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Introduction

The incidence of preterm birth in Africa and Southeast 
Asia is approximately 60 percent [1]. In the Philippines, the 
Philippine Pediatric Society has recorded 16253 cases of 
prematurity since 2017. In our institution, Mary Mediatrix 

Premature birth is a significant public health concern, 
especially in low-to-middle-income countries where resources 
and access to healthcare are limited. Preterm births contribute 
to newborn mortality which is an important indicator of 
socioeconomic status. The complications of preterm births like 
increased water loss and infections caused by dermal 
immaturity, contribute to newborn mortality which is an 
important indicator of socioeconomic status. Furthermore, a 
high environmental load of pathogenic organisms and 
malnutrition of preterm babies contribute to mortality.

The human skin functions as a physical barrier to minimize 
excessive water loss, prevent the absorption of harmful 
substances, and protect against microorganisms [3].  However, 
in preterm, low-birth-weight babies, the skin barriers are 
critically compromised due to immaturity [4]. The absence of 
vernix and the partial development of the stratum corneum in 
extremely preterm infants result in very high transepidermal 
water loss (TEWL). The vernix which starts to develop during 

Medical Center in Lipa City, Batangas, 159 cases of premature 
deliveries were recorded from January 2017 to March 2021.  
Preterm infants are known to be at risk of various 
complications like increased water loss and infections caused 
by dermal immaturity [2]. Neonatal sepsis is one of the major 
causes of mortality in preterm babies. 
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ABSTRACT

Results: Of 110 records identified, 3 RCTs with 2440 patients were included. Prevention of infection had a trend 
toward VCO (RR = 0.90, [95% CI: 0.64, 1.27] while the results for mortality reduction were inconclusive (RR = 
0.45, [95% CI: 0.06, 3.38]. NSC scores showed a beneficial trend toward VCO (RR = -0.03, [95% CI: -0.16, 0.09].  
Both secondary outcomes of skin irritation and weight loss had inconclusive results.

Background: Preterm birth is an important health concern in countries with limited resources and healthcare 
access. Topical therapy may be effective for improving outcomes in preterm neonates whose skin barriers are 
compromised due to immaturity. 

Conclusions: This review showed the lack of evidence of the effectiveness of topical VCO in improving various 
outcomes in premature infants. The effects on infection prevention and dermal maturation were favorable. 
However, its effects on preventing mortality, skin irritation, and weight loss were inconclusive.

Objectives: To systematically review the topical VCO's effects in preterm infants on infection, mortality, and 
dermal maturity.
Methodology: Systematic review and meta-analysis of RCTs of topical VCO in preterm infants were conducted.  
Databases included PubMed, Google Scholar, Clinical trials.gov, Trip, Cochrane Library, and Herdin.  The risk of 
bias was assessed by two authors independently.  RR with 95% CI was used for the pooled estimate of 
dichotomous outcomes including infection prevention, mortality reduction, and skin irritation. Mean 
differences with 95% CI were used for the pooled estimate of weight loss and NSCS.
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VCO acts by augmenting the skin barrier, supplementing 
essential fatty acids, and reducing water loss and hypothermia. 
Lauric acid, its major medium-chain triglyceride, is known to 
have an effective antimicrobial activity, thereby giving VCO the 
potential to reduce infections and newborn mortality. Coconut 
oil application is also affordable and helps promote weight gain.

A meta-analysis in 2018 looked into the efficacy of VCO-
supplemented milk in augmenting weight gain of very low 
birth weight preterm infants. Although oral and not topical 
VCO was studied here, its safety in this population was 
established. The population in this meta-analysis included 
290 babies. The babies had a statistically significant weight 
gain after being given VCO-supplemented milk. [7] 

Methodology

the last trimester serves as an emollient to maintain hydration 
that facilitates the formation of the acid mantle for microbial 
homeostasis and acts as a first-line host defense mechanism 
[3]. Due to the limited therapeutic options for managing 
infections in preterm babies, as well as the scarcity of 
innovative approaches in developing countries, topical therapy 
may be an effective strategy to improve neonatal outcomes 
[5]. Neonatal Skin Condition Score  (NSCS) is a reliable criterion 
used to assess neonatal skin conditions. The lower the score on 
3 criteria - dryness, erythema, and breakdown, the better is the 
skin integrity of the neonate. If a neonate scores 3 in any area, 
the physician should be notified.[8]

Many plant-based oils are used as effective emollients for 
skin ailments; among them is virgin coconut oil (VCO). VCO is 
extracted through a low-heat process from fresh coconut oil 
without the use of chemicals. It is composed of various fatty 
acids and is widely used in South Asia for food, medical and 
industrial applications [6]. The assumed benefits of VCO 
application like the induced tactile kinesthetic stimulation to 
the newborn skin in the form of improved skin barrier 
function, thermoregulation, and also a possible positive effect 
on growth have been documented in previous literature [3,6]. 

