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BACKGROUND AND OBJECTIVES: Therapeutic hypothermia has reduced the risk of death or major
disability following perinatal hypoxic-ischemic encephalopathy (HIE); however, many children
who experience perinatal HIE still go on to develop personal and behavioral challenges, which
can be difficult for caregivers and a public health burden for society. Our objective with this
review is to systematically identify and synthesize studies that evaluate associations between
perinatal HIE and socioemotional or psychological outcomes.

meTHODS: We screened all search-returned journal articles from Cochrane Library, Embase,
Medline, PsycINFO, Scopus, and Web of Science from data inception through February 1,
2023. Keywords related to HIE (eg, neonatal encephalopathy, neonatal brain injury) and
outcomes (eg, social*, emotion*, behav* problem, psycholog*, psychiatr*) were searched with
a predefined search string. We included all observational human studies reporting
socioemotional or psychological sequelae of term HIE. Study data were recorded on
standardized sheets, and the Newcastle-Ottawa Scale was adapted to assess study quality.

results: We included 43 studies documenting 3244 HIE participants and 2132 comparison
participants. We found statistically significant associations between HIE and social and
emotional, behavioral, and psychological and psychiatric deficits throughout infancy,
childhood, and adolescence (19 studies). The authors of the included studies also report
nonsignificant findings (11 studies) and outcomes without statistical comparison (25 studies).

concLusions: Perinatal HIE may be a risk factor for a range of socioemotional and psychological
challenges in the short- and long-term. Routine screening, early intervention, and follow-up
support may be particularly beneficial to this population.
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Neonatal encephalopathy (NE) is disturbed neurologic func-
tion in term infants characterized by difficulty initiating and
maintaining respiration, depression of tone and reflexes,
subnormal levels of alertness, and often seizures. The most
common cause of NE is lack of oxygen and blood flow to
the brain during the perinatal period, usually referred to as
hypoxic-ischemic encephalopathy (HIE), which can lead to
life-long morbidities or death.” The overall incidence of NE
is estimated at 3 per 1000 live births and is even higher in
low- and middle-income countries.?

Neonates with suspected HIE are classified according to
the Sarnat staging system as stage I (mild), stage II (moder-
ate), or stage III (severe).* A modified version of this sys-
tem is used to identify infants that may benefit from
therapeutic hypothermia (TH) after birth, which has been
shown to reduce the risk of death or major disabilities fol-
lowing moderate or severe HIE; however, improvement of
holistic outcomes has been modest.” Understanding the
burden of HIE is important to support the development of
targeted interventions® and to ensure that those with HIE
receive appropriate follow-up care.

Studies of disability after HIE have focused on motor or
cognitive deficits.”*® However, rodent models associate HIE
with social, emotional, and psychological dysregulation, in-
cluding hyperactive, antisocial, anxiety-like, and aggressive
behaviors.'’~2° In parallel, the authors of a growing body of
research have reported disrupted psycho-socio-emotional
development after human HIE throughout infancy, child-
hood, and adulthood. In this systematic review, we aimed to
synthesize studies that reveal associations between HIE and
social, emotional, or psychological functioning.

METHODS

We followed the guidelines of Preferred Reporting Items
for Systematic Reviews and Meta-Analyses and preregis-
tered this review via PROSPERO, an international data-
base of prospectively registered systematic reviews (ID:
CRD42021267939).*! Keywords related to HIE or NE
and relevant outcomes were searched with a predefined
search string (Supplemental Fig 2). We searched for studies
referring either to HIE or to NE after hypoxic ischemia, as
many authors use these terms interchangeably.” Relevant
outcome measures were (1) responses to social, emo-
tional, or psychological stimuli, (2) scores on standard-
ized social, emotional, or psychological assessments, (3)
scores on social, emotional, or psychological question-
naires, (4) referral to psychology, psychiatry, or other
mental health services, and (5) symptoms or diagnosis re-
lated to social, emotional, or psychological functioning.

We retrieved records from Cochrane Library, Embase,
Medline, PsycINFO, Scopus, and Web of Science (Supple-
mental Fig 3) from data inception through July 22, 2021
(original search), August 18, 2022 (first rerun search),
and February 1, 2023 (second rerun search).”* With

Rayyan, duplicates were manually removed, and titles
and abstracts were blindly screened by 2 of 3 authors
(GHK, HP, SN) until a consensus was reached.?® Reports
were excluded if they were written in a non-English lan-
guage, not a journal article, not reporting measures for
the correct population or cohort, or not reporting meas-
ures relevant to the review. We included observational
human studies reporting social, emotional, or psychologi-
cal sequelae of term HIE/NE (Supplemental Fig 4) and
screened included studies’ reference lists.

Study data were recorded on standardized data collec-
tion sheets. Because of the heterogeneity of studies, a
meta-analysis could not be performed. The quality of
studies was critically appraised with adapted versions of
the Newcastle-Ottawa Scale by 2 of 4 authors (HP, SN,
HW, TA), with discrepancies resolved by a third author
(GHK; Supplemental Figs 5-7).%*

RESULTS

Study Selection and Critical Appraisal

Of 3340 distinct records screened, 3103 were ex-
cluded, and 237 were retrieved and assessed for eligi-
bility. We include 43 studies, published between 1998
and 2022, documenting 3244 participants with HIE/NE
and 2132 non-HIE/NE comparison participants (Table 1).
Of these, 22 are cohort studies (8 prospective, 14 retro-
spective), 20 are case series studies (13 prospective, 5
retrospective, 2 mixed), and 1 is a case-control study
(retrospective). The studies are predominantly based in
Europe (25/43) or North America (7/43), with few in
Asia (5/43), Australia (3/43), or mixed regions (1/43).
Of the 43 included studies, 21 administered TH after
birth to eligible infants with HIE/NE, 6 were rated as
low-quality, 32 were rated as medium-quality, and 5
were rated as high-quality (Tables 2-4). Studies re-
ported a wide range of relevant outcome measures,
which we categorized into social and emotional out-
comes, behavioral outcomes, and psychological and psy-
chiatric outcomes.

