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Association Between Admission Temperature and Mortality
and Major Morbidity in Preterm Infants Born
at Fewer Than 33 Weeks’ Gestation
Yanyu Lyu, MD, PhD; Prakesh S. Shah, MD, MSc; Xiang Y. Ye, MSc; Ruth Warre, PhD; Bruno Piedboeuf, MD;
Akhil Deshpandey, MD; Michael Dunn, MD, FRCPC; Shoo K. Lee, MBBS, PhD; for the Canadian Neonatal Network

IMPORTANCE Neonatal hypothermia has been associated with higher mortality and
morbidity; therefore, thermal control following delivery is an essential part of neonatal care.
Identifying the ideal body temperature in preterm neonates in the first few hours of life may
be helpful to reduce the risk for adverse outcomes.

OBJECTIVES To examine the association between admission temperature and neonatal
outcomes and estimate the admission temperature associated with lowest rates of adverse
outcomes in preterm infants born at fewer than 33 weeks’ gestation.

DESIGN, SETTING, AND PARTICIPANTS Retrospective observational study at 29 neonatal
intensive care units in the Canadian Neonatal Network. Participants included 9833 inborn
infants born at fewer than 33 weeks’ gestation who were admitted between January 1, 2010,
and December 31, 2012.

EXPOSURE Axillary or rectal body temperature recorded at admission.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite adverse outcome
defined as mortality or any of the following: severe neurological injury, severe retinopathy of
prematurity, necrotizing enterocolitis, bronchopulmonary dysplasia, or nosocomial infection.
The relationships between admission temperature and the composite outcome as well as
between admission temperature and the components of the composite outcome were
evaluated using multivariable analyses.

RESULTS Admission temperatures of the 9833 neonates were distributed as follows: lower
than 34.5°C (1%); 34.5°C to 34.9°C (1%); 35.0°C to 35.4°C (3%); 35.5°C to 35.9°C (7%); 36.0°C
to 36.4°C (24%); 36.5°C to 36.9°C (38%); 37.0°C to 37.4°C (19%); 37.5°C to 37.9°C (5%); and
38.0°C or higher (2%). After adjustment for maternal and infant characteristics, the rates of
the composite outcome, severe neurological injury, severe retinopathy of prematurity,
necrotizing enterocolitis, bronchopulmonary dysplasia, and nosocomial infection had a
U-shaped relationship with admission temperature (α > 0 [P < .05]). The admission
temperature at which the rate of the composite outcome was lowest was 36.8°C (95% CI,
36.7°C-37.0°C). Rates of severe neurological injury, severe retinopathy of prematurity,
necrotizing enterocolitis (95% CI, 36.3°C-36.7°C), bronchopulmonary dysplasia, and
nosocomial infection (95% CI, 36.9°C-37.3°C) were lowest at admission temperatures ranging
from 36.5°C to 37.2°C.

CONCLUSIONS AND RELEVANCE The relationship between admission temperature and
adverse neonatal outcomes was U-shaped. The lowest rates of adverse outcomes were
associated with admission temperatures between 36.5°C and 37.2°C.
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N eonates regulate body temperature much less effi-
ciently than adults and both hypothermia and hyper-
thermia can occur easily. The smaller and more pre-

mature the infant, the higher the risk.1,2 In 1958, it was first
demonstrated that maintaining body temperature by control-
ling the thermal environment during the first 5 days after birth
significantly reduced mortality in low-birth-weight infants.3

Subsequent studies have investigated reducing the incidence
of hypothermia or improving temperature at birth or admis-
sion to the neonatal intensive care unit (NICU) for low-birth-
weight/preterm infants.4-6 Hypothermia has been reported to
be significantly related to in-hospital mortality,7 respiratory
distress syndrome,8 necrotizing enterocolitis (NEC),9 and in-
traventricular hemorrhage10 in low-birth-weight/preterm in-
fants. Two studies investigated this relationship in very low-
birth-weight infants. Laptook et al11 showed that mortality was
inversely related to admission temperature (28% increase per
1°C decrease) as well as late-onset sepsis (11% increase per 1°C
decrease) but not intraventricular hemorrhage, NEC, nor du-
ration of conventional ventilation. Miller et al12 found that mod-
erate hypothermia (32.0°C-35.9°C) was associated with intra-
ventricular hemorrhage and mortality.

The findings from these studies are confounded by lack
of consistent definitions of hypothermia and hyperthermia.13

Textbooks define the lower range of a healthy body tempera-
ture as 35.5°C to 36.5°C and the upper range as 37.0°C to
37.8°C.14 Researchers have varyingly defined hypothermia as
lower than 35.0°C,15 lower than 35.5°C,9 lower than
36.0°C,4,8,10,16 or lower than 36.5°C12 in studies on admission
temperature and in-hospital outcomes. In 2012, the Ameri-
can Academy of Pediatrics/American College of Obstetricians
and Gynecologists distributed guidelines recommending an ax-
illary temperature of 36.5°C in the delivery room and an axil-
lary temperature range of 36.5°C to 37.4°C prior to discharge
for an infant in an open crib.17 The World Health Organization
classifies 36.0°C to 36.4°C as cold stress or mild hypothermia,
32.0°C to 35.9°C as moderate hypothermia, and lower than
32.0°C as severe hypothermia. The World Health Organiza-
tion advocates that neonatal body temperature is maintained
at 36.5°C to 37.5°C18; however, evidence supporting these rec-
ommendations is weak.

