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BACKGROUND: Apgar score and cyanosis assessment may disadvantage darker-skinned babies. This review explored cyanosis and
Apgar score assessments in Black, Asian, or minority ethnic neonates compared to White neonates.
MATERIAL AND METHODS: Four databases were searched. Studies of any methodology were included. A narrative synthesis was

undertaken.

RESULTS: Ten studies were included. Three studies involving over 39 million neonates showed Apgar score <3 was predictive of
neonatal mortality across all ethnicities. Black babies with Apgar score <3 had lower mortality rates before 28 days, however,
variations in scoring practices were also observed. Three further studies (n = 39,290,014) associated low Apgar scores with poorer
mental development up to 22 months, especially in mixed ethnicity and Black infants. One study reported inadequate training in
assessing ethnic minority neonates. Cyanosis was the focus of three included studies (n = 455) revealing poor visual assessment of
cyanosis across ethnicities. With pulse oximetry occult hypoxemia occurred slightly more frequently in Black neonates. Tongue
color indicated oxygen requirement at birth, regardless of ethnicity.

CONCLUSIONS: Apgar scores correlate well with neonatal mortality in all ethnicities, however scoring variations exist. Cyanosis
assessment is challenging, with tongue and lips the best places to observe in the absence of pulse oximetry.

Pediatric Research; https://doi.org/10.1038/s41390-024-03543-3

IMPACT:

® Assessment of the color component of the Apgar score and of cyanosis visually are not accurate in babies with darker skin.
Small racial differences may exist for pulse oximetry in neonates, but it is more reliable than visual assessment.

INTRODUCTION
Ethnic inequalities in maternal and neonatal healthcare provision are
increasingly being recognized."? In the United Kingdom (UK),
maternal mortality is two times higher for women from an Asian
background and almost four times higher among Black women than
women of White ethnicity.! Similarly, there are ethnic inequalities
in neonatal mortality within the UK (with 2.94, 222, and 1.68
neonatal deaths per 1000 live births for Black, Asian and White
neonates respectively) and stillbirth (with 7.52, 5.15, and 3.30 still-
births per 1000 births for Black, Asian and White babies
respectively).? Awareness is increasing that Black and Asian neonates
may be disadvantaged by routine neonatal assessments that are
based on normative White populations.> Concerns have particularly
been raised over neonatal assessments that require assessment of
skin color, which is subject to observer and potential racial bias.*”
The Apgar score is a routine perinatal practice which includes skin
color assessment. The Apgar score assesses five components: the
neonate’s heart rate, respiratory effort, reflex irritability, muscle tone,
and appearance.® The birth attendant attributes a score of 0-2 to
each of these five components at 1 and 5 min after the birth, with a

maximal possible score of 10°. In particular, a score of 0 on the
appearance component is defined as the neonate’s skin being “blue
all over”, a score of 1 as “centrally pink with blue extremities”, and a
score of 2 as the skin being “pink all over”® The Apgar score is
extensively used across the world, as a standardized, convenient
way for healthcare providers to report neonatal condition at birth.”
In general, an Apgar score of >7 indicates the neonate was born in a
good condition, while a score of <3 is very low and indicates that
the neonate was in a poor condition at birth.” The reliability of the
Apgar score is however questioned,? particularly that the subjective
assessment of skin color may disadvantage neonates with darker
skin tones. To determine wellbeing more accurately in African,
Caribbean, and Asian neonates’ researchers have suggested
extended assessment is needed.’®

Concerns have also been raised around the detection of
neonatal hypoxia. This is typically portrayed as a neonate’s lips
or skin appearing “blue” or “pale”.? It is difficult to diagnose poor
oxygenation in infants through visual assessment alone, with
reliability varying between clinicians, including in darker skinned
infants.” Guidelines recommend that observation of skin color is
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insufficient to ascertain neonatal oxygenation.'®'" Pulse oximetry
utilizes a non-invasive approach to assess oxygenation. Screening
newborns with pulse oximetry is routinely recommended to
identify heart conditions that may not be detected on visual
examination.'> However, pulse oximeters have mainly been
calibrated on White skin.'® Racial bias in pulse oximetry has been
suggested to place Black adults at increased risk of occult
hypoxemia.'* These inequalities in healthcare provision were
particularly highlighted during the COVID-19 pandemic, where
inconsistencies in technology such as pulse oximeters resulted in
dark skinned individuals having a greater likelihood of inaccurate
readings.'>'®

The aim of this review was therefore to examine associations
between neonatal examinations that include a subjective assess-
ment of skin color and any objective measure of neonatal
wellbeing in Black, Asian, or minority ethnic neonates compared
to their White counterparts. This manuscript specifically focuses
on Apgar score and the detection of cyanosis.

METHODS

This systematic review was performed according to the protocol
published on PROSPERO (CRD42022344617). This manuscript
considers the neonatal assessments of Apgar score and cyanosis.

Data sources
A comprehensive electronic search was undertaken in MEDLINE,
CINAHL, and PsycINFO databases. Database were searched from
inception until 30th April 2022, with the search updated on 31st
August 2023. Gray literature such as statutory body reports or
consultation exercise reports were also searched for using
OpenGrey within the DANS EASY archive. Searches included
medical subject headings (MeSH) combined with key text words.
These included terms around Apgar score, cyanosis, hypoxia,
neonate, and ethnicity. Appendix S1 provides an example full
search strategy. Only English language articles were considered.
As well as the above digital searches a group of stakeholders,
including healthcare providers, academics, commissioners, and
maternity user representatives, were asked via email regarding
their awareness of relevant literature for inclusion.

Eligibility criteria and study selection

Two researchers independently screened citations by title and
abstract against the inclusion criteria. The inclusion criteria were
any qualitative, quantitative or mixed methods study that
explored detection of cyanosis or examined associations between
Apgar score and an objective measure of neonatal wellbeing
included but were not limited to blood gas, intensive care
admission, mortality, ongoing development. Studies were
included if they compared Black, Asian, or “dark” skinned neonates
(less than 4 weeks old) to their White counterparts or those
defined as “light” skinned within the included study. Studies
undertaken in any country were eligible for inclusion regardless of
development as defined by the United Nations Human Develop-
ment Index.'”” Reviews were not eligible for inclusion per se,
however, references of reviews on a related topic were screened
for additional primary studies, as were the references of all
included studies. Two researchers independently screened all
potentially relevant citations at full text. The whole research team
discussed disagreements over inclusion.

