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maintained in the coconut oil group throughout the inter-
vention period, but deteriorated from a median (IQR) of 3 
(3–4) on day 1 to 4 (4–4) on day 21 in the control group ( p  = 
0.01). There were no differences in common neonatal out-
comes, including sepsis, necrotising enterocolitis, retinopa-
thy of prematurity, chronic lung disease, and mortality.  Con-

clusions:  Topical coconut oil maintained a better skin condi-
tion in very preterm infants without adverse effects. This 
simple, safe, and affordable intervention warrants further 
investigation.  © 2017 S. Karger AG, Basel 

 Introduction 

 Advances in neonatal intensive care have improved 
the survival of very preterm infants (gestation <30 weeks) 
 [1] . The immature fragile skin of very preterm infants 
represents an inadequate protective barrier, and a poor 
skin condition may contribute to the risk of nosocomial 
infections  [2–4] . Topical emollients have the potential to 
improve skin condition, enhance the skin barrier func-
tion, reduce water loss, and prevent topical and neonatal 
sepsis  [5–8] . In many Asian and African low- and middle-
income settings (LMIC), newborn and infant massage 
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 Abstract 

  Background:  The immature fragile skin of preterm infants 
represents an inadequate protective barrier. The emollient 
and anti-infective properties of coconut oil make it a poten-
tially beneficial topical agent for this population.  Objectives:  
Our aim was to evaluate feasibility, safety, and the effects of 
topical coconut oil on skin condition in very preterm infants. 
 Methods:  An open-label randomised controlled trial in pre-
term infants <30 weeks’ gestation was conducted. Enrolled 
infants were randomised to receive either routine care or 
topical coconut oil (5 mL/kg) twice daily for 21 days, starting 
within 24 h of birth. The neonatal skin condition was the pri-
mary outcome, and was assessed using the Neonatal Skin 
Condition Score (NSCS) on days 1, 7, 14, and 21. The number 
of coconut oil applications was recorded to assess clinical 
feasibility and all enrolled infants were monitored for ad-
verse effects of topical coconut application, such as skin ir-
ritation.  Results:  A total of 72 infants born <30 weeks’ gesta-
tion were enrolled (36 infants per arm), with comparable de-
mographic characteristics. Topical application of coconut oil 
was feasible and without adverse effects. The NSCS was 
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with natural oils has been used for centuries, with benefi-
cial effects reported, including an improved skin barrier 
function, reduced transepidermal water loss, and lower 
energy expenditure for temperature maintenance  [7, 
9–12] . A systematic review of 8 randomised controlled 
trials (RCTs) of preterm infants (<37 weeks) in LMIC set-
tings assessed the effects of topical emollients, predomi-
nantly vegetable oils  [7] . The review concludes that topi-
cal emollients significantly improved weight gain, and re-
duced the risk of infection and mortality. In contrast, a 
recent Cochrane review of topical emollient application 
in preterm infants in LMIC and high-income settings 
concluded that there was insufficient quality data on in-
fection or mortality, but that topical application of vege-
table oils may improve weight gain and that more studies 
are needed  [13] . The varying results may be partially ex-
plained by the predominant use of natural oils in more 
mature infants in LMICs, whereas mineral oil-based 
emollients are commonly used in high-resource neonatal 
intensive care units (NICUs) in extremely immature and 
vulnerable preterm infants. 

  There are no evidence-based recommendations for 
routine emollient therapy for newborn infants in high-
resource settings, especially for the most immature pre-
term infants with the highest burden of poor skin integ-
rity, acquired infections, and poor weight gain.   Some of 
the frequently used natural oils, including mustard seed 
oil and olive oil, have potentially deleterious effects on the 
newborn skin condition and barrier function  [7] . In con-
trast, coconut oil has no such effects and, importantly, 
contains high amounts of lauric acid and its ester, mono-
laurin, both of which have well-documented and poten-
tially clinically relevant antimicrobial properties  [14–18] .  
 Furthermore, a recent RCT of topical coconut oil in pre-
term infants (>26 to <37 weeks) in Pakistan resulted in 
better weight gain and a substantially reduced incidence 
of late-onset sepsis (LOS)  [6] . While current evidence in-
dicates potential benefits of topical coconut oil applica-
tion in preterm infants, data on its efficacy in very pre-
term infants in high-income settings are lacking. Here, we 
report the results of an open-label RCT of topical coconut 
oil in very preterm infants (<30 weeks) from a large, ter-
tiary NICU in Western Australia.

