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Abstract
This prospective cohort study aimed to assess the association of admission hypothermia (AH) with death and/or major neonatal
morbidities among very low birth weight (VLBW) preterm infants based on the relative performance of 20 centers of the Brazilian
Network of Neonatal Research. This is a retrospective analysis of prospectively collected data using the database registry of the
Brazilian Network on Neonatal Research. Center performance was defined by the relative mortality rate using conditional inference
trees. A total of 4356 inborn singleton VLBWpreterm infants born between January 2013 and December 2016 without malformations
were included in this study. The centers were divided into two groups: G1 (with lower mortality rate) and G2 (with higher mortality
rate). Crude and adjusted relative risks (RR) and 95%confidence intervals (95%CI)were estimated by simple andmultiple log-binomial
regressionmodels. An AH rate of 53.7% (19.8–93.3%) was significantly associated with early neonatal death in G1 (adjusted RR 1.41,
95% CI 1.09–1.84) and G2 (adjusted RR 1.29, 95%CI 1.01–1.65) and with in-hospital death in G1 (adjusted RR 1.29, 95%CI 1.07–
1.58). AH was significantly associated with a lower frequency of necrotizing enterocolitis (adjusted RR 0.58, 95%CI 38–0.88) in G2.

Conclusion: AH significantly associated with early neonatal death regardless of the hospital performance. In G2, an unex-
pected protective association between AH and necrotizing enterocolitis was found, whereas the other morbidities assessed were
not significantly associated with AH.

What is Known:
• Admission hypothermia is associated with early neonatal death.
• The association of admission hypothermia with major neonatal morbidities has not been fully established.

What is New:
• Admission hypothermia was significantly associated with early neonatal and in-hospital death in centers with the lowest relative mortality rates.
• Admission hypothermia was not associated with major neonatal morbidities and with in-hospital death but was found to be a protective factor against

necrotizing colitis in centers with the highest relative mortality rates.

Keywords Hypothermia . Premature newborns . Death .Morbidity

Communicated by Patrick Van Reempts

* Jamil Pedro de Siqueira Caldas

Walusa A. G. Ferri
walusa@fmrp.usp.br

Davi C. Aragon
dcaragon@fmrp.usp.br

Edna M. A. Diniz
edna.diniz@hc.fm.usp.br

Rita C. S. Silveira
drarita.c.s@gmail.com

Werther B. Carvalho
werther.brunow@hc.fm.usp.br

Extended author information available on the last page of the article

European Journal of Pediatrics (2019) 178:1023–1032
https://doi.org/10.1007/s00431-019-03386-9

http://crossmark.crossref.org/dialog/?doi=10.1007/s00431-019-03386-9&domain=pdf
http://orcid.org/0000-0001-5292-2320


Abbreviations
AH Admission hypothermia
BDP Bronchopulmonary dysplasia
CI Confidence intervals
EPICE Effective Perinatal Intensive Care in Europe
NEC Necrotizing enterocolitis
PIVH Peri-intraventricular hemorrhage
RR Relative risk
SNAPPE II Score for Neonatal Acute Physiology

with Perinatal Extension-II
VLBW Very low birth weight

Introduction

Admission hypothermia (AH) in preterm infants has been an
important problem in neonatal units. Despite the labor room
interventions recommended to prevent AH, such as using a
cap, a thermal mattress, and a plastic bag and controlling the
room temperature, hypothermia prevalence remains high, es-
pecially among very low birth weight (less than 1500 g) pre-
term infants (VLBW) [1].