Critical appraisal

Included studies were critiqued using the Mixed Methods
Appraisal Tool."”® This incorporates two screening questions,
followed by five quality criteria relating to the appropriateness
of methodology, data collection, and data analysis. These five
quality criteria differ for five study design categories: qualitative,
quantitative-randomized, non-randomized and descriptive, and
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mixed methods. Two researchers independently critiqued the
included studies, with disagreements discussed with a third
researcher until agreement was reached.

Data extraction

Two reviewers undertook data extraction using a pre-defined
template to record relevant information. This included; title,
author, year of publication, country of origin, study design,
methodology (setting, data collection, data analysis), sample size,
ethnicity and age of included neonates, study outcomes according
to ethnic subgroups, covariates adjusted for within analyses,
source of study funding. The method used to classify ethnicity or
race within each included study was noted. Where ambiguities
were noted authors of the original published report were
contacted for clarification.

Data synthesis

A narrative synthesis approach'® was utilized, with Apgar score
and Cyanosis/Hypoxia considered separately. Consideration was
given to neonatal ethnicity within the included studies. Con-
sideration was given to potentially confounding factors including
socioeconomic status, education level, and maternal age.

RESULTS

Of the 6303 citations obtained from database searches and the
37 studies identified through other sources, 227 were screened at
full text. In total 10 studies were eligible for inclusion with seven
studies considering the Apgar score”?°%> and three studies
considering cyanosis.”'®?° Fig. 1 provides a PRISMA flow diagram
of the study search and selection process.>” Table S1 provides
detailed reasons for exclusion of full-text articles.

Study characteristics

Study characteristics are provided in Table 1. All but one study
was conducted in a county with a very high human develop-
ment index (HDI),'” including Australia (n=1), UK (n=1) and
United States of America (USA) (n=7). The other study?' took
place in Zimbabwe (HDI 0.593) which has a medium HDL'” In
total data from 39,291,376 neonates contributed to the included
studies, 39,290,921 within studies considering the Apgar score
and 455 in studies considering cyanosis. Table S2 reports the
funding received for the included studies, with no concerns
identified.

Of the nine studies that recruited neonates, three assigned
neonatal race according to maternal self-reported race and one'®
by parental identification on the neonate’s birth certificate. One
study® assigned neonates as “dark skinned” if at least two of the
three professionals observing the neonate judged it to be “dark
skinned” and one study was undertaken across three countries
and assigned neonates according to their country of origin.?’ The
remaining three studies®*?*?® did not stipulate how neonatal race
was attributed.

7,20,25

Study quality

Table 2 summarizes critical appraisal ratings for the included
studies. The research question was deemed to be clear within all
studies, and all but one study®' was deemed to have collected
data that addressed the research question. Two of the seven
Apgar score studies’”?®> and none of the three cyanosis studies
were assessed as low risk of bias across all five domains.

Apgar score

Seven included studies considered the Apgar score. One of these
studies considered healthcare provider training (n=67).
The remaining six studies compared an objective measure of
neonatal wellbeing according to Apgar score among White infants
and at least one group of infants with any other skin tone
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Fig. 1 PRISMA flow chart. PRISMA flow chart showing study identification.

(n =39,290,921). Of these three studies considered mortality and
three considered longer term development.

Three large studies (n=39,290,014) all linked birth-death
datasets to consider neonatal mortality according to Apgar score
and ethnicity. The studies included 6,544,004 neonates,”
25,936,357 neonates’ and 6,809,653 neonates® respectively. In
all three studies, a low Apgar score (of 3 or less) was associated
with increased risk of neonatal death across all ethnicities. The first
study®? adjusted for maternal sociodemographic and health risk
factors and birthweight. Compared to neonates with a 1-min
Apgar score of 7-10 those with an Apgar score of 0 to 3 had
lowest odds of neonatal death if they were non-Hispanic Black (OR
20.40), with White (OR 36.21) and Mexican American neonates (OR
44.24) having increased odds of neonatal death with low Apgar
score (score 0-3).2? The same race/ethnic variation was seen for
medium 1-min scores (Apgar score 4-6). However, more Black
neonates received a 1-min Apgar score of 6 or lower (10.4%),

Pediatric Research

compared to of White or Mexican American neonates (7.6%).%

The second study’ which was low risk of bias across all domains
found at the same 5-min Apgar score neonatal mortality was
consistently lower in non-Hispanic Black than non-Hispanic White
neonates. The biggest difference was noted at the lowest 5-min
Apgar scores (scores 1-3).” This racial variation was evident for
both term and preterm births. The lower risk of mortality in Black
neonates with each Apgar score remained after adjusting for
potential confounders including maternal smoking, education,
marital status, and gestation antenatal care commenced.” How-
ever, the proportion of Black neonates compared to White or
Mexican American neonates receiving each 5-min Apgar score
was not reported, which could have influenced these findings.’
The final study®® was also low risk of bias across all domains. They
found that compared to White neonates, Non-Hispanic Black and
“Non-Hispanic other” neonates with a 5-min Apgar score of 0-3
had lower early neonatal mortality (up to 6 days of age) [Black:

SPRINGER NATURE



F.J. Fair et al.

wi9laId pue wu)

Ul SSWODINO0 dSIdAPE
|ezeuoau-isod pue
Jereuoau spipaid
91025 Jebdy ayL

siuejul sHym

uey} S91LUOSU UeRISY
-uou djuedsiH-uou
pue yde|g ui Ayjeyow
4O dsu BuneuwLdsIp
1e J2100d

2Je sa102s Jebdy Mo

sal[1wey
Auoulw o1uy3s

pue ‘ueisy “je|g

Jo A19jes anoidwi

03 paiinbau si
yoJeasas pue buluies
2Jow 1ng pajenjerd
I°M sem Buluiesy ay |

uoisnpuo) Apms

yoes jo uonodoid
‘Huiqis e se
pauodal usaq aney
Aew uonIpuod 2I19A3S
AJ9A Ul ulog sjueju)

"9kl [eusaled Joj erep
Buissiw jo uonuodoid
ybiy e sem

9I3Y1 Se pasn sem
Ajuo a2kl |eusdiepy
‘elep Pa129]|0d
Ajpunnol pasn

Apnis sy} se sajgeLen
SWOs J0j 135 e1ep ayl
ulyum exep buissiiy

%6/ 1e Inouiny

yb1y inq ‘pautes
Jjels [je 10N ‘Buiuien
J0 1pedwi wid) buoj
Sssosse 0] 9|ge 10N

suoneywI]

elep
payul| 9A1dadsoa9Yy
:ubisap Apnis

9oeJ Aq paynens pue
sniels bupjows pue
‘Ayied ‘abe ‘uonrednpa
‘NG [euidlew ‘X35 ‘YO
10} paisnfpe uoissaibal
o1siboT sisAjeuy