This study aimed to systematically review randomized 
trials assessing the effects of topical VCO application in 
preterm infants particularly on the prevention of infection 
and mortality, and on dermal maturity.

Eligibility Criteria
 
This study aimed to investigate the efficacy of topical VCO 

application on the development of infection, mortality, and 

We conducted this study according to the Preferred 
Reporting Items for Systematic Review and Meta-analysis 
(PRISMA) guideline [9]. We searched original articles 
without language restrictions from their inception until our 
last search on July 16, 2021 from the following electronic 
databases: PubMed, Google Scholar, Clinical trials.gov, Trip 
database, Cochrane Library, and Herdin.   We searched for 
the completeness of the following reference lists of the 
retrieved studies and relevant reviews (Figure 1).

 
Search Strategy

To search for individual studies, we used the following key 
a n d  M e S H  t e r m s :  ( ( ( ( " ra n d o m i ze d  c o n t ro l l e d 
tr ia l"[Publ icat ion  Type]  OR  "control led  c l in ical 
trial"[Publication Type] OR "randomized"[Title/Abstract] OR 
"placebo"[Title/Abstract] OR "drug therapy"[MeSH 
Subheading]  OR  "randomly"[T it le/Abstract]  OR 

Secondary outcomes were skin irritation and change in 
weight. Skin irritation is defined as a dermal reaction to any 
substance applied to the skin. We excluded the following: 
(1) prospective non-randomized observational studies, case 
series, and case controls, (2) retrospective observational 
studies, (3) studies that reported preliminary results, (4) 
study protocols and ongoing studies, and (5) unpublished 
manuscripts and conference abstracts.

dermal maturation in preterm neonates born less than 37 
weeks of gestational age as determined by Ballard scoring. 
Dermal maturation is defined as epidermal maturation based 
on the Neonatal Skin Condition Score (NSCS), a validated tool 
for the assessment of neonatal skin conditions.  Infections 
included early- and late-onset sepsis, and nosocomial infection 
(sepsis, pneumonia).

Following the PICOs approach, we included randomized 
studies that met the following criteria: (1) preterm neonates 
<37 weeks gestational age, (2) treatment using VCO topical 
application, and (3) comparator group composed of other 
emollients or none. Primary outcomes were infection which 
includes early/late onset sepsis and pneumonia, all-cause 
mortality while admitted at the Neonatal Intensive Care 
Unit (NICU), and dermal maturation as measured by NSCS. 
NSCS is reliable when used by single and multiple raters to 
assess neonatal skin conditions, even across weight groups 
and racial groups. Validity of the NSCS was demonstrated by 
confirmation of the relationship of the skin condition scores 
with birth weight, number of observations, and prevalence 
of infection. [8]
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In the first step, 2 reviewers (KQ and DOS) independently 
screened the titles and abstracts according to the eligibility 
criteria. The same reviewers retrieved and individually 

"trial"[Title/Abstract] OR "groups"[Title/Abstract]) NOT 
("animals"[MeSH Terms] NOT "humans"[MeSH Terms])) and 
((virgin coconut oil) or (VCO)) and ((topical application) or 
(dermal application) or (skin application) or ("Administration, 
Cutaneous"[Mesh]))) (Table S1. Supplementary Material). 

reviewed the full texts of the articles to confirm eligibility in 
a second step. The 2 reviewers discussed any ambiguities 
concerning eligibility and in case of disagreement arrived at 
a consensus (Table S2. Supplementary Material). 

Two reviewers (KQ and DOS) independently conducted the 
data extraction.  Descriptive data on each article (first author, 

Data extraction

Figure 1. Database search strategy of included studies according to PRISMA guidelines
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The analysis did not include a trial that did not report the 
specific outcome. Sources of heterogeneity were explored 
by looking at the variations in the characteristics of the 
included patients, interventions, and outcomes.