Pinheiro et al19 reported that when chemical warming
packs were added to routine plastic wrapping and warm blan-
kets, the rate of hypothermia (<36.5°C) on admission de-
creased from 68% to 39% whereas the rate of hyperthermia
(>38.0°C) increased from 1.0% to 1.6%. Other recommenda-
tions have also highlighted the need to avoid hyperthermia dur-
ing neonatal intensive care.20 However, to our knowledge, there
have been no studies describing differences in the risk for ad-
verse neonatal outcomes across a full range of admission tem-
peratures, including hypothermia and hyperthermia. This
study aimed to describe the distribution of admission tem-
peratures in preterm infants born at fewer than 33 weeks’ ges-
tation in Canadian NICUs, examine the association between
admission temperature (both hypothermia and hyperther-
mia) and neonatal mortality and major morbidities, and iden-
tify the admission temperature where the rates of adverse out-
comes are the lowest in preterm infants.

Methods

Study Population
The Canadian Neonatal Network (CNN) maintains a standard-
ized nationwide NICU database. In 2010, this database in-
cluded data from 29 of the 30 tertiary-level NICUs in Canada,
comprising 95% of tertiary-level NICU admissions in Canada.
Data are abstracted from infant medical records according to
standardized definitions21 and electronically transmitted to the
CNN coordinating center as previously described.22 This ret-
rospective observational study included data from preterm in-
fants born at fewer than 33 weeks’ gestation and admitted to
CNN NICUs between January 1, 2010, and December 31, 2012.
Infants who were outborn, had a major congenital anomaly de-
fined according to CNN standard definitions,21 were mori-
bund on admission (palliative care planned at birth), or miss-
ing data on admission temperature were excluded. Waiver of
need for consent and ethics approval for data collection and
analysis was granted by the research ethics board of Mount Si-
nai Hospital, Toronto, Ontario, Canada.

Outcomes and Variables
The primary outcome was a composite outcome defined as
mortality or any of the following major neonatal morbidities:
severe neurological injury, defined as grade 3 or 4 intraven-
tricular hemorrhage according to the criteria of Papile et al23

or periventricular leukomalacia; severe retinopathy of prema-
turity, defined as stage 3 or higher according to the Interna-
tional Classification;24 stage 2 or higher NEC according to the
criteria of Bell et al25; bronchopulmonary dysplasia, defined
as oxygen dependency at 36 weeks’ corrected gestational age
or the time of transfer to a level 2 center26; and nosocomial in-
fection, defined as culture-positive sepsis or meningitis at older
than 48 hours.27 Secondary outcomes included the indi-
vidual components of the primary outcome and duration of
ventilation.

The following variables were investigated for association
with admission temperature: maternal variables including ma-
ternal antibiotics (systemic antibiotics given to mother <24
hours before birth), antenatal steroid use, single/multiple birth,
rupture of membranes for more than 24 hours, mode of de-
livery, and maternal hypertension; infant variables including

At a Glance

• Thermal management following delivery is important to the sur-
vival of very preterm neonates but evidence supporting an opti-
mal body temperature is needed.

• This retrospective observational study examined the association be-
tween admission temperature and neonatal outcomes.

• Analysis indicated a U-shaped relationship between admission tem-
perature and a composite mortality or morbidity (neurological in-
jury, retinopathy of prematurity, necrotizing enterocolitis, bron-
chopulmonary dysplasia, or nosocomial infection) outcome as well
as between admission temperature and individual morbidities.

• The lowest rates of the adverse outcomes were associated with ad-
mission temperatures between 36.5°C and 37.2°C.
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sex, birth weight, and gestational age; and delivery room vari-
ables including Apgar scores and resuscitation (use of any of
the following: continuous positive airway pressure, positive
pressure ventilation via bag and mask or via endotracheal tube,
chest compressions for 30 seconds or longer, or epinephrine).

Axillary or rectal body temperature was recorded at ad-
mission to a participating NICU from the delivery room of the
same hospital. Admission temperature was defined as the tem-
perature taken with the first vital signs after admission to NICU
during the first hour of admission. Gestational age was deter-
mined as the best estimate according to the hierarchy of first-
trimester ultrasound, last menstrual period, obstetric esti-
mate, and pediatric estimate. Infants were classified as small
for gestational age if their birth weight was lower than the 10th
percentile for gestational age according to Canadian popula-
tion-based growth charts.28

Statistical Analysis
Characteristics of the study population were summarized using
descriptive statistical methods. Infants were categorized ac-
cording to their admission temperature in 9 groups with 0.5°C
increments from lower than 34.5°C to 38.0°C or higher. To ex-
amine the association between infant characteristics and ad-
mission temperature, infant characteristics were compared in
temperature groups using the χ2 test for categorical variables
and analysis of variance (F test) for continuous variables. Mul-
tiple linear regression analysis was also conducted to deter-
mine the independent relationships between maternal and in-
fant characteristics and admission temperature, adjusted for
the characteristics associated with temperature identified in
the univariate analyses using stepwise variable selection pro-
cedures. Owing to high collinearity with birth weight, gesta-
tional age was not included in the models. To assess the asso-
ciation between admission temperature and neonatal
outcomes and NICU resource use, the rates of adverse neona-
tal outcomes were compared in the temperature groups using
the χ2 test for categorical variables and the F test or Wilcoxon
rank sum test (as appropriate) for continuous variables.