'syaselep yieap juejul
pue yuiq sall paxul]
wo.4 uond3||03 eleq
abe jo sieak

Gl J9AO SISylow

0] uJoq ‘suonewlojew
|eyusabuod

1INOYHM ‘uolieissab
SY9M 9 + #H-0 + LE
‘syuejul uola|buIs

Apnis 110yod
paseq uone|ndod
:ubissp Apnis

elep
aAneylenb jo sisAjeue
J11eWwsy] pue sdisiels

aAndusap :siskjeuy

sAkanins Buiuiesy 3sod
pue aid snowAuouy
:uond’||0) eleg
Buiuiesy paysjdwod
OyYM 3sni] uonepuno4
SHN 1ISIQ |INO3A 3e
SJUSPNIS pUB SIAIMPIW
§8//9 ‘el uoISNPU|
aAndudsag

‘uBissp Apms

ABojopoyiapy

(%t°99) €£'S608L
SUYM dluedsiH-uoN

adel
|eussiew payiodas
-J|9s 01 Buipioddy

%L €—
J3Y30 diuedsiH-uoN

%9'9—
uelsy diuedsiH-uoN

%8'€l—
oe|g diuedsiH-UoN

9%/ €z—DoluedsIy

%8'CS—
SUYM dluedsiH-UoN

4N

sie3sp Ad1uyi3

‘%ST0 DM £T-9¢C

%8L°0 M ST-1C

%L 6%
Slewa :apuab jueyu

%€°0

(€-0) 21025 sebdy Mmo|
pue %60 (9—1) 9100s
Jebdy a1eipswau|
98'86 (0L-£)

91025 Jebdy |ewloN

VN

sJljsueldeIRYd
jejeuospn

suIml S0€89/ 3y) ssasse 03 pue

9d110eud ul Juauiiad
sujews. Jebdy (VsSn)
UlW-G JI denjend o] Slewen

suols|buis
7S0'891'se

Ajenow
pue ‘a102s Jebdy
ujWw-G ‘el |euldlew

U39M13Q UOIIeIDOSSE (vsn) 18 3@

sjuejul £59'608'9 93 9jenjens o] SN13||1D
salqeq
1uswade|d J1uy3e Aiouiw pue

uo sjuaPNIS ‘uelsy “de|g ssasse OIN) .18 39

pue ssAmpiw /9 0} ‘Bululel) MaIAS) O] qgnyd

sonsualdeIeyYd Apn)s a10ds tebdy
Anunod
azis ajdwes wiy pue Joyiny

'S9IpPNIS papn|pul Jo sdnsuedeIeyd  °L djqel

Pediatric Research

SPRINGER NATURE



F.J. Fair et al.

sdnoib
J1Uyla/adel UlyIMm
Buipnppul [eAlAINS
juejul jo Jo1d1paid
Buoss e si jebdy

sdnoib ouys
/D€l SNOLeA Ul pue
suimy 0} ajqedidde
S| pue ‘syuejul

uoisnpuo) Apnis

Apnis ul
papn|pul suedLRWY
UBDIX3\ JO Jaquinu

Jlews AjoAne|ey
‘A1Andafgns swos
S9A|OAUI 91025 Jebdy

dN Adruyis
yoed 10} 21025 Jebdy

suoneywry

‘S|ppow uolssaibal
21351607 :siskjeuy

SHM 9E<YD

10 M 9€ 5 VYD Yum
60051 < 10 ‘6 00SL>Mg
Se uonesyisse|D
*$2102s Jebdy ujw-|
VSN 341 Joj s9|y yiesg
JuejU|/YLIg PAXUI]
SHON L66L-6861
:uo1d’||0) eleq

VO M zz> 6 005>
Mg ‘syuiq aidniy
‘eSO uoISNPX]

elep
payul| aAndadsonsy
:ubisep Apnis

SEIETEY]
SUYM dtuedsiH

-uoN ‘Aoueubaid
Bunnp Bupjows

pue ‘payiels ased

NV 2w ‘snjeis |ejliew
‘uonesnps |eusalew
1oy paisnipe [spow
-piezey [euontodoid
X0D ‘anInd
J9I9|\-ue|dey ‘auenbg
-IYD T6A SVS Sishjeuy
'syaselep yieap juejul
pue yuiq oAl paxul]
wouJ :uonsa||0) ereq

(116'££9'8)

4N 40 0L< ‘0

Jebdy ulw-g ‘(12'06%)
SHM Hp< 10 SHM

YT > VO (£L1'V8) IN
10 6 005> M4 (£8£°0L)
J2ybuy Jo syo|duy
:eLI9ID UoISN|dX3

ABojopoyrapy

2oel/AdIuYyID
paingune moy YN

VIN 261061
‘sydejg 0£8'2ST’L
DUYM C¥6'00L'S

ddel [eusalew
0} Bbuipi03dy

(%6'7)
LO8'VEE'L J9Y10

(%L°TL)
G81°00€'€ diuedsiH

(%991) 8€8'0VSY
3pe|g diuedsiH-UoN

sjieyap fQadruyiy

(9-1) 1ebdy ‘%8'1

VIN ‘%L € elg ‘%L L

SUYM :(€-0) 1ebdy

%G°06 SAM 9€ < VD
B 60SSLZ %88 SHM
9 SvD 18 60SSL=
%¢£°0 600S1> VN

%S°C8 M 9€ <VD

13 B 0SSLZ 19%G'SL M

9g's¥o 18 60551
%0 600SL> Me|g

%L°T6 SAM 9€ < VD
8 60SSLZ %9 SHM

9 SvyD 18 60SSL=
99'0 6005L> PUYM

%CTE M vi-Ly
'%S56'98 HIM Ly—L€
‘%8E'L DM 9¢-vE

%EL’L DM €€-T€

'%95°0 M LE-0€

‘%E0 M 62-8C

sonsuRdRIRYD
|ereuoaN

‘uonelea
oy1dads-21uy3d
/2e1 1e burjoo|
Aujeuow juejur uo
$3102s Jebdy ulw-|

s3jeuUOdU Jo Aupijea aandipasd
¥00'v¥S'9 9y} ssasse o]
|eAIAINS JuRjUL

Bbunoipaid ul sebdy

azis ajdwes wiy

p=nunuod

(vsn)
-z 1839 ‘3]kog

oYoyI

A13unod
pue ioyny

‘L °|qelL

SPRINGER NATURE

Pediatric Research



F.J. Fair et al.

