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ABSTRACT
Objective To determine the prevalence, predictors and
case fatality risk of hypothermia among neonates in Lira
district, Northern Uganda.
Setting Three subcounties of Lira district in Northern
Uganda.
Design This was a community-based cross-sectional
study nested in a cluster randomised controlled trial.
Participants Mother–baby pairs enrolled in a cluster
randomised controlled trial. An axillary temperature was
taken during a home visit using a lithium battery-operated
digital thermometer.
Primary and secondary outcomes The primary outcome
measure was the prevalence of hypothermia. Hypothermia
was defined as mild if the axillary temperature was 36.0°C
to <36.5°C, moderate if the temperature was 32.0°C
to <36.0°C and severe hypothermia if the temperature
was <32.0°C. The secondary outcome measure was the
case fatality risk of neonatal hypothermia. Predictors of
moderate to severe hypothermia were determined using
a generalised estimating equation model for the Poisson
family.
Results We recruited 1330 neonates. The prevalence of
hypothermia (<36.5°C) was 678/1330 (51.0%, 95% CI
46.9 to 55.1). Overall, 32% (429/1330), 95% CI 29.5 to
35.2 had mild hypothermia, whereas 18.7% (249/1330),
95% CI 15.8 to 22.0 had moderate hypothermia. None
had severe hypothermia. At multivariable analysis,
predictors of neonatal hypothermia included: home
birth (adjusted prevalence ratio, aPR, 1.9, 95% CI 1.4
to 2.6); low birth weight (aPR 1.7, 95% CI 1.3 to 2.3)
and delayed breastfeeding initiation (aPR 1.2, 95% CI
1.0 to 1.5). The case fatality risk ratio of hypothermic
compared with normothermic neonates was 2.0 (95% CI
0.60 to 6.9).
Conclusion The prevalence of neonatal hypothermia
was very high, demonstrating that communities in
tropical climates should not ignore neonatal hypothermia.
Interventions designed to address neonatal hypothermia
should consider ways of reaching neonates born at home
and those with low birth weight. The promotion of early
breastfeeding initiation and skin-to-skin care could reduce
the risk of neonatal hypothermia.
Trial registration number ClinicalTrial.gov as
NCT02605369.

Strengths and limitations of this study
►► This is the first purely community-based assessment

of neonatal hypothermia in sub-Saharan Africa.
►► Estimates obtained are generalisable to settings with

a significant proportion of home births unlike previous estimates from health facility-based studies.
►► We included a large number of neonates (1330),
which increased the precision of our estimates.
►► The choice of a digital thermometer placed in the
axilla could have underestimated hypothermia, but
this was the most socially acceptable option.
►► We did not measure some predictors, such as
delivery room temperature and maternal body
temperature.

