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ABSTRACT
Background: Numerous studies have demonstrated that hypothermia in preterm
infants correlates with increased morbidity and mortality, especially among those
with very low or extremely low birth weights (VLBW/ELBW). An increasing number
of healthcare facilities are implementing quality improvement (QI) bundles to lower
the incidence of hypothermia at birth in this vulnerable population. However, the
effectiveness and safety of these interventions have yet to be fully assessed. A
meta-analysis is necessary to evaluate the efficacy and safety of QI bundles in
reducing hypothermia at birth among VLBW/ELBW infants.
Methods: We searched PubMed, Embase, the Cochrane Library and Web of Science
through April 22nd, 2024. Study selection, data extraction, quality evaluation and
risk bias assessment were performed independently by two investigators. Meta-
analysis was performed using Review Manager 5.4.1.
Results: A total of 18 studies were included for qualitative analysis and 12 for meta-
analysis. For VLBW infants, meta-analysis revealed a reduction in hypothermia and
an increase in hyperthermia following the introduction of QI bundles (mild
hypothermia, OR 0.22, 95% CI [0.13–0.37]; moderate hypothermia, OR 0.18, 95% CI
[0.15–0.22]; hyperthermia, OR 2.79, 95% CI [1.53–5.09]). For ELBW infants,
meta-analysis showed a decrease in hypothermia but no increase in hyperthermia
after implementing QI bundles (mild hypothermia, OR 0.46, 95% CI [0.26–0.81];
moderate hypothermia, OR 0.21, 95% CI [0.08–0.58]; hyperthermia, OR 1.10, 95% CI
[0.22–5.43]).
Conclusion: QI bundles effectively reduce hypothermia in VLBW/ELBW infants,
but they may also increase hyperthermia, especially in VLBW infants.
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INTRODUCTION
The World Health Organization (WHO) defines the range of 36.5 degrees Celsius (�C) to
37.5 �C as the normal body temperature for newborns. Body temperatures of 36.0–36.4 �C
are defined as mild hypothermia and 32.0–35.9 �C as moderate hypothermia (World
Health Organization MNHS & Motherhood, 1997). Neonatal hypothermia significantly
contributes to both neonatal mortality and morbidities, such as hypoglycemia, necrotizing
enterocolitis, intraventricular hemorrhage, and late-onset sepsis, particularly among very
low/extremely low birth weight (VLBW/ELBW) infants (Cordeiro et al., 2021). This
vulnerability stems from their large surface area relative to body mass, limited
subcutaneous fat, and immature thermoregulatory mechanisms (Perlman & Kjaer, 2016).
Studies have reported a wide variation in hypothermia rates among VLBW infants,
ranging from 31% to 78% (Bhatt et al., 2007). Additionally, for every 1 �C decrease in
admission temperature, the odds of late-onset sepsis increase by 11%, and the odds of
mortality increase by 28% (Laptook, Salhab & Bhaskar, 2007). Given these potential
adverse outcomes, preventing hypothermia in VLBW and ELBW infants is of paramount
importance. A systematic review has evaluated the risk factors for hypothermia in this
vulnerable population (Shi et al., 2023), and while single interventions such as skin-to-skin
care, thermal mattresses, or plastic wraps have proven effective in improving temperature
in randomized controlled trials (McCall et al., 2018), they remain insufficient in fully
preventing hypothermia in VLBW/ELBW infants. Quality improvement (QI) in health
care is defined by the Agency for Healthcare Research and Quality (AHRQ) as “the
framework to systematically improve the ways care is delivered to patients.” Various QI
methodologies have been widely used to identify and close the gap between desired and
actual results in health care (Valeras, 2019). These methodologies have also been
extensively applied in the field of neonatology (Norman et al., 2019; Pearlman, 2022). To
reduce the incidence of hypothermia in VLBW/ELBW infants, efforts have been initiated
to implement various quality improvement measures, collectively referred to as quality
improvement bundles (QI bundles). These bundles comprise evidence-based interventions
aimed at maintaining normothermia from birth through transportation to the neonatal
intensive care unit (NICU). Common interventions range from environmental
temperature control and the use of polyethylene wraps or caps to the use of radiant
warmers or incubators, as well as establishing multidisciplinary teams and training their
members. While the implementation of these QI bundles in reducing hypothermia has
been endorsed by the American Heart Association (AHA) and the American Academy of
Pediatrics (AAP) in the 2020 neonatal resuscitation guidelines (Aziz et al., 2021),
variability in practices across different settings persists, and there is a lack of consensus on
the most effective components. A systematic review (Donnellan et al., 2020) evaluated the
impact of quality improvement initiatives (QIs) on the admission temperatures of
premature/VLBW infants in neonatal intensive care units (NICUs). The review included
10 QI studies, which demonstrated that the implementation of thermoregulation QIs can
positively impact admission temperatures for premature or VLBW infants admitted to the
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NICU. However, this study did not perform a quantitative data synthesis (meta-analysis)
and did not analyze the effectiveness of QI measures in reducing mild hypothermia vs.
moderate hypothermia. Additionally, the study did not separately analyze the effectiveness
of QI measures in preventing hypothermia in VLBW infants and ELBW infants. On the
other hand, Some other systematic reviews and meta-analyses aimed at improving
neonatal hypothermia (Abiramalatha et al., 2021; McCall et al., 2018; Ramaswamy et al.,
2023) primarily include randomized controlled trials (RCTs) and quasi-randomized
controlled trials, rather than quality improvement studies. In addition, these systematic
reviews and meta-analyses did not specifically focus on VLBW/ELBW infants, who are at
the highest risk for hypothermia, but rather included a broader population with a wider
range of gestational ages. Therefore, we aimed to systematically review these QI studies and
synthesize the data to assess the effectiveness and safety of QI bundles in preventing
hypothermia in VLBW/ELBW infants at birth.

MATERIALS AND METHODS
This study was conducted following the PRISMA guidelines (Liberati et al., 2009). The
protocol for this systematic review and meta-analysis was registered on PROSPERO under
the accession number CRD42024534226 and can be accessed at https://www.crd.york.ac.
uk/prospero/#searchadvanced. Ethical approval was not sought as this study involved
secondary analysis of published data.

Data sources and search strategy
A comprehensive literature search was conducted in electronic databases including
PubMed, Embase, the Cochrane Library and Web of Science. The final search was
completed on April 22nd, 2024, and no search limits or restrictions were applied initially to
broaden the search scope. Appendix 1 describes the detailed search strategy across
individual databases.