Ajeuow pue
Aupiciow Jo ysu ybiy
1e dJe (Jebdy mo| pue
‘wszaad ybramyniq
MoO]) sjuejul sU-ybiH

s2102s Jebdy uiw |
Jamo| Apuedyiubis

pey syuow

8 1e juswdojanap

Jewiouqe

YUm usIpjiyo

uoisnpuo) Apms

selq |el9)31 10y
Jernusyod 3.10919Y3
Apnis paseq-ia3uad

Je[lwis 949m
pajlenjeAs 10u asoyl
JO sdnsuaeIRYD
J1ydesbowap

pue [esulp ybnoyye
‘se|q JUSWUIRMISISE
SNOWISS Ul }Nsai

Kew dn-moj|o} 03 s507
‘dn-pamoj|oy syuejul
BulAiAIns [je 10N

4N

suoneywI]

|eauswdojaAsq |eIuSIN
£3)Aeg ‘uoneujwexs
2160[04N3U UOSI|
-[o1wy 9be pardaLI0d
syiuow zz-gl e dn
MO[|04 :uond3||0D eleg

Apms snoinaid

ul bunedpiied
SNNN TL wouy
ab.eydsip |eadsoy
0] BuIAIAINS sjueyul
$0€ :euald uoisnpu|

110Y0d dAIdadsoid
:ubisap Apnis

S1s9)
alenbs 1yD siskjeuy

‘safll[ewlouqge
|ea1sAyd jo aduasqe
Jo 2duasaid pue
9|yoid Joineyag ueju|
Se ||]9M se ‘syjuow-g
1e wioj Juswdolanap
Jojow pue [elusw
AS|Aeg 21025 tebdy
ulw | :uond3||0) eleqg

Apuys

/9284 0} buipiodde
pa129|9s “Apms
juswdojanag pliyd
S2USPIAOI SY) WOl
pa3d3jes siuedidined
{el911d uoisnpdu|

11040> dAIdadsoid
:ubissp Apnis

pajewnss s|epow
JIUY3I9/ad8) YUM

ABojopoyiapy

2oel/ApIUYIe
paingqune moy YN

(%€°65)
9tZ/9% L dn pamojjo4

(%6°6S) 0€/281L
3)de|g 340Yod |eniy|

Jodai

Jeulalew uo paseq
uoneubisap [edey
(9senbnyiod

B Y2e|g) paxiw G/
“de|g 68 ©UYM 98

sie3sp Ad1uyi3

%¥'ve
:€> Jebdy ulw-g

69'€9F £'6€9
((ueaw) Mg

SIM L' 0F9°EC VO
(%0%8) 0L-£
(%€°6) 9- “(%L9)
€-0 (9sanbniiod
B Y2e|g) Paxin

(%t°9/2) 0L—£ ((%9'¥1)
9-1 (%0'6) €-0 >de|d

(%2°08) 0L—£ (%E9L)
9-17 {(%S€) €-0 AUYM

uebdy ulw-|

%¥'T6
VIN ‘%968 X2e|g
‘%176 SUYM :(0L-2)
1eBbdy %8'S VIN ‘%E’L
3Je|g ‘%6°S SUYM
sJljsueldeIRYd
jejeuospn

syyuow ¢z-8lL
SNVEECIENY

9¢ woym jo
abieydsip |eudsoy
0] PaAIAINS
sjuejul $0€

s2102s Aa)Aeg
pue sebdy pey
usIppiys L6€ / 0SE

azis s|dwes

(1ebdy mo| pue
wu3aid “ybramyuiq
MO]|) syuejul
NsU-ybiy Apwaiixe
Buowe sejanbas

|eyusw-dojaAspolnau (VSN) ¢ 18 39

91en|eAs o] ueseyueys
210ds
Jojow pue [elusw
As|feg yuow-g
0} sa2102s Jebdy (VYsn)
ulw-| jo diysuonea. ozuewolg
91eb13saAul o] X ue|UNISS
Anunod
wiy pue Joyiny
panunuod ‘| 3jqel

Pediatric Research

SPRINGER NATURE



F.J. Fair et al.

"SIk Ly F ST
spuepayiaN
"VAONY SIKZ9F 1T
pue 1 suosiead ‘s1s9) amgequiiz
aJenbs 1yD :siskjeuy u1aylow by
"J03eb13IsaAUl Swes
9yl Aq pawJoyiad
suoleujwexy
‘ulw € e 9 s Jebdy
ue se eixAydse pauysp
sdnoib sous19)al
om ay] "wialaid uioq
41 9be w1 pardaliod
paydeas usym
pue AISAISp W) J9)ye
Kep paiya ay3 210499
JOU INQ ‘uofjeuIwEeXd
Sy 91eIs|0)
01 9|qe1s Ajpuanyjns
usym 3ydaid wouy
paidepe uoneuiwexa "SHM '€ FH'8E
|ed1bojoinau spuejiayiaN
aAIsusya1dwod 'SIM 6T F S'8E
:uond3||0) eled amgequiiz yo
661 dunf Og pue
S9113UNod 1661 AINr L usamiaq
usamiaq saondeld NNN 01 paniwpe ‘ueaqqued ‘68,6 F6/8C
2JeD JUaI3YIp ulWw G 1@ G5 JO 3I0DS - epeualn spuepsyisN (LL=u)
sA AD1uyla Jo 1pedwil Jebdy ue yum ssiqeg 10 spuepayIsN 620/ F 98¢ ueaqqued
uleLIddSe 01 d|qeun :elad uoisnpu| ‘amgequiiz amgequiiz Mg "epeusio
ueaqqued %C1 VOS pue (76 = u)
pue spuelaysN '$9113UN0D ‘05/ Suolew.lojjew spuelsYIsN
9yl wouy sdnoib JUBISYIP Y1 Ul |enusbuod ‘95/°GL QY1 ul syuejul 94025 Jebdy
uosuedwod ay3 syuiod o 1nd sebdy wiyaud {9%69°ct paieixAydse MO| B UM S91euosU
ul ueyy amgequiiz 1U3I3Ip 01 anp 16 19puab jueyu) 0} paJedwod uedLyy JO UonIpuUOd
ul J1aybly sem 9|gesedwod Ajous €x sa1pnms aAndudsag :uaAIb uibuo !95G°1S snoJediwiid amagequiiz |ea1bojoinau (amgequiz)
Alpiqiow [eleuosN jou sdnoub [onuod) :ubisep Apnis Jo Anunod AluQ :amgequiiz uj ul saiqeq S91 uswndop o] 1718 33 oM
%L vy
S|e :19pusb jueyu|
soljel Sppo |9zsuseH sIK6'9F £9C
-|23uey :siskleuy :9be |eusrepy
[9AS] dwodul
‘uonisodwod
pjoyssnoy ‘uonednddo
‘uoiednps |ejusaied
Buipnppui L101siy
|e1D0S pue [edlpaw
‘xapu| |eauswdojansg
10J0WOYDASY
pue xapu|
sa13sivdeIRYD Anuno>
uoisnpuo) Apms suoneywry ABojopoyiay speap fQidiuylg |ejeuoap azis ajdwesg wiy pue Joyiny

panupuod> ‘L 3jqel

SPRINGER NATURE

Pediatric Research



F.J. Fair et al.

