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Abstract
The purpose of this study is to synthesize evidence on risk factors associated with newborn 31-day unplanned hospital read-
missions (UHRs). A systematic review was conducted searching CINAHL, EMBASE (Ovid), and MEDLINE from January
1st 2000 to 30th June 2021. Studies examining unplanned readmissions of newborns within 31 days of discharge following
the initial hospitalization at the time of their birth were included. Characteristics of the included studies examined variables
and statistically significant risk factors were extracted from the inclusion studies. Extracted risk factors could not be pooled
statistically due to the heterogeneity of the included studies. Data were synthesized using content analysis and presented in
narrative and tabular form. Twenty-eight studies met the eligibility criteria, and 17 significant risk factors were extracted from
the included studies. The most frequently cited risk factors associated with newborn readmissions were gestational age, post-
natal length of stay, neonatal comorbidity, and feeding methods. The most frequently cited maternal-related risk factors which
contributed to newborn readmissions were parity, race/ethnicity, and complications in pregnancy and/or perinatal period.
Conclusion: This systematic review identified a complex and diverse range of risk factors associated with 31-day UHR
in newborn. Six of the 17 extracted risk factors were consistently cited by studies. Four factors were maternal (primiparous,
mother being Asian, vaginal delivery, maternal complications), and two factors were neonatal (male infant and neonatal
comorbidities). Implementation of evidence-based clinical practice guidelines for inpatient care and individualized hospital-
to-home transition plans, including transition checklists and discharge readiness assessments, are recommended to reduce
newborn UHRs.

What is Known:
o Attempts have been made to identify risk factors associated with newborn UHRs; however, the results are inconsistent.

What is New:

o Six consistently cited risk factors related to newborn 31-day UHRs. Four maternal factors (primiparous, mother being Asian, vaginal deliv-
ery, maternal complications) and 2 neonatal factors (male infant and neonatal comorbidities).

o The importance of discharge readiness assessment, including newborn clinical fitness for discharge and parental readiness for dis-
charge. Future research is warranted to establish standardised maternal and newborn-related variables which healthcare providers can
utilize to identify newborns at greater risk of UHRs and enable comparison of research findings.
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Newborn unplanned hospital readmission (UHR) is defined
as an unexpected hospital readmission within a specified
time period following discharge from the initial hospitaliza-
tion at the time of birth [1, 2]. Newborn UHRs are widely
recognized as indicators of health service delivery quality
and contribute to neonatal morbidity and increased health-
care cost [3-5]. Some unplanned hospital readmissions may
present due to incomplete or inappropriate transitional care
at the time of discharge [6]. Others are related to risk factors
such as feeding issues or prolonged jaundice that may have
been preventable with an individualized hospital-to-home
transition plan and improved transitional care [7, 8].

Identifying risk factors associated with UHRs of the
newborn can assist in reducing readmission rates through
improvements in clinical practice, policy development, and
the use of maternal-child healthcare services. While studies
have examined causes associated with neonatal morbidity and
mortality [9, 10], there is no published review of risk factors
associated with UHRs for the newborn. This paper systemati-
cally reviewed current literature identifying risk factors asso-
ciated with newborn 31-day UHRs. The objectives were to
review the characteristics of included studies and synthesize
the identified risk factors related to newborn UHRs.

Methods

The systematic review followed the 2009 PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analysis) Statement [11].

Data sources and search strategy

An electronic database search was carried out using the
CINAHL, EMBASE (Ovid), MEDLINE from 1st January
2000 to 30th June 2021 with key search terms (“Readmis-
sion” or rehospitali* or readmission* or readmit* or re-
admission*) and (newborn* or new born* or newly born
or baby* or babies or premature or prematurity or preterm
or pre term or preemie* or premie* or low birth weight or
low birthweight (LBW) or very low birthweight (VLBW)
or extremely low birth weight (ELBW or infant* or infancy
or neonat*) (A complete search strategy is provided in
Appendix 1).

Four inclusion criteria for this review were (1) primary
research studies, (2) UHRs assessment/measurements within
31 days, (3) study design stated clearly and reported statisti-
cal analysis procedure/s, and (4) published in peer-reviewed
journals and the English language with full text available.
Studies were excluded when mixed adverse outcomes,
including complications and emergency department (ED)
visits post-hospital discharge or readmission were measured
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more than once. Conference abstract-only references were
also excluded.