Inclusion and exclusion criteria
The criteria for including studies in this systematic review and meta-analysis are built on
the PICOS framework: (1) Population (P), VLBW/ELBW infants, or preterm infants with a
gestational age (GA) of 32 weeks or less. (2) Intervention (I), application of QI bundles
aimed at preventing hypothermia at birth. (3) Comparison (C), VLBW/ELBW infants
before the implementation of QI bundles as the comparison. (4) Outcome (O), the
incidence of hypothermia from birth to transfer to the NICU. (5) Study design (S), the
eligible study design is that of a Quality Improvement Project (QIP) that applies QI
bundles. Exclusion criteria were as follows: (1) Participants being newborns with a
gestational age over 32 weeks and a birth weight exceeding 1,500 g. (2) Studies not related
to quality improvement, such as randomized or quasi-randomized trials of single or
multiple interventions. (3) Temperature measurement is not between birth and admission
to the NICU or the site of temperature measurement is not clear. (4) Studies only available
as conference abstracts.
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Study selection and data extraction
Two independent reviewers (GZ and JQ) screened titles and abstracts of identified studies
for relevance. Full-text articles were retrieved for potentially relevant studies and assessed
for eligibility based on predefined inclusion and exclusion criteria. Discrepancies between
reviewers were resolved through discussion, with involvement of a third reviewer (BW) if
consensus could not be reached. Two authors (GZ and JQ) independently extracted data
using a standardized data collection form. The extracted information included study
author, year of publication, location, study duration, sample size, participant
demographics, site of temperature measurement, outcomes (incidence of mild
hypothermia, moderate hypothermia, and hyperthermia) and components of the QI
bundles. Disagreements were resolved through discussion or consultation with a third
author (ZY) if necessary.

Quality evaluation and risk bias assessment
Two investigators (GZ and JQ) independently assessed the quality of the selected studies
using the Quality Improvement Minimum Quality Criteria Set (QI-MQCS) (Hempel et al.,
2015). This set encompasses 16 content categories: Organizational Motivation,
Intervention Rationale, Intervention Description, Organizational Characteristics,
Implementation, Study Design, Comparator, Data Source, Timing, Adherence/Fidelity,
Health Outcomes, Organizational Readiness, Penetration/Reach, Sustainability, Spread,
and Limitations. Each study was evaluated across these domains, earning 1 point for
meeting the minimum criteria in each domain, and 0 points otherwise. The studies were
subsequently classified based on their quality: scores above 10 signified high quality, scores
between 7 and 10 indicated medium quality, and scores below 7 denoted low quality. Any
discrepancies were resolved through group consensus.

Statistical analysis
When conducting the synthesis of effect sizes, data from VLBW infants and ELBW infants
was categorized separately according to mild hypothermia, moderate hypothermia, and
hyperthermia. Only studies included in the systematic review that provide binary variable
data (or derived binary variables) for hypothermia or hyperthermia were included in the
meta-analysis. If a study provides data for multiple groups, it will be separately included in
the respective groups for data synthesis. We summarized the outcomes by reporting the
odds ratio (OR) and 95% confidence interval (CI), and presented them using forest plots.
Meta-analyses were performed with Review Manager 5.4.1 software. We assessed the
heterogeneity of the studies using I2 statistics. A random-effects model was employed to
address substantial heterogeneity between studies (I2 ≥ 50%), defaulting to a fixed-effects
model when heterogeneity was absent (I2 < 50%). Sources of heterogeneity were
investigated, and sensitivity analyses were conducted to determine the impact of individual
study results on the overall effect size. P < 0.05 was considered significant. When the
number of studies included in the meta-analysis exceeds ten, a funnel plot generated by
Review Manager 5.4.1 software will be used to assess publication bias.
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RESULTS
Study selection
A total of 737 articles were retrieved from the electronic databases including PubMed
(139), Embase (334), the Cochrane Library (65), andWeb of Science (199). After removing
duplicates, 457 articles remained and were screened for eligibility based on title and
abstract. Out of the screened articles, 37 were selected for full-text screening to assess their
suitability for inclusion. Among these, 19 articles were excluded due to reasons such as
having the same or overlapping study cohort (three) (Frazer et al., 2018; Harriman et al.,
2018; Wang et al., 2022), including newborns with a birth weight >1,500 g and GA > 32
weeks (nine) (Andrews et al., 2018; Choi et al., 2018;Harer et al., 2017;Howes & Keir, 2018;
Patodia et al., 2021; Pratik et al., 2023; Ramjist et al., 2024; Shaw et al., 2018; Sprecher et al.,
2021), unclear temperature measure time/site (two) (Glenn et al., 2021; Keir & Cavallaro,
2021), and only conference abstracts are available (five) (Bobby et al., 2014; Dale et al.,
2021; Shaw et al., 2016; Thornton, Voos & McNellis, 2014; Woolley et al., 2019). Following
the full-text screening, 18 articles met the criteria for qualitative synthesis. Among these, 12
articles were deemed suitable for quantitative synthesis through meta-analysis. Specifically,
for the meta-analysis, for VLBW infants, four, eight, and six studies were included for mild
hypothermia, moderate hypothermia, and hyperthermia, respectively; for ELBW infants,
two, three, and three studies were included for mild hypothermia, moderate hypothermia,

Figure 1 PRISMA flowchart summarizing the article selection process. Full-size DOI: 10.7717/peerj.18425/fig-1
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and hyperthermia, respectively. The detailed flowchart illustrating the screening and
selection process is provided in Fig. 1, following the PRISMA guidelines.

Study characteristics
The included 18 studies originated from diverse locations, with 11 from the USA (Bhatt
et al., 2020; Billimoria et al., 2013; Castrodale & Rinehart, 2014; Croop et al., 2020;
DeMauro et al., 2013; Dixon et al., 2021; Frazer et al., 2021; Godfrey et al., 2013; Lee, Ho &
Rhine, 2008; Manani et al., 2013; Pinheiro et al., 2014), two from Australia (Kent &
Williams, 2008; Singh et al., 2022), and one each from India (Sivanaridan, Sankar &
Deorari, 2016), Singapore (Yip et al., 2017), Brazil (Caldas et al., 2018), the UK (Young
et al., 2021) and China (Bi et al., 2022). The publication timeline of the selected studies
spans from 2008 to 2022. Predominantly, the quality improvement initiatives (17/18) were
conducted at a single center, and only one (Bi et al., 2022) was multicenter (5 NICUs). The
sample sizes varied considerably, ranging from 59 to 1,199 (total = 6,552 infants). Table 1
displays the characteristics of the included studies.

Quality and risk of bias assessment
The assessment of the included studies was conducted utilizing the Quality Improvement
Minimum Quality Criteria Set (QI-MQCS). The results showed study scores ranging from
9 to 15, with five categorized as medium quality and 13 as high quality, detailed in

Table 1 Characteristics of included studies.

