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Neonatal hypothermia is defined as a body temperature <36.5°C. 
The World Health Organization (WHO) classifies it into three 
grades of severity: mild (36.0 - 36.4°C), moderate (32.0 - 35.9°C), 
and severe (<32.0°C).[1] The incidence of neonatal hypothermia 
varies widely. The adoption of strategies to prevent hypothermia has 
led to a decrease in its incidence. Data from the Vermont Oxford 
Network showed an improvement in hypothermia on admission of 
very-low-birthweight (VLBW) infants from 52.6% in 2009, to 38.5% 
in 2016.[2] However, the incidence remains significantly high in low-
resource settings.[3,4]

The admission temperature is an important predictor of neonatal 
outcomes, as well as a measure of quality of care.[5,6] Neonatal 
hypothermia is an independent risk factor for neonatal death, and 
is associated with neonatal morbidities and a prolonged hospital 
stay.[4,7-12] The reported case-fatality rate globally ranges from 8.8% 
to 52%.[13] The risk of mortality is significantly higher in preterm 
and VLBW infants.[8,11,12]

The risk of mortality increases with the severity of hypothermia. 
A European study found a 15% decrease in mortality for every 1°C 
increase in admission temperature in VLBW infants.[12] A large 
community-based study in Nepal reported a 75% increase in the risk 
of death for every 1°C decrease in temperature, with the risk of death 
increasing 1.46 and 3.12 times in infants with mild and moderate 
hypothermia, respectively.[11] 

A study conducted at the Steve Biko Academic Hospital (SBAH), 
Pretoria, in 2017 on the morbidity and mortality of VLBW and 
extremely-low-birthweight (ELBW) infants found a high incidence 
of hypothermia, with over three-quarters of the infants being 

hypothermic on admission.[14] This prompted a need for more 
comprehensive study into the incidence and impact of hypothermia 
in the unit. The aim of this study was to determine the incidence of 
and risk factors for hypothermia on admission to the neonatal unit, 
and its impact on neonatal outcomes. 

Methods
Study design and setting
This retrospective, cross-sectional study was done at the SBAH, 
a tertiary academic public hospital in South Africa. Data were 
collected from patient records of infants admitted to the SBAH 
neonatal unit from 1 September 2019 to 29 February 2020.

Study population 
All infants admitted to the neonatal unit in the first 28 days of 
life were included in the study, including those born at another 
facility and transferred into the unit. Infants with hyperthermia 
(temperature >37.5°C) on admission were excluded. Infants admitted 
for therapeutic hypothermia were also excluded as it could not be 
determined whether they may have undergone passive cooling during 
the admission period. Infants with an expected poor outcome who 
were admitted for palliative care were included in the analysis of the 
incidence of hypothermia as they would be expected to receive the 
same thermal care as other infants. However, they were excluded 
from the analysis of risk factors and outcomes related to hypothermia. 
These included: infants with severe congenital or chromosomal 
abnormalities, and infants with a birthweight <750 g who did not 
receive active management.
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Study procedure and analysis
Infants admitted to the neonatal unit during the specified period 
were identified using the ward admission  statistics and data were 
collected from patient records. Blood culture results were accessed 
from the National Health Laboratory Service (NHLS) database, 
and cranial ultrasound reports were accessed on the hospital’s 
computerised radiology system (XeroViewer).

During the study period, infants had their temperature recorded 
on admission, then every 2 hours in the neonatal intensive care 
unit (NICU), or every 3 hours in the high-care ward. The body 
temperatures were recorded using a temperature skin probe 
(minimum temperature 35.0°C), a disposable thermometer strip 
(minimum temperature 35.5°C), or digital thermometers with 
variable minimum readings. For this reason, temperatures below 
35°C could not be accurately stratified and data were summarised 
into normal, mild, and moderate-to-severe hypothermia. Infants 
were classified based on the temperature recorded on admission. For 
infants with a subnormal temperature, the first subsequent normal 
temperature was used to determine the length of time taken to 
achieve normothermia at admission.

