin-clavulanate in both adults
and children with lower respiratory
infections, but the decrease was even
more prominent in children than in
adults. Adults experienced a statistically
significant increase in adverse events,
mostly gastrointestinal, from antibi-
otics versus placebo when they were
given for common cold and acute pu-
rulent rhinitis, whereas children did
not show such a pattern; however, this
difference should be interpreted with
caution, because 5 additional pediatric
trials had not reported results for ad-
verse events.

For specific harms, topiramate caused
increased drowsiness versus placebo
in adults treated for partial seizure, but
this was not documented in children.
The RTS,S malaria vaccine caused
injection-site pain in both adults and
children; however, the increase in pain
in children was relatively less.

Finally, in liver transplantation, tacrolimus
was associated with fewer withdrawals
due to harm than cyclosporine in both
adults and children; however, the benefit
was more prominent in children.

DISCUSSION

In this large-scale meta-epidemiologic
evaluation of the relative risks of
harms in adults versus children, we
identified a number of topics in which
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harms differed nominally beyond
chance in the 2 populations. In a third of
the meta-analyses, the point estimates
of theROR suggested twofold or greater
differences in the estimated OR for
harms and harm-related outcomes
between adults and children. In the
majority of topics, evidencewas limited,
and thus twofold differences could be
excluded only in 18% of cases.

We targeted for convenience a selected
group of systematic reviews10 that had
already included both adult and pedi-
atric RCTs in their primary efficacy
outcome analyses. Still, we were able
to identify pertinent meta-analyses
with some data on harm or harm-
related end points from both adults
and children in only half of those top-
ics. Furthermore, there was a relative
paucity of data on some clinically im-
portant types of adverse events, such
as severe harm. Moreover, across the
compiled database of 176 meta-
analyses, the total number of identi-
fied pediatric trials reporting harms
and harm-related end points was less
than a third of the total number of adult
trials. The dearth of pediatric evidence
suggests that extrapolations from
adults to children regarding the harm
of drugs may be tenuous.

Clinical investigators should system-
atically collect and report information

on harms and harm-related end points
in pediatric RCT. Pharmaceutical com-
panies do not typically evaluate most
new agents in children because chil-
dren represent a small market, and
most pediatric trials are not funded by
industry.16 Pediatric trials often rely on
governmental and nonprofit organiza-
tion funding sources.16 Moreover,
drugs tested in children under the Pe-
diatric Exclusivity law often do not re-
flect true priorities in children, and
pediatric trials are often performed for
blockbusters in the adult market.17

Pediatric information on drug labeling
is lacking in most drugs licensed in the
United States,18 and many children, in
both inpatient and outpatient settings
worldwide, are prescribed off-label
drugs.19–21 Even for conditions with
high disease burden in children, only
a small percentage of clinical trials
have included children16; the problem
is even larger for conditions with
high disease burden in developing
countries.

In the absence of pediatric RCTs for
drugs widely used in routine pediatric
clinical practice, safety information
from postmarketing surveillance stud-
ies might fill this knowledge gap.22,23

Nevertheless, postmarketing surveil-
lance studies have their own chal-
lenges23 and exhibit variable accuracy

and completeness. Moreover, most
postmarketing studies that pharma-
ceutical companies commit to are
never completed.22 Rigorous prospec-
tive postmarketing safety surveillance
studies should be systematically per-
formed and reported.24 This would be
particularly important for rare adverse
events that can occur in children and
that could not be detected in even large
pediatric RCTs.25

Unfortunately, robust studies targeting
harms in children are often never
performed, and the documentation of
true differences between adults and
childrenwill remain elusive. Availability
of information on adverse events in
RCTs remains suboptimal26–31 despite
the existence of specific standards for
reporting of harms.32,33 Problems in-
clude deficiencies in the study design
phase to capture adverse events;
neglected collection of adverse events
during the trial conduct; lack of
reporting or restricted reporting of
adverse events; and occasionally even
silencing of evidence on harms.26 Long-
term adverse events might even not be
detected within the time frame of the
RCTs and safety data for vulnerable
populations at risk for adverse events
may be lacking because these pop-
ulations are usually excluded. Fur-
thermore, reporting of the severity of

TABLE 1 sRORs for Harms and Harms-Related Endpoints in Adult Versus Pediatric Studies

Harms and Harm-Related
Endpoints

N (MA) RCTs
(Adults/Peds)

sROR (95% CI) I 2 (95% CI) RCT per
MA (Median
Adults/Peds)

Sample Size
per MA (Median
Adult/Peds)

Sample Size
per RCT (Median
Adult/Peds)