  Subjects and Methods 

 Design and Setting  
 An open-label RCT was conducted at the NICU at Edward Me-

morial Hospital, Perth, the only perinatal referral centre in West-
ern Australia. Recruitment took place between March and October 

2016. The eligibility criteria were: gestation <30 weeks, postnatal 
age <24 h, and informed consent. Exclusion criteria were: the pres-
ence of major congenital malformations, congenital skin abnor-
mality or signs of pre-existing skin infection, and the infant being 
critically unwell and not expected to survive. 

  Ethics  
 The RCT was approved by the institutional human research 

ethics committee (HREC2015191EW) and registered with the 
Australian Clinical Trial Registry (ACTRN12616000042448). In-
fants were enrolled once written informed consent was obtained 
from the parents or guardians.

  Outcomes 
 The primary outcomes were: (1) the feasibility of the coco-

nut oil application to enrolled infants as per the study protocol, 
(2) safety – the incidence of skin irritation or local infection, and 
(3) efficacy – skin condition as assessed by the Neonatal Skin Con-
dition Score (NSCS). Secondary outcomes included the incidence 
of temperature instability, weight gain, intraventricular haemor-
rhage, LOS, necrotising enterocolitis, retinopathy of prematurity, 
chronic lung disease, and mortality. 

  Assessment of Skin Integrity 
 The NSCS is a validated tool for the assessment of neonatal skin 

condition and is routinely used at the trial centre  [19] . Two inde-
pendent assessors applied the NSCS to enrolled infants prior to 
starting the study intervention and on days 7, 14, and 21.

  Adverse Events
All adverse events, especially skin irritation and/or inflamma-

tion leading to the cessation of the intervention, were monitored.

  Randomisation, Allocation Concealment, and Blinding 
 Computer-generated random numbers (variable blocks of 4) 

were used for randomisation stratified by gestation (<28 weeks and 
 ≥ 28 to <30 weeks) to ensure an equal distribution between the 2 
arms of the trial. Randomisation was performed by a statistician 
not involved in the RCT. Random numbers were contained in 
sealed, coded, opaque, and serially numbered envelopes stored at 
the NICU. Allocation concealment was optimised by opening the 
randomisation envelopes only after informed consent and basic 
demographic data were obtained. Infants not treated with topical 
coconut oil served as controls. Considering that blinding was not 
achievable, parents, all investigators, and healthcare team mem-
bers could not be masked to the allocation status of the enrolled 
infants. The internal validity of the trial was optimised by ensuring 
that the biostatistician responsible for analysing the data was un-
aware of the allocation status.

  Intervention 
 Virgin coconut oil was sourced from a single manufacturer 

(Nature Pacific, Varsity Lakes, QLD, Australia) and distributed to 
study participants in individually sealed 5-mL sachets for each ap-
plication. Regulatory approval was obtained from the Therapeutic 
Goods Administration, Australia (Clinical Trial notification CT-
2015-CTN-03227-1). 

  The coconut oil (5 mL/kg every 12 h for 21 days) was applied 
by trained nursing staff and commenced within 24 h of birth. A 
routine hand hygiene protocol was followed. The coconut oil was 
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applied to the entire skin, excluding the face, scalp, and sites of any 
catheters or drains, and involved gentle strokes without massage. 
The application was completed in 2–3 min. To avoid excessive 
handling, the oil application was performed with routine cares.

  The control group received routine neonatal care as per current 
NICU guidelines without topical coconut oil application. The 
study intervention could not be blinded as: (a) there is currently 
no topical emollient recommended for routine neonatal skin care, 
and (b) coconut oil is readily distinguishable by its fragrance.

  Sample Size Estimation 
 Based on published data, recruitment of 60 very preterm in-

fants (30 each in the intervention and control arms) assured 80% 
power to detect a 1 – standard deviation difference in the skin in-
tegrity score in the intervention versus control infants in this pilot 
RCT  [20] . An additional 12 infants were recruited to cover for a 
potential 20% loss to follow-up. Therefore, a total of 72 preterm 
infants were enrolled (36 in each arm).

  Statistical Analysis 
 The analysis was based on the intention-to-treat principle. The 

Australian National Health and Medical Research Council guide-
lines were followed for protecting confidentiality and data storage 
 [21] . Study data were collected and managed using REDCap (Re-
search Electronic Data Capture) electronic data capture tools  [22] .

