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Abstract 

Objective: This study aims to identify determinants of hypothermia in neonates in neonatal intensive care unit of 
public hospitals of Central Zone Tigray, Ethiopia in 2017.

Results: A total of 88 cases and 176 controls were included in this study. Ninety-one percent cases and 86.4% 
controls were in the 1st week of neonate age. Multivariable logistic regression analysis showed that delayed initia-
tion of breastfeeding [AOR = 7.23; 95% CI (2.75, 18.99)], low birth weight [AOR = 8.51; 95% CI (2.71, 26.73)], preterm 
[AOR = 3.689; 95% CI (1.359, 10.012)], low APGAR score at 5th min [AOR = 3.71; 95% CI (1.57, 8.79)], skin to skin contact 
[AOR = 6.23; 95% CI (2.523, 15.358)], night time delivery [AOR = 6.25; 95% CI (2.58, 15.12)] and bathed within 24 h 
[AOR = 10.06; 95% CI (3.86, 26.22)] were independent risk factors of neonatal hypothermia.
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Introduction
Neonatal hypothermia is subnormal of a newborn’s body 
temperature drops below 36.5  °C [1]. It leads to diverse 
health consequences with a prevalence in hospitals 
ranges from 32 to 85% and homes ranges from 11 to 92%, 
including tropical environments [2]. Immediately after 
delivery if no action is taken, the core and skin tempera-
tures of term neonates can decrease at a rate of approxi-
mately 0.1  °C and 0.3  °C per minute respectively. The 
mechanisms of heat loss in neonates could be through 
conduction, convection, evaporation, and radiation 
immediately following after birth [3].

Even though there are guidelines in place for manag-
ing hypothermia, thermal care and has included thermal 
care as one of the elements of essential newborn care 
that should be provided to all newborns regardless of set-
ting [1, 4], hypothermia is one of the major contributor 

to neonatal morbidity and mortality in low and mid-
dle income countries. In addition, in poor settings, only 
limited progress has been made towards understand-
ing the risk of mortality by hypothermia [5]. In several 
resource-limited countries, some progress has been 
attained in subsiding mortality of children under 5 years 
of age, but less progress has been made to increase sub-
sistence of neonates or infants under the age of 28 days 
[6]. Consequently, lack of thermal protection is still an 
underappreciated major challenge for newborn survival 
in developing countries [2].

To solve the major challenge of morbidity and mortal-
ity of neonatal hypothermia needs to identify its deter-
minants, which have greater input to program managers 
and policy makers for designing, proper implementation 
and evaluation of programs on reduction of neonatal 
mortality and improvement of newborn care to achieve 
sustainable development goal (SDG) 3 of ensuring 
healthy lives and promote well- being for all at all age. In 
this article, we have quantified associations between neo-
natal hypothermia and determinants.
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Main text
Study design
A hospital-based unmatched retrospective case–con-
trol study design was employed on neonates in the neo-
natal intensive care unit of the Central Zone, Tigray, 
Ethiopia 2017.

Source of population
The source population was all neonates paired moth-
ers admitted to the neonatal intensive care unit of pub-
lic hospitals in the study area during the study period. 
Cases were neonates with hypothermia (< 36.5  °C) [1] 
admitted to the neonatal intensive care unit of four 
public hospitals in the Central Zone. Controls were 
neonates without hypothermia or ≥ 36.5 °C admitted at 
NICU in the same health institutions of cases.

Sample size determination
A sample size of the study was calculated using Epi-info 
software version 7.1.1 with the following parameters 
for unmatched case–control study. The parameters 
were significance 95%, power 80%, odds ratio 2.62, case 
to control ratio 1: 2, the proportion of controls with 
exposure 15.5% [7], and proportion of cases with expo-
sure = 36.71% and got 80 cases and 160 controls After 
assuming a 10% non-response rate, the total sample 
size yield 88 cases and 176 controls with the overall 
sample size were 264.

Sampling technique
Consecutive sampling technique was used to select the 
study subjects from four public hospitals (Aksum Uni-
versity referral hospital, St. Marry hospital, Adwa hos-
pital and Abyiadi hospital).