References Location Duration Size GA/BW Site of temperature measurement Outcomes

Kent & Williams (2008) Australia 2000–2005 156 GA < 32 w Axilla (1) (2) (4)

Lee, Ho & Rhine (2008) USA 2003–2006 304 BW < 1,500 g Rectum (3)

Billimoria et al. (2013) USA 2005–2010 209 BW < 1,000 g Axilla (2) (3)

DeMauro et al. (2013) USA 2009–2012 160 BW < 1,250 g Axilla (1) (2) (4)

Godfrey et al. (2013) USA 2010–2011 81 GA < 28 w Rectum (1) (2) (4)

Manani et al. (2013) USA 2006–2011 289 BW < 1,500 g Axilla (2) (3)

Castrodale & Rinehart (2014) USA 2008–2011 225 GA < 28 w Axilla (4)

Pinheiro et al. (2014) USA 2007–2012 666 BW < 1,500 g Axilla (3) (5)

Sivanaridan, Sankar & Deorari (2016) India 2015–2016 56 GA < 32 w Axilla (3)

Yip et al. (2017) Singapore 2007–2013 1,199 BW < 1,500 g Axilla/rectum (1) (2) (4)

Caldas et al. (2018) Brazil 2012–2016 475 BW < 1,500 g Axilla (2) (3)

Bhatt et al. (2020) USA 2014–2019 200 BW < 1,000 g Axilla (1) (2) (4)

Croop et al. (2020) USA 2012–2017 214 GA < 27 w Axilla (4)

Dixon et al. (2021) USA 2017–2019 67 GA < 32 w Axilla (1)

Frazer et al. (2021) USA 2014–2017 334 GA < 32 w/BW < 1,500 g Axilla (2) (3)

Young et al. (2021) UK 2011–2019 599 GA < 30 w Axilla (1) (2) (4)

Bi et al. (2022) China 2018–2020 750 BW < 1,500 g Rectum (1) (2) (3) (4)

Singh et al. (2022) Australia 2013–2017 568 GA ≤ 32 w/BW < 1,500 g Axilla (1) (2) (3) (4)

Note:
(1) Proportion of infants with a body temperature < 36.5 �C; (2) Proportion of infants with a body temperature > 37.5 �C;
(3) Proportion of infants with a body temperature < 36.0 �C; (4) Proportion of infants with a body temperature ranging from 36.5 �C to 37.5 �C; (5) Proportion of infants
with a body temperature > 38.0 �C; GA, gestational age; BW, birth weight.
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Appendix 2. Each study met the minimum quality requirements in seven of the 16
evaluated domains: organizational motivation, rationale behind the intervention, detailed
description of the intervention, implementation strategies, description of the comparator,
timing of the intervention, and the health outcomes observed. However, a predominant
issue in most studies was the lack of detailed information on adherence to intervention
protocols (adherence/fidelity: 14 out of 18 studies). Similarly, descriptions lacked details on
the sustainability of interventions (sustainability: 12 out of 18 studies), potential for
scalability or replication (spread: 12 out of 18 studies), and adequately outlining barriers
and facilitators of organizational readiness for the interventions (organizational readiness:
11 out of 18 studies).

Bundle components
A total of 10 components were identified across the 18 studies, with the number of
components per bundle varying. The number of components ranged from four to nine.
The most common components included formation of a multidisciplinary expert team,
development of evidence-based interventions, education of hospital staff (18/18); using
plastic wrap or bag (18/18); and use of radiant warmer or incubator (18/18). These were
followed by keeping the head in plastic wrap, using polyurethane-lined hats, or
stocking-knit caps (16/18); increasing ambient temperature (14/18); regular
reinforcements or ongoing process review and feedback loop (12/18); using warming
mattresses (10/18); monitoring temperatures (6/18); maintaining plastic bag/wrap
integrity during the resuscitation process (2/18); and delaying anthropometric data
collection and non-essential procedures (2/18). Table 2 displays the 10 components
included in the QI bundles.

Decrease in mild hypothermia (body temperature < 36.5 �C)
Among the 12 studies included in the meta-analysis, four provided dichotomous data on
the incidence of mild hypothermia before and after QI in neonates with a birth weight of
<1,500 g or GA < 32 weeks (Bi et al., 2022; Dixon et al., 2021; Singh et al., 2022; Yip et al.,
2017). Westmead Hospital in Australia conducted a QI project over a 5-year period
targeting VLBW infants and infants with a GA < 32 w (sample size: 568) (Singh et al.,
2022). The project resulted in a significant reduction in the incidence of mild hypothermia,
decreasing from 64.8% to 36.7%. KK Women’s and Children’s Hospital in Singapore also
implemented a QI project for over 5 years with a sample size of 1,199 (including 168 before
QI, 1,031 during and after QI) (Yip et al., 2017). The incidence of body temperature
<36.5 �C decreased from 75.5% to 46.8%. A 36-month QI project conducted in Shandong,
China, from January 2018 to December 2020, involved five NICUs and included a total
sample size of 750 (Bi et al., 2022). The study observed a significant reduction in the
incidence of mild hypothermia among VLBW infants, decreasing from 95.9% to 71.3%.
Another QI project (sample size: 67) from Duke University School of Nursing (Dixon
et al., 2021) reported that the incidence of mild hypothermia decreased from 33.3% (18/54)
to 0% (0/13). The combined result showed that QI efforts substantially reduce the
incidence of mild hypothermia in VLBW infants (OR 0.22, 95% CI [0.13–0.37]) (Fig. 2).
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Given the substantial heterogeneity between studies (I2 = 71%), we identified the
multicenter study (Bi et al., 2022) as a potential source of heterogeneity. Excluding that
study led to homogeneity among the studies (I2 = 0%), and the meta-analysis result
remained stable (Appendix 3).

Two studies provided insights into mild hypothermia occurrences among ELBW infants
or infants with a GA < 28 w (Godfrey et al., 2013; Singh et al., 2022). The first study

Table 2 Interventions included in the QI bundles.

References (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Kent & Williams (2008) + + + +

Lee, Ho & Rhine (2008) + + + + + +

Billimoria et al. (2013) + + + + + + +

DeMauro et al. (2013) + + + + + + +

Godfrey et al. (2013) + + + + +

Manani et al. (2013) + + + + + + +

Castrodale & Rinehart (2014) + + + +

Pinheiro et al. (2014) + + + + +

Sivanaridan, Sankar & Deorari (2016) + + + + + +

Yip et al. (2017) + + + + + +

Caldas et al. (2018) + + + + + + + +

Bhatt et al. (2020) + + + + + + + + +

Croop et al. (2020) + + + + + + + +

Dixon et al. (2021) + + + + +

Frazer et al. (2021) + + + + + + + +

Young et al. (2021) + + + + + + + +

Bi et al. (2022) + + + + + + + +

Singh et al. (2022) + + + + +

Note:
(1) Formation of a multidisciplinary expert team; development of evidence-based interventions; education of hospital
staff; (2) Increasing ambient temperature; (3) Using plastic wrap or bag; (4) Regular reinforcements or ongoing process
review and feedback loop; (5) Use of radiant warmer or incubator; (6) Using warming mattress; (7) Keeping head in
plastic wrap, using polyurethane-lined hats, or stocking-knit caps; (8) Monitoring temperature; (9) Maintaining plastic
bag/wrap integrity during the resuscitation process; (10) Delaying anthropometric data collection and non-essential
procedures.