sisoueAd 13319p

01 Seale dAIISUSS
Jsow 3Y3} yinow ay}
punoie pue ‘spagjieu
‘Spuey pue seale
SAI}ISUS 15e3| 3y}
SI9M S1ed pue junij

paJinbai 1ou

uabAxo |eruswajddns
pue %0/ <¢0ds

pey lugjul sy}

A1 sem 1 “uid sem
anbuol ay3 usaym
"%0L> sem ¢ods

1ey1 ubis sAnisuasul
1nq dyads

e sem J0Jod anbuo|

uoisnpuo) Apms

4N

SD Aq uioq

sjuejul patpnis AluQ
"341] JO SUIW My

1544 Ul S1es ZQ mo|
9leuoau Aqg padedwi
0S ‘%0, > €0 [eud1e
usym alesndoe

10U SISIBWIXO 3S|nd

suoneywI]

‘Ip/wb £2< 10 €1> qH 1
10 ‘spuey 10 0.y ‘uniy
0l mmeCtAcuum 10
Buisinig D, 9¢> dway
Asejjixe y1 papn|ox3
‘SHM > abe Nd sueju)
‘el92311d uolisn|duj

11040 9A1dadsoud
‘uBisap Apmis
‘pale|ndjed

JNY "%0Z >“0ds
123339p 031 yuid

10U 9nbuo] Jo sonel
pooyie1| aAnebau
pue aAnisod pue
‘AdN ‘Add ‘Ady1ads
‘AUARISUIS :sisAjeuy

SJUBWISSISSE
1IN0 pauJed saaulen)
duzeipad /£ 3 seAIMplw
8¢ "yuiq Joye uiw oL
pue /'9's'p'e’T 1e pue
paijdde ss39wixo asind
usym Jojod anbuoy jo
JUSWISSISSE [eNSIA pue
¢ods snoauejnwis
:uond3||0d eleg

‘sobessaw wuefe
J912WiX0 3s|nd 1o
ysijbu3 yeads jou pip
sjudied ‘M 8Z > YD
41 pspnpPX3 "10¢ AON
pue bny usamiaq SO
Aq paJaniep siuejul jo
9|dwes 9JusluUsAuU0D)
:elad uoisnpu|

Apnis [euoneAsasqo
aA1dadsold
:ubissp Apnis

ABojopoyiapy

[T = U ($I19AI9590

€ 93 JO ¢ 1ses|

1e Aq pabpn( se)
sjuejul pauupjs Jieg

‘pouad

|ereuosu Ul ujIep
ued uoneyuswbid se
palpnis-a1 sem juejul
a3y} JI pajeaday uep
/winipawi/iie) - 9|eds
wuiod ¢ Aq passasse
uoneyuswbid upjs

‘uaAIb jou dnoib
yoes uj suonsodoid
‘uelseoned
-uouy/ueiseone)

Aq usAIb synsay

sie3sp Ad1uyi3

yuiq Jsye saunzias
‘(€ = u) aseasip 1eay
|exuabuod ‘(z = u)
uonelidse anissew
(L = u) eluownaud
(L = U) dwolpuAs
ssansip Aiojelidsal

- ||l 1M 67

le=u

6 00sz< ‘TS =U
00SZ-00SL ‘0z =u
005 1> 2ybremyuig

(99 =u)
|euids/jeanpida

(g =u) |esousb
:eIsaylsaue Jo adA|

(%€S) 9€ = U 3jewa4

b SyS FLTE
Mg uesy

SIM T F8€ VO

sJljsueldeIRYd
jejeuospn

uoneinles usbAxo
|eusye 0} saleuosu
JO 10[0d dueIqUIDW
snoonw pue

upjS JO JUBWISSISSE
|ed1ul)d jo diysuonela.
3y} dulWISep Of

(3uswissasse
JO saduelsul
Z81) sajeUOdU €6

9|qejleAeun
sI Andwixo asind
usym palinbai sem
uabAxo |epuswis|ddns
1ey) uonedipul

|ngasn e papiroid
anbuoy sjuejul

ue Jo ssawjuid ayy
J9Ylaym asojdxs of

(1uswssasse
paJied
1/7) S91eUOSU 89

o(€L61) |2 19
uewp|oH

(enensny)
oz I® ¥
uosme(

sonsuaeIRYd ApNls sisouekd

azis s|dwes wiy

psnunuod

Anunod>
pue aoyiny

‘L 9lqel

Pediatric Research

SPRINGER NATURE



F.J. Fair et al.

sjuejul dde|g ul
ejwaxodAy 3nd20 jo
9dUSpPIdUI paseasdul
Yam ‘syueyul sHYmM
pue yoe|g usamiaq
Jous ¢ods ul
SDUIBYIP 1USISISUOD
1Nq 1s9poN

uoisnpuo) Apnis

'salpN1s
2InIny Ul [eIdYaUS]
9q p|NOM JUSU0D
ujue[@W/ U0}

UpjS JO UONBIIUIBYIP
Jayuny ‘aces payiodai
-J|9s uo paseq

pasn uonedyisse|d
ades Aieulg

‘sjusWIRINSeIW
|enp

-1s0d % -a1d usamiaq
yojewsiw |epuslod
yum |eynp-i1sod aue
Awainxa 1addn 1ybu
uey} J9Ylo SUOIHSOd
‘paueyd Ajpunnol
jou uonisod 1nq
‘Yzl K19ns pajerol

sl Josuas ¢Qds

‘siskjeue 03 Joud e
10} paulwexa abuuks

suoneywry

pabeiane

seb poojq [euslie
JaYye s og 01 210439

s 0€ eyep ¢0ds ‘%88
0} 135 wueje uay} ‘abe
Jennsuswisod sym

GE paydeal Jueyul |aUN
%96 Pue 88 usamiaq
195 2J9M sjwl|

wueje pousd Apnis
9yl buung ‘seb poojq
|eliS14e snosueyNwis
yum Answixo

95|nd :U0I1123||0D eleg

'seb poo|q |els1e 3uo
15e9| 1e pue eyep ubis
[_UIA PlEA YUM 610T
pue z10g usamiaq
NNN 03 payiwpe