INTRODUCTION
Neonatal mortality (death of neonates less
than 28 days) in Uganda is unacceptably high,
at 22.3 deaths per 1000 live births compared
with 1.6 deaths per 1000 live births in high-
income countries.1 In order to attain the
global target of reducing neonatal mortality
to under 12 deaths per 1000 live births by
2030,2 there is a need to identify and quantify the predictors of neonatal mortality; especially those that are preventable by available
low-cost interventions.3 4 One of the predictors of neonatal mortality that can easily be
solved by available low-cost interventions is
neonatal hypothermia.5
Neonatal hypothermia, defined as an axillary temperature less than 36.5°C,6 7 is associated with increased neonatal morbidity and
mortality.8–10 Countries with high neonatal
mortality have high rates of neonatal hypothermia.11 Hypothermia mainly contributes to mortality by worsening outcomes of
severe neonatal infections, preterm birth
and birth asphyxia.5 6 11 It is estimated that
20% of deaths due to prematurity and 10%
of deaths in term babies could be prevented
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by improved thermal care.12 In addition, neonatal hypothermia results in reduced growth and development.13
Neonates are unable to maintain their body temperature without thermal protection.14 They are susceptible
to hypothermia due to physical and environmental
factors. Physical factors that predispose neonates to hypothermia include a large surface area to volume ratio, thin
skin and low amounts of insulating fat.5 11 14 15 Environmental factors that predispose neonates to hypothermia
include poor thermal practices around the time of birth,
such as keeping the neonate away from the mother and
bathing the newborn within 24 hours of birth,16 which
are common practices in sub-Saharan Africa.17 18 WHO
recommends a 10-step warm chain to prevent neonatal
hypothermia: a warm delivery room, immediate drying,
delayed bathing, skin-
to-
skin contact, early and exclusive breast feeding, appropriate clothing/bedding,
keeping the baby with the mother, warm transportation
and resuscitation, and training/raising awareness on
the dangers of hypothermia.6 However, these actions are
often suboptimal in most communities in sub-Saharan
Africa,19 and disregarded with the misguided assumption
that a warm climate guarantees thermal protection to
the neonates.20 21 Neonates are at greatest risk of hypothermia on the first day of life and this is mainly a result of
evaporation of amniotic fluid and the neonate’s limited
ability to generate heat.15 22
Despite a significant proportion of births and deaths
taking place at home in sub-Saharan Africa, there is little
to no data on hypothermia obtained from community
studies.5 23 Previous estimates of hypothermia in sub-
Saharan Africa have mostly been obtained from health
facility studies9 10 20 21 24 25 and may, therefore, not be
representative of populations with poor health-seeking
behaviours. Researchers conducting community-
based
studies have been encouraged to incorporate axillary
temperatures with standard inexpensive digital thermometers in their study protocols in order to enrich
the literature on community estimates of neonatal hypothermia.5 This information is necessary when advocating
for the scale-up of existing interventions known to reduce
hypothermia.23 Therefore, in this study, we determined
the prevalence, predictors and case fatality risk of hypothermia among neonates in Lira district, Northern
Uganda.
MATERIALS AND METHODS
Study setting
This study was conducted in Lira district, located in
Lango region a postconflict area in Northern Uganda,
in the subcounties of Aromo, Agweng and Ogur between
January 2018 and March 2019. About 400 000 people
live in Lira; the majority live in rural areas and practice
subsistence farming.26 In Lango region, 97% of pregnant
women attend at least one antenatal care visit from a
skilled provider, only 66% of births take place in a health
facility, and approximately 29 out of every 1000 neonates
2