The incidence of hypothermia was assessed both as a binary 
outcome (present/absent) and as a multinomial outcome (absent, 
mild, and moderate-severe). A sample size of 400 neonates was 
estimated to assess the incidence as a binary outcome with 95% 
confidence to an accuracy within 0.05, when assuming a conservative 
scenario of an expected incidence of 0.5 (50%). A 6-month study 
period was therefore selected, based on expected number of 
admissions, allowing for missing patient records. When considered 
as a multinomial outcome, this sample would achieve a probability 
of at least 0.9 that the estimates of the multinomial proportions 
are within 0.05 of the population proportions. The sample size 
was also estimated to be adequate for the logistic/polytomous 
logistic regression analyses to determine factors associated with 
hypothermia (binary and multinomial) and the associations of 
hypothermia with neonatal outcomes. The pairwise comparisons 
were done using the Bonferroni adjustment. Testing was done at the 
0.05 level of significance.

Definitions
Hypothermia was defined as a body temperature <36.5°C and 
classified according to the WHO definition: mild (36.0°C - 36.4°C), 
moderate (32.0°C - 35.9°C), and severe (<32.0°C).

Resuscitation at birth was defined as needing any intervention 
beyond routine neonatal care, including supplemental oxygen, 
positive-pressure ventilation, cardiac compressions, and the 
administration of adrenaline.  Respiratory support was defined as 
invasive (mechanical ventilation) or non-invasive ventilation (nasal 
continuous positive airway pressure (nCPAP)), while days on oxygen 
were counted when infants received oxygen supplementation with 
respiratory support and/or via nasal canula.

Late-onset sepsis was defined as sepsis after 72 hours of life 
and subdivided into culture-proven and suspected sepsis (based 
on information in the patient record and laboratory findings). 
Hypoglycaemia was defined as a blood glucose <2.6 mmol/L on 
capillary blood glucose measurements and was assessed in the first 
24 hours after admission. Intraventricular haemorrhage (IVH) 
was diagnosed on cranial ultrasound performed by a trained 
sonographer.

Ethics approval for this research was obtained from the Faculty 
of Health Sciences’ Research Ethics Committee of the University of 
Pretoria (ref. no. 558/2020).

Results
Study cohort
There were 579 infants admitted to the neonatal unit between 
1 September 2019 and 29 February 2020. A total of 77 infants 
were excluded from the study for the following reasons: missing 
patient records (n=36), no admission temperature found in the 
patient records (n=15) (this was in part due to incomplete patient 
records being retrieved), hyperthermia (n=5), infants admitted for 
therapeutic hypothermia (n=19), and infants admitted after 28 days 
of life (n=2). A total of 502 infants were included in the study. Seven 
infants were admitted for comfort care and were only included in the 
analysis of the incidence of hypothermia.

Infant and maternal characteristics
The mean (standard deviation (SD)) birthweight was 2 105 (863) g 
(range 602 - 5 380 g), and the mean (SD) gestation age was 34 (3.8) 
weeks (range 25 - 42 weeks). Most (348; 69%) were low-birthweight 
(LBW) infants, of whom 130 (26%) were VLBW infants, and 31% 
had a birthweight ≥2 500 g. The majority of infants were inborn 
(n=415; 83%), and most of the outborn infants (n=64; 85%) were 
transferred from facilities with a distance of <40 km from the 
hospital.  Most infants (n=451; 90%) were admitted in the first 
24 hours of life. Approximately half of the outborn infants (n=36; 
49%) were admitted beyond the first day of life. Only 8 (10%) of the 
outborn infants were VLBW. Ten infants (2%) were born at home 
or in transit to hospital.

The mean (SD) maternal age was 28 (6.2) years (range 13 
- 46  years). Half of the mothers had medical and/or pregnancy-
related conditions. Only 60% received a complete course of 
antenatal corticosteroids when indicated (preterm delivery before 
34 weeks’ gestation). Most deliveries occurred by emergency 
caesarean section (n=278; 56%). Approximately one-third of 
infants required resuscitation or interventions in the delivery room 
above routine newborn care.