In a multicenter study, Almeida et al. reported AH occur-
rence in 51% of preterm newborns (23 to 24 weeks of gesta-
tional age) [2]. In Europe, Wilson et al. assessed the neonatal
practices of 11 countries participating in the Effective Perinatal
Intensive Care in Europe (EPICE) and reported that 53.4% of
5697 preterm newborns (< 32 weeks of gestational age) with
hypothermia were admitted to the neonatal units [3]. Moreover,
AH has been significantly associated with neonatal death, al-
though the causal relationship remains to be established [2–5].
Some studies have also investigated the association of AH with
neonatal morbidities. In a retrospective study, Chang et al. an-
alyzed the morbidities detected during hospitalization in 341
preterm newborns and demonstrated an association between
hypothermia and the occurrence of respiratory distress syn-
drome requiring the use of a surfactant (relative risk (RR)
2.66, 95%CI 1.27–5.58), although they detected no association
between hypothermia and bronchopulmonary dysplasia (RR
0.83, 95%CI 0.38–1.82) [6]. Lyu et al., in a multicenter study
involving near 10,000 preterm infants fewer than 33 weeks
gestation, showed that neurological injury, severe retinopathy
of prematurity (ROP), necrotizing enterocolitis (NEC),
bronchopulmonary dysplasia (BDP), and nosocomial infection
had a U-shaped relationship with admission temperature and
some morbidities have the lowest rates at admission tempera-
tures ranging from 36.5 to 37.2 °C [7]. By contrast,Wilson et al.
detected no association between hypothermia and neonatal
morbidity [3].

According to Raven et al., there is no universally accepted
definition of quality of care and there are a few definitions and
theoretical models described. Efficient referral system for
high-risk newborn infants (pertinent levels of care),

employment of appropriate technologies, evaluation of the
personal competence, and adherence to internationally recog-
nized good practices are useful for developing quality im-
provement strategies and activities, and incorporating quality
into existing programs. Essentially, quality of health care is an
active and continual reevaluation of the workflow process.
Based on these previous findings, AH rate reduction has been
identified as a marker of the quality of neonatal care and pre-
dictor of outcomes, as shown in a recent review [8, 9].

Quality care can be evaluated by health care structure and
activities and outcomes measurement (including mortality
rates) [8]. As AH has been associated with death, our hypoth-
esis is that AH rates might be an indicator of quality care (or
performance) of a hospital.

Thus, this study aimed to assess the association between
AH and the relative mortality rate and major neonatal morbid-
ities in VLBW infants. In addition, the study also analyzed
whether these associations differed according to the perfor-
mance of the hospital.

Materials and methods

This cohort study is a retrospective analysis of prospectively
collected data. Convenience sampling was employed using
the database registry of the Brazilian Network on Neonatal
Research (abbreviated as RBPN in Portuguese), which con-
sists of 20 Brazilian university tertiary public hospitals. All
VLBW preterm inborn infants registered in the database be-
tween January 1, 2013, and December 31, 2016, were includ-
ed in this study. Exclusion criteria, as shown in Fig. 1, were as
follows: the presence of major congenital malformations,
death in the delivery room, patients transferred to other hos-
pitals, twin births, and patients with no information about
temperature at admission.

AH was defined as axillary temperature of < 36.0 °C re-
corded within 1 h after admission and for a special circum-
stance, we have defined hypothermia as temperature <
36.5 °C, as defined by World Health Organization [10]. The
following morbidities were evaluated regarding to AH: early
neonatal death (< 7 days) and in-hospital death (up to dis-
charge from the hospital), bronchopulmonary dysplasia
(BPD; use of any inspired oxygen fraction above 0.21 at the
corrected gestational age of 36 weeks), peri-intraventricular
hemorrhage (PIVH) classified according to Papille et al.
[11], retinopathy of prematurity any grade, stage ≥ II necrotiz-
ing enterocolitis [12], cystic or diffuse periventricular
leukomalacia diagnosed by ultrasound and/or magnetic reso-
nance image, and a combined outcome of death or BPD or
PIVH or NEC. Moreover, the following maternal and
neonatal variables were investigated for the description
of the population: prenatal use of corticosteroids regard-
less of the number of doses or the interval between
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administration and delivery, presence of gestational and/
or chronic arterial hypertension, prolonged rupture of
fetal membranes (> 18 h), type of delivery, sex, birth
weight (subgroups of < and ≥ 1.000 g), gestational age
(subgroups of 24–27 weeks/28–32 weeks/33–36 weeks),
first- and fifth-minute Apgar score < 7, and SNAPPE II
score Richardson [13].

RR and 95% confidence interval (95%CI) were estimated
using simple and multiple log-binomial models. The following
covariables were considered for the multiple models: sex, birth
weight (to remove the effect of collinearity with gestational
age), first- and fifth-minute Apgar score < 7, prenatal use of
corticosteroids, maternal arterial hypertension, rupture of fetal
membranes > 18 h, and cesarean delivery [6, 7, 14–16].