Study selection

Two reviewers initially read all titles and abstracts inde-
pendently to assess potential inclusion. Included full-text
articles were then assessed against the inclusion criteria.
Disagreements between the reviewers on potential articles
for inclusion were resolved through discussion. Reference
lists of all included articles were screened to identify addi-
tional articles.

Data extraction

Data extraction included study characteristics, examined
variables, and statistically significant risk factors. Study
characteristics included study setting, population, sample
size, the timing of data collection, study design, data source,
readmission rate, and statistical analysis test/s used to iden-
tify risk factors as per Table 1. All examined variables or
confounding factors and statistically significant risk factors
were extracted as per Table 2.

Quality assessment

The methodological quality of included studies was assessed
independently by two reviewers using a standardised set of
predefined criteria in six dimensions (Study participation,
Study attrition, Prognostic factor measurement, Outcome
measurement, Confounding measurement and account, and
Analysis). The evaluation results of each item were rated as
Yes/Partly/No/Unsure. The potential bias of each study was
evaluated by overall risk “low” or “high” [12, 13].

Data synthesis

Pooling extracted risk factors is not possible due to the hetero-
geneity of included studies such as diagnosis, examined vari-
ables, or follow-up period to identify readmissions. Therefore,
content analysis was used to synthesize the extracted risk fac-
tors, and the results are presented narratively [11]. Due to the
complex and diverse nature of the population and risk factors
associated with newborn 31-day UHRs, it was decided on the
collation of all available evidence as it is not possible to pro-
ceed with meaningful sub-analysis given the limited amount
of research evidence available in sub-groups. The overall aim
of this review was the identification of commonly cited risk
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g § 2 factors and to promote awareness for healthcare providers to
2 § % i be able to recognize newborns at greater risk for UHR.
g |2 2 g Results
] fo go <
2 = = % A total of 6783 records were initially identified, after removing
:% 1771 duplicates, 5012 records remained and were screened
= [ E through titles and abstracts. Of these, 4979 records were
*E § g % excluded due to irrelevance and 33 relevant references were
%% E R S considered eligible for potential inclusion. A further 4 were
£ 2 |[a S f: excluded as they were conference abstracts only. A total of 29
) references were retrieved as full text. Three studies were fur-
0 & ther excluded for the following reasons: (1) Outcome measures
6) = £ included unplanned ED visits [14, 15] (n=2); (2) readmissions
_% E ﬁ o0 é were measured more than once [16] (n=1). Two additional
E E’. % % & articles [17, 18] were identified during a hand search of the
§ reference lists. As a result, 28 studies were included in the
= systematic review. Figure 1 illustrates the search result and
= < g selection process.
2 O 8
& é f, % Study quality appraisal
=
% . 5 Overall, the risk of potential bias for the 28 included studies
E E E E was low against the six predefined dimensions of potential
= § g n g g bias [12, 13]. Key characteristics of included populations were
g Q8 S8 % described clearly, samples were represented completely, all
s B “ & independent variables of the study population were measured
g % =8 ‘2 D) E‘é appropriately, outcome variables of UHR were measured accu-
g E § “’;:: = g ‘2 . 2, § 9 5, rately, an.d statistical analysis tests were appropriate for the
% E g FZ _é % gg E"g Z _?; igo study design.
E |zsE2s528 2853 g
%) Characteristics of the included studies
= g g —
§ gi .gi Zz Characteristics of .the 28 incll}ded studies are summa-
z |8 g § rized in Table 1. Eighteen studies were conducted in the
% E ™) ‘g United States of America (USA), three from Canada, two
. . _f_; from the United Kingdom (UK), and one from Australia,
% % 53 France, India, Lebanon, and Taiwan. Length of time between
g a a o discharge from initial admission at the time of birth to
g c% 8 5 7:: unplanned readmission varied from 7 to 31 days. Twenty
SE| & § included studies used 28-day or 30-day UHRs. Seven of the
) % 28 studies examined a combination of data from an admin-
£ %0 istrative database and medical records; 13 used medical
§ _ ::; 2 records only, while the remaining seven used administra-
= g 5 £ 5 tive databases.
% :; % 3 g Twenty-two included studies retrieved data from multiple
S = Z Z 2 § sites, while 6 from a single center. Samples sizes varied from
é _ I~ ED § 58 t0 4,667,827 and UHRS rates varied from 0.2 [19] to 39%
% g E g g [20]. The majority of included studies (= 18) recorded the
= § 5 g § T: age of patients using gestational age (GA), while nine studifzs
% E Té 2« = & g referred to the newborn without SPeCIﬁC GA. The four main
e | & 873 3 % 3 g types of the population involved in the 28 included studies
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A\
Records identified through electronic
g databases search (2000 to June 2021)
= (n=6,783)
]
@ g Duplicates removed
‘é (n=1,771)
)
T A
Records after removal of duplicates
O (n=5,012)
s N
< Records excluded due to irrelevance
(n=4,979)
o y
k=
c Records after Title and Abstract of the records
g screened
3} (n=33)
(/)
Records excluded as no access of full text
(Conference abstract only)
~— g {n=4)
o
% Full-tex; aerticlles_ a:sifi;seg afgarin?t Fz.el.inclusion Records excluded {n =3}
) L i -ezlg) oy »| _included unplanned ED visits (n=2)
T e -UHRs examined more than once (n=1)
)
o
Hand search of reference list of the
< remaining 26 articles with 2 further article
kel identified
[}
e
=
3}
£
Studies included in the review
(n=28)
T/