died in the first 28 days of life.27 During the period of this
study, the average monthly temperatures ranged from
27.8°C to 35.0°C (Ngeta weather station, Lira district).
Women who give birth vaginally are discharged from
health facilities within 24 hours and those who give birth
by caesarean section are discharged within 72 hours,
unless complications occur.
Study design
sectional study conducted between
This was a cross-
January 2018 and March 2019. The study was nested in a
cluster randomised controlled trial designed to promote
health facility birth, newborn care practices (early and
exclusive breast feeding, skin-to-skin care), and timely
postnatal health facility visits (Survival Pluss study registered on ClinicalTrial.gov as NCT02605369).
Study participants
All neonates born to mothers participating in the cluster
randomised controlled trial were eligible for this study.
We excluded neonates whose mothers were too sick to
participate in the interview, and neonates that died
before we visited.
Power and sample size
A total of 1330 neonates participated in our study. The
participants were initially enrolled in a cluster randomised
controlled study, which had a neonatal hypothermia
intracluster correlation coefficient of 0.044, and average
cluster sample size of 65, giving us a design effect of 3.8,
and effective sample size of 350, resulting in absolute
precision of 1.5%–5.2%, that is, the difference between
the point estimate and the 95% CI for prevalence values
ranging from 2% to 50%. Since we were studying a very
common outcome, we deemed this precision adequate.
Main variables
Outcome variable
The outcome variable in this study was hypothermia,
which was defined as mild hypothermia if the axillary
temperature was between 36.0°C and less than 36.5°C,
moderate if the temperature was between 32.0°C and
less than 36.0°C, and severe hypothermia if the temperature was less than 32.0°C. We also graded hypothermia
according to a classification proposed by Mullany.23
Briefly, Mullany classified hypothermia as follows: grade
1 (36.0°C−36.5°C), grade 2 (35.0°C to <36.0°C), grade 3
(34.0°C to <35.0°C) and grade 4 (<34.0°C).
Exposure variables
Data were collected on several predictors during pregnancy and immediately after birth. These included:
maternal age, parity, maternal education, paternal
education, wealth, singleton or multiple birth, sex of
the newborn, place of birth, birth weight, early breastfeeding initiation, bathing of the newborn, and whether
the baby was placed on the mother’s chest or abdomen
immediately after birth. We classified the season as wet
if the average monthly precipitation was 60 mm or more
Mukunya D, et al. BMJ Open 2021;11:e041723. doi:10.1136/bmjopen-2020-041723
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(Koppen-
Geiger climate classification).28 The average
monthly precipitation and temperature for the study
period were obtained from the Ngeta weather station
in Lira district. Wealth quintiles were calculated from
an asset-
based index using principal component analysis. The following assets and house characteristics were
considered: cupboard, bicycle, radio, mobile phone,
motorcycle, cement floor, iron sheets, burnt bricks and
land ownership. We defined early breastfeeding initiation
as the initiation of breast feeding within 1 hour of birth.
Education level was categorised into primary, secondary
and tertiary. The primary level corresponds to 1–7 years of
education, the secondary level to 8–13 years of education
and the tertiary level to more than 13 years of education.
Data collection
As part of the trial in which this study was nested, a team
of 42 research assistants collected data and conducted
measurements on the first day of birth, or as soon as
possible after birth at the mother’s home. A temperature
was taken high in the axilla during the study visit. We used
a lithium battery-operated digital thermometer: Model
TM01 (manufactured by Cotronic Manufacturing, Shenzhen). The research assistants were trained on how to
measure temperature and supervised by a team consisting
of three paediatricians, one obstetrician, two general
practitioners, two nurses and one data analyst. Temperature measurements were mostly conducted before taking
the baby’s anthropometric measurements, with emphasis
placed on minimising the time the babies were exposed
to the cold. Measurements involved putting the tip of the
thermometer high up in the apex of the axilla, halfway
between the anterior and posterior margins, and holding
the arm in place until an automatic audible beep was
heard. Two measurement readings in degrees Celsius
were taken and the average of these used. Thermometers
were cleaned with cotton wool soaked in 70% alcohol
after the examination.
Recruitment and follow-up
All villages had a recruiter who was elected during the
community sensitisation meetings of the trial. The
recruiter was a female resident in the cluster. Recruiters
identified pregnant women and accompanied research
assistants to the home of the women during the recruitment. They were trained during a 1-day workshop, which
emphasised ethics, confidentiality and good record
keeping. Recruiters were also given a cell phone to
contact the team (site supervisor/research assistants)
whenever they identified a pregnant woman or whenever a pregnant woman had given birth. They were paid
Uganda Shillings 5000 (US$1.4) whenever they identified
an eligible participant and whenever they informed the
team within 24 hours of a mother giving birth. Approximately 250 recruiters were trained. After a recruiter
informed the team of an eligible participant, a research
assistant visited the mother to ascertain eligibility, to
obtain informed consent and to conduct the interview.
Mukunya D, et al. BMJ Open 2021;11:e041723. doi:10.1136/bmjopen-2020-041723