Data collection tool and procedure
The questionnaire was initially prepared in English and 
then translated into local language Tigrigna. Data were 
collected from the mothers, neonates, and chart of the 
neonates using interviewer-administered structured 
questionnaire adopted and modified from different 
kinds of literature and observational. Four BSc nurses’ 
data collectors with previous experience of data collec-
tion were recruited to run the data collection proce-
dure. Continuous follow-up and supervision were made 
by supervisors and principal investigators throughout 
the data collection period. Data collection was accom-
plished within 6 weeks’ duration, starting from Febru-
ary to March 2017. A digital thermometer was used to 
identify cases and controls, which measures the surface 
temperature at the site of axilla according to WHO 

recommendation [1]. Ten percent pretest was done at 
Suhual hospital North West Tigray to check the con-
sistency of the questioner.

Data analysis and process
Data were cleaned and entered using Epi info version 
7.1.1 and analyzed using SPSS version 22.0 statistical 
software. Multivariable logistic regression was done to 
determine determinants of hypothermia. The goodness 
of fit of the model was checked using Hosmer–Lemen 
show test. All assumptions of logistic regression were 
checked. Collinearity of the variables was checked vari-
ance inflation factors (VIF) and tolerance. If VIF < 10 and 
tolerance > 0.1 indicating that no multicollinearity among 
variables. Data was finally presented and interpreted at 
P-value < 0.05 were considered as statistically significant 
in multivariable logistic regression.

Results
Socio‑demographic characteristics of mothers
In this study, a total of 88 neonates who had hypother-
mia (cases) with their index mothers and 176 neonates 
who had no hypothermia (controls) with their index 
mothers were included, making a response rate of 100%. 
The median (± inter quartile range) age of mothers 
was 27.5 ± 8  years’ ranges from 18 to 44  years. Forty-
six (53.3%) of cases of mothers and 71 (40.3%) controls 
of mothers were living in rural areas. Most mothers 69 
(78.4%) cases and 141 (80.1%) controls were orthodox. 
Regarding marital status, 79 (89.8%) cases of moth-
ers and 167 (94.9%) controls of mothers were married. 
Twenty-nine (32.9%) of cases of mothers and 81 (46.0%) 
controls of mothers were housewives by occupation and 
27 (30.7%) cases of mothers and 52 (29.5%) controls of 
mothers were not able to read and write. Concerning 
neonates’ socio-demographic characteristics, 80 (90.9%) 
of the cases and 152 (86.4%) controls were found below 
the age of 7 days.

Obstetric history of mother’s characteristics of the study 
subjects
In this study, 45 (51.1%) cases of mothers and 79 (44.9%) 
controls of mothers were prim parous and 27 (30.7%) 
cases of mothers and 42 (23.9%) controls of mothers 
had complications during pregnancy and labor. Four-
teen (15.9%) cases and 15 (8.5%) controls were delivered 
by Caesarian section. Twenty-one (23.9%) cases and 
32 (18.2%) controls were delivered at home whereas 24 
(27.3%) cases and 75 (42.6%) controls were delivered in 
hospital (Table 1).
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Neonate, environmental and practice related characteristics
The mean (± SD) room temperature of the neonatal 
intensive care unit was 29.01 ± 1.30  °C. Thirty (34.1%) 
cases and 18 (10.2%) controls had low birth weight and 
61 (69.3%) cases and 156 (88.6%) controls were deliv-
ered at term gestational age. Forty-nine (55.7%) cases 
and 36 (20.5%) controls were bathed their child within 
24  h of delivery. Forty-eight (54.5%) cases and 151 

(85.8%) controls were done skin to skin contact imme-
diately after delivery (Table 2).

Determinants of hypothermia
The majority of variables which were showed significant 
association with risk of neonatal hypothermia in the 
bivariate analysis could not persist as significant in the 
multivariable logistic regression analysis. In the multivar-
iable binary logistic regression analysis, only seven vari-
ables had shown an overall significant effect on the risk of 
neonatal hypothermia at 5% level of significance.