Ethical Consideration

We used Review Manager (RevMan 5.4) to compare data 
from the included studies. Risk ratio (RR with 95% CI) was 
used for dichotomous data. The heterogeneity among the 
studies was evaluated using the Cochran Q and chi-squared 
statistics. In contrast, the I2 statistic was used to determine 
the percentage of variation across the studies from 
heterogeneity. An I2 of less than 25% is usually viewed as low 
heterogeneity, between 25% and 50% as moderate, and over 
50% as high heterogeneity.”  All tests were two-tailed, and a 
p-value < 0.10 was considered statistically significant  [10].

The Ethics and Review Board of the Mary Mediatrix 
Medical Center reviewed this protocol.  The investigators have 
no conflicts of interest to disclose in this meta-analysis.  The 
investigators applied for a waiver since this meta-analysis and 

The authors used the Cochrane Risk of Bias Tool 1 to assess 
the methodological quality of the eligible trials. Disagreements 
were resolved by discussion between the authors. Selection 
bias (randomization and allocation concealment), 
performance bias (blinding of participants and investigators), 
detection bias (blinding of outcome adjudicators), attrition 
bias (differential loss to follow-up), and reporting bias 
(selective outcome reporting) were judged to be of low, 
unclear, or high risk for each trial. The authors evaluated each 
trial to ascertain whether the risk of bias was low, unclear, or 
high, based on the level of bias in the defined domains that 
could have led to biases in the outcome estimates.

 

publication year), study design, sample size, treatment, country 
and years conducted, demographic patient characteristics 
(pediatric age according to Ballard score, sex, weight), infection 
rate or sepsis, all-cause mortality, skin maturity assessed by 
Neonatal Skin Condition Score (NSCS), skin irritation and skin 
infection, and study results (dermal maturation, development 
of sepsis, weight gain) were collected. The reviewers entered 
the data into two separate spreadsheets and compared the 
spreadsheets after data extraction was completed. They 
resolved the disagreements by discussion. 

Statistical Analysis

Risk of Bias Assessment

We retrieved 110 records up to July 16, 2021. After 
screening the titles and abstracts, we included 21 studies in 
a full-text screening, where we removed further 18 studies.  
The reasons for excluding full-text articles are in Table S2 of 
the Supplementary Material.  We included three  trials in 
the meta-analysis [4,6,11]. The PRISMA flow diagram 
showed the study selection procedure (Figure 1).

Included in this review were  three RCTs published 
between 2004  and 2020.  Bautista et al. (2004) conducted a 
study in a Neonatal Intensive Care Unit (NICU) in the 
Philippines, Konar et al. (2020) conducted theirs in a rural 
field practice area in India, and Strunk et al. (2018) conducted 
theirs in a NICU in Australia [4,6,11]. The rural area trial 
involved the highest number of patients (n = 2294).  Strunk et 
al. (2018) included only 72 and Bautista et al. (2004) had 52 
patients.  Bautista et al. (2004) stopped their study before 
reaching the computed sample size due to adverse outcomes 
of nosocomial infections [4]. In this review, all three studies 
reported on infection in general (nosocomial pneumonia, 
nosocomial sepsis, early and late-onset sepsis) as a clinical 
outcome. Bautista et al. (2004) and Strunk et al. (2018) 
included mortality as an outcome, while Konar et al. (2020) 
and Strunk et al. (2018) reported on NSCS as a measure of 
dermal maturation. For the secondary outcomes, both 
studies by Konar et al. (2020) and Strunk et al. (2018) 
reported skin irritation,  rash, and weight loss.  Study details 
such as the country, study design, study period, number of 
included patients, and the outcomes are in Table 1.

Patient Characteristics and Outcomes

The summary of characteristics of patients and reports on 
outcomes are in Table 2. The pediatric aging of preterm 
neonates differs from the three trials such that Strunk included 
a younger age group compared to Bautista and Konar. Konar et 
al. (2020) included older patients who were 34-37 weeks and 
younger infants who were less than 34 weeks [6]. Bautista et 
al. (2004) also included preterm babies less than 34 weeks [4], 
while the study of Strunk et al. (2018) included much younger 
preterm infants whose ages ranged from 26.3 to 29.3 weeks 

Characteristics of Included Studies

Study Selection

review of published randomized controlled trials pose no risk 
to patients.  This waiver complies with the National Ethical 
Guidelines for Health and Health-related Research 2017.