Figure 2 Forest plot from random effects analysis: The rate of mild hypothermia in VLBW infants pre- and post-QI (Yip et al., 2017; Dixon
et al., 2021; Bi et al., 2022; Singh et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-2
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involved 145 cases (Singh et al., 2022). It revealed that the incidence of mild hypothermia
dropped from 59.1% to 38.9%. Conversely, the second study, conducted at the University
of Pittsburgh School of Nursing and Magee-Women’s Hospital of the University of
Pittsburgh Medical Center in the United States (Godfrey et al., 2013), included 81 cases and
found no statistically significant change in the incidence of mild hypothermia. A
subsequent meta-analysis combining the effect sizes from both studies determined an
overall OR = 0.46, 95% CI [0.26–0.81], and I2 = 0%, indicating a high degree of
homogeneity among the findings (Fig. 3).

Decrease in moderate hypothermia (body temperature < 36.0 �C)
Among the 12 studies included in the meta-analysis, eight reported on the incidence of
moderate hypothermia in VLBW infants or infants with a GA < 32 w (Bi et al., 2022;
Caldas et al., 2018; Frazer et al., 2021; Lee, Ho & Rhine, 2008;Manani et al., 2013; Pinheiro
et al., 2014; Singh et al., 2022; Sivanaridan, Sankar & Deorari, 2016). The combined sample
size was 3,442, comprising 2,123 participants in the QI intervention group and 1,319 in the
control group. Initially, the incidence of moderate hypothermia ranged from 25.5% to

Figure 3 Forest plot from fixed effects analysis: The rate of mild hypothermia in ELBW infants pre- and post-QI (Godfrey et al., 2013; Singh
et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-3

Figure 4 Forest plot from fixed effects analysis: The rate of moderate hypothermia in VLBW infants pre- and post-QI (Lee, Ho & Rhine, 2008;
Manani et al., 2013; Pinheiro et al., 2014; Sivanaridan, Sankar & Deorari, 2016; Caldas et al., 2018; Frazer et al., 2021; Bi et al., 2022; Singh
et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-4
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76.1%. Following the introduction of the QI bundle, this rate decreased significantly to
between 5.4% and 31.7%. A notable reduction in moderate hypothermia was observed
across all studies, with the meta-analysis indicating a combined OR = 0.18, 95% CI
[0.15–0.22], and a heterogeneity (I2) of 5% (Fig. 4).

Three studies highlighted the incidence of moderate hypothermia in ELBW infants or
infants with a GA < 28 w (Billimoria et al., 2013; Lee, Ho & Rhine, 2008; Singh et al., 2022).
These studies included a total of 461 subjects, split between 209 in the QI group and 252 in
the control group. The incidence of moderate hypothermia before and after the QI
intervention was reported as 76.6% to 56.5%, 35.2% to 14.2%, and 91.6% to 37.5%,
respectively. The aggregated OR = 0.21, 95% CI [0.08–0.58], and I2 = 78% (Fig. 5). After
excluding an early study (Lee, Ho & Rhine, 2008), the heterogeneity disappeared (I2 = 0%)
(Appendix 4). Differences in standards of neonatal care across various temporal phases
may contribute to heterogeneity.

Increase in hyperthermia (body temperature > 37.5 �C)
Six studies assessed the incidence of hyperthermia pre- and post-QI in VLBW infants and
preterm infants with GA < 32 w (Bi et al., 2022; Caldas et al., 2018; Frazer et al., 2021;
Manani et al., 2013; Singh et al., 2022; Yip et al., 2017). The total sample included 3,615
subjects, with 1,165 cases evaluated before and 2,450 after the interventions. Initially,
hyperthermia incidence ranged from 0% to 2.4%, increasing to between 0.4% and 7.8%
post-intervention. Among these six studies, two studies (Caldas et al., 2018; Frazer et al.,
2021) highlighted a statistically significant rise in hyperthermia incidence post-
intervention, yielding a combined OR = 2.79, 95% CI [1.53–5.09] (I2 = 20%). Meta-analytic
findings suggest that the implementation of a QI bundle significantly increased the
incidence of hyperthermia in this demographic (Fig. 6).

Three studies investigated hyperthermia rates pre- and post-QI in ELBW infants and
preterm infants with GA < 28 weeks (Billimoria et al., 2013; Godfrey et al., 2013; Singh
et al., 2022), involving a total of 438 participants (250 pre-QI, 188 post-QI). According to
Billimoria’s study (Billimoria et al., 2013), no hyperthermia cases were reported before or
after QI. Conversely, the remaining two studies (Godfrey et al., 2013; Singh et al., 2022)
reported hyperthermia incidences of 2.8% and 1.4%, and 2.1% and 5.7%, respectively,

Figure 5 Forest plot from random effects analysis: The rate of moderate hypothermia in ELBW infants pre- and post-QI (Lee, Ho & Rhine,
2008; Billimoria et al., 2013; Singh et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-5
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before and after QI. Meta-analysis indicated no significant difference in hyperthermia rates
post-QI, with a combined OR = 1.10, 95% CI [0.22–5.43], I2 = 4% (Fig. 7).

Publication bias
Due to the number of studies included for mild hypothermia, moderate hypothermia, and
hyperthermia in both VLBW and ELBW groups not exceeding ten—with the maximum
being only eight—a funnel plot was not generated to assess publication bias.

DISCUSSION
Quality improvement is the combined and unceasing efforts of healthcare professionals,
patients and their families, researchers, payers, planners and educators to make the
changes that will lead to better patient outcomes, better system performance and better
professional development (Batalden & Davidoff, 2007). This approach has seen widespread
application across neonatal medicine (Alshaikh et al., 2023; Bromiker et al., 2024; Senaldi
et al., 2024). The results of this systematic review and meta-analysis indicate that QI
bundles can significantly decrease the incidence of hypothermia in VLBW/ELBW infants
at birth, including mild and moderate hypothermia. Meanwhile, QI bundles may increase
the incidence of hyperthermia in VLBW infants, but not in ELBW infants.

Figure 7 Forest plot from fixed effects analysis: The rate of hyperthermia in ELBW infants pre- and post-QI (Billimoria et al., 2013; Godfrey
et al., 2013; Singh et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-7

Figure 6 Forest plot from fixed effects analysis: The rate of hyperthermia in VLBW infants pre- and post-QI (Manani et al., 2013; Yip et al.,
2017; Caldas et al., 2018; Frazer et al., 2021; Bi et al., 2022; Singh et al., 2022). Full-size DOI: 10.7717/peerj.18425/fig-6
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In the context of reducing moderate hypothermia (T < 36.0 �C), studies targeting both
VLBW and ELBW groups have demonstrated statistically significant reductions in its
incidence following QI, with consistent effectiveness across the interventions. However,
variability was noted in the baseline rates of moderate hypothermia and the extent of
improvement post-QI among the studies. Specifically, pre-QI incidence rates ranged from
25.5% to 76.1% in the VLBW group and 35.2% to 91.6% in the ELBW group, while post-QI
rates fell to 5.4%–31.7% and 14.2%–56.5%, respectively. These findings indicate that the
quality of care and the implementation process of QI could significantly affect outcomes.
Additionally, the diversity in the number and types of interventions within the QI bundles
suggests that variations in bundle composition might have influenced the observed
differences in outcomes.