Incidence of hypothermia on admission
The incidence of hypothermia on admission in the study cohort was 
67% (n=336). A quarter of infants had mild hypothermia (n=129) 
and 41% (n=207) had moderate-severe hypothermia. Five infants 
(1%) had hyperthermia (temperature >37.5°C). One in 10 infants had 
an admission temperature <35.0°C. Hypothermia on admission was 
present in 82% of VLBW infants (n=106), with 62% (n=81) having 
moderate-severe hypothermia and 25% (n=33) having an admission 
temperature <35.0°C. The first subsequent normal temperature was 
recorded at a mean of 4.1 (3.9) hours (range 2 - 36 hours) after an 
initial subnormal temperature recording on admission.

Risk factors for hypothermia
Birthweight was a significant risk factor for hypothermia on admission. 
The odds of hypothermia increased with decreasing birthweight and 
gestational age (Table 1). VLBW infants had 2 - 4 times increased odds 
of becoming hypothermic compared with infants with a birthweight 
≥2 500 g. Infants with a gestation of 340-366 weeks, 280-336 weeks, and 
<280 weeks were 2, 3, and 5 times more likely to be hypothermic than 
infants with a gestational age >366 weeks.º

Outborn infants were less likely to be hypothermic on admission 
than inborn infants (odds ratio (OR) 0.45; 95% confidence interval 
(CI) 0.3 - 0.7). Among inborn infants, admission directly from 
theatre (OR 3.01; 95% CI 1.0 - 9.0), and delivery by emergency 
caesarean section (OR 1.61; 95% CI 1.1 - 2.4) were associated with 
increased risk for hypothermia. Receiving resuscitation in the 
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delivery room did not significantly increase the risk of hypothermia 
(OR 1.6; 95% CI 1.0 - 2.5). However, infants who were hypothermic 
on admission had significantly lower Apgar scores at 1 minute 
than those who had a normal temperature (mean Apgar 8.5 v. 6.5; 
p<0.00). Hypothermia was more common in infants admitted to the 
NICU compared with those admitted to high care (OR 3.9; 95% CI 
2.6 - 5.7). On multivariate analysis, the following were independent 

risk factors for hypothermia in this cohort: birthweight ≤1 500 g (OR 
1.9; p=0.02), admission to NICU (OR 2.0; p<0.00), and admission 
from the delivery room within the first 60 minutes of life (OR 3.06; 
p=0.03).

Mothers of hypothermic infants were significantly older than 
mothers of normothermic infants (mean (SD) 29 (6.3) years v. 27 
(5.6) years; p=0.04). Other maternal factors, anthropometry, time 

Table 1. Association between infant, maternal and obstetric characteristics and hypothermia

Characteristic (N) n (%) Normal

Hypothermia, n (%) Normal v. hypothermia (total)

Total
Moderate-
severe OR (95% CI) p-value

Birthweight (g) 
(502)

≥ 2 500 154 (30.7) 68 (44.2) 86 (55.8) 50 (32.5) 1.0
2 000 - 2 499 78 (15.5) 28 (35.9) 50 (64.1) 27 (34.6) 1.4 (0.8 - 2.5) 0.23
1 500 - 1 999 140 (27.9) 49 (35.0) 91 (65.0) 49 (35.0) 1.5 (0.9 - 2.4) 0.11
1 000 - 1 499 86 (17.1) 16 (18.6) 70 (81.4) 52 (60.5) 3.5 (1.8 - 6.6) <0.00
750 - 999 36 (7.2) 6 (16.7) 30 (83.3) 25 (69.4) 4.0 (1.5 - 10.3) <0.00
<750 8 (1.6) 2 (25.0) 6 (75.0) 4 (50.0) 2.4 (0.5 - 12.3) 0.29

Gestational age (weeks)  
(489)

≥360 138 (28.2) 66 (43.6) 72 (52.2) 51 (37.0) 1.0
340 - 356 151 (30.9) 50 (33.1) 101 (66.9) 54 (35.8) 1.9 (1.1 - 3.0) 0.01
280 - 336 176 (36.0) 45 (25.6) 131 (74.4) 90 (51.1) 2.7 (1.6 - 4.4) <0.00
<280 24 (4.9) 4 (16.7) 20 (83.3) 16 (66.7) 4.6 (1.4 - 14.6) <0.00