To determine if there was a U-shaped association be-
tween neonatal outcomes and admission temperature, non-
linear regression analyses using the quadratic model
y = ax2 + bx + c were conducted to fit the outcome rates. When
the coefficient of the quadratic term was significantly more
than zero, this implied a significant U-shaped relationship be-
tween the rate of outcome and admission temperature. Mul-
tiple logistic regression with quadratic models using a gener-
alized estimating equation approach was also conducted to
further examine the U-shaped association between binary out-
comes and admission temperature. The symmetric covari-
ance structure was used in the models to account for the cor-
relation owing to the clustering of participants in the hospital.
In fitting the models, a birth weight z score instead of birth
weight was used to reduce the collinearity between birth weight
and admission temperature. Owing to a highly positive skew
in the length of ventilation data, the U-shaped association be-
tween length of ventilation and admission temperature was
examined using zero-inflated negative binomial regression
models adjusted for the covariates mentioned earlier. Data

management and statistical analyses were performed using
R version 2.15 (R Project for Statistical Computing; http://www
.r-project.org) and SAS version 9.3 (SAS Institute Inc). A 2-sided
P value of .05 was used to determine statistical significance.

Results
A total of 10 560 inborn infants born at fewer than 33 weeks’
gestation were admitted on their day of birth to CNN NICUs
during 2010 to 2012, of which 538 infants (5.1%) were ex-
cluded owing to the presence of major congenital anomalies
(n = 480) or being moribund on admission (n = 58). Addition-
ally, 189 infants (1.9%) with missing temperature data were ex-
cluded. The remaining 9833 infants were included in this analy-
sis and their characteristics are described in Table 1. The mean
(SD) admission temperature of all included infants was 36.6°C

Table 1. Characteristics of 9833 Infants

Characteristic No. (%)
Maternal

Antenatal steroid use 8913 (91.6)

Antibiotics 6717 (70.0)

Hypertension 1970 (20.3)

Cesarean birth 5928 (60.4)

Rupture of membranes, >24 h 2016 (22.7)

Infant

Admission temperature, °C

<34.5 96 (1.0)

34.5-34.9 101 (1.0)

35.0-35.4 256 (2.6)

35.5-35.9 716 (7.3)

36.0-36.4 2347 (23.9)

36.5-36.9 3767 (38.3)

37.0-37.4 1856 (18.9)

37.5-37.9 526 (5.3)

≥38.0 168 (1.7)

Male sex 5315 (54.1)

Birth weight, mean (SD), g 1323 (455)

Birth weight group, g

<1000 2732 (27.8)

1000-1499 3591 (36.5)

1500-1999 2843 (28.9)

≥2000 667 (6.8)

Gestational age, mean (SD) 29 (2.5)

Gestational age group, wk

22-25 1185 (12.1)

26-29 2499 (25.4)

30-32 6149 (62.5)

Singleton 6517 (66.3)

Small for gestational age 1019 (10.4)

Resuscitation needed 8932 (90.9)

Apgar score <7 at 5 min 2404 (24.5)

SNAP II score >20 1591 (16.4)

Abbreviation: SNAP II, Score for Neonatal Acute Physiology II.

Association of Admission Temperature and Neonatal Outcomes Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online April 6, 2015 3/8

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/08/2022



Copyright 2015 American Medical Association. All rights reserved.

(0.7°C), with a range of 32.0°C to 41.0°C. A total of 57.3% of the
study population had an admission temperature in the World
Health Organization recommended range of 36.5°C to 37.4°C,
with the largest group (38.3%) being infants with an admis-
sion temperature between 36.5°C and 36.9°C. A total of 35.8%
of infants had an admission temperature lower than 36.5°C and
7.1% had an admission temperature higher than 37.5°C. The dis-
tributions of infants across the range of admission tempera-
tures recorded according to gestational age and birth weight
are reported in Figure 1.

Examination of the association between admission tem-
perature and neonatal adverse outcomes in univariate analy-
ses indicated that all the adverse outcomes were significantly
associated with admission temperature (P < .04) and that the
rate of each outcome reached a minimum in a specific admis-
sion temperature category. For example, the rate of the com-
posite outcome in univariate analyses was the lowest in those
infants with an admission temperature between 37.0°C and
37.4°C (Table 2). A U-shaped association between all neonatal
outcomes assessed and admission temperature was identi-
fied (P < .05; Figure 2; eFigure 1 in the Supplement). Duration
of ventilation also had a U-shaped relationship with admis-
sion temperature.

The univariate analysis indicated that birth weight, ges-
tational age, small for gestational age, an Apgar score less than

7 at 5 minutes, singleton birth, cesarean birth, rupture of mem-
branes for more than 24 hours, need for resuscitation, mater-
nal hypertension, antenatal steroid use, and maternal antibi-
otic use were associated with admission temperature. After
adjustment in multivariable analyses, birth weight was sig-
nificantly associated with admission temperature so that ad-
mission temperature was 0.025°C higher with each 100-g in-
crease in birth weight. Rupture of membranes for more than
24 hours, resuscitation, antenatal steroid use, and maternal an-
tibiotic use were also significantly associated with higher ad-
mission temperature while singleton births, cesarean birth, and
maternal hypertension were significantly associated with lower
admission temperature (eTable in the Supplement).

The U-shaped relationships between admission tempera-
ture and the composite outcome, severe neurological injury,
severe retinopathy of prematurity, NEC, bronchopulmonary
dysplasia, nosocomial infection, and duration of ventilation
were confirmed (α > 0 [P < .05]) in multivariable analyses that
used admission temperature as a continuous variable and ad-
justed for confounding variables. Analyses indicated that for
each outcome, an admission temperature could be estimated
where the rate of the outcome was at its minimum (Table 3).
For example, in the multivariable analyses, the rate of the com-
posite outcome was lowest at an admission temperature of
36.8°C while the rates of the secondary outcomes, with the ex-

Figure 1. Temperature Distribution According to Gestational Age and Birth Weight
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ception of mortality, were at a minimum at admission tem-
peratures ranging from 36.5°C to 37.2°C. Mortality was lin-
early and negatively associated with admission temperature
after adjustment for confounding variables. Post hoc sub-
group analyses of neonates born at fewer than 29 weeks’ ges-
tation also revealed a similar pattern, with the lowest rates of
the adverse outcomes estimated to occur between 36.5°C and
37.2°C (eFigure 2 in the Supplement).