Regarding mild hypothermia (T < 36.5 �C), although the results of the meta-analysis for
the VLBW and ELBW groups show that the incidence of mild hypothermia significantly
decreased after QI, one of the four studies included in the VLBW group showed no
statistically significant difference in the incidence of mild hypothermia before and after QI.
Similarly, one of the two studies included in the ELBW group also indicated that the
reduction in the incidence of mild hypothermia was not statistically significant after QI.
This suggests that, compared to moderate hypothermia, the conclusions regarding the
improvement in mild hypothermia vary between studies, indicating that it is more
challenging to reduce mild hypothermia compared to reducing moderate hypothermia.

Hyperthermia can also lead to adverse outcomes (Cavallin et al., 2020; Zhu et al., 2021).
It is crucial to consider whether QI interventions might increase the incidence of
hyperthermia in this population. The meta-analysis results show that there is a statistically
significant increase in the incidence of hyperthermia in the VLBW group, whereas the
ELBW group did not experience an increase in hyperthermia rates (statistically
insignificant). This suggests that the ELBW infants, due to faster heat loss, are less likely to
develop hyperthermia with QI bundles. In contrast, VLBW infants have a stronger ability
to maintain body temperature, and multi-measure QI bundles might lead to an increase in
the incidence of hyperthermia in this group. Therefore, future QI efforts should pay
attention to monitoring body temperature and timely adjustment of warming measures to
prevent hyperthermia, especially in VLBW infants.

A total of 10 components were included in all the included QI bundles, with each bundle
varying in specific components. The smallest bundle contained four, while the largest
included nine. Among these components, three were consistently used across all QI
studies: formation of a multidisciplinary expert team; development of evidence-based
interventions; education of hospital staff; using a plastic wrap or bag; and use of a radiant
warmer or incubator. Given the non-RCT design of the QI projects, it is not possible to
conclusively determine which specific components are more effective in reducing
hypothermia in VLBW/ELBW infants.

In terms of study heterogeneity, the meta-analysis revealed heterogeneity among the
four studies included in the mild hypothermia group of ELBW infants. This heterogeneity
disappeared after excluding the only multicenter study (Bi et al., 2022), suggesting it as the
source of heterogeneity. Heterogeneity was also present in the studies included in the
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moderate hypothermia group of VLBW infants. This heterogeneity dissipated after the
exclusion of an early study (Lee, Ho & Rhine, 2008), indicating that differences in neonatal
care across different eras may be a source of heterogeneity.

The findings of this meta-analysis indicate that in regions with a high incidence of
hypothermia in VLBW/ELBW infants, QI could be implemented to mitigate hypothermia
among this population. Practitioners may select various intervention bundles tailored to
the unique attributes of their healthcare settings, and subsequently refine the components
of these bundles contingent upon their efficacy in diminishing hypothermia rates and their
potential to elevate the risk of hyperthermia. Additionally, during the implementation of
QI bundles, continuous temperature monitoring is essential. While avoiding hypothermia,
attention should also be paid to preventing hyperthermia, as both conditions can cause
adverse outcomes.

Strengths and limitations: This meta-analysis is the first to quantitatively evaluate the
efficacy and safety of QI bundles in reducing hypothermia among VLBW/ELBW infants at
birth. This systematic review comprehensively gathered relevant studies, summarized the
components of various QI bundles, and quantitatively assessed the incidence rates of mild
hypothermia, moderate hypothermia, and hyperthermia. All included studies were of
moderate to high quality. However, the study also has limitations. Firstly, we did not
generate funnel plots to assess publication bias due to the number of studies in each group
not exceeding 10. However, publication bias may exist, as studies reporting positive
changes due to QI interventions are more likely to be published than those showing no
improvement. Secondly, given the non-RCT design of the QI projects, it is difficult to
determine which specific components within the QI are more effective at reducing
hypothermia in this population. Finally, most of the included studies originate from
developed countries, with only three studies from developing countries, potentially
limiting the generalizability of the results to middle and low-income regions.

CONCLUSIONS
This systematic review and meta-analysis demonstrated that QI bundles are effective in
reducing hypothermia in VLBW/ELBW infants, but may also lead to increased rates of
hyperthermia, particularly in VLBW infants. Most included studies, having been
conducted in developed countries, limit the applicability of these conclusions to middle-
and low-income settings. Furthermore, the design of QI project precludes determining
which specific interventions or combinations are most effective in reducing hypothermia
in this population. It is advisable to employ QI projects in regions where hypothermia rates
among VLBW/ELBW infants are high. Future research should assess the effectiveness and
safety of QI bundles in resource-limited settings, explore the most efficacious
combinations of QI bundle components, and consider strategies to prevent hyperthermia.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 13/18

http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Shenzhen Science and Technology Program Project. (No.
JCYJ20220530152414031). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Shenzhen Science and Technology Program Project: JCYJ20220530152414031.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Guichao Zhong analyzed the data, authored or reviewed drafts of the article, and
approved the final draft.

. Jie Qi analyzed the data, prepared figures and/or tables, and approved the final draft.

. Lijuan Sheng performed the experiments, prepared figures and/or tables, and approved
the final draft.

. Jing Zhuang performed the experiments, prepared figures and/or tables, and approved
the final draft.

. Zhangbin Yu conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

. Benqing Wu conceived and designed the experiments, authored or reviewed drafts of the
article, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

This is a systematic review/meta-analysis.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.18425#supplemental-information.

REFERENCES
Abiramalatha T, Ramaswamy VV, Bandyopadhyay T, Pullattayil AK, Thanigainathan S,

Trevisanuto D, Roehr CC. 2021. Delivery room interventions for hypothermia in preterm
neonates: a systematic review and network meta-analysis. JAMA Pediatrics 175(9):e210775
DOI 10.1001/jamapediatrics.2021.0775.

Alshaikh BN, Sproat TDR, Wood C, Spence JM, Knauff M, Hamilton C, Roy M. 2023. A quality
improvement initiative to reduce necrotizing enterocolitis in very preterm infants. Pediatrics
152(6):344 DOI 10.1542/peds.2023-061273.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 14/18

http://dx.doi.org/10.7717/peerj.18425#supplemental-information
http://dx.doi.org/10.7717/peerj.18425#supplemental-information
http://dx.doi.org/10.1001/jamapediatrics.2021.0775
http://dx.doi.org/10.1542/peds.2023-061273
http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/


Andrews C, Whatley C, Smith M, Brayton EC, Simone S, Holmes AV. 2018. Quality-
improvement effort to reduce hypothermia among high-risk infants on a mother-infant unit.
Pediatrics 141(3):e20171214 DOI 10.1542/peds.2017-1214.