To ensure that recruiters were reporting all pregnant
women, we employed community health workers (village
health team members) to conduct a census of all pregnant
women in the area. Pregnant mothers and their relatives
were encouraged to contact the study team immediately
after giving birth. Research assistants also obtained phone
numbers of pregnant women and their relatives and periup phone calls and visits to
odically conducted follow-
ensure that mothers were visited immediately after birth.
The process of notification was similar between health
facility and home births. Data collectors conducted the
follow-up visits to assess whether the neonates were alive
at 7 days and at 28 days.
Patient and public involvement
The public was not involved in the design and conceptualisation of the study but they were involved in the
recruitment of participants. We held community meetings in each village during which a recruiter was elected
from among the village members. The recruiter was
responsible for recruitment in their village. The results
of this study will be disseminated to the wider community
through community dialogue meetings at parish level in
each participating village.
Statistical analysis
Data were analysed using Stata V.14.0 (StataCorp). Study
characteristics were compared across the exposure status
and summarised as proportions for categorical data and
means for continuous data. Hypothermia was categorised
using both the WHO classification,6 and a classification
suggested by Mullany23, and presented as proportions
with corresponding 95% CIs adjusted for clustering.
Factors associated with moderate to severe hypothermia
were determined using a generalised estimating equation
model for the Poisson family, with a log link, allowing for
the clustering and assuming an exchangeable correlation. We used robust variance estimation in our model.
Predictors of hypothermia included in our multivariable
model were determined a priori during a review of the
literature on the subject. Factors included as predictors
in our model were: mother’s age, mother’s education,
mode of birth, place of birth, low birth weight, wealth,
parity, season, baby placed on mother’s chest or abdomen
immediately after birth, cleaning/drying the baby immediately after birth, bathing the baby, delayed initiation
of breastfeeding.5 6 11 16 20–23 All variables included in
the model were assessed for collinearity and considered
collinear if they had a variance inflation factor greater
than 10. In the case of collinearity, we retained the variable with greater biological plausibility and/or measure
of association. The multivariable analyses were based on
a complete case analysis. However, we conducted sensitivity analyses of best case, worst-case and most realistic
scenarios to assess the potential effect of the missing data.
We also conducted subgroup analysis of the prevalence
of hypothermia by date of neonate on examination and
by place of birth. Since this study was nested in a cluster
3

BMJ Open: first published as 10.1136/bmjopen-2020-041723 on 11 February 2021. Downloaded from http://bmjopen.bmj.com/ on January 28, 2022 at University of Bergen. Protected by
copyright.

Open access

Figure 1

Study profile of neonates assessed for hypothermia in Lira district, Northern Uganda.

randomised controlled trial, the trial arm was added as a
fixed effect in all the models.
RESULTS
Participant characteristics
On our visits to the mothers, we were able to take the
temperature measurements of 1527 neonates; of these we
used the data of 1330 for whom temperatures were taken
within the first 72 hours after birth (figure 1). The mean
age of mothers was 24.6 years (SD 6.8) and their median
education was 5 years (IQR 3–6). The mean weight of
neonates was 3.2 kg (SD 0.5) (table 1).
Hypothermia
The mean temperature was 36.4°C (SD 0.7), and the
median temperature was 36.4°C (IQR 36.1°C−36.8°C).
The minimum temperature recorded was 32.0°C and the
maximum temperature recorded was 39.4°C. The prevalence of hypothermia (temperature less than 36.5°C)
was 678/1330 (51.0%: 95% CI 46.9 to 55.1). Overall,
32% (429/1330), 95% CI 29.5 to 35.2) had mild hypothermia (temperature 36.0°C to <36.5°C), whereas 18.7%
(249/1330), 95% CI 15.8 to 22.0 had moderate hypothermia (temperature 32.0°C to <36.0°C). No neonate
had severe hypothermia (temperature less than 32.0°C)
(table 2A). We also graded hypothermia according
to a classification proposed by Mullany23 and present
the results in table 2B. Sensitivity analyses conducted
suggested that we might have underestimated the burden
4

(online supplemental tables 1 and 2). Hypothermia was
more common among home births and on the first day of
birth. Results of the third day of life were very imprecise
(online supplemental tables 3 and 4).
Factors associated with hypothermia
Using multivariable analysis, the factors associated with
neonatal hypothermia included: home birth (adjusted
prevalence ratio, aPR, 1.9, 95% CI 1.4 to 2.6), low birth
weight (aPR 1.7, 95% CI 1.3 to 2.3), and delayed breastfeeding initiation (aPR 1.2, 95% CI 1.0 to 1.5) (table 3).
Case fatality risk
The risk of death among neonates with moderate hypothermia was 3/249 (1.2%, 95% CI 0.38% to 3.7%),
compared with 6/1023 (0.59%, 95% CI 0.28% to 1.2%)
among neonates with normal temperature, resulting in a
case fatality risk ratio of 2.0 (95% CI 0.60 to 6.9).
DISCUSSION
The prevalence of hypothermia in this study was high.
Half of the neonates developed hypothermia; 33%
developed mild hypothermia; 19% developed moderate
hypothermia. Similar findings were observed in a
community-based study in Nepal, where 59% of neonates
developed hypothermia on the first day,29 and in another
community-based study in India where the prevalence
of hypothermia was 45%.30 However, the prevalence of
hypothermia observed in our study was much higher
Mukunya D, et al. BMJ Open 2021;11:e041723. doi:10.1136/bmjopen-2020-041723
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Table 1 Participant characteristics of neonates assessed for hypothermia in northern Uganda
All participants
 