The performance of the centers was defined by the relative
mortality rate during the study period. Since disease severity is
closely related to the mortality risk, we chose the Score for
Neonatal Acute Physiology with Perinatal Extension-II

(SNAPPE II) as a marker of mortality risk. It has been shown
that the discrimination of deaths from survivors by SNAPPE-II
is excellent, including for very low birth weight infants [13].
Thus, once the risk of death decreases with decreasing
SNAPPE-II values, even for different gestational ages [17],
we considered a cut-off point of < 20 to define two groups of
comparison once it has been expected that, in centers with score
< 20, mortality rates should be the lowest. Thus, to classify the
centers according to their performance, we used the statistical
models based on conditional inference trees, which are a class
of multivariable nonparametric models that incorporates regres-
sion models structured as trees and the conditional inference
theory. Essentially, this model consists of selecting an attribute
(independent variable), named initial (or root) node (in this case
SNAPE II), from which individuals are separated in classes
known as interests. From each split from interests, new attri-
butes are selected (other independent variables—in this case,
mortality rates) and in the end, there are terminal nodes.

Fig. 1 Inferential decision tree used for the definition of groups of centers
using the association of SNAPPE II and mortality in very low birth
weight preterm newborns. Node 1, division according to SNAPPE II
values < 20 e ≥ 20. Node 2, centers with SNAPPE II < 20. Node 5,
centers with SNAPPE II ≥ 20. Node 3, center group 1: lowest mortality
rate for SNAPPE II < 20 (17 centers, mortality rate 4.8%). Node 4, center
group 2: highest mortality rate for SNAPPE II < 20 (4 centers, mortality
rate 13.0%; p < 0.01 in comparison with centers of node 3). Node 6,

center group: highest mortality rate for SNAPPE II ≥ 20 (6 centers).
Node 7, center group: highest mortality rate for SNAPPE II ≥ 20 (7
centers). The rectangles at the bottom of the figure correspond to the
“terminal nodes” and visually show the probabilities of relative
mortality for each path through the tree. The first node of the
conditional inference tree (the “root node”) splits the data according to
categorical values of SNAPPE II < 20 or ≥ 20
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Using a SNAPPE score II ≥ 20 (category 1) and < 20 (cate-
gory 0) [16] as criteria in the initial calculation, two groups of
centers according tomortality rate were established: group 1 (G1;
16 centers with a lower mortality rate, 4.8%) and group 2 (G2;
four centers with a higher mortality rate, 13.0%) (p< 0.01 (Fig.
1). So, the evaluation of mortality risk was based on relative
values for center groups and not for absolute values for each
center. Data were analyzed statistically using the SAS statistical
software package version 9.4 (SAS Institute, Inc., Cary, NC),
with the level of significance set at 5%.

Results

During the study, the RBPN database reported 7519 inborn
VLBW infants. After the application of the exclusion criteria,
4397 infants were evaluated (Fig. 2). Forty-one patients
(0.9%) were further excluded because of the lack of informa-
tion on temperature at admission. Thus, the final study popu-
lation consisted of 4356 newborns (mean gestational age 28.9
± 2.6 weeks; mean birth weight 1062 ± 272 g). In comparison
with G2 group, G1 have shown significantly lower rates of
hypertensive mothers (p = 0.002), prolonged rupture of fetal
membranes (p = 0.012), vaginal delivery (p < 0.001), male sex
(p = 0.036), and 1st Apgar score < 7 (p < 0.001). Other mater-
nal and neonatal characteristics are listed in Table 1.

The overall AH incidence in the 20 RBPN centers was 53.7%
(the AH incidence varied significantly among the centers, i.e.,
19.8–93.3%). The number of preterm infants in the various cen-
ters has ranged from 60 to 991, corresponding to 1.3% and
22.7%of the entire cohort, respectively. HighAH rates have been

observed both in the centers with the smallest and in those with
the largest number of participants (centers 17 and 15, respective-
ly). High AH rates observed both in the centers with the smallest
and in those with the largest number of participants (centers 17
and 15, respectively). Median temperature at admission was
35.9 °C (interquartile range 35.2–36.4 °C), only 21.3% of the
newborns were admitted with a temperature between 36.5 and
37.5 °C, and two centers reported highest AH indices (center 1,
60.4%; center 2, 46.7%), as shown in Fig. 3. By contrast, hyper-
thermia (37.6 to 37.7 °C) occurred in 24 newborns only (0.55%).