Social and Emotional Outcomes

The authors of 21 studies reported social, personal-social,
socioemotional, emotional, or related outcomes, document-
ing participants from birth to 12 years of age (Fig 1).2°™*°
Of these studies, 6 reported significant associations be-
tween deficits and presence and severity of HIE (2/6 ad-
ministered TH;***' 3/6 were rated as low-quality;>*3>*
and 3/6 were rated as medium-2>?® or high-quality
4 reported nonsignificant differences (2/4 administered
TH;37*5 1/4 was rated as low-quality;** and 3/4 were
rated as medium-quality®”***®), and 12 reported HIE

outcome scores or ranges without statistical compari-
son (Fig 1).27733/3639,40,42,43
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TABLE 4 Critical Appraisal of Case-Control Studies
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The authors of 15 studies reported social (including
personal-social) findings.?>®** At 1 year, personal-social
scores were lower in NE groups than in comparison groups25
and lower in a moderate HIE group than in a mild HIE
group.?® Personal-social scores at 1 to 2 years in HIE/NE
and social scores at 1 to 4 years in an HIE group?’
were predominantly normal. The proportions of delay in per-
sonal-social milestones up to 2 years in a moderate HIE group
were reported.>® In moderate and severe HIE groups, per-
sonal-social scores at 2 years were predominantly normal
with a reported range of scores up to 3 years,**** and there
was no difference in scores at 3 years between a mild HIE
group and a comparison group.>* Personal-social scores
at 3 to 6 years were lower in a moderate and severe
HIE group than in a comparison group.35 In moderate
and severe HIE and comparison groups at 6 to 9 years,
a range of social skills were reported,36 and social skills
did not differ between groups;®’ social skills at 6 to 8
and 10 to 12 years in an HIE group also did not differ
from a normative sample.*® At 9 to 10 years, groups with
mild NE and moderate NE had more social problems than
a comparison group.®®

The authors of 7 studies reported emotional (including
socioemotional and quality of life) findings.>*3°** Within
the first 24 hours of life, a mild HIE group and a compar-
ison group reported different patterns of hemodynamic
brain responses in the middle frontal gyrus in response
to happy, fearful, angry, and neutral emotional proso-
dies.3* At 2 years, socioemotional scores in an HIE group
were predominantly normal.>® A range of socioemotional
scores at <3.5 years in an HIE group40 were reported. At
4 to 6 years, an NE group and a mild NE subgroup both
had lower health-related quality of life scores than a
comparison group; the NE group had lower scores in the
emotional and social functioning subdomains than the
comparison group (with no differences between mild NE
and comparison groups or moderate and severe and mild
NE groups). A moderate and severe NE subgroup had
lower health-related quality of life scores than a mild NE
subgroup.*! A range of “self-esteem” and “emotional im-
pact” scores,*? as well as “emotion” scores*® at 6 to 7
years in moderate and severe HIE groups were reported,
and no difference was found between a mild and moderate
HIE group and a reference sample on any health-related
quality of life subscales at 6 to 8 years.**

Behavioral Outcomes

The authors of 16 studies reported behavior-related out-
comes, documenting participants from 1 year to adoles-
cent age (Fig 1).2931:3536.384044-53 (of these studies, 10
reported significant associations between deficits and
the presence and severity of HIE (3/10 administered
TH;31354¢ 2/10 were rated as low-quality;*>*° and 8/10
were rated as medium-31467*851-53 o1 high-quality®®),
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4 reported nonsignificant differences (2/4 administered
TH;***' 0/4 were rated as low-quality and were rated as
4/4 as medium-***! or high-quality®®**®), and 6 reported
HIE outcome scores or ranges without statistical compari-
son (Fig 1).2936:4044:49,50

The authors of 3 studies reported behavior problems
on the Strengths and Difficulties Questionnaire. There
were more problems at 6 to 8 years in a moderate and
severe HIE group than in a comparison group,46 fewer
“normal”-range children at 7 years in a severe NE group
than in moderate NE or comparison groups (caregiver-
reported and teacher-reported),*” and more problems at
adolescent age in a mild and moderate HIE group than in
a peer (but not a sibling) comparison group (no differ-
ence in self-reported problems).”® These studies also re-
port subscale differences between groups.*¢™*®

The authors of 8 studies reported behavior problems
on the Child Behavior Checklist3!3>36:384044.49,50 po.
ported HIE group scores of problems related to inter-
nalizing and externalizing at =1.5 years fell below the
normative mean but without a statistically significant
difference.*® There were more problems at 2 years in a
moderate and severe HIE subgroup with minor neurologic
signs than in a subgroup without minor neurologic signs®!
and at =3.5 years in a moderate HIE group than in a mild
HIE group.*® The proportions of problems at 6 to 7 years in
a moderate and severe HIE group were reported,”® and
problems at 6 to 8 years in a mild and moderate HIE group
were “not much higher” than in a Dutch reference sample.**
The proportions of problems at 6 to 9 years in a moderate
and severe HIE group and a comparison group were repor-
ted,3® and there were no differences at 9 to 10 years be-
tween mild NE, moderate NE, and comparison groups.*® The
authors of 4 studies also reported subscale differences be-
tween groups.3l'35'38'40