Fig. 1 Flow chart for the search and study selection process (PRISMA)

were health-term newborns (n=2), all live newborns (n=9),
late-preterm newborns with various health condition focus
(n=5), and newborn with varieties of health issues (n=12).

The time span for the retrieved data varied from 2 months
[21] to 12 years [22]. In particular, six included studies
accessed over 10 years of data. Two of the 28 included stud-
ies reported risk predictive models of performance. All five
of the identified predictive models in the studies demon-
strated sub-optimal performance (C-statistic of 0.62, 0.69,
and 0.62, respectively) [23, 24].

@ Springer

Examined variables/confounding factors
and significant risk factors

Variables or confounding factors differed across the 28
included studies. The number of examined variables for each
study ranged from one [20, 22, 25, 26] to twenty-four [27].
Two studies [18, 22] reported inconclusive findings. Seven-
teen statistically significant risk factors related to newborn
UHRs were extracted and grouped under either maternal or
newborn-related factors in Table 2.
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Maternal-related risk factors

Seventeen of the 28 included studies identified maternal
variables contributing to 31-day newborn UHRs. The three
most frequently cited risk factors were maternal parity, pre-
existing or perinatal complications, and race/ethnicity. Nine
studies [3, 7, 19, 23, 28, 30, 32, 38, 39] identified the primi-
parous mother as a significant risk factor for readmission for
newborns with an odds ratio (OR) ranging from 1.1 to 5.5.
Maternal race/ethnicity was cited in eight differing studies
[7, 19, 28, 30, 32, 38—40]. Compared with other race/eth-
nicities, newborns of Asian mothers were more likely to be
readmitted following the initial hospitalization at the time
of birth (OR=1.08 to 3.17).

Nine studies reported that mothers with pre-existing or
perinatal complications increased the probability of newborn
readmission following discharge [3, 7, 19, 21, 27, 30, 32, 35,
39]. The most common pre-existing maternal medical condi-
tions and/or pregnancycomplications that resulted in new-
born readmissions included gestational hypertension, gesta-
tional diabetes mellitus, placenta previa, placental abruption,
and prolonged rupture of membranes. In two studies, new-
borns whose mothers experienced delivery complications
were found to be at high risk of unplanned readmission [3,
30]. One study [27] identified maternal intrapartum chemo-
prophylaxis for group B streptococcus was associated with
newborn readmission (OR =2.55). Another study [21] cited
newborns of mothers who self-rated poor health as more like
to be readmitted (OR=5.17).