  Continuous data were summarised using medians and inter-
quartile ranges (IQR), and categorical data were summarised using 
frequency distributions. Univariate group comparisons were per-
formed using the χ 2  and Fisher exact tests, as appropriate. Linear 
regression analysis on log-transformed repeated NSCS scores over 
a period of 3 weeks was performed with individual neonates mod-
elled as random effects. The interaction between group and time 
was modelled to evaluate changes in NSCS scores over time. The 
pairwise comparisons between the groups and pairwise contrasts 

within each group at each time point were tested at an overall sig-
nificance level 0.05 with Bonferroni correction for multiple com-
parisons. Data analyses were performed using SPSS version 20 
(IBM, Armonk, New York, NY, USA). All hypothesis tests were 
2-sided, and  p  values <0.05 were considered significant.

  Results 

 There were 92 eligible infants delivered during the 
study period and 72 preterm infants were enrolled. Par-
ents of 3 participants declined consent, while 17 did not 
meet the inclusion criteria ( Fig. 1 ). The neonatal demo-
graphic characteristics were comparable between the 2 
arms of the trial ( Table 1 ). The gestational age ranges were 
23.7–29.9 weeks for the intervention and 23.0–29.9 weeks 
for the control groups. Three participants died during the 
study intervention period as a result of necrotising en-
terocolitis, intestinal perforation, and severe pulmonary 
hypertension, and all 3 were in the control arm. One in-
fant, also in the control arm, died after the intervention 
period from respiratory failure. 

  Primary Outcomes 
 Skin Condition.   The median (IQR) NSCS deteriorated 

from 3 (3–4) on day 1 to 4 (4–4) on day 21 in the control 
group, but remained stable from birth throughout the in-
tervention period in the coconut oil group infants ( p  = 
0.01;  Fig. 2 ). 

Assessed for eligibility (n = 92)
Excluded
• Did not meet inclusion criteria (n = 17)
• Declined participation (n = 3)

Analysed (n = 36)
• 3 infants died during the intervention period
• 1 infant died in hospital after the intervention period

Allocated to control
• Received allocated control (n = 36)

Discontinued intervention (n = 0)

Analysed (n = 36)

Allocated to intervention
• Received allocated intervention (n = 36)

Discontinued intervention (n = 0)

Randomised (n = 72)

  Fig. 1.  Trial flow chart. 
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  Feasibility.   Twice-daily coconut oil application was 
highly feasible, with all infants in the treatment arm com-
pleting 100% of the scheduled coconut oil applications. 
All infants in both study arms completed all NSCS assess-
ments until death or day 21.

  Safety.   There were no adverse events attributed to co-
conut oil. The incidence of skin irritation was comparable 
(coconut oil group,  n  = 9 [25%] vs. control group,  n  = 8 
[22.2%];  p  = 0.779). The incidence of temperature insta-
bility was similar in the coconut oil versus control group 
infants. There were 10 (27.8%) infants in the control 
group and 14 (38.9%) infants in the coconut oil group 
without any adverse outcomes. No statistical hypothesis 
tests were performed on secondary outcomes due to the 
sample size of this pilot RCT ( Table 2 ). 

  Discussion 

 This is the first RCT to assess the feasibility, safety, 
and effect on skin condition of topical coconut oil in 
very preterm infants in a high-resource setting, and the 
data indicate that prophylactic topical coconut oil re-
sults in significantly better skin integrity without ad-
verse effects. The neonatal skin is colonised with micro-
organisms, including potential pathogens, within days 
of birth, and poor skin integrity is a frequent problem in 
the NICU and likely associated with an increased risk of 
LOS. Despite this, there are currently no emollient prod-
ucts recommended for routine skin care in this high-risk 
population. Published data, predominantly from LMIC 
settings and utilising natural oils in relatively mature 
preterm infants, suggest that this practice improves skin 
integrity, weight gain, and may reduce neonatal sepsis. 
Beneficial effects were also observed for the topical use 
of the mineral oil-derived emollient, namely Aquaphor 
ointment. In contrast, a large RCT of Aquaphor oint-
ment in very preterm infants in high-resource NICUs 
found that, while it improved skin condition, there was 
the possibility of an increased LOS incidence in the 
smallest infants  [23] .

  The positive effects on skin condition observed in this 
trial are in line with previous neonatal RCTs of coconut 
oil from LMIC settings. Maintaining skin integrity may 
reduce the incidence of LOS, with a high proportion of 
LOS organisms recovered from blood cultures originat-
ing from the skin, even in the absence of indwelling vas-
cular catheters. In addition to better skin integrity, and 
based on its antimicrobial properties, coconut oil might 
modulate the epidermal microbiome during the time of 
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 Table 1.  Neonatal demographic characteristics