Anthropometry  
(489)

AGA 368 (75.3) 122 (33.2) 246 (66.9) 159 (43.2) 1.0
SGA 101 (20.7) 34 (33.7) 67 (66.3) 36 (35.6) 0.9 (0.6 - 1.6) 0.92
LGA 20 (4.1) 9 (45.0) 11 (55.0) 5 (25.0) 0.6 (0.2 - 1.5) 0.28

Resuscitation  
(428)*

No 269 (62.9) 97 (36.1) 172 (63.9) 102 (37.9) 1.0
Yes 159 (37.1) 39 (24.5) 120 (75.5) 94 (59.1) 1.6 (1.0 - 2.5) 0.08

1-minute Apgar score  
(473)*

7 - 10 329 (69.6) 121 (36.8) 208 (63.2) 116 (35.3) 1.0
4 - 6 113 (23.9) 28 (24.8) 85 (75.2) 55 (48.7) 1.8 (1.1 - 2.9) 0.03
0 - 3 31 (6.5) 4 (12.9) 27 (87.1) 22 (71.0) 3.9 (1.3 - 11.5) 0.01

5-minute Apgar score  
(473)*

7 - 10 438 (92.6) 146 (33.3) 292 (66.7) 176 (40.2) 1.0
4 - 6 27 (5.7) 5 (18.5) 22 (81.5) 19 (70.4) 2.2 (0.8 - 5.9) 0.12
0 - 3 8 (1.7) 2 (25.0) 6 (75.0) 5 (62.5) 1.5 (0.3 - 7.5) 0.62

Maternal age (years)  
(497)*

<20 36 (7.2) 13 (36.1) 23 (63.9) 14 (38.9) 1.0
20 - 29 248 (49.9) 94 (37.9) 154 (62.1) 106 (42.7) 0.9 (0.5 - 1.9) 0.84
30 - 39 194 (39.0) 56 (28.9) 138 (71.1) 88 (45.4) 1.4 (0.7 - 3.0) 0.38
≥40 19 (3.82) 4 (21.1) 15 (78.9) 6 (31.6) 2.1 (0.6 - 8.0) 0.25

Parity  
(494)*

0 159 (32.2) 49 (30.8) 110 (69.2) 71 (44.7) 1.0
1 - 2 270 (54.7) 95 (35.2) 175 (64.8) 118 (43.7) 0.8 (0.5 - 1.3) 0.35
>2 65 (13.2) 19 (29.2) 46 (70.8) 25 (38.5) 1.1 (0.6 - 2.1) 0.80

Maternal morbidities*  
(477)

None 227 (47.6) 82 (36.1) 145 (63.9) 1.0
Any† 250 (52.4) 77 (30.8) 173 (69.2) 1.3 (0.9 - 1.9) 0.22

Multiple pregnancy (502)* Singleton 427 (85.0) 144 (33.7) 283 (66.3) 186 (43.6) 1.0
Twins 68 (13.6) 22 (32.6) 46 (67.7) 28 (41.2) 1.1 (0.6 - 1.8) 0.82
Triplets 7 (1.4) 3 (42.9) 4 (57.1) 1 (14.3) 0.7 (0.2 - 3.1) 0.61

Antenatal steroids 
(463)*

Complete 136 (29.4) 29 (21.3) 107 (78.7) 73 (53,7) 1.0
Incomplete 55 (11.9) 11 (20.0) 44 (80.0) 29 (52.7) 1.1 (0.5 - 2.4) 0.84
None 37 (7.9) 15 (40.5) 22 (59.5) 16 (43.2) 0.4 (0.2 - 0.9) 0.02
Not indicated 235 (50.8) 97 (41.3) 138 (58.7) 89 (37.9) 0.4 (0.2 - 0.6) >0.00