In five studies, health care utilization and family
resources, including uninsured health care status, unstable
family income and inadequate support for the mother follow-
ing the discharge, were identified as increasing the risk of
newborn readmission [3, 21, 31, 39, 40]. Other studies dif-
fered, citing mothers who received comprehensive perinatal
care as more likely to experience a UHR of their newborn
[33, 39].

The geographic location of both the hospital where the
birth occurred and the residential address of parents was
cited as risk factors by five differing studies [17, 23, 36, 40,
41]. Higher readmission rates were noted for births in non-
metropolitan hospitals [22, 36]. When newborns were dis-
charged to residential addresses associated with lower new-
born mortality rates, the risk of UHR was decreased by 10%
(OR=0.9) [41]. Two other studies found that health services
with protocols requiring longer length of stay for newborns
following their birth [17] or health services which provided
limited use of intensive phototherapy for jaundice [32] expe-
rienced higher rates of readmissions (OR =1.22-2.31).

The maternal age was cited as a risk factor by five studies
[7, 23, 32, 38, 41]. One study [32] suggested that newborns
of mothers younger than 20 years were more likely to be

readmitted (OR =1.2). In comparison, three studies [7, 38,
41] identified that newborns of mothers older than 30 or
35 years were at greater risk of readmission. One study [23]
also reported increased readmission for healthy term infants
with older mothers (OR=1.02).

Newborn-related risk factors

Eleven significant risk factors pertaining to the newborns
were extracted. The most frequently cited risk factors were
gestation age, neonatal comorbidity, postnatal length of stay
(LOS), and feeding methods.

Gestational age was the most frequently cited significant
predictor of unplanned readmission for newborns with OR
range from 1.18 t0 9.43 [7, 17, 19, 23-25, 27, 30-32, 34-38,
42]. Generally, infants born before 37 gestational weeks
were associated with an increased likelihood of readmis-
sion compared with those delivered at 39 to 40 weeks. Three
studies specifically cited gestational age of 37 to 38 weeks as
a risk factor for unplanned readmission as well [27, 30, 34].

Newborns who either had a medical condition at birth
or developed medical conditions following their birth were
associated with an increased risk of UHRs [2, 19, 20, 26-28,
30, 31, 33, 36, 40]. Medical conditions included jaundice,
haemolysis, congenital abnormalities, complex/chronic con-
ditions, sepsis, seizure, cardiac surgery, and myelomenin-
gocele repair of newborns. Two studies cited infants who
had a screening bilirubin test associated with jaundice dur-
ing their hospitalization at the time of birth as significantly
associated with increased risk of readmission with OR rang-
ing from 6.66-8.76 [19, 33]. One study [27] indicated that
jaundice assessed visually and documented on day two of
life was a predictor of newborn readmission (OR =2.45).
Two studies [30, 31] involving newborns with neonatal
abstinence syndrome (NAS), a postnatal drug withdrawal
syndrome related to opioid exposure, found that newborns
with NAS were more likely to be readmitted to the hospital
compared to newborns without NAS (OR=1.21-2.49).

Eleven included studies [2, 7, 22, 23, 30, 32-35, 38,
39] identified length of hospital stay (LOS) after birth as
associated with increased risk of readmission; however, the
results were inconsistent. Seven studies found shorter LOS
(<3 days) as associated with a higher risk of readmission for
newborns delivered by vaginal or cesarean (OR =1.2-13.8)
[7, 30, 32, 35, 38, 39] or infants born late preterm and term
(P<0.05) [34].

Two studies [23, 33] reported that longer hospital
LOS decreased the UHR rate for infants born by cesarean
(OR=0.40-0.78). Newborns who underwent cardiac surgery
and stayed longer than 7 days in intensive care units were
five times more likely to be readmitted [2]. One study [22],
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however, reported that longer LOS did not decrease 7-day
readmission for late-preterm infants delivered vaginally.

Feeding methods and feeding problems were identified
in nine studies [3, 17, 19, 27, 29, 32, 33, 35, 38]. Compared
with bottle feeding, exclusive breastfeeding was found to
contribute to an increased risk of newborn readmission in
six cited studies [3, 29, 32, 33, 35, 38]. One study [19] also
found newborns who experienced breastfeeding difficulties
during birth hospitalization were more likely to be readmit-
ted (OR =1.85). One study [17] reported breastfeeding as
associated with a lower rate of readmission for newborns
(OR =0.69). While one study [27] found newborns who
were totally formula fed in the first 3 days of life were asso-
ciated with decreased newborn readmission (OR =0.996).

