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ABSTRACT

Objective Hypothermia is believed to affect more

than half of Ethiopian neonates. The goal of this study

is to determine risk factors for newborn hypothermia in
neonates admitted to public hospitals in the east Wollega
zone of western Ethiopia’s neonatal intensive care unit.
Design Unmatched case—control study using neonates
admitted to the intensive care unit.

Setting Neonatal intensive care units at public hospitals
in western Ethiopia.

Patients Neonates admitted to intensive care units.
Main outcomes The cases were all neonates with
hypothermia (less than 36.5°C) and the controls were all
neonates with a body temperature of greater or equal to
36.5°C when admitted to the neonatal intensive care unit
for other reasons.

Results The study involved the participation of 73

cases and 146 controls. The study found that delayed
breastfeeding initiation after 1 hour (adjusted OR
(AOR)=3.72; 95% Cl: 1.39 to 10.00), admission weight
less than 25009 (AOR=3.43; 95%Cl: 1.18 t0 9.97),
cardiopulmonary resuscitation at birth (AOR=3.42; 95% Cl:
1.16 10 10.10.08), lack of immediate skin-to-skin contact
with their mother (AOR=4.54; 95%Cl: 1.75 t0 11.81),
night-time delivery (AOR=6.63; 95% Cl: 2.23 to 19.77) and
not wearing a cap (AOR=2.98; 95% Cl: 1.09 to 8.15) were
all associated with newborn hypothermia.

Conclusions Neonatal hypothermia was associated with
obstetric, neonatal and healthcare provider factors. As a
result, special consideration should be given to the thermal
care of low birthweight neonates and the implementation
of warm-chain principles with low-cost thermal protection
in Ethiopian public health facilities.

INTRODUCTION

Neonatal hypothermia is the decrease of an
axillary body temperature of the newborn
below 36.5°C (97.7°F). It is classified as mild
(cold stress) with body temperature between
36.0°C and 36.4°C (96.8°F-97.5°F), moderate
between 32.0°C and 35.9°C (89.6°F-96.6°F)
and below 32°C (<89.6°F) as severe hypo-
thermia.'

Hypothermia occurs when the body’s
physiological systems, such as vasoconstric-
tion, shivering, muscle contraction and non-
shivering thermogenesis, are no longer able
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What is known about the subject?

= Within the first 10—-20 min of birth, neonates can lose
up to 2°C of their body temperature if sufficient ther-
mal care is not provided.

= In resource-constrained countries, hypothermia in-
creases newborn mortality by five times during the
first 7 days of life.

= Neonatal mortality in Ethiopia was disproportionately
high, ranging from 22.1 to 62.5 per 1000 live births.

What this study adds?

= Neonatal hypothermia is associated with lack of
skin-to-skin contact soon after birth or a delay in
starting breast feeding.

= Low birth weight, not wearing a cap, cardiopulmo-
nary resuscitation, getting delivered at night and
being preterm were all associated with newborn
hypothermia in the study.

to maintain a normal core temperature.
Because of their higher surface area per unit
body weight, large head in comparison with
body and lack of subcutaneous fat (low birth
weight), newborns are more likely to suffer
hypothermia.' *

If adequate heat care is not provided soon
after birth, newborns can lose heat by conduc-
tion, convection, evaporation and radiation,
resulting in a drop in body temperature of up
to 2°C within the first 10-20 min.” Neonates’
deep body and skin temperatures can also
drop at a pace of 0.1°C and 0.3°C per minute,
respectively.*’

Neonatal mortality is more common in
resource-constrained nations, where hypo-
thermia is the leading cause of death.’ !
According to a research, every 1°C drop in
body temperature increases mortality by
80%.° Hypothermia has been identified as
a substantial contributor to the worldwide
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burden of newborn fatalities in sub-Saharan African
nations, according to the literature.”"