Mode of delivery  
(494)*

NVD 165 (33.4) 65 (39.4) 100 (60.6) 61 (36.9) 1.0
Elective c/s 46 (9.3) 20 (43.5) 26 (56.5) 12 (26.1) 0.6 (0.4 - 1.6) 0.62
Emergency c/s 278 (56.3) 80 (28.8) 198 (71.2) 126 (45.3) 1.6 (1.1 - 2.4) 0.02
Assisted 5 (1.0) 1 (20.0) 4 (80.0) 3 (60.0) 2.6 (0.3 - 24.1) 0.38

*Only inborn infants admitted in the first 6 hours of life included in the logistic regression analysis. 
†Maternal morbidities included hypertension, diabetes, infection, and other medical conditions such as autoimmune disease.
N = total number of infant/mother pairs where data were available in records; n = number of affected infants; OR = odds ratio;  
CI = confidence interval; AGA= appropriate for gestational age (GA); c/s = caesarean section; SGA = small for GA; LGA = large for GA; NVD = normal vaginal delivery.
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of delivery or admission (day or night), and distance from referring 
facility did not significantly affect the risk for hypothermia. 

Owing to a shortage of beds, infants are occasionally nursed in a 
warmed incubator in the labour ward while awaiting admission to 
the neonatal unit. This includes infants delivered in theatre and the 
labour ward itself, as well as those born before arrival to hospital. 
There was a higher incidence and degree of severity of hypothermia 
on admission among inborn infants who arrived in the neonatal unit 
in the first 60 minutes of life (Table 2). 

The majority of infants (87%) were transferred in closed 
incubators. However, 12 LBW (<2 500 g) infants, including 6 VLBW 
infants, were transferred wrapped in linen only without additional 
preventive measures. Only 8% of VLBW infants, and 15% of ELBW 
infants were wrapped in plastic. Being transferred in a closed 
incubator was the only intervention that significantly decreased the 
risk of hypothermia in all infants (OR 0.5; 95% CI 0.2 - 0.8). Infants 

who were transported covered in linen and/or clothed, without 
the use of additional preventive measures, such as plastic wrap or 
additional heat source, had a twofold increased risk of hypothermia 
(OR 2.2; 95% CI 1.2 - 4.2) (Table 2).

Hypothermia and neonatal outcomes
Hypothermia had a significant impact on length of stay and 
respiratory support (Table  3). Infants who were hypothermic on 
admission had a significantly longer stay in hospital (mean (SD) 
16.5 (18.1) v. 10.9 (12.6) days; p<0.00), and in the NICU (mean (SD) 
3.7 (6.2) v. 2.3 (4.6) days; p<0.00). They also required respiratory 
support for longer (mean (SD) 2.9 (5.4) v. 1.7 (4.5) days; p<0.00), 
and more days of oxygen therapy (mean (SD) 7.2 (14.4) v. 3.4 (7.4) 
days; p<0.0001). VLBW infants with admission hypothermia had 
a near fourfold increased need for nCPAP compared with their 
normothermic counterparts (OR 3.9; p<0.00).

Table 2. Admission characteristics and preventive measures: summary statistics and risk assessment

Characteristic (N) n (%) Normal

Hypothermia, n (%) Normal v. hypothermia (total)

Total
Moderate-
severe OR (95% CI) p-value

Place of birth (502) p=0.02
Inborn 415 (82.7) 126 (30.4) 289 (69.6) 184 (44.3) 1.0
Outborn 77 (15.3) 38 (49.4) 39 (50.7) 20 (25.9) 0.5 (0.3 - 0.7) <0.00
BBA 10 (2.0) 5 (50.0) 5 (50.0) 3 (30.0) 0.4 (0.1 - 1.5) 0.18

Time of delivery (440)* p=0.52
Day 258 (58.6) 76 (29.5) 182 (70.5) 116 (44.9) 1.0
Night 182 (41.4) 58 (31.9) 124 (68.13) 76 (41.8) 0.8 (0.6 - 1.4) 0.60