pue ‘6 00SL > Mg

'SHM € > VD

UYUM sjuejul wislaid

Apnis
140Yyod 3aA1dadsonay
:ubisap Apnis

"UOIID3110D S31BA YHM
alenbs 1yD siskjeuy

'UONeAISSqO

Ja)ye usyel poojg
‘yinow 3y} punole
uolbai ‘spuey ‘paqjieu
“uniy ‘sies ‘sdi| :sease
9 Ul Juasqe Jo juasaid
pabpn( sisouek)
‘wood 11| Apybuq

ul 9sinu e g suepisAyd
T Aq s1uswissassy

‘Hd pue ¢Qd |eusye
JO uoneulwI1Ap

pue JusWssasse
[e21Ul]D snosueynwis
:uonda||0d eleg

ABojopoyrapy

'$91E21143D YUIq
uo uonesynuUIp!
|erualed o)
Buipiodde payisse|d

(%89) 21yM
01 ‘(%) XeI1g Tl

sjieyap fQadruyiy

(%2S)
9 :9jewa4 yde|g

(c00=d 689z ¥5/8
SHYM sA 6092 F 508
yoe|g) ‘sweib

S9T ¥ S¥8 Mg uealy

(600=d

SIM LT F6'ST

SUYM SA SHM

6'L F9'ST AIe|g) M

L' F8'ST :¥D uespy

LIPM,, 919Mm 1531
3y] *(z = u) eixoue
sonsuRdRIRYD
|ereuoaN

‘syuaned yoe|g

10y Answixo asind
Buisn pajewnsaiano
S| uoneinies

uabAxo Jaydym (vsn) o,'1e 3@

Sjuejul 6t QuIWIRISP O] SIINOSaA
A13unod

azis ajdwes wiy pue ioyiny
panunuod ‘| 3jqel

SPRINGER NATURE

Pediatric Research



F.J. Fair et al.

45.8 per 1000 (95% Cl 39.5-53.0); “Non-Hispanic other”: 58.7 per
1000 (95% Cl 43.7-79.1); White: 63.6 per 1000 (95% Cl 58.8-68.9)
respectively] and overall neonatal mortality (up to 27 days of age)
[Black: 53.9 per 1000 (95% ClI 43.7-61.5); “Non-Hispanic other”:
65.9 per 1000 (95% Cl 49.8-87.1); White: 72.4 per 1000 (95% ClI
67.2-78.04) respectively].>> However, the incidence of a low and
intermediate Apgar score again varied by ethnicity, with low
scores (Apgar score 0-3) being significantly higher in non-Hispanic
Black (0.42%, n=3931) and “non-Hispanic other” neonates
(0.33%, n =698) compared to White neonates (0.25%, n = 8,863)
(p <0.001) and intermediate scores (Apgar score 4-6) also being
significantly higher in Black (1.26%, n = 11,816) and “non-Hispanic
other” neonates (1.16%, n = 2464) compared to White neonates
(1.02%, n = 36,144) (p <0.001).>

Three studies with small sample sizes (246,23 270?" and 391
neonates®® respectively) and all with concerns regarding risk of
bias, explored long term development according to Apgar score
for neonates of different ethnicities. The long-term predictive
value of the Apgar score according to ethnicity was inconsistent
within the studies. Infants with 1-min Apgar scores of 0-3 had
significantly lower Bayley mental development scores (74.7 + 12.7)
and psychomotor development scores (31.4+6.6) that infants
with an Apgar score of 7 to 10 (Bayley mental development score
80.5+3.8 and motor development score 34.5+4.1).2° When
considering ethnicity, one study found Bayley mental and
psychomotor development scores at 8 months and 1-min Apgar
score were only significantly correlated in those of mixed ethnicity
(a group mainly consisting of mixed Portuguese and Black African
descent) (p<0.01 for both Bayley mental and psychomotor
development scores) but not among Black only or White only
infants.> A separate study of infants with a 1-min Apgar score of 3
or below and low birthweight (<750 g) similarly found that while
Black race was predictive of abnormal mental development at
18-22 corrected months (OR 2.2, 95% Cl 1.2-3.7) within univariate
analysis, this was no longer the case after adjusting for
confounders such as income and education (OR 1.9, 95% Cl
0.9-3.8).>> Furthermore, there was no association between
psychomotor development and Black race within the univariate
or multivariate analysis (OR 1.2, 95% Cl 0.6-2.5).> The final study,
exploring long-term outcomes in infants with a 5-min Apgar score
<5, found more abnormal neurological classifications in infants
born in Zimbabwe (35.8%, n=59) than infants born in the
Netherlands (0%) or the Caribbean (19.2%, n = 18).2' However, the
multiple confounders within this study such as different maternal
and neonatal care practices in each country meant the impact of
race per se could not be ascertained.

One study that looked at healthcare professionals training on
assessing Black, Asian and minority ethnic neonates undertook
pre- and post-training surveys (n=67).* Only 9.1% (5/55) of
professionals reported previously receiving specific training
around care of Black and minority ethnic mothers and babies.**
They instead relied on self-directed learning and discussions with
colleagues. Black mannequins were more likely to have been used
in the education of midwives who trained in the previous 5 years
(44%) than in those trained 5-10 years ago (18%). The Apgar score
was felt not to be the most appropriate way to determine
neonatal condition at birth by 96% of midwives after the training,
due to the inappropriateness of the term “pink” for many
neonates. Overall, 98% of midwives intended to make alterations
to their clinical practice because of the new knowledge they had
acquired during the training, with midwives describing being
shocked by the impact of implicit bias resulting in inequality and
inequity within maternity care.”*

Study Conclusion

Limitations

Mann-Whitney U test).
Pearson correlation

coefficient, linear
regression, and non-

package. Univariate
linear regression

comparison using

nonparametric
methods (Fisher’s

Methodology
Analysis: R statistical
Exact or

Ethnicity details

Black 70%; White 74%

(p=0.49)
USA United States of America. UK United Kingdom. NA not applicable. NR not reported. GA gestational age. BW birthweight. Wks weeks. AN antenatal. MA Mexican American. Hb hemoglobin. Yrs years. SGA small

Received AN steroids:

Neonatal
characteristics

White female: 74
(44%)

Sample size

Aim

continued

Detection of cyanosis or hypoxia

Three studies (n=455), all with concerns over risk of bias,
considered the detection of cyanosis in neonates with darker skin
tones compared to White neonates.”'%¢

for gestational age. CS Cesarean section. AUC Area under the curve. PPV positive predictive value. NPV negative predictive value. NNU neonatal unit. Min minute. SpO, oxygen saturation using pulse oximetry.

Table 1.
Author and
country
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Table 2. Results of the critical appraisal.