The temporal trends of AH revealed a fall in the incidence
during the study (61.6%–57.1%–49.6%–46.9%), although the
rate remained high during the last year of evaluation.
Assessment of the association between AH and death and
neonatal morbidity outcomes revealed that AH is associated
with in-hospital death (adjusted RR 1.29, 95%CI 1.07–1.58)
and with early neonatal death (adjusted RR 1.41, 95%CI
1.09–1.84) in G1. For BPD, PIVH, and the combined out-
comes of death/BPD/PIVH, an increased risk in the non-
adjusted model, with significance disappearing after control-
ling selected variables, was noted. No significant association
with the other outcomes was found (Table 2).

Moreover, in G2, AH was also found to be significantly as-
sociated with early neonatal death (adjusted RR 1.34, 95%CI
1.04–1.74) and tended to be associated with hospital death, al-
though the trend was not statistically significant (adjusted RR
1.16, 95%CI 0.95–1.41). The occurrence of necrotizing entero-
colitis (NEC) was also statistically significant and was less fre-
quent in the hypothermic group even after adjustment (crude RR
0.64, 95%CI 0.43–0.94; adjusted RR 0.58, 95%CI 0.38–0.8).
The non-adjusted model revealed an increased risk of the

Data base registry of Brazilian Network on Neonatal Research 

All VLBW preterm infants

2013-2016

7518

4397 VLBW infants

Analysed cohort - 4356

Death in delivery room - 1156

Congenital malformation - 707

Twins - 1215

Transferred to other hospitals - 44

Lack of admission temperature data - 41

Fig. 2 Distribution of the cohort
of very low birth weight (VLBW)
preterm infants analyzed in the
study, from database registry of
Brazilian Network on Neonatal
Research, during the period of
2013–2016
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combined outcome of death/BPD/PIVH and retinopathy of pre-
maturity in the hypothermic group, although statistical signifi-
cance was lost after adjustment. No association was observed for
the remaining outcomes, as shown in Table 2.

Discussion

Despite the measures to maintain normothermia in the deliv-
ery room in RBPN centers, which were established since 2011
according to the recommendations of the Brazilian Society of

Pediatrics and of the American Academy of Pediatrics, AH
rates remained high [18]. Based on the RBPN database, from
2014 to 2016, approximately 92 to 100% of infants had re-
ceived preventive measures in the delivery room, such as the
use of radiant warmers and porous plastic bag and cap. The
high AH rates observed could be attributed to extremely long
transportation time from delivery room to intensive care unit,
inappropriate temperature of transport incubators, and failure
to keep the plastic bag sealed and/or the cap in loco. However,
appropriate evaluation of these possible reasons was a chal-
lenge. Another possible explanation for the high AH rates

Table 1 Maternal and neonatal
characteristics of the 4356 very
low birth weight preterm infants
evaluated

Variables Group 1 (2765) Group 2 (1591) p*

Maternal

Antenatal corticosteroids 2128 (77.2) 1234 (77.9) 0.585

Arterial hypertension 1252 (45.6) 799 (50.5) 0.002

Fetal membrane rupture > 18 h 718 (26.0) 469 (29.5) 0.012

Vaginal delivery 776 (28.1) 628 (39.5) < 0.0001

Neonatal

Male sex 1410 (51.0) 759 (47.7) 0.036

Birth weight (mean ± SD) 1054 ± 276 1070 ± 269 0.054

Birth weight < 1000 g 1189 (43.0) 636 (40.0) 0.053

Gestational age (mean ± SD)

24–27 weeks 712 (32.5) 653 (30.2)

28–32 weeks 1293 (59.0) 1275 (58.9) 0.013

33–36 weeks 186 (8.5) 237 (10.9)