Discussion
To our knowledge, this is the first study to describe a U-
shaped relationship between admission temperature and rates
of major adverse neonatal outcomes. Using these data, we were

able to identify an overall admission temperature range of
36.5°C to 37.2°C in which the rates of a composite mortality/
morbidity outcome and the individual morbidities of severe
neurological injury, severe retinopathy of prematurity, NEC,
bronchopulmonary dysplasia, and nosocomial infection as well
as duration of ventilation were lowest in our population. This
information will be useful in the application of evidence-
based quality improvement initiatives aimed at reducing ad-
verse outcomes by targeting practices to maintain admission
temperatures in the range identified.

With changes to the Neonatal Resuscitation Program
guidelines29 on temperature control across the years, the pro-
portion of infants with a low temperature at birth has de-
creased. For example, studies of US cohorts have reported a
drop in the rate of very low-birth-weight infants with an ad-
mission temperature lower than 36.0°C from 46.9% in 2002 to
200311 to 25.7% in 2006 to 2007.12 Pinheiro et al30 also re-
ported that fewer than 10% of inborn very low-birth-weight
neonates had admission temperatures lower than 36.0°C af-
ter implementation of a thermoregulation bundle. The Bra-
zilian Neonatal Network reported the mean rate of hypother-
mia (<36.0°C) to be 51%, with rates varying from 13% to 62%
between centers when measured at 5 minutes of age and 25%
to 75% at the time of NICU admission.31 In our study, only 11.9%
of infants had an admission temperature of lower than 36.0°C.
Similarly, in the early 1980s, the incidence of axillary admis-
sion temperatures lower than 35.0°C in very low-birth-
weight inborn infants in Canada was reported to be 11.5%.7 In
this study, only 2.0% of infants had an admission tempera-
ture lower than 35.0°C. However, 25.9% of infants in our study
had an admission temperature of 37.0°C or higher and 1.7% had
an admission temperature of 38.0°C or higher, which is higher
than previously reported in the US studies (10.8% at ≥37.0°C11

and 0.8% at ≥38.0°C12). This change reinforces the concept that
continued vigilance for hyperthermia is also necessary be-
cause most thermoregulatory efforts in preterm neonates are
currently directed toward the prevention of hypothermia. Our

Figure 2. Association of Admission Temperature With a Composite
Mortality/Morbidity Outcome
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Table 2. Univariate Analysis of Association Between Outcomes and Temperature at Admission

Outcome

Admission Temperature, No. (%)

P ValueaOverall
<34.5°C
(n = 96)

34.5°C-
34.9°C
(n = 101)

35.0°C-
35.4°C
(n = 256)

35.5°C-
35.9°C
(n = 716)

36.0°C-
36.4°C
(n = 2347)

36.5°C-
36.9°C
(n = 3767)

37.0°C-
37.4°C
(n = 1856)

37.5°C-
37.9°C
(n = 526)

≥38.0°C
(n = 168)

Composite outcome 3356
(34.1)

68
(70.8)

57
(56.4)

104
(40.6)

253
(35.3)

829
(35.3)

1190
(31.6)

582
(31.4)

199
(37.8)

74
(44.1)

<.001

Mortality 619
(6.3)

25
(26.0)

21
(20.8)

28
(10.9)

53
(7.4)

163
(7.0)

200
(5.3)

90
(4.9)

28
(5.3)

11
(6.6)

<.001

Severe neurological
injury

861
(10.7)

23
(27.1)

12
(14.0)

24
(10.6)

54
(8.8)

201
(10.1)

305
(10.2)

166
(11.4)

58
(13.6)

18
(12.8)

<.001

Severe ROP 401
(4.1)

13
(13.8)

7
(7.0)

16
(6.3)

22
(3.1)

113
(4.8)

141
(3.8)

57
(3.1)

17
(3.3)

15
(9.0)

<.001

NEC 424
(4.3)

10
(10.4)

6
(5.9)

17
(6.6)

30
(4.2)

98
(4.2)

142
(3.8)

88
(4.7)

24
(4.6)

9
(5.4)

.03

BPD 1640
(17.7)

21
(29.6)

26
(31.0)

45
(19.6)

107
(16.1)

407
(18.5)

593
(16.6)

296
(16.7)

108
(21.6)

37
(23.3)

<.001

Nosocomial infection 1342
(13.7)

29
(30.2)

23
(22.8)

46
(18.0)

120
(16.8)

320
(13.6)

479
(12.7)

226
(12.2)

73
(13.9)

26
(15.5)

<.001

Ventilation, median
(range), d

0
(0-4)

6
(2-31.5)

5
(0-30.0)

2
(0-11.0)

1
(0-8.0)

1
(0-5.0)

0
(0-3.0)

0
(0-3.0)

1
(0-5.0)

2
(0-12.0)

<.001

Abbreviations: BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity.
a Based on χ2 test for categorical variables and F test and Wilcoxon rank sum test as appropriate for continuous variables.
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data also revealed that only 57.2% of infants were identified
as having the best outcomes, included in admission tempera-
ture groups of 36.5°C to 36.9°C and 37.0°C to 37.4°C, indicat-
ing a high-priority need for quality improvement initiatives to
address this problem. Although data on delivery room prac-
tices to keep infants euthermic were not collected, we as-
sume that standard practices based on the Neonatal Resusci-
tation Program guidelines were followed by all CNN NICUs
during the study, including the use of radiant warmers, plas-
tic wraps, and/or chemical mattresses. Further study of the
implementation of these and other potentially best practices
is needed.