Gender was examined and reported consistently across
seven differing studies. Compared to females, male new-
borns experienced a higher risk of unplanned readmission
after birth [7, 23, 32, 36, 38—40].

Three studies [7, 32, 35] referred to newborns delivered
as a vaginal or assisted vaginal birth (vacuum/forceps) as a
higher risk of readmission compared to caesarean delivery.
Two studies cited cesarean delivery mode as a protective
factor against readmission [7, 27] (OR=0.31-0.45).

The birth weight of newborns was also identified as a sta-
tistically significant factor in two studies. The measurement of
birth weight, however, was inconsistent amongst the studies.
One study [17] reported birth weight of less than 2500 g was
associated with an increased risk of readmission among new-
borns (OR =1.95), while another study [30] found newborns
with birthweights in either the 10th or 90th percentile using
national percentile ranges were more likely to be readmitted.

Two studies cited newborns’ weight at discharge as risk
factors. One study [29] reported newborns with more than
a 10% weight loss from birth at the time of discharge as at
higher risk of readmission. This compared with one other
study [33] which suggested that every 100 g of gained
weight at discharge increased the risk of readmission for
late-preterm newborns with hyperbilirubinemia.

Discussion

This systematic review synthesized risk factors associated
with newborn 31-day unplanned hospital readmissions fol-
lowing discharge from the hospital where the birth occurred.
Twenty-eight studies were reviewed, and 17 significant risk
factors were extracted. These included six maternal and 11
newborn-related variables. Of the 17 predictors, six were
consistently cited. Four factors were maternal (primipa-
rous, mother being Asian, vaginal delivery, maternal com-
plications), and two factors were neonatal (male infant and
neonatal comorbidities). The remaining risk factors were
inconsistent across the included studies.

@ Springer

Newborns of mothers under 20 or over the age of 35,
especially primiparous, were at greater risk of unplanned
hospital readmission. This is consistent with evidence on
the adverse outcomes of pregnancies conceived at extreme
maternal age [43]. Adverse outcomes included preterm
births or perinatal deaths as well as pregnancy complica-
tions such as gestational diabetes and pregnancy-induced
hypertension [44—46].

Newborns of Asian mothers were found in this review to
have up to a 3 times greater likelihood than other ethnicities of
being readmitted. It is noted that almost 90% of the included
studies (n=25) in this review were conducted in western
developed countries such as the USA, Canada, UK, Aus-
tralia, and France with extensive multicultural backgrounds.
Mothers of Asian ethnicity experience language and cultural
barriers during hospitalization impacting their health literacy
and comprehension of discharge information on caring for
newborns and themselves [47]. Additionally, where there is
inadequate family support for migrants there is often limited
uptake of community support services following hospital dis-
charge [48, 49].

Our review also revealed that early-term or late preterm
newborns (34 to 38 weeks GA), who are physiologically
immature, were often treated the same as a full-term new-
born and experienced higher readmission rates [18, 44].
There is a need to implement evidence-based practice guide-
lines and individualized transitional care plans that include
newborn and parental assessment of discharge readiness to
prevent UHR.

Readmission rates associated with the LOS for newborns
after their birth were inconsistent and varied from 1.3 to
6.6 days across 92 countries [50]. Since the 1970s, there has
been a trend toward shortening postnatal hospital stays for
mother and newborn [51]. Some studies found reduced LOS
and early newborn discharge did not increase the adverse
outcomes and/or readmission rate [52—54]. In contrast, oth-
ers reported shorter LOS associated with newborn mortality
and neonatal UHR [51, 55]. The heterogeneity of the study
population may explain the lack of consensus in the dif-
ferent studies, such as the newborn’s GA or birth weight,
mode of delivery and parity, access to maternity care, avail-
ability of follow-up services, and/or parental knowledge and
competence [56]. The inconsistent results highlight the
importance of discharge readiness assessment, including
newborn clinical fitness for discharge and parental readiness
for discharge. Therefore, the timing of discharge should be
decided in conjunction with the families.