Hence, mothers bathed their child within 24  h were 
showed significant association with neonatal hypother-
mia. The odds of bathed their child within 24 h were 10 
times higher compared to those who have not bathed 
their child within 24  h [AOR = 10.06; 95% CI (3.86, 
26.22)].

Lack of skin to skin contact after delivery right away 
was significantly associated with neonatal hypother-
mia. This study showed that those who were not expe-
riencing skin to skin contact 6 times higher risk than 
those who had experienced skin to skin contact to neo-
natal hypothermia [AOR = 6.23; 95% CI (2.52, 15.36)]. 
Mothers started breastfeeding their child after 1  h had 
7 times higher risk than those who started immediately 
after born to the outcome of neonatal hypothermia 
[AOR = 7.23; 95% CI (2.75, 18.99)].

Table 1 Obstetric history and practice of mothers in Central Zone Tigray, Ethiopia, 2017

Obstetric complication comprises any complication during pregnancy, labor and after labor

Variables Category Cases Controls Total
n = 88 (%) n = 176 (%) n = 264 (%)

Parity Prim parous 45 (51.1) 79 (44.9) 124 (47.0)

Multiparous 43 (48.9) 97 (55.1) 140 (53.0)

Obstetric complication Yes 27 (30.7) 42 (23.9) 69 (26.1)

No 61 (69.3) 134 (76.1) 195 (73.9)

Mode of delivery Spontaneous 65 (73.9) 142 (80.7) 207 (78.4)

Instrumental 9 (10.2) 19 (10.8) 28 (10.6)

C/s 14 (15.9) 15 (8.5) 29 (11.0)

Place of delivery Hospital 24 (27.3) 75 (42.6) 99 (37.5)

Health center 42 (47.7) 69 (39.2) 111 (42.1)

Private clinic 1 (1.1) 0 (0) 1 (0.4)

Home 21 (23.9) 32 (18.2) 53 (20.0)

Type of pregnancy Single 80 (90.9) 169 (96.0) 249 (94.3)

Twin 8 (9.1) 7 (4.0) 15 (5.7)

Time of delivery Day 27 (30.7) 101 (57.4) 128 (48.5)

Night 61 (69.3) 75 (42.6) 136 (51.5)

Starting breastfeeding Immediately 19 (21.6) 90 (51.1) 109 (41.3)

Within 1 h 16 (18.2) 36 (20.5) 52 (19.7)

After 1 h 53 (60.2) 50 (28.4) 103 (39.0)

Table 2 Neonatal, environment and  practice related 
characteristics in Central Zone Tigray, Ethiopia, 2017

Variables Category Cases Controls Total
n = 88 (%) n = 176 (%) n = 264 (%)

Weight of neo-
nate

< 2500 g 30 (34.1) 18 (10.2) 48 (18.2)

≥ 2500 g 58 (65.9) 158 (89.8) 216 (81.8)

Gestational age < 37 weeks 27 (30.7) 20 (11.4) 47 (17.8)

≥ 37 weeks 61 (69.3) 156 (88.6) 217 (82.2)

Bathing in 24 h Yes 49 (55.7) 36 (20.5) 85 (32.2)

No 39 (44.3) 140 (79.5) 179 (67.8)

APGAR at 5 min < 7 48 (54.5) 43 (24.4) 91 (34.5)

≥ 7 40 (45.5) 133 (75.6) 173 (65.5)

Skin to skin 
contact

Yes 48 (54.5) 151 (85.8) 199 (75.4)

No 40 (45.5) 25 (14.2) 65 (24.6)

CPR Yes 18 (20.5) 30 (17.0) 48 (18.2)

No 70 (79.5) 146 (83.0) 216 (81.8)
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APGAR score at five minutes had a significant associa-
tion with the outcome variable of neonatal hypothermia. 
Those less than seven scores were 3.7 times higher risk 
than greater than seven scores to neonatal hypother-
mia [AOR = 3.71; 95% CI (1.57, 8.79)]. The odds of night 
delivered were 6 times higher at risk than daytime deliv-
ered for neonatal hypothermia [AOR = 6.252; 95% CI 
(2.58, 15.12)].