Our finding that rates of adverse neonatal outcomes in pre-
term infants born at fewer than 33 weeks’ gestation were low-
est between 36.5°C and 37.2°C is consistent not only with the
World Health Organization’s thermal protec tion
recommendations18 but also with several other studies on op-
timal neonatal temperature according to physiological out-
comes, such as heart rate in the first 12 hours of life32 and oxy-
gen consumption.33 When examining the association between
admission temperature and adverse neonatal outcomes, pre-
vious studies have used varying approaches, including cat-
egorizing admission temperature using cutoff points to clas-
sify infants as nonhypothermic, moderately hypothermic, or
severely hypothermic12 and using temperature as a continu-
ous variable, assuming that the association between admis-
sion temperature and adverse outcomes is linear.11 This latter
approach does not take into consideration the effect of hyper-
thermia on clinical outcomes. In contrast, we identified a non-
linear relationship between admission temperature and neo-
natal outcomes and used quadratic regression to test that
relationship. Thus, we were able to evaluate the association
of both hypothermia and hyperthermia with clinical adverse
outcomes and identify the temperature range at which the rates
of those outcomes were lowest. Although the relationship of

mortality to admission temperature also initially exhibited a
U-shaped curve, we found that after adjustment for confound-
ing variables, mortality was inversely related to admission tem-
perature, which may have been related to the low number of
deaths in the extreme high-temperature group or the possi-
bility that deaths are often a result of other adverse outcomes
and confounding variables.

The associations between admission temperature and vari-
ous maternal, intrapartum, and infant characteristics ob-
served in this study are mostly consistent with previous
studies.11,12 The association between cesarean delivery and
lower admission temperature may be related to the fact that
operating rooms are often kept at a lower temperature and to
the use of neuraxial anesthesia, where lower body sympathec-
tomy produces core-to-peripheral redistribution of heat.6 Horn
et al34 reported that active warming during cesarean delivery
can decrease maternal shivering and produce a higher neona-
tal core temperature. We also identified that resuscitation in
the first 30 minutes after birth was associated with increased
admission temperature. This is inconsistent with Miller et al,12

who reported a decreased odds of hypothermia following no
resuscitative efforts during the delivery and proposed that this
may have been because infants who do not require resuscita-
tion are usually healthier and better able to maintain their core
body temperature. In addition, in the midst of resuscitation,
measures to keep infants warm may be difficult to maintain
or neglected altogether. We speculate that an infant requiring
resuscitation is likely to be more sick and require more care,
which should result in the care team ensuring that all prac-
tices are followed, including attending to body temperature.
For an infant who seems healthy enough not to require resus-
citation, body temperature regulation may still be required and
should be attended to carefully.

Strengths of our study included the use of data from a large
NICU-based cohort, which provided temperature measure-

Table 3. Multivariable Analysis of Association Between Outcomes and Temperature at Admission

Outcome

Model With Adjustment (95% CI)a

Temperature β Temperature × Temperature α Minimum Point, °C
Composite outcomeb −11.418 (−15.88 to −6.96)c 0.155 (0.082 to 0.228)c 36.8 (36.7 to 37.0)

Mortalityb −0.427 (−0.584 to −0.270)c NA NA

Severe neurological injuryb −5.636 (−10.85 to −0.422)d 0.077 (0.0045 to 0.1495)d 36.6 (36.5 to 36.7)

Severe ROPb −11.045 (−19.46 to −2.63)d 0.150 (0.034 to 0.266)d 36.8 (36.6 to 37.0)

NECb −10.445 (−17.25 to −3.638)e 0.143 (0.049 to 0.237)e 36.5 (36.3 to 36.7)

BPDb −8.264 (−13.39 to −3.14)e 0.113 (0.042 to 0.184)e 36.6 (36.4 to 36.7)

Nosocomial infectionb −5.329 (−10.48 to −0.174)d 0.0717 (0.0011 to 0.142)d 37.2 (36.9 to 37.3)

Length of ventilationf −8.26 (−12.43 to −4.085)c 0.111 (0.105 to 0.117)c 37.2 (37.0 to 37.4)

Abbreviations: BPD, bronchopulmonary dysplasia; NA, not available;
NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity.
a Temperature indicates temperature at admission; temperature × temperature

indicates the quadratic term of the temperature; β and α indicate estimated
coefficients of temperature and temperature × temperature in the model,
respectively; minimum point indicates the estimated minimum point (−β/[2α])
at which the fitted curve reached the minimum.

b Multiple logistic regression models adjusted for sex, birth weight z score,
Apgar score at 5 minutes, singleton birth, cesarean birth, rupture of
membranes for more than 24 hours, resuscitation, maternal hypertension,
antenatal steroid use, and maternal antibiotic use with a generalized

estimating equation approach to account for correlated data owing to the
clustering of patients by site.