This review found that vaginal or assisted vaginal deliv-
eries significantly increased the risk of unplanned newborn
readmissions compared with cesarean section. This is oppo-
site to evidence promoting the advantages of vaginal deliv-
ery. Compared to newborns delivered by cesarean section,
those delivered vaginally were found to have an increased
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probability of newborn hyperbilirubinemia and jaundice [57,
58], which resulted in an increased risk of newborn readmis-
sion. The indicators for either an elective or emergency cesar-
ean procedure are to correct maternal or fetal existing medical
conditions or distress. As a result, a higher level of care is
required to be provided for both mothers postoperatively and
newborns. This often leads to a longer stay in the hospital than
mothers who have a vaginal delivery resulting in mothers hav-
ing a greater length of time to recover and establish routines
with their babies [59]. Newborns delivered by cesarean were
strongly associated with reduced readmissions for jaundice
[7, 32, 35]. More extended hospitalization following cesarean
section than vaginal birth allowed mothers and newborns to
establish breastfeeding [60], which was a protective factor
reducing the risk of newborn UHRs. Newborns delivered by
cesarean were also strongly associated with reduced readmis-
sions for jaundice [7, 32, 35]. Additionally, vacuum-assisted
deliveries were found to be associated with neonatal bruising
and/or cephalohematoma, which increased the risk of new-
born readmission [61].

Six included studies cited exclusive breastfeeding as a
predictor of newborn readmission, which conflicts with the
evidence citing the advantages of breastfeeding. Notably,
most studies citing breastfeeding as a risk factor were related
to newborn readmissions with jaundice [29, 32, 33, 38].
Mothers who wish to breastfeed their newborns exclusively
might encounter many challenges resulting in newborns’
low oral intake and poor weight gain. Challenges include
limited professional support, advice, and access to primary
care services during the initial period following discharge
[62]. Insufficient oral intake of newborns can cause severe
hyperbilirubinemia, which also leads to UHRs [33, 63].

This systematic review has certain limitations. Firstly, only
English language papers with full-text access were considered.
The majority of the included studies were conducted in the
North America, Europe, and Australia; therefore, generalization
of this review’s results should be made with caution considering
the characteristic of the healthcare settings. In addition, a meta-
analysis was not performed to synthesize the extracted risk fac-
tors due to the heterogeneity in the 28 included studies. The
studies” heterogeneity included newborns’ characters, examined
variables, time period associated with UHRs, and outcomes
coherence. This systematic review did not restrict newborn’s
gestational age and comorbidities, which might contribute to
the large variation of UHR rate of 0.2% to 39%.

Conclusion

This systematic review confirms the diverse and complex
nature of risk factors associated with newborn 31-day UHRs.
Six consistently cited predictors include 4 maternal factors

(primiparous, mother being Asian, vaginal delivery, mater-
nal complications) and 2 neonatal factors (male infant and
neonatal comorbidities). There is a need to promote health-
care providers’ awareness of risk factors then develop and
implement comprehensive individualized hospital-to-home
transition plans from the time of admission for the birth
through to discharge home to reduce unplanned neonatal
readmissions [64]. Transition checklists and discharge readi-
ness assessments are recommended as strategies to reduce
newborn UHRs as the quality of hospital-to-home transition
of care is positively associated with the caregiver’s percep-
tion of readiness for discharge [65]. Transition assessment
instruments include “Readiness for hospital discharge scale,”
“Quality of discharge teaching scale,” and “Post-discharge
coping difficulty scale” [66—70].

Applying identified predictive risk factors assists health-
care providers to recognize newborns at higher risk of read-
mission and implement preventative strategies, for example,
individualized discharge planning [71]. Future research is
warranted to establish standardized maternal and newborn-
related variables for healthcare providers to identify new-
borns at higher risk of UHRs. The classification/grouping
of newborn physiological conditions, such as GA, delivery
mode, birth weight, and Apgar scores, should be clearly
defined and standardized in future studies allowing com-
parisons across healthcare settings.
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