Preterm babies were 3.6 times higher risk than term 
developing neonatal hypothermia [AOR = 3.67; 95% CI 
(1.34, 10.01)]. Similarly, the weight of the neonate had 
also a significant association with neonatal hypothermia. 
Low birth weight neonates were 8.5 times higher at risk 
than normal weight as a determinant of neonatal hypo-
thermia [AOR = 8.51; 95% CI (2.71, 26.73)] (Table 3).

Discussion
This study showed that initiation of breastfeeding was 
significant with neonatal hypothermia. This result is 
consistent with a study conducted in Zambia (2014) 

which showed that delayed breastfeeding initiation was 
7.5 times higher risk than the immediate initiation of 
breastfeeding. Additionally, this study is similar to a 
study conducted in southern Nepal, which showed that 
delayed breastfeeding initiation was 1.5 times higher 
risk than immediate initiation breastfeeding [3, 8]. This 
may be due to early initiation of breastfeeding facili-
tated skin to skin contact immediately, prevent expos-
ing the baby to the environment, increase follow up 
care to mothers for their child and delayed initiation 
breastfeeding prone to hypoglycemia which leads to 
hypothermia. The difference might be due to study set-
ting variation and study design.

Birth weight showed a significant association with 
neonatal hypothermia. This finding is similar to a study 
conducted in Gonder, Northwest of Ethiopia (2015) 
presented that low birth weight was 3.7 times more 
likely to be hypothermic than normal weight [7]. This 
may be due to the fact that neonate with low birth 
weight has a poor subcutaneous tissue, so they had 

Table 3 Predictors of hypothermia on neonates in hospitals of Central Zone Tigray, Ethiopia, 2017

a This symbol is an indictor to show significant association with outcome variable

Variables Category Cases Controls COR [95% CI] AOR [95% CI]
n = 88 (%) n = 176 (%)

Residence Urban 42 (47.7) 105 (59.7) 1 1

Rural 46 (53.3) 71 (40.3) 1.620 (0.967, 2.712) 1.308 (0.500, 3.425)

Bathing in 24 h Yes 49 (55.7) 36 (20.5) 4.886 (2.797, 8.534) 10.06 (3.862, 26.219)a

No 39 (44.3) 140 (79.5) 1 1

Skin to skin contact Yes 48 (54.5) 151 (85.8) 1 1

No 40 (45.5) 25 (14.2) 5.033 (2.774, 9.134) 6.225 (2.523, 15.358)a

Initiation of breastfeeding Immediately 19 (21.6) 90 (51.1) 1 1

Within 1 h 16 (18.2) 36 (20.5) 2.105 (0.976, 4.543) 2.603 (1.87, 7.970)a

After 1 h 53 (60.2) 50 (28.4) 5.021 (2.68, 9.407) 7.231 (2.753, 18.93)a

CPR Yes 18 (20.5) 30 (17.0) 1.553 (0.796, 3.032) 2.858 (0.859, 9.510)

No 70 (79.5) 146 (83.0) 1 1

Complication Yes 27 (30.7) 42 (23.9) 1.721 (0.961, 3.032) 2.282 (0.636, 8.180)

No 61 (69.3) 134 (76.1) 1 1

APGAR at 5 min < 7 48 (54.5) 43 (24.4) 3.712 (2.515, 6.385) 3.712 (1.568, 8.788)a

≥ 7 40 (45.5) 133 (75.6) 1 1

Type of pregnancy Single 80 (90.9) 169 (90.0) 1 1

Twin+ 8 (9.1) 7 (4.0) 0.414 (0.145, 1182) 0.607 (0.240, 1.534)

Mode of delivery Spontaneous 65 (73.9) 142 (80.7) 1 1

Instrumental 9 (10.2) 19 (10.8) 0.966 (0.415, 2.251) 1.143 (0.257, 5.084)