Age at admission from delivery room (233)* p<0.00
0 - 60 min 62 (26.6) 11 (17.7) 51 (82.3) 42 (67.7) 1.0
61 - 120 min 102 (43.8) 28 (27.5) 74 (72.6) 48 (47.1) 0.6 (0.3 - 1.3) 0.16
121 - 180 min 35 (15.0) 14 (40.0) 21 (60.0) 12 (34.0) 0.3 (0.1 - 0.9) 0.02
>180 min 34 (14.6) 18 (52.9) 16 (47.1) 4 (11.8) 0.2 (0.1 - 0.5) <0.00

Time of admission (498) p=0.47
Day 283 (56.8) 98 (34.6) 185 (65.4) 116 (40.9) 1.0
Night 215 (43.2) 68 (31.6) 147 (68.4) 91 (42.3) 1.2 (0.8 - 1.7) 0.48

Admitted from (394) p<0.00
Labour ward 240 (60.9) 74 (30.8) 166 (69.2) 103 (42.9) 1.0
Theatre 31 (7.9) 4 (12.9) 27 (87.1) 20 (64.5) 3.0 (1.0 - 9.0) 0.04
Postnatal ward 38 (9.6) 24 (63.2) 14 (36.8) 7 (18.4) 0.3 (0.1 - 0.5) <0.00
Another ward 9 (2.3) 3 (33.3) 6 (66.7) 3 (33.3) 0.9 (0.2 - 3.7) 0.87
Another facility 76 (19.3) 38 (50.0) 38 (50.0) 22 (28.9) 0.5 (0.3 - 0.8) <0.00

Distance from referring facility (outborn infants) (75) p=0.72
Within 40 km 64 (85.3) 30 (46.9) 34 (53.1) 19 (29.9) 1.0
>40 km 11 (14.7) 7 (63.4) 4 (36.4) 2 (18.2) 0.5 (0.1 - 1.9) 0.31

Ward admitted to (500) p<0.00
High care 215 (43.0) 109 (50.7) 106 (49.3) 42 (19.5) 1.0
NICU 285 (57.0) 60 (21.1) 225 (78.9) 164 (57.5) 3.9 (2.6 - 5.7) <0.00

Preventive measures during transport (374)†

Incubator 327 (87.4) 97 (29.7) 230 (70.3) 147 (45.0) 0.5 (0.2 - 0.8) <0.00
Clothing, linen 43 (11.5) 21 (48.9) 22 (51.2) 9 (20.9) 2.2 (1.2 - 4.2) 0.015
Plastic wrap 6 (1.6) 1 (16.7) 5 (83.3) 3 (50.0) 0.4 (0.1 - 3.6) 0.41
Overhead warmer 2 (0.5) 1 (50.0) 1 (50.0) 0 2.1 (0.1 - 33.5) 0.60
Skin-to-skin 2 (0.5) 1 (50.0) 1 (50.0) 1 (50.0) 2.1 (0.1 - 33.9) 0.60

*Only inborn infants admitted in the first 6 hours of life included in the logistic regression analysis. 
†OR in comparison to no exposure to the specific preventive measure. In some cases, multiple measures were used concurrently.
N = total number of infants where data were available; n = number of affected infants; OR = odds ratio; CI = confidence interval; BBA = born before arrival;  
NICU = neonatal intensive care unit.
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Discussion
The incidence of hypothermia on admission in the SBAH neonatal 
unit is high (67%; moderate-severe 41%). The incidence of neonatal 
hypothermia reported in lower- and middle-income country hospitals 
ranges from 32 to 85%.[15] Similar studies done with infants admitted 
in the first 28 days of life reported an incidence of 32 - 62%.[8,15-17] In 
this study, 82% of VLBW infants were hypothermic on admission. 
This is similar to previous findings in the unit.[14] However, it is higher 
than the incidence reported in other units. A recent Johannesburg 
study reported an incidence of 46% in VLBW infants admitted in the 
first 24 hours of life,[18] and an incidence of 53% has been reported in 
infants of <32 weeks’ gestation in Europe.[12] 