First-minute Apgar score < 7 1520 (55.2) 782 (49.7) < 0.0001

Fifth-minute Apgar score < 7 431 (15.6) 257 (16.3) 0.572

The categorical variables are expressed as N (%). SD standard deviation

*Chi-square test was used to categorical variables and Student´s T test for continuous variables

*According to World health Organization definitions: normothermia (36,5-37,5
o

C), mild hypothermia or cold stress (36,0-

36,4
o

C), moderate hypothermia (32,0-35,9
o

C), severe hypothermia (less than 32
o

C).[8].
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Fig. 3 Frequency distribution (%)
of the degrees of hypothermia
(mild, moderate, and severe) and
of normothermia* according to
the centers of the Brazilian
Network of Neonatal Research.
*According to World Health
Organization definitions:
normothermia (36.5–37.5 °C),
mild hypothermia or cold stress
(36.0–36.4 °C), moderate
hypothermia (32.0–35.9 °C),
severe hypothermia (less than
32 °C). [8]
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would be the unavailability of a thermal or chemical mattress
that is especially indicated for newborns weighing < 1000 g
and/or for extremely preterm babies, which corresponded to
42% and 31% of the study population, respectively.
Moreover, the absence of heated humidified gases in the de-
livery room and during transportation to the admission unit
could also be a reason, although this is a controversial topic in

the literature because of the short time of exposure to cold gas
mixture [19, 20].

Although all the hospitals included in this study have im-
plemented interventions recommended by pediatric societies,
effective reduction in AH with occurred in two centers only,
with the implementation of several standardized preventive
measures [21]. This finding is consistent with Pinheiro et al.

Table 2 Simple and multiple log-binomial logistic regression analysis for group 1 and 2 centers

Variable Crude RR
(95%CI)*

Adjusted RR
(95%CI)*

Variable Crude RR
(95%CI)*

Adjusted RR
(95%CI)*

Hypothermia In-hospital death In-hospital death

Yes No Yes No

Yes 356 (24.57) 1093 (75.43) 1.84 (1.56–2.18) 1.29 (1.07–1.58) 300 (34.48) 570 (65.52) 1.54 (1.31–1.82) 1.16 (0.95–1.41)

No 169 (13.31) 1101 (86.69) Ref Ref 160 (22.38) 555 (77.62) Ref Ref

Hypothermia Early death Early death

Yes No Yes No

Yes 203 (14.01) 1246 (85.99) 1.97 (1.56–2.50) 1.41 (1.09–1.84) 192 (22.07) 678 (77.93) 1.77 (1.41–2.23) 1.34 (1.04–1.74)

No 90 (7.09) 1180 (92.91) Ref Ref 89 (12.45) 626 (87.55) Ref Ref

Hypothermia Death/BPD/PIVH Death/BPD/PIVH

Yes No Yes No

Yes 664 (45.82) 785 (54.18) 1.46 (1.32–1.61) 1.11 (0.97–1.27) 357 (41.03) 513 (58.97) 1.37 (1.19–1.57) 1.05 (0.89–1.26)

No 398 (31.34) 872 (68.66) Ref Ref 214 (29.93) 501 (70.07) Ref Ref

Hypothermia BPD BPD

Yes No Yes No

Yes 273 (24.57) 838 (75.43) 1.32 (1.12–1.55) 1.03 (0.86–1.25) 66 (11.02) 533 (88.98) 1.27 (0.89–1.81) 0.99 (0.68–1.46)

No 206 (18.58) 903 (81.42) Ref Ref 49 (8.63) 519 (91.37) Ref Ref

Hypothermia PIVH PIVH

Yes No Yes No

Yes 184 (52.87) 164 (47.13) 1.26 (1.06–1.49) 1.11 (0.87–1.41) 37 (16.52) 187 (83.48) 0.74 (0.46–1.17) 0.85 (0.5–1.44)

No 116 (42.03) 160 (57.97) Ref Ref 24 (22.22) 84 (77.78) Ref Ref

Hypothermia Leukomalacia Leukomalacia

Yes No Yes No

Yes 103 (7.94) 1195 (92.06) 1.2 (0.91–1.59) 1.0 (0.73–1.35) 22 (3.21) 663 (96.79) 0.71 (0.41–1.23) 0.57 (0.32–1.03)