C/s 14 (15.9) 15 (8.5) 0.490 (0.224, 1.076) 0.638 (0.154, 2.642)

Time of born Day 27 (30.7) 101 (57.4) 1 1

Night 61 (69.3) 75 (42.6) 3.042 (1.768, 5.235) 6.252 (2.585, 15.123)a

Gestational age < 37 weeks 27 (30.7) 20 (11.4) 3.452 (1.803, 6.611) 3.689 (1.359, 10.012)a

≥ 37 weeks 61 (69.3) 156 (88.6) 1 1

Wight < 2500 g 30 (34.1) 18 (10.2) 4.54 (2.353, 8.760) 8.513 (2.711, 26.726)

≥ 2500 g 58 (65.9) 158 (89.8) 1 1
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weak thermoregulation and another possible reason 
could be due to the surface area to body ratio is high.

Preterm babies were 3.7 times more likely to be hypo-
thermic than term babies. This study is in line with a 
study conducted in Pakistan (2012) discovered that 
preterm babies had 3.6 times higher risk when com-
pared with term babies [9]. The possible reason could 
be neonates born with preterm would have an undevel-
oped thermoregulation center mechanism and reduced 
brown adipose tissue that helps to regulate body 
temperature.

APGAR score at 5  min had a significant association 
with neonatal hypothermia. This study is in line with a 
study conducted in California (2011) showed that a low 
APGAR score at 5  min was 1.5 times higher risk to be 
hypothermic than a high score [10]. This could be due to 
the fact that asphyxia can decrease oxygen concentration 
then decrease metabolic rate and leads to heat loss.

Lack of skin to skin contact had a significant associa-
tion with neonatal hypothermia. This study is consistent 
with studies conducted in Zambia (2014), Nigeria (2009) 
and Gonder, Northwest Ethiopia (2015) showed that 
those who had no skin to skin contact were 3 times more 
likely to be hypothermic than those who had skin to skin 
contact [7, 8, 11]. This might be due to neonates who 
were not had skin to skin contact experience increase 
heat loss due to conduction but mother’s external body 
temperature has almost similar to their womb tempera-
ture. Therefore, it’s easy to maintain their body tempera-
ture when exposing to the mother’s body temperature 
with skin to skin.

Time of delivery had a significant association with 
neonatal hypothermia. This study is in line with stud-
ies conducted in Uganda and Gonder, Northwest Ethio-
pia (2015) babies born during night time were 6.6 times 
more likely to develop hypothermia as compared to those 
born during daytime [7, 12]. This could be due to the 
fact that temperature variation between night time and 
daytime. Additionally, a possible reason could be due to 
work overload during night time as the number of staffs 
working in the labor room during night time is not equal 
to daytime staffs.

Practicing bathing within 24  h had a significant asso-
ciation with neonatal hypothermia. This study is in line 
with a study conducted in southern Nepal (2010) showed 
that initiated bathing after birth within 24 h was 1.2 times 
greater risk to be hypothermic when compared with 
mothers who were not practiced bathing with 24  h [3]. 
This discrepancy may be due to the sampling size differ-
ence. This might be due to the fact that bathing newborn 
within 24  h has heat lost when exposed to the cooler 
water, environment, and air by evaporation, conduction, 
and convection respectively.

Conclusion
In this study, has found that some maternal, environ-
mental and neonatal factors had contributed to the risk 
of neonatal hypothermia. Delayed of breastfeeding ini-
tiation, low birth weight, preterm, low Apgar score at 
5th min, night time delivery and bathed within 24 h after 
born and skin to skin contact was identified as independ-
ent risk factors of neonatal hypothermia. Strengthen 
perinatal care of newborns and interventions babies born 
with complications are recommended.

Limitation of the study
  • This study is quantitative, it was better if the quali-

tative approach was also employed to investigate in 
detail on extra determinant factors of neonatal hypo-
thermia.

  • This study is conducted in one zone of the region, 
it was better if another zone incorporated into the 
study for it would have been a better generalization 
to the region.

  •
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