Results
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Risk of Bias Assessment

Effect of Topical VCO on the Prevention of Infection

[8]. The amount and frequency of the intervention VCO also 
differed. Bautista et al. (2004) and Strunk et al. (2018) specified 
the body areas where VCO was applied twice a day, while 
Konar et al. (2020) did not indicate the specific areas to which 
VCO was applied four times a day.  Bautista et al. (2004) 
reported nosocomial infection. Strunk et al. (2018) reported 
the timing of sepsis while Konar et al. (2020) reported late-
onset sepsis only.  Only two studies reported on mortality; 
there was no mortality in the study by Strunk et al. (2018), and 
there were seven in the study of Bautista et al. (2004)  in the 
VCO group and 4 in the control group). Bautista reported 12% 
mortality, whereas Strunk has none. NSC scores were not 
comparable between the two studies. Overall, 69.3% of the 
patients in the study of Konar et al. (2020) were significantly 
older (34-37 weeks) and had higher NSC scores compared to 
the study of  Strunk et al. (2018) [6, 11].

Estimation of the risk of bias for the included studies 
comparing VCO and no intervention was presented in Figures 
S1 and S2, and Table S3 (Supplementary Material).  Blinding of 
participants and personnel was impossible due to identifiable 
emollient types or fragrances. One study reported on the 
independence of the outcome assessor but did not indicate 
blinding with the patient assignment. The study of Bautista et al. 
(2004) in which the computed sample size was not reached was 
given an unclear risk of other biases. The study was prematurely 
terminated due to harm because interim analysis showed a 
10% increased incidence of nosocomial infection and death in 
the experimental group compared to the control group.  

Primary Outcomes

The three studies reported various types of infections. 
Bautista et al. (2004) reported pneumonia and sepsis while 

Effect of Topical VCO on the Reduction of Mortality

 

The studies of Bautista et al. (2004) and Strunk et al. (2018) 
showed that the reduction of mortality by topical application 
of VCO was inconclusive (RR = 0.45, [95% CI: 0.06, 3.38]). The Q 
test p-value of mortality reduction was 0.18, and the I2 value 
was 43%, which indicates low heterogeneity (Figure 3). These 
two studies reported in-patient mortality (all-cause mortality ).

The overall pooled effect in the figure touches the no effect 
line, therefore, we conclude that while the RR indicates that 
VCO has some effect as the exposure group in lowering the 
risk, there is no statistical evidence to suggest this as a fact and 
also the p-value of the test for overall effect is indeed greater 
than 0.1 also confirms this (Figure 2). 

The Q test yielded a p-value of 0.43 indicating that the 
meta-analysis of the three studies resulted in failing to reject 
the hypothesis of no heterogeneity. Likewise, the  I2 value is 
0% showing consistency among the included studies (Figure 2).

  

Effect of Topical VCO on Dermal Maturation 

Konar et al. (2020) and Strunk et al. (2018) reported late-
onset sepsis. 

The meta-analysis of the NSCS results of Konar et al. 
(2020) and Strunk et al. (2018) from Day 0 to Day 21 showed 
a significant trend toward VCO being beneficial as the 
treatment progressed. Day 0 results indicate heterogeneity 
and neutrality of the data since the pooled effect is on the no-
effect line (Figure 4). Based on the increasing NSCS on Day 7-
21, the data showed a significant effect of VCO  on the 
dermal changes (Day 7 MD = -0.62, [95% CI: -0.98, -0.27]; Day 
14 MD = -0.68, [95% CI: -1.31, -0.05]; Day 21 MD = -0.89, [95% 
CI: -1.70, -0.07]). Significant heterogeneity was observed as 
the intervention proceeded (Day 7 I2 = 96%; Day 14 I2 = 99%; 
Day 21 I2 = 99%) (Figure 4). The sources of heterogeneity 

Figure 2. Forest plot showing risk ratio and risk of bias summary for the prevention of infection among Topical VCO and no 
intervention groups

Risk of Bias Summary Legend: (A) Random sequence generation (selection bias); (B) Allocation concealment (selection bias); (C) Blinding of participants and 
personnel (performance bias); (D) Blinding of outcome assessment (detection bias); (E) Blinding of outcome assessment (detection bias); (F) Incomplete 
outcome data addressed (attrition bias); (G) Other bias



Secondary Outcomes

Effect of Topical VCO on the Prevention of Skin Irritation

The studies of Konar et al. (2020) and Strunk et al. (2018) 
showed inconclusive results on the effect of topical VCO on 
preventing rash or skin irritation (RR = 0.98, [95% CI: 0.61, 

were the characteristics of included patients such as the age, 
amount, frequency, and body area of application. There was 
no subgrouping done in the analysis.