Author Clear research question Data collected
addressed research
question

Apgar studies

Chubb et al. * v v

Gillette et al. v/ v/

Li et al.” v/ v/

Mihoko Doyle et al. 2 v v

Serunian & Broman 2°  / v/

Shankaran et al. % v/ v/

Wolf et al. ' v/ ?

Cyanosis studies

Dawson et al. % v/ v

Goldman et al. ° v/ v

Vesoulis et al. '® v v

v - adequately addressed

X - not adequately addressed

? unclear risk of bias

Quantitative non-randomized study questions:

Q1 - Are the participants representative of the target population?

Quantitative descriptive
study

Quantitative non-randomized
study

Q1 Q2 Q3 Q@4 Q5 Q1 Q2 @3 Q4 Q5

4 ? ? X 4

4 4 4 v/ 4
4 v 4 v/ 4
v v 4 ? 4
v v ? 4 v
? v v v v

Q2 - Are measurements appropriate regarding both the outcome and intervention (or exposure)?

Q3 - Are there complete outcome data?
Q4 - Are the confounders accounted for in the design and analysis?

Q5 - During the study period, is the intervention administered (or exposure occurred) as intended?

Quantitative descriptive study questions:

Q1 - Is the sampling strategy relevant to address the research question?
Q2 - Is the sample representative of the target population?

Q3 - Are the measurements appropriate?

Q4 - Is the risk of nonresponse bias low?

Q5 - Is the statistical analysis appropriate to answer the research question?

The first study, of 93 participants, determined how accurately
arterial oxygen saturation was predicted by visual assessment of
skin color at different body sites.” Skin color was a crude guide to
arterial oxygen saturation in neonates regardless of skin tone.’
False positive observations, where professionals thought the
neonate was cyanosed when arterial oxygen saturation was
actually over 90%, were common when observing the hands
(46%), nailbeds (57%), and around the mouth (73%). However,
there were few false negatives at these sites, with cyanosis
observed in the hands, nailbeds, and around the mouth in all
instances where arterial oxygen saturation was below 75%.° The
most reliable site to detect cyanosis was the lips however this was
still poor with 28% false positives, and over 25% false negatives
when arterial saturations were between 80 and 89%. Neonates
were classified as dark skinned if a minimum of two out of the
three observers thought they had dark skin.’ Dark skinned
neonates when compared to the overall group had fewer false
positives when assessing the hands (18% compared to 46%), trunk
(8% c9c>mpared to 19%) or around the mouth (60% compared to
73%).

The second small study of 68 neonates explored whether
supplemental oxygen requirement in the first 10 min after birth
could be determined by tongue color.?® A pink tongue generally
indicated that supplemental oxygen was not required as neonatal
oxygen saturation was above 70%, which was the level at which
the country specific guidelines advised administration of oxygen?®
given healthy term neonates typically take between 5 and 10 min
to achieve oxygen saturations of 90%.*® The area under the
Receiver Operator Characteristics Curve was not affected by
ethnicity. Area under the curve was 0.89 (95% Cl 0.84-0.95) and
0.94 (95% Cl 0.87-1.00) respectively for White and “non-White”

Pediatric Research

neonates.”® While the exact sample size of ‘non-White’ neonates
was not provided, the study demonstrated that evaluating tongue
color in “non-White” neonates was not less effective at detecting
hypoxemia than in White neonates.

The final study examined the impact of ethnicity on pulse
oximetry among 294 neonates admitted to neonatal intensive
care."® Overestimation of arterial saturation from pulse oximetry
was 2.4-fold greater in Black than White neonates (mean bias
1.73% compared to 0.72%, p < 0.01). Black neonates consistently
had higher pulse oximetry saturation readings at each arterial
oxygen saturation level that White neonates. While the exact
difference varied by pulse oximetry saturation (SpO,), the degree
of error widened between Black and White neonates for SpO, <
95%."'® Occult hypoxemia (defined as SpO,=90% with arterial
oxygen saturation <85%) occurred in 9.2% of Black neonates (188/
2044) compared to 7.7% of White neonates (181/2343), although
the difference was not statistically significant (p =0.08).'® The
sensitivity of the pulse oximeter to detect true hypoxia (SpO, <
90% when Sa0, < 85%) was similar for Black and White neonates
(39% and 38% respectively) with specificity also similar (81% vs
78% respectively).'®

DISCUSSION

Main findings

This systematic review included 10 observational studies that
considered cyanosis or Apgar score assessment and their
association with neonatal wellbeing in Black, Asian, or ethnic
minority neonates compared to White neonates. Three studies
showed Black neonates have lower neonatal mortality rates at low
Apgar score than their White counterparts.”*>?> However, they

SPRINGER NATURE
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were also more likely to receive a low Apgar score. Detection of
cyanosis was poor for all ethnicities, with the tongue and lips the
best places to observe. When using pulse oximetry, occult hypoxia
was more likely in Black neonates although this did not reach
significance.'® Only 9.1% of staff in one survey reported receiving
adequate training around caring for ethnic minority babies.>*

Comparison with other studies
The Apgar score provides a rapid scoring of a neonate,?® however
many of the individual elements are recognized as subjective.® In
particular, neonatal skin color assessment within the appearance
component has been questioned, as it is least correlated with cord
pH, arterial carbon dioxide and base excess.>°

The included studies all showed mortality increased with lower
Apgar scores.”*??> Black neonates had lower odds of mortality
with a low Apgar score than White neonates after adjusting for
multiple confounders including socioeconomic factors and
maternal lifestyle.”?**> This was despite Black neonates having
higher overall rates of neonatal mortality within two of the
studies.”** This may partly be explained by inconsistencies in
Apgar scoring according to ethnicity, with many studies finding
Black neonates are assigned significantly lower 1-min and 5-min
Apgar scores than their White counterparts.?>?>3'33 |nconsisten-
cies were still noted when only infants with normal blood gas
measurements were included®' or when umbilical artery gases
were statistically controlled for.3? Only the appearance component
of the Apgar score differs by race, with Black neonates having
significantly lower appearance scores even after controlling for
multiple factors such as gestational age, cord gases, and maternal
antenatal health.3> These scoring differences provide the most
likely explanation of better survival among Black infants with low
Apgar scores. In addition, differences in Apgar scoring are noted
between hospitals, between professions such as neonatologists,
midwives, and obstetricians,>* and between European countries
with the proportion of neonates receiving an Apgar score of 10
varying from 9% to 93% in different countries.> This suggests
major differences in clinical training and convention when scoring
the Apgar.®® These differences in assignment mean the signifi-
cance of lower neonatal mortality among Black neonates with a
low Apgar score is currently unclear. However, it may indicate that
the appearance component which defines the highest score as
“pink all over”, may not be a reliable component. Inconsistent
results were also found in a few small studies regarding the ability
of the Apgar score to predict long-term outcomes, however, this is
generally considered outside the remit of the Apgar score.*®