Characteristics Coconut oil (n = 36) Control (n = 36) p value

Gestation, weeks 27.9 (26.3 – 29.3) 27.9 (25.4 – 29.1) 0.77
Birth weight, g 1,070 (879 – 1,202) 950 (726 – 1,155) 0.2
Birth weight z-score 0.1237 (–0.3954 to 0.5281) –0.606 (–0.8846 to 0.3737) 0.31
Caesarean section 20 (55.6) 25 (69.4) 0.22
Male 13 (36.1) 19 (52.8) 0.16
Multiple births 9 (25) 6 (16.7) 0.58
PPROM >24 h 7 (19.4) 6 (16.7) 0.76
Antenatal glucocorticoid exposure 25 (69.4) 26 (72.2) 0.78
APGAR <7 at 5 min 9 (25) 5 (13.8) 0.37
CRIB II score 9 (6.3 – 11) 9 (7 – 13.8) 0.408

 Data are expressed as the median (IQR) or n (%). PPROM, preterm premature rupture of membranes.

  Fig. 2.  The NSCS during the intervention period (median, 95% CI). 
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highest LOS risk, but such data are not yet available. In 
this RCT, fewer LOS cases occurred in the control com-
pared to the intervention arm, but it was not powered 
for LOS as a primary outcome. In contrast to findings 
from LMIC settings, we did not observe weight gain dif-
ferences between the groups. This may be due to the re-
cruitment of a significantly more immature cohort of 
preterm infants than previous studies, and because the 
application of coconut oil involved only a few gentle 
strokes rather than massage. 

  The strengths of this RCT include its prospective 
controlled design that was powered to detect differences 
in skin condition during the first critical weeks of life. 
Furthermore, all enrolled infants received the complete 
study intervention until death or the end of the interven-

tion period, and there were no withdrawals from the 
study. One unavoidable limitation of our study was the 
lack of an appropriate placebo as there currently are no 
topical emollients recommended for routine neonatal 
skin care in Australia, and therefore the trial could not 
be blinded.

  In conclusion, this RCT demonstrates that the topical 
application of coconut oil, starting within 24 h from 
birth, in very preterm infants is feasible, safe, and effec-
tive in maintaining skin integrity. Adequately powered 
RCTs are required to assess whether this simple, afford-
able, and safe intervention may also reduce the burden 
of LOS in high-resource settings.

 Table 2.  Secondary outcomes

Outcomes Coconut oil (n = 36) Controls (n = 36)

Maximum weight loss1, % of birth weight 5 (0.9 – 8.3) 2 (0 – 8.2)
Time to regain birth weight, days 5 (2 – 8) 5 (2 – 10)
Time to full enteral feeds (150 mL/kg/day), days 8 (6 – 14) 10 (6 – 15)
Weight day 7, g 1,100 (939 – 1,257) 1,007 (751 – 1,210)
Weight day 14, g 1,180 (1,051 – 1,345) 1,056 (921 – 1,348)
Weight day 21, g 1,312 (1,085 – 1,502) 1,296 (1,066 – 1,492)
Weight at discharge, g 3,042 (2,528 – 3,693) 2,988 (2,728 – 3,441)
Time to grade out of incubator, days 32 (23 – 46) 31 (24 – 44)
Episodes of abnormal temperature2 3 (2 – 4) 3 (2 – 3)
Age at discharge home, days 77 (63 – 110) 77 (69 – 90)
Mortality 0 (0) 4 (11.1)
Respiratory support

CPAP
Duration, h

Endotracheal ventilation
Duration, h

36 (100)
606.5 (118 – 970.3)

27 (75.0)
39 (11 – 275)

34 (94.4)
514.5 (134.3 – 1102.8)

27 (75.0)
45 (20 – 654)

Surfactant therapy 29 (80.6) 27 (75.0)
EOS 0 (0) 0 (0)
LOS overall 2 (5.6) 5 (13.9)

During study intervention 
After study intervention
LOS organisms

1 (2.8)
1 (2.8)

S. marcescens, E. faecalis,
S. warneri

3 (8.3)
2 (5.6)

E. cloacae and E. faecalis, 
S. capitis, S. epidermidis, S. aureus

NEC 0 (0) 2 (5.6)
Chronic lung disease 14 (38.9) 15 (41.7)
PDA 19 (52.8) 20 (61.1)
Any ROP 9 (25) 16 (44.4)
ROP requiring treatment3 4 (44.4 ) 4 (25)

 Data are expressed as the median (IQR) or n (%). CPAP, continuous positive airway pressure; EOS, early-onset sepsis; LOS, late-
onset sepsis; NEC, necrotising enterocolitis; PDA, patent ductus arteriosus; ROP, retinopathy of prematurity. 

1 From birth to day 7. 2 Defined as <36.5° C or >37.5° C; median number per baby. 3 % based on neonates with any ROP.
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