Aziz K, Lee CHC, Escobedo MB, Hoover AV, Kamath-Rayne BD, Kapadia VS, Magid DJ,
Niermeyer S, Schmölzer GM, Szyld E, Weiner GM, Wyckoff MH, Yamada NK, Zaichkin J.
2021. Part 5: neonatal resuscitation 2020 american heart association guidelines for
cardiopulmonary resuscitation and emergency cardiovascular care. Pediatrics 147(Supplement
1) DOI 10.1542/peds.2020-038505E.

Batalden PB, Davidoff F. 2007. What is “quality improvement” and how can it transform
healthcare? Quality and Safety in Health Care 16(1):2–3 DOI 10.1136/qshc.2006.022046.

Bhatt DR, Reddy N, Ruiz R, Bustos DV, Peacock T, Dizon RA, Weerasinghe S, Braun DX,
Ramanathan R. 2020. Perinatal quality improvement bundle to decrease hypothermia in
extremely low birthweight infants with birth weight less than 1000 g: single-center experience
over 6 years. Journal of Investigative Medicine 68(7):1256–1260 DOI 10.1136/jim-2020-001334.

Bhatt DR, White R, Martin G, Van Marter LJ, Finer N, Goldsmith JP, Ramos C, Kukreja S,
Ramanathan R. 2007. Transitional hypothermia in preterm newborns. Journal of Perinatology
27(Suppl 2):S45–S47 DOI 10.1038/sj.jp.7211842.

Bi SY, Yu YH, Li C, Xu P, Xu HY, Li JH, Liu QY, Li M, Liu XJ, Wang H. 2022. A standardized
implementation of multicenter quality improvement program of very low birth weight
newborns could significantly reduce admission hypothermia and improve outcomes. BMC
Pediatrics 22(1):281 DOI 10.1186/s12887-022-03310-5.

Billimoria Z, Chawla S, Bajaj M, Natarajan G. 2013. Improving admission temperature in
extremely low birth weight infants: a hospital-based multi-intervention quality improvement
project. Journal of Perinatal Medicine 41(4):455–460 DOI 10.1515/jpm-2012-0259.

Bobby PD, Cabral J, Cianella J, Matias S, Kelley E, Bowman D. 2014. Reducing the incidence of
hypothermia in preterm neonates: a community hospital experience. Obstetrics and Gynecology
123:139S DOI 10.1097/01.AOG.0000447114.14780.b4.

Bromiker R, Sokolover N, Ben-Hemo I, Idelson A, Gielchinsky Y, Almog A, Zeitlin Y,
Herscovici T, Elron E, Klinger G. 2024. Congenital diaphragmatic hernia: quality
improvement using a maximal lung protection strategy and early surgery-improved survival.
European Journal of Pediatrics 183(2):697–705 DOI 10.1007/s00431-023-05328-y.

Caldas JPS, Millen FC, Camargo JF, Castro PAC, Camilo A, Marba STM. 2018. Effectiveness of a
measure program to prevent admission hypothermia in very low-birth weight preterm infants.
Jornal de Pediatria (Rio J) 94(4):368–373 DOI 10.1016/j.jped.2017.06.016.

Castrodale V, Rinehart S. 2014. The golden hour: improving the stabilization of the very low
birth-weight infant. Advances in Neonatal Care 14(1):9–14, quiz 15–16
DOI 10.1097/ANC.0b013e31828d0289.

Cavallin F, Calgaro S, Brugnolaro V, Seni AHA, Muhelo AR, Da Dalt L, Putoto G,
Trevisanuto D. 2020. Impact of temperature change from admission to day one on neonatal
mortality in a low-resource setting. BMC Pregnancy and Childbirth 20(1):646
DOI 10.1186/s12884-020-03343-7.

Choi HS, Lee SM, Eun H, Park M, Park KI, Namgung R. 2018. The impact of a quality
improvement effort in reducing admission hypothermia in preterm infants following delivery.
Korean Journal of Pediatrics 61(8):239–244 DOI 10.3345/kjp.2018.61.8.239.

Cordeiro RCO, Ferreira D, Reis HD, Azevedo V, Protázio ADS, Abdallah VOS. 2021.
Hypothermia and neonatal morbimortality in very low birth weight preterm infants. Revista
Paulista de Pediatria 40:e2020349 DOI 10.1590/1984-0462/2022/40/2020349.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 15/18

http://dx.doi.org/10.1542/peds.2017-1214
http://dx.doi.org/10.1542/peds.2020-038505E
http://dx.doi.org/10.1136/qshc.2006.022046
http://dx.doi.org/10.1136/jim-2020-001334
http://dx.doi.org/10.1038/sj.jp.7211842
http://dx.doi.org/10.1186/s12887-022-03310-5
http://dx.doi.org/10.1515/jpm-2012-0259
http://dx.doi.org/10.1097/01.AOG.0000447114.14780.b4
http://dx.doi.org/10.1007/s00431-023-05328-y
http://dx.doi.org/10.1016/j.jped.2017.06.016
http://dx.doi.org/10.1097/ANC.0b013e31828d0289
http://dx.doi.org/10.1186/s12884-020-03343-7
http://dx.doi.org/10.3345/kjp.2018.61.8.239
http://dx.doi.org/10.1590/1984-0462/2022/40/2020349
http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/


Croop SEW, Thoyre SM, Aliaga S, McCaffrey MJ, Peter-Wohl S. 2020. The golden hour: a quality
improvement initiative for extremely premature infants in the neonatal intensive care unit.
Journal of Perinatology 40(3):530–539 DOI 10.1038/s41372-019-0545-0.

Dale J, Bajric A, Mui C, Alcobia A, Tng S, Wilson C, Coles K, Nash H, Syed S, Yoon S,
Thakkar D. 2021. A quality improvement approach to improving admission temperatures and
delayed cord clamping in infants ≤32 weeks gestation admitted to hillingdon neonatal unit.
Archives of Disease in Childhood 106:A306–A307 DOI 10.1136/archdischild-2021-rcpch.534.

DeMauro SB, Douglas E, Karp K, Schmidt B, Patel J, Kronberger A, Scarboro R, Posencheg M.
2013. Improving delivery room management for very preterm infants. Pediatrics
132(4):e1018–e1025 DOI 10.1542/peds.2013-0686.

Dixon KL, Carter B, Harriman T, Doles B, Sitton B, Thompson J. 2021. Neonatal
thermoregulation: a golden hour protocol update. Advances in Neonatal Care 21(4):280–288
DOI 10.1097/ANC.0000000000000799.