The authors of 8 studies reported additional behav-
ior-related findings.??-384%4559-53 proportions of be-
havior problems at 1 to 4 years in an HIE group?® and
18 to 22 months in a moderate and severe HIE
group®® and a range of behavior regulation problems
at =3.5 years in a mild and moderate HIE group*® were
reported. There were more behavior regulation prob-
lems (teacher-reported, but not caregiver-reported) at 5
to 7 years in a moderate and severe HIE group than in a
comparison group.®’ Overall behavior problems and sub-
scales differed between groups with mild and moderate
NE and comparison groups at 5.5 years®? and 9 to 10
years (teacher-reported, not caregiver-reported).’® Be-
havior problems at 6 to 8 and 10 to 12 years in an HIE
group did not differ from a normative sample.*> Prob-
lems of tractability, aggressivity, passivity, and anxiety
at 8 to 13 years increased with the presence of symp-
toms of NE.>*

PEDIATRICS Volume 153, number 4, April 2024

Psychological and Psychiatric Outcomes

The authors of 22 studies reported additional psycho-
logical or psychiatric symptomatology or diagnoses or
referral to related services, documenting participants
from 1.5 to 19 years of age (Fig 1).31:3°57384041,45,53-67
Of these studies, 10 reported significant associations
between deficits and the presence and severity of HIE
(4/10 administered TH;3%*>37*1 3/10 were rated as
low-quality;*>***! and 7/10 were rated as medium-
quality3137-536062-64) 5 reported nonsignificant differences
(4/5 administered TH;*'3>*%7 1/5 were rated as low-
quality;*®> and 4/5 were rated as medium->***” or high-
quality38), and 11 reported HIE outcome scores or ranges
without statistical comparison (Fig 1).36:4%54-59.61.6566

The authors of 8 studies reported rates of psychiatric di-
agnosis in HIE/NE groups.?¢384>>*% The incidence of di-
agnoses of autism spectrum disorder (ASD) at 18 to 22
months,>* Diagnostic and Statistical Manual of Mental Dis-
orders (DSM)-V classifications at 18 to 36 months after a
positive score on an ASD checklist>> ASD and attention
deficit hyperactivity disorder (ADHD) at 2 to 16 years,>®
ASD and ADHD at 5 years,”” psychiatric problems at 6 to 9
years,® ASD and ADHD or attention deficit disorder at 6
to 8 and 10 to 12 years,*® clinical neurologic problems at
10 to 16 years,58 and ASD at childhood age59 were re-
ported for HIE/NE groups. No differences in DSM-IV classi-
fications at 9 to 10 years between mild NE, moderate NE,
and comparison groups were reported.>®

The authors of 6 studies reported additional ASD fin-
dings.?>°>%%"%3 In a moderate and severe NE group,
18.2% scored positively on an ASD checklist (general
rate 4.4%-9.4%) at 18 to 36 months.>> No difference in
ASD-related traits at 2 years was reported between a
moderate and severe HIE group®! and a normative sam-
ple.%® There was a higher incidence of HIE in an ASD case
group than in a non-ASD control group at 28 to 45
months®® and a low level of ASD-related traits at 2 to 4
years in a moderate and severe HIE group.®’ A moderate
and severe NE group was 5.9 times more likely to be
diagnosed with ASD than a comparison group at
5 years,62 and there were more ASD-related traits in a
moderate NE group than in a comparison group at 10
to 19 years.®® ASD-related traits at 6 to 8 years did not
differ between a moderate and severe HIE group and a
comparison group.®’

The authors of 4 studies reported additional ADHD fin-
dings.>*37% At 5 years, a moderate and severe HIE group
showed more ADHD-related inattention (teacher-reported,
but not caregiver-reported) than a comparison group.®*
Scores of ADHD-related traits at 6 to 7 years in a moder-
ate and severe HIE group were reported.> A group with
Apgar scores ranging from 7 to 10 with symptoms of NE
was 6.6 times more likely to have an ADHD-related diag-
nosis at 8 to 13 years than a group with Apgar scores



ranging from 7 to 10 without symptoms of NE>® and
there were more ADHD-related traits (inattention, but not
hyperactivity/impulsivity) at 10 to 19 years in a moderate
NE group than in a comparison group.63

The authors of 7 studies reported additional clinical
findings.3:3%374041.53.66 According to the Child Behavior
Checklist, there were more clinical and sleep problems at
2 years in a moderate and severe HIE subgroup with mi-
nor neurologic signs than in a subgroup without minor
neurologic signs,>' no differences in clinical or sleep
problems at 3 to 6 years between a moderate and severe
HIE group and a comparison group,35 and more anxiety
disorder, ADHD, oppositional defiance, and sleep problems
at =3.5 years in a moderate HIE group than in a mild HIE
group.40 At 3 to 6 years, a moderate and severe HIE group
showed more depression symptoms than a comparison
group.®® At 4 to 6 years, an NE group showed higher bed-
time resistance and sleep anxiety than a comparison group,
and a moderate and severe NE group showed higher sleep
onset delay than a mild NE group (with no other subscale
differences).*! A range of rates of referral to mental health
or psychology services at 5 years in an HIE group were re-
ported,°® and there was a higher incidence of psychopa-
thology at 6 to 9 years in a moderate and severe HIE than
in a comparison group.37 A group with Apgar scores rang-
ing from 7 to 10 with symptoms of NE was 2.2 times more
likely to be referred to services by a psychologist at 813
years than a group with Apgar scores ranging from 7 to 10
without symptoms of NE.>