c P < .001.
d P < .05.
e P < .01.
f Zero-inflated negative binomial model was used and adjusted for sex, birth

weight z score, Apgar score at 5 minutes, singleton birth, cesarean birth,
rupture of membranes for more than 24 hours, resuscitation, maternal
hypertension, antenatal steroid use, and maternal antibiotic use.
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ments on admission and information on potential confound-
ers and mediating factors to help us better understand the as-
sociation between body temperature and adverse outcomes.
The large data set also enabled us to evaluate the association
across a full temperature range, which aided in assessing the
U-shaped association that exists between admission tempera-
ture and neonatal outcome. Our finding that the optimal ad-
mission temperature range in preterm infants born at fewer
than 33 weeks’ gestation was 36.5°C to 37.2°C is consistent not
only with the World Health Organization’s thermal protec-
tion recommendations,18 but also with several other studies.
Knobel et al32 reported that optimal abdominal temperature
was between 36.8°C and 36.9°C based on heart rate in ex-
tremely low-birth-weight infants (born at <29 weeks’ gesta-
tion) during the first 12 hours of life. Malin et al33 reported that
abdominal temperatures of 36.5°C to 37.5°C kept oxygen con-
sumption to a minimum for premature neonates. These find-
ings provide some evidence to support the recommendation
and suggest this work is generalizable. However, for effective
use of our analytical approach in quality improvement activi-
ties, temperature outcome curves and the temperature range
for minimum outcome rates need to be generated using data
from target populations. The existence of the U-shaped rela-
tionship should allow the definition of a target temperature
range according to a desired or achievable target outcome rate.

Limitations of the study included that it was a retrospec-
tive observational study and admission body temperatures
were not collected using uniform methods. Admission tem-
peratures were recorded at different times in the first hour of
admission using varying instruments from different body
areas. We used a mixture of rectal and axillary temperature
measurements because our data collection system did not

allow us to separate these 2 categories. In such a large
sample, this may not have led to a biased estimate. In a sys-
temic review, Craig et al35 reported that the pooled mean
temperature difference between rectal and axillary tempera-
ture for neonates was 0.17°C (limits of agreement, −0.15°C to
0.50°C). This was also reported in several other studies.36,37

We acknowledge that most of our neonates were born at
more than 30 weeks’ gestation whereas most immediate
postnatal interventions occur in neonates born at fewer than
29 weeks’ gestation, which renders them at risk for hypo-
thermia. This should be kept in mind when interpreting our
results. Given the limitations of using retrospective observa-
tional data, we need to further evaluate the influence of
admission temperature on neonatal outcomes using a pro-
spective study where body temperatures at admission are
collected using uniform methods and timing.

Conclusions
In this nationwide population of inborn preterm infants born
at fewer than 33 weeks’ gestation from Canadian NICUs, we
identified U-shaped relationships between admission tem-
perature and a composite adverse outcome, including severe
neurological injury, severe retinopathy of prematurity, bron-
chopulmonary dysplasia, NEC, nosocomial infection, and du-
ration of mechanical ventilation. The admission temperature
range at which the rates of these outcomes were lowest was
36.5°C to 37.2°C. More than 40% of the infants in our study had
admission temperatures outside the identified range, indicat-
ing a need to more closely monitor the admission tempera-
tures of preterm infants.

ARTICLE INFORMATION

Accepted for Publication: February 1, 2015.

Published Online: April 6, 2015.
doi:10.1001/jamapediatrics.2015.0277.

Author Contributions: Dr Shah had full access to all
of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Lyu, Ye.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Lyu, Ye, Warre, Dunn.
Critical revision of the manuscript for important
intellectual content: Lyu, Shah, Warre, Piedboeuf,
Deshpandey, Dunn, Lee.
Statistical analysis: Shah, Ye.
Obtained funding: Lyu, Lee.
Administrative, technical, or material support: Lee.
Study supervision: Shah, Lee.

Conflict of Interest Disclosures: None reported.

Funding/Support: Organizational support was
provided by the Canadian Neonatal Network
Coordinating Centre, which is based at the
Maternal-Infant Care Research Centre (MiCare) at
Mount Sinai Hospital in Toronto, Ontario, Canada.
MiCare is supported by grant funding from the
Canadian Institutes of Health Research and in-kind
support from Mount Sinai Hospital, Toronto,
Ontario. Dr Lyu was supported by grant

2012A003034000017 from the Beijing
Outstanding Talents Oversea Training Project.
Dr Shah holds an applied research chair in
Reproductive and Child Health Services and Policy
Research awarded by the Canadian Institutes of
Health Research.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

Group Information: The members of the Canadian
Neonatal Network are Prakesh S. Shah, MD, MSc
(director), Mount Sinai Hospital, Toronto, Ontario;
Adele Harrison, MD, MBChB, Victoria General
Hospital, Victoria, British Columbia; Anne Synnes,
MDCM, MHSC, British Columbia Children’s Hospital,
Vancouver, British Columbia; Todd Sokoran, MD,
Royal Columbian Hospital, New Westminster,
British Columbia and Surrey Memorial Hospital,
Surrey, British Columbia; Wendy Yee, MD, Foothills
Medical Centre, Calgary, Alberta; Khalid Aziz, MBBS,
MA, MEd, Royal Alexandra Hospital, Edmonton,
Alberta; Zarin Kalapesi, MD, Regina General
Hospital, Regina, Saskatchewan; Koravangattu
Sankaran, MD, MBBS, Royal University Hospital,
Saskatoon, Saskatchewan; Mary Seshia, MBChB,
Winnipeg Health Sciences Centre, Winnipeg,
Manitoba; Ruben Alvaro, MD, St Boniface General