Donnellan D, Moore Z, Patton D, O’Connor T, Nugent L. 2020. The effect of thermoregulation
quality improvement initiatives on the admission temperature of premature/very low
birth-weight infants in neonatal intensive care units: a systematic review. Journal for Specialists
in Pediatric Nursing 25(2):e12286 DOI 10.1111/jspn.12286.

Frazer M, Ciarlo A, Herr J, Briere CE. 2018. Quality improvement initiative to prevent admission
hypothermia in very-low-birth-weight newborns. Journal of Obstetric, Gynecologic & Neonatal
Nursing 47(4):520–528 DOI 10.1016/j.jogn.2018.03.003.

Frazer M, Ciarlo A, Hinderer KA, Briere CE. 2021. Reducing admission hypothermia in neonates
born at less than 32 weeks or 1500 g. Advances in Neonatal Care 22(2):99–107
DOI 10.1097/anc.0000000000000865.

Glenn T, Price R, Culbertson L, Yalcinkaya G. 2021. Improving thermoregulation in transported
preterm infants: a quality improvement initiative. Journal of Perinatology 41(2):339–345
DOI 10.1038/s41372-020-0732-z.

Godfrey K, Nativio DG, Bender CV, Schlenk EA. 2013. Occlusive bags to prevent hypothermia in
premature infants: a quality improvement initiative. Advances in Neonatal Care 13(5):311–316
DOI 10.1097/ANC.0b013e31828d040a.

Harer MW, Vergales B, Cady T, Early A, Chisholm C, Swanson JR. 2017. Implementation of a
multidisciplinary guideline improves preterm infant admission temperatures. Journal of
Perinatology 37(11):1242–1247 DOI 10.1038/jp.2017.112.

Harriman TL, Carter B, Dail RB, Stowell KE, Zukowsky K. 2018. Golden hour protocol for
preterm infants: a quality improvement project. Advances in Neonatal Care 18(6):462–470
DOI 10.1097/ANC.0000000000000554.

Hempel S, Shekelle PG, Liu JL, Sherwood Danz M, Foy R, Lim YW, Motala A, Rubenstein LV.
2015.Development of the quality improvement minimum quality criteria set (QI-MQCS): a tool
for critical appraisal of quality improvement intervention publications. BMJ Quality & Safety
24(12):796–804 DOI 10.1136/bmjqs-2014-003151.

Howes A, Keir A. 2018. Quality improvement effort to reduce hypothermia among high-risk
infants on a mother-infant unit. Acta Paediatrica 107(10):1837 DOI 10.1111/apa.14413.

Keir AK, Cavallaro A. 2021. Improving the admission temperatures of preterm infants in the
neonatal unit. Archives of Disease in Childhood. Education and Practice Edition 107:375–378
DOI 10.1136/archdischild-2020-321226.

Kent AL, Williams J. 2008. Increasing ambient operating theatre temperature and wrapping in
polyethylene improves admission temperature in premature infants. Journal of Paediatrics and
Child Health 44(6):325–331 DOI 10.1111/j.1440-1754.2007.01264.x.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 16/18

http://dx.doi.org/10.1038/s41372-019-0545-0
http://dx.doi.org/10.1136/archdischild-2021-rcpch.534
http://dx.doi.org/10.1542/peds.2013-0686
http://dx.doi.org/10.1097/ANC.0000000000000799
http://dx.doi.org/10.1111/jspn.12286
http://dx.doi.org/10.1016/j.jogn.2018.03.003
http://dx.doi.org/10.1097/anc.0000000000000865
http://dx.doi.org/10.1038/s41372-020-0732-z
http://dx.doi.org/10.1097/ANC.0b013e31828d040a
http://dx.doi.org/10.1038/jp.2017.112
http://dx.doi.org/10.1097/ANC.0000000000000554
http://dx.doi.org/10.1136/bmjqs-2014-003151
http://dx.doi.org/10.1111/apa.14413
http://dx.doi.org/10.1136/archdischild-2020-321226
http://dx.doi.org/10.1111/j.1440-1754.2007.01264.x
http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/


Laptook AR, Salhab W, Bhaskar B. 2007. Admission temperature of low birth weight infants:
predictors and associated morbidities. Pediatrics 119(3):e643–e649
DOI 10.1542/peds.2006-0943.

Lee HC, Ho QT, Rhine WD. 2008. A quality improvement project to improve admission
temperatures in very low birth weight infants. Journal of Perinatology 28(11):754–758
DOI 10.1038/jp.2008.92.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, Clarke M,
Devereaux PJ, Kleijnen J, Moher D. 2009. The PRISMA statement for reporting systematic
reviews and meta-analyses of studies that evaluate health care interventions: explanation and
elaboration. PLOS Medicine 6(7):e1000100 DOI 10.1371/journal.pmed.1000100.

Manani M, Jegatheesan P, DeSandre G, Song D, Showalter L, Govindaswami B. 2013.
Elimination of admission hypothermia in preterm very low-birth-weight infants by
standardization of delivery room management. The Permanente Journal 17(3):8–13
DOI 10.7812/TPP/12-130.

McCall EM, Alderdice F, Halliday HL, Vohra S, Johnston L. 2018. Interventions to prevent
hypothermia at birth in preterm and/or low birth weight infants. Cochrane Database of
Systematic Reviews 2(2):Cd004210 DOI 10.1002/14651858.CD004210.pub5.

Norman M, Källén K, Wahlström E, Håkansson S. 2019. The swedish neonatal quality register—
contents, completeness and validity. Acta Paediatrica 108(8):1411–1418
DOI 10.1111/apa.14823.

Patodia J, Mittal J, Sharma V, Verma M, Rathi M, Kumar N, Jain R, Goyal A. 2021. Reducing
admission hypothermia in newborns at a tertiary care NICU of northern India: a quality
improvement study. Journal of Neonatal-Perinatal Medicine 14(2):277–286
DOI 10.3233/NPM-190385.

Pearlman SA. 2022. Advancements in neonatology through quality improvement. Journal of
Perinatology 42(10):1277–1282 DOI 10.1038/s41372-022-01383-9.

Perlman J, Kjaer K. 2016.Neonatal and maternal temperature regulation during and after delivery.
Anesthesia & Analgesia 123(1):168–172 DOI 10.1213/ANE.0000000000001256.

Pinheiro JM, Furdon SA, Boynton S, Dugan R, Reu-Donlon C, Jensen S. 2014. Decreasing
hypothermia during delivery room stabilization of preterm neonates. Pediatrics
133(1):e218–e226 DOI 10.1542/peds.2013-1293.

Pratik PP, Lakshminarayana SK, Devadas S, Kommalur A, Sajjan SV, Kariyappa M. 2023.
Quality improvement study with low-cost strategies to reduce neonatal admission hypothermia.
Cureus 15:e40301 DOI 10.7759/cureus.40301.