No 81 (6.59) 1148 (93.41) Ref Ref 28 (4.52) 591 (95.48) Ref Ref

Hypothermia ROP ROP

Yes No Yes No

Yes 69 (6.71) 960 (93.29) 1.26 (0.89–1.79) 0.93 (0.64–1.35) 21 (3.94) 512 (96.06) 3.18 (1.29–7.80) 2.13 (0.84–5.40)

No 53 (5.29) 949 (94.71) Ref Ref 6 (1.24) 478 (98.76) Ref Ref

Hypothermia NEC NEC

Yes No Yes No

Yes 115 (7.85) 1350 (92.15) 0.95 (0.74–1.23) 0.79 (0.60–1.04) 43 (4.92) 831 (95.08) 0.64 (0.43–0.94) 0.58 (0.38–0.88)

No 107 (8.24) 1192 (91.76) Ref Ref 55 (7.67) 662 (92.33) Ref Ref

Hypothermia NEC/death NEC/death

Yes No Yes No

Yes 423 (28.87) 1042 (71.13) 1.48 (1,27–1.74) 1.11 (0.94–1.31) 321 (36.73) 553 (63.27) 1.36 (1.14–1.62) 1.05 (0.87–1.26)

No 252 (19.38) 1048 (80.62 Ref Ref 194 (27.06) 523 (72.94) Ref Ref

N (%)

Ref reference, BPD bronchopulmonary dysplasia, PIVH peri-intraventricular hemorrhage, ROP retinopathy of prematurity, NEC necrotizing enteroco-
litis, RR relative risk, CI confidence interval

*RR and 95% confidence interval (95%CI) were estimated using simple and multiple log-binomial models. Significant values are written in italics
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study, which has described a project for quality improvement
over a period of 70 consecutive months using plan-do-check-
act (PDCA) cycles. It has been demonstrated that the analysis
of the results and offering feedback to the team permitted to
reach the objective of maintaining normothermia at admission
in > 90% of VLBW preterm infants [22]. An interesting point
of this study could be that all temperature measurements were
performed in the axillary region. In some related studies, tem-
perature was measured in the axillary region [2], axillary and
rectal regions [3, 7], skin, axillary or rectal region [14], or
rectal region only [15], depending on the routine of the centers
involved. This aspect is essential because a difference between
rectal and axillary temperatures has been demonstrated in
newborns. Several studies had shown that axillary measure-
ments tend to be lower than rectal assessment [23–26]. In
consequence, this difference in temperature measurements
could affect the definition of hypothermia, thereby hampering
the comparisons of AH studies.

A recent review has hypothesized that mortality associated
with hypothermia is related to the quality of neonatal care [9].
According to Donabedian [27], the quality of medical care is
based on three factors: infrastructure, the work process, and
the outcomes. Unfortunately, in our study, we did not have
access to the data of physical infrastructure or staff resources
of the centers evaluated. Thus, our study is unique in its eval-
uation of the association between AH and the performance of
the centers. We chose the assessment of outcome as a marker
of performance. Mortality rate satisfies the criteria of a good
measurement of performance/quality as it is easy to define and
to observe, is important for the patients and for health care
providers, favors changes in attitudes, and is easy to obtain
[28, 29]. Moreover, although mortality could be predicted
using various indicators, we opted to use the SNAPPE II
score, which, together with SNAP-II, is an instrument used
for the measurement of neonatal disease severity worldwide
and is easy to apply in neonatal units [30]. The score has an
excellent discriminating power for in-hospital death. For ex-
ample, in infants of the same gestational age, the risk of death
decreases with lower scores [13, 17]. In our study, we aimed to
characterize the neonatal care performance of the centers in
patients with good chances of survival (as shown by a lower
score). Thus, a high mortality rate in these patients may be
interpreted as a marker of inadequate neonatal care.