Between 1990 and 2015, the under-5 mortality rate
in African countries fell considerably.® ' The rate of
newborn mortality in Ethiopia has decreased from 37 to
29 fatalities per 1000 live births, according to the Ethio-
pian Demographic Health Survey (EDHS) 2016 report.
This rate varies by area, with Addis Ababa having the
lowest rate at 18 fatalities per 1000 live births and Amhara
having the highest rate at 47 deaths per 1000 live births.*’
However, according to the mini-EDHS 2019, the newborn
mortality rate increased marginally from 29 to 30 fatali-
ties per 1000 live births from 2016 to 2019.*'

Several factors have been linked to the occurrence of
hypothermia in newborns, according to research. These
factors were correlated to maternal and neonatal features,
as well as environmental and healthcare system charac-
teristics.” ' The results of previous Ethiopian studies on
this topic have been equivocal

Despite the fact that predisposing factors for hypo-
thermia are easily preventable, and several activities and
intervention techniques have been devised to reduce the
risk of hypothermia, the problem remains unsolved, and
itis extremely common in Ethiopia (53%)."" *® As a result,
the goal of this study was to determine the risk factors for
newborn hypothermia in neonates born in hospitals in
the east Wollega zone of western Ethiopia.

PATIENTS AND METHODS

Study area and subjects

The research was conducted at public hospitals in east
Wollega zone, Oromia Region, western Ethiopia, which
has a population of 1598809 people, 795618 men and
803191 women, and covers an area of 12579.77 km2.%
Nekemte Specialized Hospital, Wollega University
Referral Hospital, Arjo Hospital, Gida Ayana and Sire
Hospital are the five public hospitals in the province. The
neonatal intensive care unit (NICU) is one of the units
in these hospitals where all neonates under the age of 28
days were admitted. It includes newborns referred from
the labour ward and other surrounding health facilities.

A hospital-based unmatched case—control study design
was conducted from 30 February to 30 April 2020. All
neonates and their mothers/caregivers admitted to
public hospitals in the east Wollega zone of western Ethi-
opia served as the study’s source population.

Cases were neonates with an axillary body temperature
of less than 36.5°C at admission to the NICU during the
study period at public hospitals in the east Wollega zone."

Controls were neonates admitted to the NICU during
the study period who did not have hypothermia or an
axillary body temperature of greater or equal to 36.5°C."

All neonates admitted to NICUs in public hospitals in
east Wollega zone within 28 days of delivery, regardless of
where they were born, were included in the study, while
newborns with serious congenital malformations were
omitted.

Sample size and sampling procedures

Using Epi Info V.7.1.3.10 software, the sample size for
an unmatched case—control study was estimated using
assumptions of a double population proportion formula.
Low birth weight 2500g, preterm (37 weeks), APGAR
score at bmin and commencement of breast feeding
within 1hour were deemed decisive variables to attain
the maximal sample size in earlier studies.” Finally, the
primary exposure variable was the proportion of controls
who started breast feeding within 1hour. As a result, the
final sample size was 219 neonates and their mothers/
caregivers (73 cases and 146 controls), which was the
largest sample size estimated.

The study subjects were chosen using a consecutive
selection procedure from five public hospitals during
the course of the study period until the predetermined
sample size was reached. Cases and controls were chosen
from the same health facility on consecutive days. Based
on cases received from the NICU registration book in the
previous 2months of the study, the sample was propor-
tionally allocated to each study site. During the study
period, we did not encounter a mother with two or more
babies for this particular study.

Data collection tools and data collectors

The data collection questionnaire was written in English
and subsequently translated into Afaan Oromo, the
regional working language. Using structured question-
naires presented by an interviewer, data were obtained
from mothers, newborns and charts of neonates admitted
to the NICU (online supplemental appendix). Two Bach-
elor of Science nurses and three midwives who have
previous experience of data collection and can fluently
speak Afaan Oromo were recruited from maternal and
child health department to collect the data. Three super-
visors were on hand during the data collection period
to provide continuous follow-up and supervision. To
distinguish cases from controls, a digital thermometer
was used, which measured the surface temperature at the
axilla location in accordance with WHO recommenda-
tions.

Prior to data collection, a pretest was performed on 5%
of neonates admitted to the NICU at Shambu Hospital.
The tool’s reliability was tested, yielding a Cronbach’s
alpha of 0.73. Data collectors and supervisors received
2days of training on how to collect data. The measure-
ment was then double-checked with reference thermom-
eters every day to avoid any misleading readings caused
by thermometer deterioration. Following data collec-
tion, supervisors and the principal investigator reviewed
and checked the questionnaires for completeness on
a regular basis. To limit the possibility of data-entering
errors, EpiData V.3.1 was employed. Each and every ques-
tionnaire was cross-checked with the entered data and all
observed errors were corrected.