Late participants*

Missed participants†

No hypothermia

Hypothermia

No hypothermia

Hypothermia

Unknown

N=652

N=678

N=88

N=109

N=241

 

n (%)

n (%)

n (%)

n (%)

n (%)

Age of mother
 ≤19

148 (22.7)

201 (29.7)

28 (31.8)

33 (30.3)

66 (27.4)

 20–30

367 (56.3)

347 (51.2)

48 (54.6)

56 (51.4)

121 (50.2)

 >30

137 (21.0)

130 (19.2)

12 (13.6)

20 (18.4)

54 (22.4)

 None

74 (11.4)

105 (15.5)

6 (06.8)

12 (11.0)

34 (14.1)

 Primary

513 (78.7)

519 (76.6)

73 (83.0)

85 (78.0)

190 (78.8)

 Secondary

51 (7.8)

47 (6.9)

7 (8.0)

9 (8.3)

17 (7.1)

 Tertiary

14 (02.2)

07 (01.0)

2 (02.3)

3 (02.8)

–

 None

14 (2.2)

11 (1.6)

1 (1.1)

1 (0.92)

6 (2.5)

 Primary

377 (57.8)

416 (61.4)

52 (59.1)

55 (50.5)

151 (62.7)

 Secondary

177 (27.2)

147 (21.7)

23 (26.1)

28 (25.7)

51 (21.2)

 Tertiary

41 (6.3)

38 (5.6)

4 (4.6)

8 (7.3)

12 (5.0)

 Missing

43 (6.6)

66 (9.7)

8 (9.1)

17 (15.6)

21 (8.7)

 ≤1

286 (43.9)

325 (47.9)

44 (50.0)

55 (50.5)

101 (41.9)

 2–4

219 (33.6)

218 (32.2)

36 (40.9)

28 (25.7)

86 (35.7)

 >4

147 (22.6)

135 (19.9)

8 (9.1)

26 (23.9)

54 (22.4)

 Home

157 (24.1)

254 (37.5)

26 (29.6)

40 (36.7)

100 (41.5)

 Health facility

495 (75.9)

424 (62.5)

62 (70.5)

69 (63.3)

141 (58.5)

 No

641 (98.3)

670 (98.8)

79 (89.8)

94 (86.2)

232 (96.3)

 Yes

11 (1.7)

8 (1.2)

9 (10.2)

15 (13.8)

9 (3.7)

 Married

609 (93.4)

612 (90.3)

80 (90.9)

92 (84.4)

220 (91.3)

 Single

43 (6.6)

66 (9.7)

8 (9.1)

17 (15.6)

21 (8.7)

Mother’s education

Father’s education

Parity

Place of birth

Caesarean section

Marital status

Electricity
 Yes

71 (10.9)

86 (12.7)

4 (4.6)

6 (5.5)

24 (10.0)

 No

581 (89.1)

592 (87.3)

84 (95.5)

103 (94.5)

217 (90.0)

Presence of mobile phone in the household
 Yes

346 (53.1)

363 (53.5)

42 (47.7)

53 (48.6)

159 (66.0)

 No

306 (46.9)

315 (46.5)

46 (52.3)

56 (51.4)

82 (34.0)

319 (48.9)

340 (50.2)

54 (61.4)

58 (53.2)

138 (57.3)

Source of drinking water
 Borehole
 Tap/piped water

88 (13.5)

84 (12.4)

9 (10.2)

10 (09.2)

20 (8.3)

 Protected natural spring

131 (20.1)

150 (22.1)

13 (14.8)