Preterm and VLBW infants have the highest risk of 
hypothermia.[7,12,19] Similarly, in this study, the risk of hypothermia 
was inversely proportional to birthweight and gestational age, and 
VLBW was an independent risk factor for hypothermia. Delivery by 
emergency caesarean section, low 1-minute Apgar scores, admission 
from theatre, and admission to the NICU were associated with 
increased risk of becoming hypothermic. These are known risk 
factors from previous studies.[4,7-9,17,19,20] In this study, resuscitation 
was defined as any intervention above routine neonatal care, 
including the administration of free-flow oxygen. A more stringent 
definition may have led to results showing a significant association 
between hypothermia and the need for resuscitation. The results 
may indicate a lack of adequate thermoregulatory care in the 
immediate postnatal period. Postnatal care practices, such as low 
delivery room temperature and lack of skilled care at delivery have 
been reported as causes for hypothermia.[3,4,21] Underlying conditions 
and inherent physiology, which predispose to delayed transition and 
the need for procedures in the delivery room, may also contribute to 
the increased risk. 

Admission from the delivery room in the first 60 minutes of life 
was an independent risk factor for hypothermia. Infants who were 
admitted (and therefore had a temperature recorded) in the first 60 
minutes of life were 2 - 4 times more likely to be hypothermic than 

those admitted later. Owing to bed shortage, infants occasionally 
await admission in a closed heated incubator in the delivery room. 
Sicker or more unstable infants are more likely to be rushed to 
the NICU soon after delivery and their underlying conditions and 
inherent physiology which predispose to delayed transition and the 
need for procedures in the delivery room, may predispose them to 
hypothermia. However, current practices for thermoregulatory care 
in the period immediately after delivery need to be evaluated. 

This study was designed as an overall assessment of neonatal 
hypothermia in the neonatal unit; therefore infants admitted in the 
first 28 days of life were included. A wide selection likely resulted 
in heterogeneity in the aetiology of hypothermia in the study 
population. The majority of infants (87%, n=415/477) were admitted 
in the first 24 hours (day 1) of life. Thermoregulatory capability 
improves with increasing postnatal age[20] and hypothermia was 
more common in infants admitted on day 1, with 71% (n=293) 
of these infants being hypothermic on admission, compared with 
42% (n=26/62) of infants admitted after day 1. Further, VLBW 
made up a larger proportion of the infants admitted on day 1 (28%, 
n=118), compared with infants admitted later (6%, n=4/62) Other 
characteristics, such as anthropometry and maternal characteristics 
were similar in the two groups. Risk factors for hypothermia were 
assessed for infants admitted in the first 6 hours of life where 
applicable (Tables 2 and 3). Contrary to other studies, outborn 
infants were less likely to be hypothermic. This can in part be 
explained by a likely higher postnatal age compared with inborn 
infants. Also, fewer outborn infants had VLBW (10%). However, it 
also suggests adequate thermal care during stabilisation at referring 
centres and in transit.

Hypothermia is associated with hypoglycaemia, acidosis, respiratory 
distress and respiratory distress syndrome (RDS), pneumonia, late-
onset sepsis, delayed transition to neonatal circulation, coagulopathy 
and haemorrhage, acute renal failure, and intraventricular haemorrhage 
(IVH).[7-9,20] Although there was a trend to worsening outcomes with 
lower body temperature, the assessment of the impact on mortality 

Table 3. Association between hypothermia and neonatal outcomes

Outcome
All infants VLBW infants

OR (95% CI) p-value OR (95% CI) p-value
Mortality 1.4 (0.7 - 2.7) 0.36 0.6 (0.2 - 1.7) 0.30
Hypoglycaemia 0.9 (0.6 - 1.4) 0.55 0.6 (0.2 - 1.7) 0.36
Late-onset sepsis

Suspected 1.4 (0.7 - 3.0) 0.33 1.2 (0.4 – 4.0) 0.76
Culture-proven 1.6 (0.6 - 4.2) 0.31 1.3 (0.3 - 6.4) 0.78

IVH*
Grades 1 and 2 1.4 (0.3 - 6.7) 0.72 0.6 (0.1 - 3.1) 0.51
Grades 3 and 4 0.7 (0.4 - 1.5) 0.41 0.4 (0.1 - 1.4) 0.14