Variables
Dependent variable: neonatal hypothermia.
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Independent variables: maternal sociodemographic/
economic determinants, neonatal-related determinants,
neonatal caring practices, obstetric determinants.

Statistical analysis and processing

Datawere entered into EpiDataV.3.1, cleaned and double-
checked for completeness and consistency, and exported
to SPSS Windows V.25.0 for analysis. A bivariable analysis
was performed to identify candidate variables associated
with neonatal hypothermia, and variables with p values
less than 0.25 were transferred for multivariable logistic
regression to determine hypothermia risk factors (online
supplemental tables 1 and 2). The model’s goodness of
fit was evaluated using the Hosmer-Lemeshow test, which
yielded a p value of >0.05. Variance inflation factors were
used to test the variables’ multicollinearity. The analysis
was adjusted for mother’s age. Crude and adjusted ORs
with a 95% CI and a p value of <0.05 were considered
statistically significant.

Patient and public involvement

Neither patients nor the public were involved in the
design, analysis and interpretation of this study and will
not be involved in the dissemination of the results.

RESULTS

Sociodemographic/economic characteristics of mothers

In this study, 73 neonates who had hypothermia with
their mothers (cases) and 146 neonates who did not
have hypothermia with their mothers (controls) were
included. The mean age of the mothers in cases was
24.88 years (SD 4.39), and the age of the mothers in
controls was 25.62 years (SD 4.69). Thirty-six (49.3%) of
case mothers and 76 (52.1%) of control mothers lived in
rural areas (table 1).

Factors associated with neonatal hypothermia

According to this study, the odd of hypothermia was 3.43
times higher in those weighing less than 2500 g compared
with those weighing more than 2500g (adjusted OR
(AOR)=3.43; 95% CI: 1.18 to 9.97). Birth resuscitation
was also a significant risk factor for neonatal hypothermia.
The odds of hypothermia were 3.42 times higher among
those who were resuscitated at birth (cardiopulmonary
resuscitation (CPR)) compared with those who did not
(AOR=3.42; 95% CI: 1.16 to 10.08).

Furthermore, the odd of hypothermia was 3.72 times
(AOR=3.72; 95%CI: 1.39 to 10.00) higher among
neonates who were initiated breast feeding compared
with those who were initiated before 1hour after birth.
Similarly, the odd of hypothermia was more than three
times higher in those who do not wear cap than controls
(AOR=2.98; 95% CI: 1.09 to 8.15).

Lack of skin-to-skin contact with mothers after delivery
was another significant determinant of neonatal hypo-
thermia. Those who do not have skin-to-skin contact
with their mother after birth were 4.54 times higher to

develop hypothermia compared with their counterparts
(AOR=4.54; 95%CI: 1.75 to 11.81). Also, the odd of
developing hypothermia was about seven times higher
in those who were born during the night compared with
those who were born during the day (AOR=6.63; 95% CI:
2.23 to 19.77) (table 2).

DISCUSSION

One of the risk factors for newborn hypothermia,
according to this study, was delayed commencement of
breast feeding. This finding is supported by research from
Tigray, north Ethiopia, Zambia and southern Nepal.* * *!
The association could be related to the fact that early breast
feeding allows babies to have more skin-to-skin contact with
their mothers, prevents the newborn from being exposed
to the environment and increases mothers’ follow-up care
for their babies, all of which help to prevent hypothermia.™
Another reason could be that breastfed newborns obtain
enough calories from their mother’s milk, which produces
heat for thermoregulation, so the more they are breast fed,
the more glucose they get to meet their energy needs.”
Lack of skin-to-skin contact with their mother shortly after
birth was another significant risk factor for newborn hypo-
thermia in this study, which supports this finding. The
findings are also supported by the literature.”* * ** This is
because newborns who do not have skin-to-skin contact
with their mothers lose more heat through conduction,
even when their mother’s external body temperature is
nearly identical to their womb temperature.” Further-
more, skin-to-skin contact is more successful than incu-
bator care for rewarming the infant because the maternal
chest and abdomen movement promotes the newborn to
breathe more deeply, which improves heat generation via
oxidative phosphorylation.'

This finding, however, contradicted other Ethiopian
findings.”> This variance could be related to differences
in delivery location, study context and study methodology.
According to the study, all mothers delivered at health facil-
ities, although 9.1% of the mothers delivered at home in
this study.