20 (18.4)

43 (17.8)

 Unprotected water source 114 (17.5)

104 (15.3)

12 (13.6)

21 (19.3)

40 (16.6)

668 (98.5)
10 (1.5)

87 (98.9)
1 (1.1)

107 (98.2)
2 (1.8)

237 (98.3)
4 (1.7)

Twin
 No
 Yes

648 (99.4)
4 (0.61)

Continued
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Table 1 Continued
All participants

Late participants*
Hypothermia

No hypothermia

Missed participants†

 

No hypothermia

Hypothermia

Unknown

N=652

N=678

N=88

N=109

N=241

 

n (%)

n (%)

n (%)

n (%)

n (%)

 No

613 (94.0)

622 (91.7)

83 (94.3)

101 (92.7)

15 (6.2)

 Yes

35 (5.4)

45 (6.6)

4 (4.6)

6 (5.5)

1 (0.41)

 Missing

4 (0.6)

11 (01.6)

1 (1.1)

2 (1.8)

225 (93.4)

 1 (poorest)

146 (22.4)

140 (20.7)

19 (21.6)

23 (21.1)

35 (14.5)

 2

143 (21.9)

185 (27.3)

20 (22.7)

22 (20.2)

63 (26.1)

 3

123 (18.9)

121 (17.9)

19 (21.6)

18 (16.5)

45 (18.7)

 4

105 (16.1)

114 (16.8)

10 (11.4)

20 (18.4)

49 (20.3)

 5 (richest)

135 (20.7)

118 (17.4)

20 (22.7)

26 (23.9)

49 (20.3)

 Wet

589 (90.3)

579 (85.4)

74 (84.1)

87 (79.8)

47 (19.5)

 Dry

63 (9.7)

99 (14.6)

14 (15.9)

22 (20.2)

194 (80.5)

Low birth weight

Wealth quintiles

Season

Baby placed on mother’s chest or abdomen immediately after birth
 Yes

547 (83.9)

548 (80.8)

68 (77.3)

76 (69.7)

163 (67.6)

 No

105 (16.1)

130 (19.2)

20 (22.7)

33 (30.3)

78 (32.4)

Clean and dry baby immediately
 No

68 (10.4)

104 (15.3)

10 (11.4)

21 (19.3)

41 (17.0)

 Yes

584 (89.6)

574 (84.7)

78 (88.6)

88 (80.7)

200 (83.0)

 No

326 (50.0)

274 (40.4)

1 (1.1)

2 (1.8)

81 (34.3)

 Yes

326 (50.0)

404 (59.6)

87 (98.9)

107 (98.2)

155 (65.7)

 No

643 (98.6)

675 (99.6)

88 (100.0)

108 (99.1)

227 (94.2)

 Yes

9 (1.4)

3 (0.44)

0 (0.0)

1 (0.92)

14 (5.8)

208 (31.9)
444 (68.1)

257 (37.9)
421 (62.1)

35 (39.8)
53 (60.2)

58 (53.2)
51 (46.8)

110 (48.0)
119 (52.0)

Bathed baby before visit

 Died in first month

Early breastfeeding initiation
 No
 Yes

*Participants whose temperature was measured after 3 days.
†Missed participants: eligible participants whose temperature was not measured.

than that observed in two other studies in India, which
observed a prevalence of 11%31 and 17%.32 The difference could be explained by the different definitions
of hypothermia used in the studies. We defined hypothermia as a temperature less than 36.5°C in accordance
with recommendations from WHO,6 whereas Kumar et al
defined hypothermia as a temperature less than 35.6°C,
and Bang et al defined hypothermia as a temperature less
than 35°C.
Neonates who had low birth weight were more likely
to be hypothermic compared with neonates with normal
birth weight. This finding is not surprising. Similar
findings were observed in a community-
based study
conducted in Nepal33 and in many other hospital-based
6

studies in Uganda, Ethiopia24 25 and other countries.20 34
Low birthweight neonates have less capability to conserve
and generate heat. This is mainly because of physiological
factors such as the reduced amount of brown fat and a
poor shivering reflex.15 35 These thermoprotective mechanisms are needed to maintain a normal temperature in
neonates who are exposed to hypothermic situations.
Neonates born at home were more likely to be hypothermic compared with neonates born in health facilities.
This finding has also been reported in other settings.35
A study in Uganda found that mothers who gave birth
at home were more likely to practice suboptimal thermal
care practices.36 Mothers who give birth at home are
more likely to bathe their neonates soon after birth,37 38
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Table 2 (A) Prevalence of hypothermia (defined by the
WHO classification) in Lira district, Northern Uganda
Hypothermia

n/N (all)