DISCUSSION

Impact

Systematic reviews of outcomes after perinatal hypoxic-
ischemic encephalopathy (HIE) have focused on motor,
cognitive, and visual deficits.'®>’® We present a compre-
hensive systematic review of social, emotional, psychologi-
cal, and related outcomes after perinatal HIE. Significant
associations between the presence or severity of HIE and
these deficits were reported in 19 of 43 included studies,
with age ranges of study populations spanning from birth
to 19 years (Fig 1).252631343557.38404146-48,51-53,60,62-64
Significant associations persisted in studies in which re-
searchers administered TH3'3%374146 and across studies
that were rated as low- or medium-/high-
quality. 25:26:31,37:38,46-48,51-53,60,62-64 \o jncluded studies
referring either to HIE or NE, as many authors use these
interchangeably,” and we preserved each article’s cho-
sen terminology in our narrative. Because of the hetero-
geneity of studies, we were unable to conduct a meta-
analysis.

Decreased health-related quality of life*! and personal-
social quotient?® and increased bedtime resistance and
sleep anxiety41 were reported in groups with NE. The

34,35,40,41

likelihood of behavior problems (tractability, aggressivity,
passivity, anxiety), ADHD-related diagnosis, or referral to
psychological services increased with the presence of
symptoms of NE.>® In addition, there was a higher incidence
of HIE in children with ASD.®® Mild HIE was associated with
lower health-related quality of life*! and abnormal hemody-
namic brain responses to emotional prosodies,** and mild
NE was associated with social and thought problems.® Be-
havior problems were reported in mild or moderate HIE
(peer problems, less prosocial)*® and mild or moderate NE
(worse attention span, variability, irritability, explosive-
ness).”> Moderate NE was associated with social and atten-
tion problems and anxious or depressed behavior,*® and a
moderate and severe NE group was 5.9 times more likely to
be diagnosed with ASD.* Additionally, compared with mild
HIE/NE, moderate HIE was associated with lower personal-
social ability,26 and moderate or severe NE was associated
with lower health-related quality of life and increased sleep
onset delay.*!

Some significant differences persisted even when
studies excluded children with other disabilities. After
excluding children with cerebral palsy, moderate or
severe HIE was associated with lower personal-social
skills and development,®® behavior problems,*® anx-
ious or depressed and aggressive behavior,*® behavior
regulation problems,51 ADHD-related inattention,®*
depression symptoms,®® and a higher incidence of
psychopathology.®” In addition, moderate NE was as-
sociated with ASD-related traits®® and ADHD-related
traits.®® After excluding children with cerebral palsy,
a moderate HIE group showed more behavior prob-
lems (externalizing, withdrawn or depressed, aggres-
sive) and elevated levels of anxiety disorder, ADHD,
oppositional defiance, and sleep problems compared
with a mild HIE group,40 and a moderate and severe
HIE subgroup with minor neurologic signs showed more
behavior problems (internalizing, anxious or depressed),
clinical problems, and sleep problems than a subgroup
without minor neurologic signs.3! After excluding children
with disabilities, NE was associated with a lower personal-
social developmental quotient®> and more behavior prob-
lems (hyperactivity, emotional problems, less prosocial)*’
than groups without NE, and a severe NE group showed
more behavior problems (hyperactivity, emotional prob-
lems, peer problems) compared with a moderate NE
group.*’

Understanding how treatments or markers of injury re-
late to outcomes is critical for improving prognostic ability
and identifying children in need of early intervention.”*
The authors of 8 included studies explored the associations
between social, emotional, and psychological outcomes of
HIE/NE and other clinical characteristics.?”/2%:39:42:43:49,50,65
Personal-social developmental quotient and behavior
problems worsened in HIE subgroups with normal or mild,
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moderate, and severe white matter injury, respectively,?’
and residuals of personal-social developmental quotient
scores in an HIE group correlated with white matter frac-
tional anisotropy values.?’” Socioemotional development
scores were also lower in an HIE group with =3 episodes
of hypoglycemia than in an HIE group with no episodes of
hypoglycemia.*® However, no differences in internalizing
or externalizing between HIE groups with normal or ab-
normal neonatal MRI*° or in emotional wellbeing, behavior
problems, or ADHD-related traits between moderate and
severe HIE groups who did or did not receive TH after
birth, were reported.*>*>°%%% No included studies assessed
early intervention.

HIE/NE was associated with significant deficits in personal-
social and socioemotional functioning?>26-3%353841 gpq
behavioral functioning3!3%384046-4851-53 Thece deficits may
be a result of injury to or abnormal organization of
areas in the brain that coordinate socioemotional proc-
essing and behavior, as has been observed in human
HIE’®>7® and rodent models.”*”® Associations with
ASD®%263 and ADHD®*%3®* were also reported. One
potential mechanism of increased ASD risk after HIE is
dysregulation of the mammalian target of rapamycin
signaling cascade, which is associated with Fragile X
syndrome (the most common inherited cause of intellec-
tual disability, with concomitant ASD in 30% of cases)
and has been observed in hypoxic-ischemic injury of
prematurity as compared with age-matched controls.”®
Similar to the present findings, increased ADHD risk has
also been reported for children exposed to in utero hyp-
oxic-ischemic conditions who did not necessarily de-
velop encephalopathy, although risk factors for ADHD
are less well understood.””””® Importantly, although the
authors of the included studies reported associations be-
tween HIE/NE and outcomes, we cannot determine if
HIE/NE is the direct cause of these outcomes or if they
are caused by another factor also related to encephalopa-
thy. For example, caregiver mental status may be affected
by a baby with HIE/NE, in turn impacting the child’s psy-
choemotional development.79 Also, because children with
HIE/NE often receive more comprehensive neurodeve-
lopmental follow-up than other children, problems may
be more readily identifiable.