Low birth weight at admission was found to be a risk
factor for newborn hypothermia in this study. This finding
is consistent with research done in Ethiopia’s Arba Minch,
South Nations and Nationalities, and Gondar, Amhara
area.”**® This conclusion was also corroborated by research
undertaken in Iran and Pakistan.*®*” This could be due to
a variety of factors, including radiant heat loss (when bare
skin is exposed to a cooler environment), evaporative heat
loss (when neonates are wet with amniotic fluid shortly after
birth), conductive heat loss (when neonates are placed in
contact with a cool surface or object) and convective heat
loss (when a flow of cooler ambient air carries heat loss,
a flow of cooler ambient air carries heat away from the
neonate).’?

The timing of delivery was also revealed to be a risk
factor for newborn hypothermia in this study. Those
whose mothers gave birth at night had a greater chance
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Table 1 Sociodemographic and economic characteristics of mothers for neonates admitted at public hospitals of east

Wollega zone, western Ethiopia, February-April 2020

Cases Control Total Crude OR
Variables n=73 (%) n=146 (%) n=219 (%) (95% ClI) P value
Age of respondent
15-19 7 (9.6) 13 (8.9) 20 (9.1) 1.14 (0.38 to 3.37) 0.81
20-29 49 (67.1) 97 (66.4) 146 (66.7) 1.07 (0.55 to 2.09) 0.84
30-39 17 (23.3) 36 (24.7) 53 (24.2) 1
Residence
Urban 37 (50.7) 70 (47.9 107 (48.9) 1
Rural 36 (49.3 76 (52.1 112 (51.1) 0.90 (0.51 to 1.57) 0.7
Ethnic group
Oromo 54 (74) 114 (78.1) 168 (76.7) 1
Amhara 14 (19.2) 26 (17.8) 40 (18.3) 1.14 (0.55 to 2.35) 0.73
Other* 5 (6.8) 6 (4.1) 11 (5) 1.76 (0.51 to 6.02) 0.37
Religion
Orthodox 19 (26) 48 (32.9) 67 (30.6) 1
Protestant 45 (61.6) 81 (565.5) 126 (57.5) 1.40 (0.74 to 2.67) 0.3
Muslim 9(12.3) 17 (11.6) 26 (11.9) 1.34 (0.51 to 3.52) 0.56
Educational status
Can’t read and write 18 (24.7) 30 (20.5) 48 (21.9) 2.06 (0.74 t0 5.73) 0171
Grade 1-8 31 (42.5) 59 (40.4) 90 (41.1) 1.80 (0.70 to 4.65) 0.221
Grade 9-12 17 (23.3) 33 (22.6) 50 (22.8) 1.77 (0.63 to 4.92) 0.28
College and above 7 (9.6) 24 (16.4) 31(14.2) 1
Occupation
Housewife 29 (39.7) 56 (38.4) 85 (38.8) 1.15(0.53 to 2.49) 0.73
Private business 18 (24.7) 33 (22.6) 51 (23.3) 1.21 (0.52 to 2.84) 0.66
Government employee 12 (16.4) 26 (17.8) 38 (17.4) 1.02 (0.40 to 2.59) 0.96
Farmer 14 (19.2) 31(21.2) 45 (20.5) 1
Family size
1-3 26 (35.6) 54 (37) 80 (36.5) 1
4-6 43 (58.9) 78 (53.4) 121 (65.3) 1.69 (0.51 to 5.63) 0.4
>6 4 (5.5) 14 (9.6) 18 (8.2) 1.93 (0.60 to 6.23) 0.27
Distance to reach health facility
<30min 23 (31.5) 51 (34.9) 74 (33.8) 1
30-60min 33 (45.2) 57 (39) 90 (41.1) 1.01 (0.47 to 2.14) 0.98
>60min 17 (23.3) 38(26) 55 (25.1) 1.30 (0.63 to 2.65) 0.48
Wealth index status
Poor 41 (56.2) 34 (23.3) 75 (34.2) 5.15 (2.50 to 10.60) 0.011
Medium 18 (23.3) 48 (32.9) 65 (29.7) 1.51 (0.66 to 3.33) 0.31
Rich 15 (20.5) 64 (43.8) 79 (36.1) 1
*Gurage and Tigre.