% (95% CI)

Table 3 Factors associated with moderate to severe
hypothermia among neonates in Lira district Northern
Uganda
Bivariable
N=1330

Multivariable
RR N=1315

(A)
Mild (36.0–36.5)

429/1330

32.3 (29.5 to 35.2)

Moderate (32.0–35.9)

249/1330

18.7 (15.8 to 22.0)

Severe (<32.0)

0/1330

0

 

Adjusted
Crude prevalence prevalence ratio
ratio (95% CI)
(95% CI)

Any

678/1330

51.0 (46.9 to 55.1)

Trial arm
 Control

1

1

0.85 (0.62 to 1.2)

1.0 (0.79 to 1.4)
1

(B)
Grade 1 (36.0–36.5)

429/1330

32.3 (29.5 to 35.2)

 Intervention

Grade 2 (35.0–35.99)

218/1330

16.4 (14.0 to 19.1)

Age of mother

Grade 3 (34.0–34.99)
Grade 4 (less than 34.0)

26/1330
5/1330

2.0 (1.2 to 3.1)
0.38 (0.16 to 0.90)

 ≤19

1

 20–30

0.71 (0.58 to 0.88) 0.81 (0.59 to 1.1)

 >30

0.70 (0.50 to 0.96) 0.75 (0.43 to 1.3)

(B) Prevalence of hypothermia (defined by the Mullany
classification) in Lira district, Northern Uganda.

which could explain the increased risk of hypothermia
observed in neonates born at home. The main reason for
bathing neonates early is the belief that neonates are dirty,
having come into contact with maternal fluids and the
vernix caseosa.17 39–41 Bathing neonates is also perceived
as a prerequisite to good rest and sleep.39 However, early
bathing has been shown to result in a substantial drop
in the neonate’s temperatures.16 We recommend that
neonates are not bathed within the first 24 hours after
birth14 and that bathing be done with warm water, after
which the neonate should be placed on the skin of the
caregiver or placed in adequate warm clothing if available.
Despite the generally impoverished nature of the study
area, belonging to a relatively lower socialeconomic
status was also a predictor of hypothermia in this population. Mothers with low socioeconomic status often lack
resources to buy materials that can keep the neonate
warm42 and may have limited access to health information.43 This should not be a big problem if the mother
practices skin-to-skin care. Unfortunately, many mothers
in Uganda,41 Ethiopia,44 Ghana,44 Tanzania44 and Mali44
do not practice skin-to-skin care. Reasons for not practising adequate neonatal care include beliefs that skin-
to-skin care could result in the transmission of diseases
to the neonate and could hurt the umbilical cord of the
neonate.41 45 46
Mothers who delayed putting their neonates to the
breast were more likely to have hypothermic babies. This
finding was also observed in the community-based study
in Nepal.33 Neonates who are breastfed early receive
warmth from their mothers and this explains the reduction in hypothermia.23 47 Mothers who had higher education were less likely to have hypothermic babies, although
this finding was imprecise. There was also no difference
between mothers in the intervention group and the
control group, meaning the intervention did not prevent
the neonate from becoming hypothermic.
Mukunya D, et al. BMJ Open 2021;11:e041723. doi:10.1136/bmjopen-2020-041723

Mother’s education
 None

1

1

 Primary

0.93 (0.69 to 1.2)

0.94 (0.70 to 1.3)

 ≥Secondary

0.53 (0.31 to 0.88) 0.63 (0.39 to 1.0)

Father’s education
 None

1

 Primary

1.2 (0.58 to 2.6)

 Secondary

0.81 (0.35 to 1.9)