Hospital, Winnipeg, Manitoba; Sandesh
Shivananda, MBBS, MD, DM, Hamilton Health
Sciences Centre, Hamilton, Ontario; Orlando Da
Silva, MD, MSc, London Health Sciences Centre,
London, Ontario; Chuks Nwaesei, MD, Windsor
Regional Hospital, Windsor, Ontario; Kyong-Soon
Lee, MD, MSc, Hospital for Sick Children, Toronto,
Ontario; Michael Dunn, MD, Sunnybrook Health
Sciences Centre, Toronto, Ontario; Nicole
Rouvinez-Bouali, MD, Children’s Hospital of Eastern
Ontario and Ottawa General Hospital, Ottawa,
Ontario; Kimberly Dow, MD, Kingston General
Hospital, Kingston, Ontario; Ermelinda Pelausa, MD,
Jewish General Hospital, Montréal, Québec; Keith
Barrington, MBChB, Hôpital Sainte-Justine,
Montréal, Québec; Christine Drolet, MD, Centre
Hospitalier Universitaire de Québec, Sainte Foy
Québec; Patricia Riley, MD, MDCM, BSc, Montréal
Children’s Hospital, Montréal, Québec and Royal
Victoria Hospital, Montréal, Québec; Valerie
Bertelle, MD, Centre Hospitalier Universitaire de
Sherbrooke, Sherbrooke, Québec; Rody Canning,
MD, Moncton Hospital, Moncton, New Brunswick;
Barbara Bulleid, MD, Dr Everett Chalmers Hospital,
Fredericton, New Brunswick; Cecil Ojah, MBBS, and
Luis Monterrosa, MD, Saint John Regional Hospital,
Saint John, New Brunswick; Akhil Deshpandey, MD,
MBBS, Janeway Children’s Health and
Rehabilitation Centre, St John’s, Newfoundland;
Jehier Afifi, MB BCh, MSc, IWK Health Centre,
Halifax, Nova Scotia; Andrzej Kajetanowicz, MD,

Association of Admission Temperature and Neonatal Outcomes Original Investigation Research

jamapediatrics.com (Reprinted) JAMA Pediatrics Published online April 6, 2015 7/8

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/08/2022



Copyright 2015 American Medical Association. All rights reserved.

Cape Breton Regional Hospital, Sydney, Nova
Scotia; Shoo K. Lee, MBBS, PhD (chairman), Mount
Sinai Hospital, Toronto, Ontario.

Additional Contributions: We thank the data
abstractors of the Canadian Neonatal Network and
staff of the Canadian Neonatal Network
Coordinating Centre for providing organizational
support to the Canadian Neonatal Network. As
employees of MiCare; Mount Sinai Hospital,
Toronto, Ontario; or their respective hospitals, all
these individuals received salaried compensation
for their assistance.

REFERENCES

1. Jahnukainen T, van Ravenswaaij-Arts C,
Jalonen J, Välimäki I. Dynamics of vasomotor
thermoregulation of the skin in term and preterm
neonates. Early Hum Dev. 1993;33(2):133-143.

2. Knobel RB, Holditch-Davis D, Schwartz TA,
Wimmer JE Jr. Extremely low birth weight preterm
infants lack vasomotor response in relationship to
cold body temperatures at birth. J Perinatol. 2009;
29(12):814-821.

3. Silverman WA, Fertig JW, Berger AP.
The influence of the thermal environment upon the
survival of newly born premature infants. Pediatrics.
1958;22(5):876-886.

4. Billimoria Z, Chawla S, Bajaj M, Natarajan G.
Improving admission temperature in extremely low
birth weight infants: a hospital-based
multi-intervention quality improvement project.
J Perinat Med. 2013;41(4):455-460.

5. Jia YS, Lin ZL, Lv H, Li YM, Green R, Lin J. Effect
of delivery room temperature on the admission
temperature of premature infants: a randomized
controlled trial. J Perinatol. 2013;33(4):264-267.

6. Kent AL, Williams J. Increasing ambient
operating theatre temperature and wrapping in
polyethylene improves admission temperature in
premature infants. J Paediatr Child Health. 2008;
44(6):325-331.

7. Hazan J, Maag U, Chessex P. Association
between hypothermia and mortality rate of
premature infants: revisited. Am J Obstet Gynecol.
1991;164(1, pt 1):111-112.

8. Harms K, Herting E, Kron M, Schill M,
Schiffmann H. Importance of pre- and perinatal risk
factors in respiratory distress syndrome of
premature infants: a logical regression analysis of
1100 cases [in German]. Z Geburtshilfe Neonatol.
1997;201(6):258-262.

9. Yu VY, Joseph R, Bajuk B, Orgill A, Astbury J.
Perinatal risk factors for necrotizing enterocolitis.
Arch Dis Child. 1984;59(5):430-434.

10. Herting E, Speer CP, Harms K, et al. Factors
influencing morbidity and mortality in infants with
severe respiratory distress syndrome treated with
single or multiple doses of a natural porcine
surfactant. Biol Neonate. 1992;61(suppl 1):26-30.

11. Laptook AR, Salhab W, Bhaskar B; Neonatal
Research Network. Admission temperature of low
birth weight infants: predictors and associated
morbidities. Pediatrics. 2007;119(3):e643-e649.

12. Miller SS, Lee HC, Gould JB. Hypothermia in
very low birth weight infants: distribution, risk
factors and outcomes. J Perinatol. 2011;31(suppl 1):
S49-S56.

13. Lunze K, Bloom DE, Jamison DT, Hamer DH.
The global burden of neonatal hypothermia:
systematic review of a major challenge for newborn
survival. BMC Med. 2013;11:24.

14. Takayama JI, Teng W, Uyemoto J, Newman TB,
Pantell RH. Body temperature of newborns: what is
normal? Clin Pediatr (Phila). 2000;39(9):503-510.