TVariables that showed significant association during bivariable analysis.

of experiencing hypothermia than those whose mothers
gave birth during the day. This is supported by research
from Gondar, northwest Ethiopia, Tigray, north Ethiopia
and Uganda.” ***® This could be owing to the fact that

night-time room temperatures are lower than daytime
temperatures, or it could be due to temperature differ-
ences between night and day.” Additionally, work overload
during the night could be a factor, as the number of staff
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Table 2 Factors associated with neonatal hypothermia among neonates admitted at neonatal intensive care units in hospitals

of east Wollega zone, Ethiopia; February-April 2020

Cases Controls Crude OR

Variables n=73 (%) n=176 (%) (95% ClI) Adjusted OR (95% Cl)
Weight of newborn at admission

<25009 30 (41.1) 12 (8.2) 7.79 (3.67 to 16.53) 3.43 (1.18 t0 9.97)"

>25009g 43 (58.9) 134 (91.8) 1 1
Cardiopulmonary resuscitation done

Yes 64 (87.7) 70 (47.9) 7.72 (3.58 to 16.67) 3.42 (1.16 to 10.08)*

No 9(12.3) 76 (52.1) 1 1
Initiation of breast feeding at birth

Immediately 16 (21.9) 81 (55.5) 1 1

Within 1 hour 10 (13.7) 39 (26.7) 1.30 (0.54 t0 3.12) 1.64 (0.57 to 4.68)

After 1 hour 47 (64.4) 26 (17.8) 9.15 (4.46 to 18.78) 3.72 (1.39 to 10.00)*
Head covered with cap at birth

Yes 43 (58.9) 120 (82.2) 1 1

No 30 (41.1) 26 (17.8) 3.22 (1.72 to 6.05) 2.98 (1.09 to 8.15)"
Skin-to-skin contact present at birth

Yes 29 (39.7) 128 (87.7) 1 1

No 44 (60.3) 18 (12.3) 10.79 (5.46 to 21.31) 4.54 (1.75 to 11.81)*
Time of delivery

Day 9(12.3) 86 (58.9) 1 1

Night 64 (87.7) 60 (41.1) 10.19 (4.71 to 22.05) 6.63 (2.23 to 19.77)"
Gestational age

<37 weeks 26 (35.6) 18 (12.3) 3.93 (1.98 to 7.83) 2.80 (0.93 to 8.41)

>37 weeks 47 (64.4) 128 (87.7) 1 1

1: referent category; variables were adjusted for mother’s age.

*P value less than 0.05 (significant risk factors of neonatal hypothermia).

working in the labour room at night is not equivalent to the
number of staff working during the day.

Furthermore, neonatal hypothermia was associated with
children who received CPR at birth. This result is consistent
with research from Addis Ababa, Ethiopia, Iran and Bangla-
desh.”*** This is because neonates who require resuscita-
tion have undergone birth asphyxia; there is insufficient
oxygen for mitochondrial oxidation in brown adipose
tissue, which is required for heat production.” In addition,
temperature regulation during resuscitation at birth may
not be effectively addressed; in an emergency, resuscitation
may be performed without wrapping the newborn and on
a cold surface. This result, however, is contradicted by a
research conducted in Arba Minch, southwest Ethiopia.**
This discrepancy could be attributable to differences in
thermal care during resuscitation, warm resuscitation,
resuscitation period and study methodology.

Neonates who did not have their heads covered after
delivery had a higher risk of developing hypothermia than
those who did. This conclusion was similar to that of a
research conducted in Harar, Ethiopia’s eastern region.”
This could be owing to their huge skull, which has open

fontanels and sutures, and contributes to nearly 25% of
neonatal heat loss if not covered by a cap.”

Even though the study was conducted in different hospi-
tals, it was only done for a short period or in one season,
therefore considerations such as climatic changes or
seasonal variations were not taken into account. Another
drawback of this study was that hospital-related charac-
teristics like the abilities and qualifications of healthcare
personnel working in delivery rooms and NICUs, which
may have been linked to hypothermia, were not taken into
consideration. There could also be an effect of recall bias.

CONCLUSIONS

The study found that delayed breastfeeding initiation,
neonatal weight less than 2500 g on admission, lack of skin-
to-skin contact with mothers at birth, cardiopulmonary
situations at birth, being born at night and not wearing a
cap immediately after birth were all significantly associated
with neonatal hypothermia on admission to NICUs.
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