In this systematic review, more deficits were reported at
older ages than at younger ages (Fig 1), implying that chil-
dren who experienced perinatal HIE/NE would benefit
from long-term longitudinal follow-up. Increased reports of
difficulties at older ages may be because these challenges
naturally arise later or because there is a lack of accessible,
robust screening tools at younger ages. Researchers should
continue to develop and validate standardized evaluations
of social, emotional, and psychological functioning in in-
fancy and early childhood to assist in the early identifica-
tion of at-risk individuals. A variety of standardized early

screening tools and assessments are used worldwide,?° al-
though there is a clear lack of international standardization.
Popular choices include the Ages and Stages Questionnaire
or ASQ (0- to 6-year-olds), the Bayley Scales of Infant (and
Toddler) Development or BSI(T)D (1- to 42-month-olds),
the (Brief) Infant-Toddler Social Emotional Assessment or
(B)ITSEA (12- to 36-month-olds), the Child Behavior Check-
list or CBCL11/2-5 (1.5- to 5-year-olds), the Modified
Checklist for Autism in Toddlers or M-CHAT (16- to 30-
month-olds), and the Strengths and Difficulties Question-
naire or SDQ (from 4 years old).

This systematic review revealed that children who ex-
perience HIE/NE, even children who experience mild or
moderate HIE/NE and those who do not go on to develop
cerebral palsy or other disabilities, may be at an in-
creased risk of social, emotional, or psychological dysre-
gulation. The purpose of this review was to synthesize
outcomes rather than evaluate their mechanisms or early
biomarkers. Future work should further research the re-
lationship between markers of injury (eg, structural and
functional brain imaging) and long-term social, emo-
tional, and psychological outcomes, as well as the efficacy
of early interventions in this population. When possible,
the authors of future studies should adjust for IQ in these
comparisons to delineate social, emotional, and psycho-
logical outcomes from cognitive outcomes, which can be
interrelated. Additionally, the authors of future work
should explore the relationships between initial injury,
socioeconomic and cultural context of the caregiver(s),
and outcomes to help identify and target infants most at
risk.

Limitations

Limitations include the exclusion of non-English-lan-
guage reports and non-journal articles (eg, posters or
conference abstracts). Another limitation is our inabil-
ity to conduct a meta-analysis because of heterogeneity
in study design (measurements, timing of assessments)
and clinical characteristics (classification of HIE or NE,
administration of TH). Because the sample sizes of
many included cohorts were relatively small, the stud-
ies may have been underpowered to detect potential
significant associations and differences; however, there
is also a bias toward reporting significant findings,
which may underestimate nonsignificant findings. Stud-
ies were predominantly based in Europe and North
America with few from Asia and Australia and none
from South America or Africa. Finally, 6 of the 43 in-
cluded studies had low-quality ratings.

CONCLUSIONS

This systematic review revealed a clear burden of so-
cial, emotional, and psychological sequelae after peri-
natal HIE, which persisted across varying age ranges,
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administration of TH, severity of injury, and when ex-
cluding children with significant disabilities. Behav-
ioral challenges such as these are often the most
difficult for caregivers and pose a major public health
problem for society. To identify children at risk and
minimize long-term comorbidities, clinicians should
implement early and longitudinal screening and inter-
vention, and researchers should standardize study de-
sign and focus on identifying possible mediators of
outcome.

ABBREVIATIONS

ADHD: attention deficit hyperactivity disorder
ASD: autism spectrum disorder
DSM: Diagnostic and Statistical Manual of Mental

HIE: hypoxic-ischemic encephalopathy
NE: neonatal encephalopathy
TH: therapeutic hypothermia

Disorders
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Supplemental Information

Protocol

The protocol for this systematic review was published on PROSPERO international prospective register of
systematic reviews (ID: CRD42021267939) on 16 August 2021 and can be accessed there. The inclusion
and exclusion criteria were established a priori. We aimed to include any prospective or retrospective
journal article with a human population (including cohort studies, case-control studies, case series studies,
and/or follow-ups of randomized controlled trials) that reports relevant outcomes of hypoxic-ischemic
encephalopathy (HIE) or neonatal encephalopathy (NE) at term; hypoxia/asphyxia without symptoms of
encephalopathy was not sufficient. Relevant outcome measures were: (1) responses to social, emotional,
or psychological stimuli, (2) scores on standardized social, emotional, or psychological assessments, (3)
scores on child-report, caregiver-report, or teacher-report social, emotional, or psychological
questionnaires, (4) referral to psychology, psychiatry, or other mental health services, and (5) presence of
symptoms or diagnosis related to social, emotional, or psychological functioning.

Search Strategy

We conducted record searches of titles, abstracts, and keywords across six databases (Cochrane Library,
Embase via Ovid, MEDLINE via Ovid, PsycINFO, Scopus, and Web of Science), unrestricted by date, using
the below Boolean logic search string. Synonymous search terms were grouped together with the Boolean
“OR,” while search terms regarding the diagnosis of HIE/NE were separated from search terms regarding
social, emotional, and psychological outcomes with the Boolean “AND”.