15. Costeloe K, Hennessy E, Gibson AT, Marlow N,
Wilkinson AR. The EPICure study: outcomes to
discharge from hospital for infants born at the
threshold of viability. Pediatrics. 2000;106(4):
659-671.

16. da Mota Silveira SM, Gonçalves de Mello MJ,
de Arruda Vidal S, de Frias PG, Cattaneo A.
Hypothermia on admission: a risk factor for death in
newborns referred to The Pernambuco Institute of
Mother and Child Health. J Trop Pediatr. 2003;49
(2):115-120.

17. American Academy of Pediatrics (AAP) and
American College of Obstetricians and
Gynecologists (ACOG). 7th ed. Guidelines for
Perinatal Care; Elk Grove Village, IL: American
Academy of Pediatrics;2012.

18. World Health Organization, Maternal and
Newborn Health/Safe Motherhood. Thermal
Protection Of The Newborn: A Practical Guide. Geneva,
Switzerland: World Health Organization; 1997.

19. Pinheiro JM, Boynton S, Furdon SA, Dugan R,
Reu-Donlon C. Use of chemical warming packs
during delivery room resuscitation is associated
with decreased rates of hypothermia in very
low-birth-weight neonates. Adv Neonatal Care.
2011;11(5):357-362.

20. American Academy of Pediatrics, American
Heart Association. Textbook of Neonatal
Resuscitation. 6th ed. Elk Grove Village, Illinois:
American Academy of Pediatrics; 2011.

21. Canadian Neonatal Network. Abstractor's
Manual version 2.1.2. http://www
.canadianneonatalnetwork.org/portal/CNNHome
/Publications.aspx. Accessed June 20, 2014.

22. Lee SK, McMillan DD, Ohlsson A, et al.
Variations in practice and outcomes in the Canadian
NICU network: 1996-1997. Pediatrics. 2000;106
(5):1070-1079.

23. Papile LA, Burstein J, Burstein R, Koffler H.
Incidence and evolution of subependymal and
intraventricular hemorrhage: a study of infants with
birth weights less than 1,500 gm. J Pediatr. 1978;
92(4):529-534.

24. International Committee for the Classification
of Retinopathy of Prematurity. The International

Classification of Retinopathy of Prematurity
revisited. Arch Ophthalmol. 2005;123(7):991-999.

25. Bell MJ, Ternberg JL, Feigin RD, et al. Neonatal
necrotizing enterocolitis: therapeutic decisions
based upon clinical staging. Ann Surg. 1978;187(1):
1-7.

26. Shennan AT, Dunn MS, Ohlsson A, Lennox K,
Hoskins EM. Abnormal pulmonary outcomes in
premature infants: prediction from oxygen
requirement in the neonatal period. Pediatrics.
1988;82(4):527-532.

27. Freeman J, Epstein MF, Smith NE, Platt R,
Sidebottom DG, Goldmann DA. Extra hospital stay
and antibiotic usage with nosocomial
coagulase-negative staphylococcal bacteremia in
two neonatal intensive care unit populations. Am J
Dis Child. 1990;144(3):324-329.

28. Kramer MS, Platt RW, Wen SW, et al;
Fetal/Infant Health Study Group of the Canadian
Perinatal Surveillance System. A new and improved
population-based Canadian reference for birth
weight for gestational age. Pediatrics. 2001;108(2):
35.

29. Kattwinkel J, Perlman JM, Aziz K, et al;
American Heart Association. Neonatal
resuscitation: 2010 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and
Emergency Cardiovascular Care. Pediatrics. 2010;
126(5):e1400-e1413.

30. Pinheiro JM, Furdon SA, Boynton S, Dugan R,
Reu-Donlon C, Jensen S. Decreasing hypothermia
during delivery room stabilization of preterm
neonates. Pediatrics. 2014;133(1):e218-e226.

31. de Almeida MF, Guinsburg R, Sancho GA, et al;
Brazilian Network on Neonatal Research.
Hypothermia and early neonatal mortality in
preterm infants. J Pediatr. 2014;164(2):271-5.e1.

32. Knobel RB, Holditch-Davis D, Schwartz TA.
Optimal body temperature in transitional extremely
low birth weight infants using heart rate and
temperature as indicators. J Obstet Gynecol
Neonatal Nurs. 2010;39(1):3-14.

33. Malin SW, Baumgart S. Optimal thermal
management for low birth weight infants nursed
under high-powered radiant warmers. Pediatrics.
1987;79(1):47-54.

34. Horn EP, Schroeder F, Gottschalk A, et al.
Active warming during cesarean delivery. Anesth
Analg. 2002;94(2):409-414.

35. Craig JV, Lancaster GA, Williamson PR, Smyth
RL. Temperature measured at the axilla compared
with rectum in children and young people:
systematic review. BMJ. 2000;320(7243):1174-1178.

36. Charafeddine L, Tamim H, Hassouna H, Akel R,
Nabulsi M. Axillary and rectal thermometry in the
newborn: do they agree? BMC Res Notes. 2014;7:584.

37. Hissink Muller PC, van Berkel LH, de Beaufort
AJ. Axillary and rectal temperature measurements
poorly agree in newborn infants. Neonatology.
2008;94(1):31-34.

Research Original Investigation Association of Admission Temperature and Neonatal Outcomes

8/8 JAMA Pediatrics Published online April 6, 2015 (Reprinted) jamapediatrics.com

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/08/2022


	Association between admission temperature and mortality and major morbidity in preterm infants born at fewer than 33weeks' gestation
	Citation of this paper:
	Authors

	/var/tmp/StampPDF/rDop9XmHaJ/tmp.1659969612.pdf.i_PWX