Severe harms 8 80/20 1.25 (0.73–2.15) 0 (0–79) 4/3 947/362 143/119
Withdrawals due to harms 13 154/38 1.11 (0.78–1.57) 0 (0–57) 10/1 1483/329 202/186
Any harm 18 162/58 1.03 (0.82–1.30) 57 (26–75) 4/2 1132/335 185/139
Specific harms
Headache 15 164/41 0.82 (0.70–0.96) 0 (0–54) 4/1 1958/269 231/206
Drowsiness 8 66/9 1.02 (0.58–1.79) 34 (0–71) 7/1 995/93 53/60
Nausea 8 33/9 0.69 (0.40–1.21) 0 (0–68) 2/1 769/223 272/199
Fatigue 6 24/6 0.81(0.48–1.35) 0 (0–75) 3/1 854/224 127/224
Dizziness 5 21/5 0.69 (0.37–1.29) 0 (0–85) 4/1 735/199 105/199
Tremor 4 28/10 0.88 (0.68–1.13) 0 (0–85) 7/2 1503/338 195/131
Infections 4 42/7 0.62 (0.27–1.43) 0 (0–90) 10/2 1839/113 75/60

Withdrawals for any reason 15 190/46 1.15 (0.88–1.49) 38 (0–66) 9/1 1287/193 184/174
Mortality 23 321/85 0.88 (0.70–1.11) 32 (0–62) 7/2 1414/222 90/75

MA, meta-analyses; Peds, pediatrics.
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clinical adverse events, laboratory-
determined toxicities, and patient with-
drawals due to adverse events is often
inadequate.29–31,34,35 Individual trials
may also be underpowered to provide
conclusive evidence for rare but clini-
cally significant adverse events.36 Even
when pediatric trials are performed,
they often yield small data sets that do
not allow robust inferences for safety.
Meta-analyses on harms may increase
the power to detect clinically significant
differences but also have their own
methodologic challenges37–39 because
they depend on the presence of high-
quality data in individual studies on
collected and reported harms. With our
meta-epidemiologic approach, we in-
creased our power to detect significant
discrepancies in harms between the 2
age groups and across several diverse
topics. However, even meta-analyses
may not have adequate power to de-
tect modest differences. Selective
reporting may also cause some spuri-
ous differences if it happens to affect
more RCTs of 1 age group than another.
For example, although the reported ev-
idence suggests that antibiotics cause
adverse events only in adults when
given for common cold or purulent
rhinitis (an inappropriate indication),
many trials in children do not even
report the respective information on
adverse events.

We should acknowledge that observa-
tional studies may be more suitable to
detect rare or late adverse effects of
treatments; however, analysis of the
evidence from observational studies
was beyond the scope of this project. It
would be interesting to compile ob-
servational data on medication-related
adverse events from pediatric pop-
ulations for comparative analyses
against adult data. However, to our
knowledge, such a collection of data
does not exist yet, in contrast to the
more routine availability of compiled
RCT data in CDSRs.TA
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There are some limitations that we
should acknowledge in our study. First,
in our analysis, we limited our search to
topics previously identified as having
comparative effectiveness results from
both adults and children. It is possible
that if wehad screened thewhole CDSR
only for harms, we could have identi-
fied some additional pertinent meta-
analyses. However, the scenario in
which comparative safety datawould be
available without having any compara-
tive efficacy data is likely to be un-
common. Second, by considering only
meta-analyses that had included both
pediatric and adult RCTs, it is possible
thatmedical interventions forconditions
that pertained exclusively to pediatric

populations would not have been cap-
tured. Third, in our analyses we con-
sideredallpediatricRCTstogether.Given
the paucity of data, any age subgroup
analyses (eg, infants, preschoolers)
would be unable to detect any clinically
significant differences.40,41 Fourth, for
some subjective harms (eg, pain), it is
possible that children might un-
derreport them, and this may affect the
frequency of estimated discrepancies
between adults and children for such
end points. Fifth, we also considered
mortality among the eligible end points,
although death is often considered an
efficacy outcome. However, one cannot
exclude that death could also be caused
by treatment-related harms.

Acknowledging these limitations, we
were able to document several cases in
which significant discrepancies existed
in harms between adults and children.
However, in the majority of cases, our
analysis suggests that evidence about
the comparative harmsof drugs in these
2 populations is inconclusive. Even large
differences cannot be excluded. Pediat-
ric drug therapy should certainly take
into account the physiologic differences
between children and adults,42 but
making guesses about toxicity in the
absence of evidence is not easy. In the
absence of sufficient evidence, extrap-
olation to children of safety information
for pharmacologic interventions from
adults is likely to be tenuous.43
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