However, this study did not confirm the hypothesis that
mortality and AH are associated with the quality of neonatal
care or with clinical outcomes, which could be because the
criterion chosen (mortality rate) might not allow an adequate
characterization of the performance of the centers, especially
given that the definition of assistance quality is complex. We
also speculate that the Brazilian hospitals in this study have no
differences in the quality of neonatal care that could be con-
sidered enough to support the difference in mortality rates.
Moreover, AH may be associated with outcomes not

measured in this study, such as hemodynamic instability at
admission and the management of hypothermic newborn
reheating at RBPN centers. Rapid reheating is traditionally
considered deleterious for newborns, although Rech
Morassuti et al. did not detect significant differences in mor-
tality rates or other neonatal morbidities when comparing rap-
id and slow reheating [31]. However, the RBPN database does
not contain relevant information.

In this study, the outcome variables (morbidities) were
carefully selected according to literature recommendations to
permit comparison of the findings [6, 7, 14–16]. Except for
the significant association of NEC with the morbidities eval-
uated in G2, no association with the remaining morbidities
was noted. This result differs from the data of Lyu et al.,
who reported that the rates of severe neurological damage,
severe prematurity retinopathy, NEC, BPD, and late sepsis
were lower when the temperature at admission ranged from
36.5 to 37.2 °C, with an increase in the mortality rate and in
the frequency of major morbidities when hypothermia and
hyperthermia occurred, taking on a U-shaped curve [7].
Nonetheless, other studies also did not demonstrate an associ-
ation of AH with morbidities after confounder adjustment [3,
5, 15]. One study of a Danish cohort of preterm newborns (<
32 weeks of gestational age) did not detect an association
between AH and combined outcomes of respiratory distress
syndrome or death (adjusted OR 1.36, 95%CI 0.89–2.08), or
BPD or death (adjusted OR 1.03, 95%CI 0.64–1.68).
However, hypothermia was defined as a core temperature of
< 36.5 °C on admission [15]. In the EPICE study,Wilson et al.
also detected no significant difference in the temperature ref-
erence value for grade III/IV PIVH, grade II/III NEC, or BPD
after adjustment for any temperature range assessed [3].
Furthermore, in an extensive study of 8782 infants with a
mean weight of 1072 g and a gestational age of 28 weeks,
Miller et al. detected an association between AH and severe
retinopathy, late sepsis, PO2 at 36 weeks, and severe PIVH
using a non-adjusted analysis. After adjustment of the vari-
ables, only severe PIVH remained to be significantly associ-
ated with AH (OR 1.3, 95%CI 1.1–1.6) [5].

The significant protective association between AH and
NEC in G2 was an uncommon finding. Although hypother-
mia is a factor for NEC induction in experimental animals
[32], some evidence showed that mild induced therapeutic
hypothermia may have some protective effect as a rescue ther-
apy for NEC in preterm infants [33, 34]. Thus, this was an
unexpected finding where we could perhaps apply the theory
of biological plausibility of Bradford Hill, which states that it
would be extremely useful if the suspected cause (or, in this
case, the association) were biologically plausible, which de-
pends on our current knowledge. Hence, this finding may be
considered a statistical phenomenon but without biological
significance or could be a finding that warrants further inves-
tigation, considering that biological plausibility changes along
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time [35]. Another two possibilities are that, in high mor-
tality centers, only healthier infants remained alive,
resulting in less likelihood to occurrence of NEC, and fi-
nally, differences in performances or policies centers might
result in this finding. For example, it is possible that enteral
intake of fresh mother’s milk or bank human milk, a well
protective factor for NEC, varies widely among RBPN
centers. Unfortunately, we did not have this information
in RBPN database. Horbar et al. [36] have also found large
differences in performance across Vermont Oxford
Network centers, and, by contrast, Profit et al. have de-
scribed that their findings of absence of substantial differ-
ence between hospital performance in 22 California re-
gional neonatal intensive care units could indicate that
quality of care among them was similar [37].

An implication of our study aims to report to Central
Council of RBPN our results and discuss how to inform
all the centers in respect to managing this serious health
problem for VLBW infants and propose educational and
quality improvement initiatives in order to reduce HA.
Thereby, in the future, a reassessment may be possible to
verify the effect of such improvement measures in neonatal
care.

In conclusion, the AH rate was high and significantly as-
sociated with early neonatal death regardless of the hospital
performance, which is based on mortality rate. In the group
with the worst performance, an unexpected protective associ-
ation between AH and NEC was found, whereas the other
morbidities assessed were not significantly associated with
AH.
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