("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal
encephalopathy" OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR
"neonatal asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal
hypoxia" OR "perinatal hypoxia" OR "peripartum hypoxia" OR "birth hypoxia") AND (social* OR emotion*
OR socioemotional OR psychosocial OR psychoemotional OR "behav* issue*" OR "behav* problem*" OR
"behav* difficult*" OR "behav* disorder*" OR externalising OR externalizing OR internalising OR
internalizing OR "self-control" OR "mental health" OR "self-esteem" OR depression OR depressed OR
anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention
deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar)

The original systematic search, retrieving all records across the six databases from data inception, was
conducted on 22 July 2021. The systematic search was re-run on 18 August 2022 and on 1 February 2023
to include all additional articles added to the six databases since the original search.

Screening

We selected studies according to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.?* Citations of all retrieved searches were collected and uploaded to Rayyan.
After manual deletion of duplicate records, the titles and abstracts of the remaining records were blindly
screened by two independent reviewers (original search: G.H.K and H.P.; re-run search: G.H.K. and S.N.)
until consensus was reached. Records that clearly did not fit inclusion criteria were excluded. The full texts
of the remaining reports that may or may not fit inclusion criteria were retrieved, and all were assessed
for eligibility through conversations amongst reviewers (G.H.K., H.P., and S.N.). Reports were excluded if
published in a language other than English, if in a format besides journal article, if not reporting measures
for the correct population or cohort, or if not reporting measures relevant to the review. The reference
lists of included studies were screened to find additional studies that fit inclusion criteria.

Data Extraction

We extracted relevant outcome data from each of the included studies in tabular form on standardized
data collection sheets (G.H.K.). For each study, we extracted stated purpose, study design (prospective vs.
retrospective, cohort vs. case series vs. case-control, and indication if cohort study is population-based or
a follow-up of a randomized controlled trial), study location, relevant measures to the present systematic
review, population and sample size/demographics, and relevant results to the present systematic review.
Due to the heterogeneity of included studies, we were unable to conduct a meta-analysis.

Quality Assessment

The quality of included studies was critically appraised via a star-based ranking system using adapted
versions of the Newcastle-Ottawa Scale.?* The exact flow of quality assessment varied based on
observational study subtype. For our purposes, cohort studies were defined as reporting outcomes for
both a group with HIE/NE and a comparison group without HIE/NE, including population-based studies
and follow-ups of randomized controlled trials; cases series studies were defined as only reporting
outcomes for a group with HIE/NE; and case-control studies were defined as reporting presence or
absence of a history of HIE/NE for a group with social, emotional, and/or psychological outcome(s) of
interest. Additionally, we defined prospective cohort studies as recruiting the group with HIE/NE
prospectively (e.g., at birth) and retrospective cohort studies as recruiting the group with HIE/NE
retrospectively (e.g., at childhood age), regardless of timing of recruitment of the comparison group.

Two independent reviewers who are consultant neonatologists (H.W. and T.A.) blindly assessed the
representativeness and identification of the group with HIE/NE (cohort and case series studies) or the
identification of the presence or absence of a history of HIE/NE (case-control studies). Two independent
reviewers (H.P. and S.N.) blindly assessed the remaining criteria, including selection of the group without
HIE/NE, comparability of the groups with and without HIE/NE, and assessment of outcome(s) of interest
(cohort studies); selection of the group with HIE/NE, clear reporting of demographic/clinical information,
and assessment of outcome(s) of interest (case series studies); or selection of the group with outcome of
interest, selection of the group without outcome of interest, and comparability of the groups with and
without outcome of interest (case-control studies). All quality assessments were independently reviewed
by a third reviewer (G.H.K.) to check ratings and resolve disagreements. Studies with overall ratings of 1/9
to 3/9 stars were classified as low quality, studies with overall ratings of 4/9 to 6/9 stars were classified as
medium quality, and studies with overall ratings of 7/9 to 9/9 stars were classified as high quality.

SUPPLEMENTAL FIGURE 2
Detailed methods.
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Cochrane
Library

("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy" OR
"neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal
asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum
hypoxia" OR "birth hypoxia"):ti,ab,kw AND (social* OR emotion* OR socioemotional OR psychosocial OR psychoemotional
OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav* disorder*" OR externalising OR
externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR "self-esteem" OR depression OR
depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention
deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar):ti,ab,kw

Embase
via Ovid

("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy" OR
"neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal
asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum
hypoxia" OR "birth hypoxia") .ti,ab,kw. AND (social* OR emotion* OR socioemotional OR psychosocial OR psychoemotional
OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav* disorder*" OR externalising OR
externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR "self esteem" OR depression OR
depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention
deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar) .ti,ab,kw.

MEDLINE
via Ovid

("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy" OR
"neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal
asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum
hypoxia" OR "birth hypoxia") .ti,ab,kw. AND (social* OR emotion* OR socioemotional OR psychosocial OR psychoemotional
OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav* disorder*" OR externalising OR
externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR "self-esteem" OR depression OR
depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention
deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar) .ti,ab,kw.