Ramaswamy VV, Dawson JA, de Almeida MF, Trevisanuto D, Nakwa FL, Kamlin COF,
Trang J, Wyckoff MH, Weiner GM, Liley HG. 2023. Maintaining normothermia immediately
after birth in preterm infants <34 weeks’ gestation: a systematic review and meta-analysis.
Resuscitation 191:109934 DOI 10.1016/j.resuscitation.2023.109934.

Ramjist JK, Sutthatarn P, Elliott C, Lee KS, Fecteau A. 2024. Introduction of a warming bundle
to reduce hypothermia in neonatal surgical patients. Journal of Pediatric Surgery 59(5):858–862
DOI 10.1016/j.jpedsurg.2024.01.037.

Senaldi L, Blatt L, Han JY, Gozum G, Venturini SL, Hauft S, Yap V, Acker KP, Osorio SN,
Tiwari P. 2024. A quality improvement initiative to reduce antibiotic use in transient tachypnea
of the newborn. Journal of Perinatology 44(1):119–124 DOI 10.1038/s41372-023-01850-x.

Shaw SC, Devgan A, Anila S, Anushree N, Debnath H. 2018. Use of plan-do-study-act cycles to
decrease incidence of neonatal hypothermia in the labor room. Medical Journal Armed Forces
India 74(2):126–132 DOI 10.1016/j.mjafi.2017.05.005.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 17/18

http://dx.doi.org/10.1542/peds.2006-0943
http://dx.doi.org/10.1038/jp.2008.92
http://dx.doi.org/10.1371/journal.pmed.1000100
http://dx.doi.org/10.7812/TPP/12-130
http://dx.doi.org/10.1002/14651858.CD004210.pub5
http://dx.doi.org/10.1111/apa.14823
http://dx.doi.org/10.3233/NPM-190385
http://dx.doi.org/10.1038/s41372-022-01383-9
http://dx.doi.org/10.1213/ANE.0000000000001256
http://dx.doi.org/10.1542/peds.2013-1293
http://dx.doi.org/10.7759/cureus.40301
http://dx.doi.org/10.1016/j.resuscitation.2023.109934
http://dx.doi.org/10.1016/j.jpedsurg.2024.01.037
http://dx.doi.org/10.1038/s41372-023-01850-x
http://dx.doi.org/10.1016/j.mjafi.2017.05.005
http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/


Shaw A, Jones K, Farooq S, Ashton C, Stevens R, Hopley C, Miall L. 2016. Quality improvement
project: preventing hypothermia in neonates in a tertiary neonatal unit. Archives of Disease in
Childhood 101(Suppl 1):A349–A350 DOI 10.1136/archdischild-2016-310863.571.

Shi Q, Zhang J, Fan C, Zhang A, Zhu Z, Tian Y. 2023. Factors influencing hypothermia in very
low/extremely low birth weight infants: a meta-analysis. PeerJ 11(3):e14907
DOI 10.7717/peerj.14907.

Singh TS, Skelton H, Baird J, Padernia AM, Maheshwari R, Shah DM, D’Cruz D, Luig M,
Jani P. 2022. Improvement in thermoregulation outcomes following the implementation of a
thermoregulation bundle for preterm infants. Journal of Paediatrics and Child Health
58(7):1201–1208 DOI 10.1111/jpc.15949.

Sivanaridan S, Sankar MJ, Deorari A. 2016. Quality improvement initiative to prevent
hypothermia at admission in neonatal intensive care unit among preterm neonates <32 weeks’
gestation. Journal of Neonatology 30(4):39–49 DOI 10.1177/0973217920160408.

Sprecher A, Malin K, Finley D, Lembke P, Keller S, Grippe A, Hornung G, Antos N, Uhing M.
2021. Quality improvement approach to reducing admission hypothermia among preterm and
term infants. Hospital Pediatrics 11(3):270–276 DOI 10.1542/hpeds.2020-003269.

Thornton K, Voos K, McNellis E. 2014. Improving thermoregulation for very low birth weight
infants at a level IV neonatal intensive care unit. Journal of Investigative Medicine 62:154.

Valeras AS. 2019. Quality improvement in a complex world. Families, Systems, & Health
37(4):352–353 DOI 10.1037/fsh0000454.

Wang L, Liu ZJ, Liu FM, Yu YH, Bi SY, Li B, Xu HY, Yang CY. 2022. Implementation of a
temperature bundle improves admission hypothermia in very-low-birth-weight infants in
China: a multicentre study. BMJ Open Quality 11(2):e001407 DOI 10.1136/bmjoq-2021-001407.

Woolley C, Gilbert L, Sunsoay G, Simkins D, Sullivan RO, Surana P. 2019. Improving
hypothermia in preterm infants at admission to a tertiary neonatal unit-a quality improvement
project. European Journal of Pediatrics 178(11):1751–1800 DOI 10.1007/s00431-019-03466-w.

World Health Organization MNHS, Motherhood. 1997. Thermal protection of the newborn: a
practical guide. Geneva: World Health Organization.

Yip WY, Quek BH, Fong MCW, Thilagamangai OSSG, Lim BL, Lo BC, Agarwal P. 2017. A
quality improvement project to reduce hypothermia in preterm infants on admission to the
neonatal intensive care unit. International Journal for Quality in Health Care 29(7):922–928
DOI 10.1093/intqhc/mzx131.

Young A, Azeez F, Godad SP, Shetty P, Sharma A. 2021. A multimodal quality improvement
approach to promote normothermia in very preterm infants. Acta Paediatrica
110(10):2745–2752 DOI 10.1111/apa.16009.

Zhu H, Wu J, Yang Y, Li X, Hu R. 2021. Risk of neonatal short-term adverse outcomes associated
with noninfectious intrapartum hyperthermia: a nested case-control retrospective study.
American Journal of Perinatology 38(5):507–514 DOI 10.1055/s-0039-1698837.

Zhong et al. (2024), PeerJ, DOI 10.7717/peerj.18425 18/18

http://dx.doi.org/10.1136/archdischild-2016-310863.571
http://dx.doi.org/10.7717/peerj.14907
http://dx.doi.org/10.1111/jpc.15949
http://dx.doi.org/10.1177/0973217920160408
http://dx.doi.org/10.1542/hpeds.2020-003269
http://dx.doi.org/10.1037/fsh0000454
http://dx.doi.org/10.1136/bmjoq-2021-001407
http://dx.doi.org/10.1007/s00431-019-03466-w
http://dx.doi.org/10.1093/intqhc/mzx131
http://dx.doi.org/10.1111/apa.16009
http://dx.doi.org/10.1055/s-0039-1698837
http://dx.doi.org/10.7717/peerj.18425
https://peerj.com/

	Quality improvement bundles to decrease hypothermia in very low/extremely low birth weight infants at birth: a systematic review and meta-analysis ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