Pulmonary haemorrhage 1.5 (0.2 - 14.4) 0.73 0.6 (0.0 - 6.6) 0.71
nCPAP 2.9 (1.9 - 4.4) <0.00 3.9 (1.5 – 10.0) <0.00
Mechanical ventilation 1.1 (0.7 - 1.9) 0.65 1.1 (0.4 - 3.1) 0.93
Surfactant† 1.7 (0.9 - 2.9) 0.08 2.5 (0.9 - 6.4) 0.07
Normal v. hypothermia, days, mean (SD) All infants VLBW infants
In the unit 10.9 (12.6) v. 16.3 (18.0) <0.00 24.8 (18.1 )v. 30.2 (22.9) 0.28
In NICU 2.2 (4.6) v. 3.7 (6.1) <0.00 6.5 (9.2) v. 6.9 (8.8) 0.15
Respiratory support 1.7 (4.5) v. 2.8 (5.4) 0.01 5.7 (9.9) v. 5.6 (8.1) 0.09
Oxygen 3.4 (7.4) v. 7.2 (14.3) <0.00 10.5 (15.9) v. 15.7 (20.6) 0.02

*Only infants with cranial ultrasound. 
†Only infants assessed to have respiratory distress syndrome.
VLBW = very low birthweight; OR = odds ratio; CI = confidence interval; IVH = intraventricular haemorrhage; nCPAP = nasal continuous positive airway pressure,  
NICU = neonatal intensive care unit.
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and morbidities was limited by the inability to distinguish between 
moderate and severe hypothermia. 

Admission hypothermia was associated with an increased need 
for respiratory support, increased duration of hospital stay and the 
need for NICU admission, placing an added burden on a resource-
limited neonatal unit. Although not all confounders were specifically 
addressed in this assessment, this trend was seen in the VLBW 
cohort of infants as well. Hypothermic infants have higher postnatal 
weight loss and take longer to regain their birthweight as a result 
of increased energy demand, associated feeding difficulties and 
morbidities.[9,21]

There is no standardised thermal care protocol in the unit. Infants 
are generally nursed under overhead radiant warmers in the delivery 
room and some await admission in a heated closed incubator in 
the labour ward. On admission, infants are generally nursed under 
overhead radiant warmers (mainly in the NICU), in closed incubators 
or clothed in cribs (bigger babies). In this study, hypothermia persisted 
for a significant period after admission, with hypothermic infants 
taking an average of 4 hours to record a first normal temperature. The 
use of preventive measures against hypothermia during transfer was 
evaluated to determine the current standard of care. It is disconcerting 
that several VLBW infants were transported without additional heat 
provided (either a closed incubator or overhead heater), and the 
majority were not wrapped in plastic. 

Thermal care forms an important part of routine neonatal 
care. Strategies to prevent hypothermia using a combination of 
interventions targeting the different modes of heat loss are essential. 
In this study, transfer in a closed incubator decreased the risk of 
hypothermia on admission. Several other measures are known to 
protect against hypothermia during routine care, transport, and 
during procedures such as resuscitation. These include: other heat 
sources such as radiant warmers, thermal mattresses and heated 
pads, maintaining a neutral ambient temperature, the use of warm 
humidified gases, using preheated blankets, the use of polyethylene 
plastic wraps or bags, early skin-to-skin care, and early initiation of 
breastfeeding.[9,10,19,20,22,23] 

Study limitations
Limitations of this study include incomplete/missing data owing to 
the retrospective design of the study. Almost 10% of infants admitted 
in the study period were not included in the analysis because 
of missing hospital records. The incidence and impact of severe 
hypothermia could not be fully assessed as infants could not be 
categorised into mild, moderate, and severe hypothermia categories 
because of inadequate assessment of temperature on admission in 
infants with a body temperature <35.0°C.

Conclusion
We recommend the adoption of an evidence-based thermal care 
protocol in the neonatal unit. Several guidelines are available which 
can be adapted to include means which are readily available in the 
unit.[1,5,6,10,13,20,23] Healthcare workers need regular training on the 
causes, consequences, prevention, and management of hypothermia. 
The method of recording body temperature in the unit also needs to 
be standardised.
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