 Tertiary

0.73 (0.27 to 2.0)

–

Parity
 ≤1

1

 2–4

0.75 (0.57 to 0.99) 0.85 (0.57 to 1.3)

1

 >4

0.77 (0.55 to 1.1)

0.84 (0.50 to 1.4)

 Health Facility

1

1

 Home

2.0 (1.5 to 2.6)

1.9 (1.4 to 2.6)

 No

1

1

 Yes

0.94 (0.44 to 2.0)

0.82 (0.31 to 2.1)

 Single

1

–

 Married

0.77 (0.55 to 1.1)

Place of birth

Caesarean section

Marital status

Low birth weight*
(less than 2.5)
 No

1

1

 Yes

1.9 (1.4 to 2.6)

1.7 (1.3 to 2.3)

 1 (poorest)

1

1

 2

1.1 (0.82 to 1.6)

1.3 (0.91 to 1.7)

 3

0.81 (0.57 to 1.1)

0.93 (0.67 to 1.3)

 4

0.71 (0.46 to 1.1)

0.87 (0.59 to 1.3)

 5 (richest)
Season

0.59 (0.40 to 0.87) 0.79 (0.53 to 1.2)

Wealth quintiles

Continued
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Table 3 Continued
Bivariable
N=1330

Multivariable
RR N=1315

 

Adjusted
Crude prevalence prevalence ratio
ratio (95% CI)
(95% CI)

 Wet

1

1

 Dry

1.3 (0.92 to 1.8)

1.4 (1.0 to 1.9)

Baby placed on mother’s chest or abdomen immediately
after birth
 No

1

1

 Yes

0.78 (0.61 to 0.99) 0.98 (0.76 to 1.3)

Clean and dry baby immediately
 No

1

1

 Yes

0.87 (0.59 to 1.3)

0.96 (0.65 to 1.4)

Bathed baby before visit
 No

1

1

 Yes

1.2 (0.98 to 1.5)

1.0 (0.81 to 1.2)

 Early

1

1

 Late

1.4 (1.1 to 1.8)

1.2 (1.0 to 1.5)

1
1.1 (0.95 to 1.3)

–

Breastfeeding
initiation

Child’s sex
 Male
 Female

Methodological considerations
We did not measure some predictors such as delivery
room temperature and maternal temperature. We could
also have underestimated hypothermia by using a digital
thermometer, placed in the axilla. Digital thermometers
might slightly over or underestimate temperature readings as compared with mercury thermometers.48–50 We
used these because they are inexpensive, locally available and easy to use by community workers.29 In addition, digital thermometers are easier to use in poorly lit
rural homes.29 We used axillary measurements because
they were easier to do, safer and more acceptable than
rectal measurements.29 In a systematic review studying
differences between rectal and axillary temperatures, the
pooled mean difference of rectal minus axillary temperature was estimated to be 0.17°C, ranging from −0.15°C to
0.5°C.51 Our study could have suffered from a selection
bias since only 75% of eligible participants were recruited.
From our sensitivity analysis, we believe hypothermia is
still a big challenge, and that this selection bias might
have slightly underestimated the burden since it was
possibly the very sick who were not visited within 72 hours
of birth. We believe this selection bias also greatly underestimated the mortality attributed to hypothermia since
many more neonates died in the unmeasured group. This
is understandable since the majority of newborn deaths in
the study, as would be expected, occurred in the first few
8

hours after birth before our teams were able to reach the
scene. The lack of gestational age data is another limitation in our study. We believe that our findings are generalisable to rural areas in tropical low-income countries
with similar newborn care practices.

CONCLUSION
The prevalence of neonatal hypothermia was very high,
demonstrating that communities in tropical climates
should not ignore neonatal hypothermia. Interventions designed to address neonatal hypothermia should
consider ways of reaching neonates born at home, as
these are at greater risk of hypothermia. Low birthweight
neonates, and neonates born to mothers in the poorest
socioeconomic status, should also be prioritised. We
recommend promotion of low-cost interventions such as
skin-to-skin care for all neonates born in similar settings
to prevent neonatal hypothermia.
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