In clinical practice, although each neonate is assigned an Apgar
score, it is suggested that it is seldom used to determine clinical
management and is often assigned in retrospect.” This is best
demonstrated through a United States’s study which showed 90%
of nurses assigned an Apgar score within a vignette even when
data for some Apgar score components were absent, for example
heart rate or respiration rate.® A correct Apgar score was assigned
only 19% to 57% of the time and inter-rater agreement was
poor.*® This has additionally been confirmed through qualitative
interviews, where healthcare professionals stated that they simply
assigned an Apgar score of 9 or 10 if a neonate was alert and
crying without actually assessing each component.®®

While many high resource countries have moved away from
using the Apgar score as a tool for decision-making and rely more
on pulse oximetry and electrocardiograms, such medical technol-
ogy is not always available especially in low resource settings and
rural locations. It is therefore of paramount importance that more
research is undertaken in countries where the Apgar score is still
relied upon for clinical decision making for example some
countries in Africa, Asian, and Latin America. Studies within these
countries are also essential to better understand any inconsis-
tencies in Apgar scoring where neonates with darker skin tones
are in the majority. Additionally, despite questions around the

SPRINGER NATURE

reliability of the Apgar score for clinical decision making especially
for neonates with darker skin pigmentation, its routine collection
in practice means the Apgar score remains a focus of research
studies. Within research there is an overemphasis on the Apgar
score to classify neonatal wellbeing and to adjust within
regression analyses, with little consideration of its reliability or
validity.?” The limitations of the Apgar score, especially in those
with darker skin tones needs to be more clearly understood within
the research arena.

Replacements for the Apgar score have been proposed, for
example, the Neonatal Resuscitation Assessment and Adaptation
Score (NRAS)*®™® and the Expanded Apgar score which the
American College of Obstetricians and Gynecologists recommend
using if a neonate requires resuscitation.® However, wider use of
scores such as the NRAS is not currently recommended as it has
only been assessed in small samples without explicit consideration
of the predictiveness within neonates from different ethnicities.

It is known that visual changes to skin color with hypoxia may
be less apparent in dark skinned neonates.>** In the absence of a
pulse oximeter, hypoxia may not be detected in infants with
darker skin tones by parents or professionals, resulting in later
identification of deterioration. One small included study sug-
gested tongue color was a good indicator of supplemental oxygen
requirement in the delivery room, regardless of ethnicity.?
Generally however, visual assessment of cyanosis is poor, with
pulse oximetry the mode of choice to detect cyanosis particularly
in any neonatal resuscitation scenario.'® The COVID-19 pandemic
highlighted inequalities in pulse oximetry reliability in Black, Asian
or minority ethnic adults."*'>* One study included within this
review also suggested pulse oximetry was less accurate in preterm
neonates from Black and minority ethnic backgrounds, with
slightly increased incidence of occult hypoxemia.'® Although
pulse oximetry is better than visual assessment, it is suggested
that saturations near the bottom of the recommended range are
avoided in Black preterm neonates to minimize adverse out-
comes.'® Studies in older children have shown mixed results. Two
studies showed pulse oximetry overestimated arterial oxygenation
more frequently in Black children.***” Occult hypoxemia was seen
in 5.8% of White compared to 9.6% of Black children in one
study®® and in 1% of White compared to 5% of Black children in
the other study.*” In contrast another small study found no
differences in pulse oximetry measurement bias between light
and dark-skinned children when classifying children according to
actual skin pigmentation, rather than ethnicity or race.”® A final
study suggested that the absolute difference between pulse
oximetry saturation and arterial saturation was lower in African
American children, with a difference of more than 3% found in
30.0% of African American children compared to 48.9% of White
children.* Further research to examine the small but potentially
clinically significant differences in pulse oximeter accuracy in
neonates with diverse skin tones is warranted.

This review has highlighted the limitations of visual assess-
ment of cyanosis especially among those with darker skin tones,
as well as potential inconsistencies in scoring of the appearance
component of the Apgar score. However, a recent review found
that the skin color descriptors such as “pink”, “blue” and “pale”
were still widely used within clinical guidelines and policies
without consideration of how these may appear in neonates
with different skin pigmentations.>® When concurrently con-
sidering that only 9.1% of staff report receiving adequate
training around caring for ethnic minority babies,?* it highlights
the urgent need to address care practices to ensure they are
inclusive and safe for all communities that make up our diverse
multiethnic society.

Strengths and limitations

This review had several strengths. Firstly, a robust approach was
applied including research of any methodology and scrutinizing

Pediatric Research



literature by two reviewers. Secondly, a comprehensive search was
undertaken, which included looking for gray literature.

Several limitations were however identified. Excluding non-
English articles may have limited the number of studies available
for inclusion. The international nature of included studies meant
heterogeneity was noted in the categorization of ethnicity, race, or
skin tone. Categories within the review retained the terms within
the original articles, however, transferability of findings is complex.
Additionally, all but one included study classified neonates
according to ethnicity or race, rather than by skin tone. It is
acknowledged that variations of skin tone occur within each race/
ethnic category, which are not captured within the included
studies. Additionally, the heterogeneity in race/ ethnicity cate-
gories as well as in outcome measures meant that meta-analysis of
the results was not possible. Included studies did not separate
their results according to socioeconomic status, education level,
and maternal age, therefore it was not possible to do a sub-group
analysis according to these factors. The adequacy of provider
training was not considered within the included studies that
assessed neonatal outcomes; therefore it is unknown whether
training, especially around assessment in dark skinned neonates
may have impacted the results. Finally, only two included studies
were deemed low risk of bias across all domains.

Conclusions and implications

Low Apgar score and neonatal mortality were strongly correlated
across all ethnicities, but variations in scoring practices, particu-
larly affecting Black neonates, requires further attention. Addi-
tionally, further evaluation is needed to determine how to
objectively assess newborn health. Visual detection of cyanosis
is challenging, especially in neonates with darker skin, and
therefore pulse oximetry is preferred to mitigate the health
disadvantages experienced by those from ethnic minorities.
However, small but potentially clinically significant differences in
pulse oximetry compared to arterial oxygen saturation in neonates
with darker skin tones warrants further exploration. Additionally,
healthcare provider training gaps impact assessment accuracy.
There is an urgent need for the development and robust
prospective evaluation of targeted education around assessment
in Black, Asian and minority ethnic neonates.
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