PsycINFO

((TI ("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy"
OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal
asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum
hypoxia" OR "birth hypoxia")) OR (AB ("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE
OR "neonatal encephalopathy" OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR
"neonatal asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR
"perinatal hypoxia" OR "peripartum hypoxia" OR "birth hypoxia")) OR (KW ("hypoxic-ischemic encephalopathy" OR
"hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy" OR "neonatal brain injury" OR "perinatal brain
injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth
asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum hypoxia" OR "birth hypoxia"))) AND ((TI (social*
OR emotion* OR socioemotional OR psychosocial OR psychoemotional OR "behav* issue*" OR "behav* problem*" OR
"behav* difficult*" OR "behav* disorder*" OR externalising OR externalizing OR internalising OR internalizing OR "self-
control" OR "mental health" OR "self-esteem" OR depression OR depressed OR anxiety OR anxious OR psycholog* OR
neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR
ASD OR Asperger* OR schizo* OR bipolar)) OR (AB (social* OR emotion* OR socioemotional OR psychosocial OR
psychoemotional OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav* disorder*" OR
externalising OR externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR "self-esteem" OR
depression OR depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr*
OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar)) OR (KW
(social* OR emotion* OR socioemotional OR psychosocial OR psychoemotional OR "behav* issue*" OR "behav* problem*"
OR "behav* difficult*" OR "behav* disorder*" OR externalising OR externalizing OR internalising OR internalizing OR "self-
control" OR "mental health" OR "self-esteem" OR depression OR depressed OR anxiety OR anxious OR psycholog* OR
neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR
ASD OR Asperger* OR schizo* OR bipolar)))

Scopus

(TITLE-ABS-KEY("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal
encephalopathy" OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal
asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal
hypoxia" OR "peripartum hypoxia" OR "birth hypoxia")) AND TITLE-ABS-KEY(social* OR emotion* OR socioemotional OR
psychosocial OR psychoemotional OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav*
disorder*" OR externalising OR externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR
"self-esteem" OR depression OR depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR
neuropsychiatr* OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR
bipolar)

Web of
Science

((TI=("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy"
OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal
asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum
hypoxia" OR "birth hypoxia")) OR (AB=("hypoxic-ischemic encephalopathy" OR "hypoxic-ischaemic encephalopathy" OR
HIE OR "neonatal encephalopathy" OR "neonatal brain injury" OR "perinatal brain injury" OR "peripartum brain injury" OR
"neonatal asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth asphyxia" OR "neonatal hypoxia" OR
"perinatal hypoxia" OR "peripartum hypoxia" OR "birth hypoxia")) OR (KP=("hypoxic-ischemic encephalopathy" OR
"hypoxic-ischaemic encephalopathy" OR HIE OR "neonatal encephalopathy" OR "neonatal brain injury" OR "perinatal brain
injury" OR "peripartum brain injury" OR "neonatal asphyxia" OR "perinatal asphyxia" OR "peripartum asphyxia" OR "birth
asphyxia" OR "neonatal hypoxia" OR "perinatal hypoxia" OR "peripartum hypoxia" OR "birth hypoxia"))) AND ((TI=(social*
OR emotion* OR socioemotional OR psychosocial OR psychoemotional OR "behav* issue*" OR "behav* problem*" OR
"behav* difficult*" OR "behav* disorder*" OR externalising OR externalizing OR internalising OR internalizing OR "self-
control" OR "mental health" OR "self-esteem" OR depression OR depressed OR anxiety OR anxious OR psycholog* OR
neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR
ASD OR Asperger* OR schizo* OR bipolar)) OR (AB=(social* OR emotion* OR socioemotional OR psychosocial OR
psychoemotional OR "behav* issue*" OR "behav* problem*" OR "behav* difficult*" OR "behav* disorder*" OR
externalising OR externalizing OR internalising OR internalizing OR "self-control" OR "mental health" OR "self-esteem" OR
depression OR depressed OR anxiety OR anxious OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr*
OR "attention deficit hyperactivity disorder" OR ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar)) OR
(KP=(social* OR emotion* OR socioemotional OR psychosocial OR psychoemotional OR "behav* issue*" OR "behav*
problem*" OR "behav* difficult*" OR "behav* disorder*" OR externalising OR externalizing OR internalising OR
internalizing OR "self-control" OR "mental health" OR "self-esteem" OR depression OR depressed OR anxiety OR anxious
OR psycholog* OR neuropsycholog* OR psychiatr* OR neuropsychiatr* OR "attention deficit hyperactivity disorder" OR
ADHD OR autis* OR ASD OR Asperger* OR schizo* OR bipolar)))

SUPPLEMENTAL FIGURE 3

Detailed search strategy.
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PRISMA diagram of study selection.
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Exposure (maximum: s %)

Representativeness of the exposed cohort (maximum: %)
a. cohort representative of exposure (HIE/NE) in the community (e.g., exclusion of infants with

abnormal neonatal characteristics; no exclusion for cerebral palsy or other deficits) (%)
b. cohort somewhat representative of exposure in the community
c. cohort not representative of exposure in the community
2. Ascertainment of exposure (maximum: %)

a. by direct rigorous diagnosis (of HIE/NE or severity of HIE/NE, e.g., by Sarnat & Sarnat) (%)
b. by reference to primary source, e.g., medical records, with rigorous diagnosis (%)
c. byself-report only
d. other, or no description

Selection (maximum: % %)
1. Selection of the non-exposed cohort (maximum: %)
a. non-exposed cohort (group without HIE/NE or other comparison group) drawn from the
same community as exposed cohort (%)
b. non-exposed cohort drawn from a different community as exposed cohort, or potentially
biased subset of the same community, e.g., hospitalized individuals
c. no description
2. Prospective or retrospective design (maximum: %)
a. prospective cohort study (with respect to recruitment of group with HIE/NE) (%)
b. retrospective cohort study (with respect to recruitment of group with HIE/NE)

Comparability (maximum: % %)
1. Comparability of cohorts in study design (maximum: %)
a. cohorts are matched by an important factor, e.g., by age (%)
b. cohorts are not matched
2. Comparability of cohorts in study analysis (maximum: %)
a. atleast one confounder is adjusted for in analysis (of outcome of interest) (%)
b. confounders are not adjusted for in analysis

Outcome (maximum: % % %)

1. Assessment of outcome(s) of interest (maximum: %)
a. byreference to primary source, e.g., medical records (%)
b. by blind, standardized assessment or interview (%)
c. byself-reportonly (e.g., caregiver- or teacher-report)
d. other, or no description

2. Was follow-up long enough for outcome(s) of interest to occur? (maximum: %)
a. yes (%)
b. no

3. Adequacy of follow-up or non-response rate (maximum: %)
a. (prospective) follow-up rate from initial enrollment high (270%), or those lost described (%)
b. (retrospective) response rate high (270%), or non-respondents described (%)
c. above conditions not fulfilled, or no description

SUPPLEMENTAL FIGURE 5

Adapted Newcastle-Ottawa Scale for cohort studies.




Exposure (maximum: % %)

1. Representativeness of the cases (maximum: %)

a. cohort representative of cases (HIE/NE) in the community (e.g., exclusion of infants with
abnormal neonatal characteristics; no exclusion for cerebral palsy or other deficits) (%)

b. cohort somewhat representative of cases in the community
c. cohort not representative of cases in the community

2. Identification of the cases (maximum: %)
a. by direct rigorous diagnosis (of HIE/NE or severity of HIE/NE, e.g., by Sarnat & Sarnat) (%)
b. by reference to primary source, e.g., medical records, with rigorous diagnosis (%)
c. byself-report only
d. other, or no description

Selection (maximum: % %)

1. Inclusion of the cases (maximum: %)

a. alleligible cases (of HIE/NE) over a defined period of time or geographic area, or an
appropriate (e.g., random) sample of those, were included (%)

b. potential for selection biases
c. unclear, or no description

2. Prospective or retrospective design (maximum: %)
a. prospective case series study (%)
b. retrospective case series study

Case Information (maximum: % %)
1. Clear reporting of demographics of the cases (maximum: %)
a. demographics (e.g., gestational age, birthweight, or sex) comprehensively reported (%)
b. demographics not comprehensively reported
2. Clear reporting of clinical information of the cases (maximum: %)
a. clinical information (e.g., HIE/NE severity, cooling, comorbidities) comprehensively reported (%)
b. clinical information not comprehensively reported

Outcome (maximum: % % %)

1. Assessment of outcome(s) of interest (maximum: %)
a. byblind, standardized assessment or interview (%)
b. by reference to primary source, e.g., medical records (%)
c. byself-reportonly (e.g., caregiver- or teacher-report)
d. other, or no description

2. Was follow-up long enough for outcome(s) of interest to occur? (maximum: %)
a. yes (%)
b. no

3. Adequacy of follow-up or non-response rate (maximum: %)
a. (prospective) follow-up rate from initial enrollment high (270%), or those lost described (%)
b. (retrospective) response rate high (270%), or non-respondents described (%)
c. above conditions not fulfilled, or no description

SUPPLEMENTAL FIGURE 6
Adapted Newcastle-Ottawa Scale for case series studies.
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Exposure (maximum: % %)

1. Ascertainment of exposure (maximum: %)

a. by reference to primary source, e.g., medical records, with rigorous diagnosis (of HIE/NE or
severity of HIE/NE, e.g., by Sarnat & Sarnat) (%)

b. by self-report only (e.g., caregiver-report via questionnaire)
c. other, or no description

2. Same method of ascertainment of exposure for cases and controls (maximum: %)
a. yes (%)
b. no, or no description

Cases (maximum: % %)

1. Selection of the cases (group with outcome of interest) (maximum: %)
a. byindependent validation or blind, standardized assessment or interview (%)
b. by reference to primary source, e.g., medical records (%)
c. byself-report only
d. no description of selection of cases

2. Inclusion of the cases (group with outcome of interest) (maximum: %)
a. alleligible cases with the outcome of interest over a defined period of time or geographic

area, or an appropriate (e.g., random) sample of those, were included (%)

b. potential for selection biases
c. unclear, or no description

Controls (maximum: % %)

1. Selection of the controls (group without outcome of interest) (maximum: %)
a. controls drawn from the same community as cases (%)
b. controls drawn from a different community as cases, or potentially biased subset of the

same community, e.g., hospitalized individuals

c. nodescription of selection of controls

2. Definition of the controls (group without outcome of interest) (maximum: %)
a. no history of outcome of interest (%)
b. potential undetected history of outcome of interest
c. nodescription of history of outcome of interest

Comparability (maximum: % % %)

1. Comparability of cases and controls in study design (maximum: %)
a. cases and controls are matched by an important factor, e.g., by age (%)
b. casesand controls are not matched

2. Comparability of cases and controls in study analysis (maximum: %)
a. atleast one confounder is adjusted for in analysis, e.g., in calculation of odds ratio (%)
b. confounders are not adjusted for in analysis

3. Non-response rate (maximum: %)
a. non-response rate for cases and controls similar, or non-respondents described (%)
b. non-response rate for cases and controls dissimilar, or no description of non-respondents

SUPPLEMENTAL FIGURE 7

Adapted Newcastle-Ottawa Scale for case-control studies.