1.58]).  The p-value (0.69) indicated no heterogeneity and I2 
(0%) indicated consistency between studies (Figure 5).

Effect of Topical VCO on Weight Loss

The same two studies reported weight loss as an 
outcome. Weight was measured in grams. and the time point 
of measurement was from birth to day 7. The results of the 
meta-analysis were inconclusive (MD = -0.07, [95% CI: -6.06, 
5.92]). The studies have significantly very high heterogeneity 
with a p-value of almost zero, and I2 was 99% (Figure 6).

Effects of topical application of Virgin Coconut Oil on infection, mortality and dermal maturation
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Figure 3. Forest plot showing risk ratio and risk of bias summary for the prevention of mortality among Topical VCO and no 
intervention groups

Figure 4. Forest plot showing mean difference and risk of bias summary for Neonatal Skin Condition Score (NSCS) among 
Topical VCO and no intervention groups

Risk of Bias Summary Legend: (A) Random sequence generation (selection bias); (B) Allocation concealment (selection bias); (C) Blinding of participants and 
personnel (performance bias); (D) Blinding of outcome assessment (detection bias); (E) Blinding of outcome assessment (detection bias); (F) Incomplete 
outcome data addressed (attrition bias); (G) Other bias



Discussion

The effects of VCO on the prevention of infection and 
promotion of skin development were inconclusive. 
Furthermore, the studies lacked the power to detect 
significant effects on mortality. 

Effects of Topical Application of VCO

Oil massage has been traditionally practiced for 
centuries in places like India where it is believed to prevent 
infection and decrease newborn mortality by augmenting 
the skin barrier and supplementing essential fatty acids [12]. 
Virgin coconut oil (VCO) exhibits antibacterial properties 
and inhibits various inflammatory mediators such as tumor 
necrosis factor-ɑ, interleukin-5, -6, and -8, and interferon-ɣ 
[13]. A randomized controlled trial done in Bangladesh 
involving 212 participants aged 2-24 months with severe 
acute malnutrition showed that the odds of developing 
nosocomial infection were reduced by 59% in the emollient 
therapy group treated with linoleic acid-rich and oleic acid-
containing sunflower seed oil [12]. Although VCO is also rich 
in oleic and linoleic acids [13], in this review, its use to 
prevent infection was inconclusive. The two studies with 72 
and 52 patients in this review did not have enough power to 

Our meta-analysis showed that VCO may enhance 
dermal maturation, however, the certainty of evidence on 
skin maturity is low, meaning further research is very likely to 
have an important impact on our confidence. The significant 
benefit of topical VCO on dermal maturation was evident in 
weeks 1 to 3. Topical application of the oil may prevent 
transepidermal water loss which is one of the significant 
problems in prematures [14]. Epidermal desquamation 
occurs more extensively in an older newborn compared to a 
young preterm, thus, a higher NSC score can be observed in 
the study by Konar et al. from day 7 to 21 days of VCO 
application [15]. Albeit significant, the evidence showed a 
risk of bias due to a lack of blinding in outcome assessment, 
and inconsistency due to the observed considerable 
heterogeneity. The heterogeneity in the two trials that 
included NSCS as an outcome may be due to selection bias.   

detect any significance in mortality reduction with topical 
VCO [4,11]. Bautista et al. mentioned that for every 56 
premature infants given VCO topically, one may have been 
prevented from dying [4]. Thus, the evidence that topical 
application of VCO prevents mortality was inconclusive.   

The effect of VCO application on preventing skin rash or 
irritation in the two studies was inconclusive. As skin 

Effects of topical application of Virgin Coconut Oil on infection, mortality and dermal maturation
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Figure 5. Forest plot showing risk ratio and risk of bias summary for skin irritation among Topical VCO and no intervention 
groups

Risk of Bias Summary Legend: (A) Random sequence generation (selection bias); (B) Allocation concealment (selection bias); (C) Blinding of participants and 
personnel (performance bias); (D) Blinding of outcome assessment (detection bias); (E) Blinding of outcome assessment (detection bias); (F) Incomplete 
outcome data addressed (attrition bias); (G) Other bias

Figure 6. Forest plot showing mean difference and risk of bias summary for weight loss among Topical VCO and no 
intervention groups

Risk of Bias Summary Legend: (A) Random sequence generation (selection bias); (B) Allocation concealment (selection bias); (C) Blinding of participants and 
personnel (performance bias); (D) Blinding of outcome assessment (detection bias); (E) Blinding of outcome assessment (detection bias); (F) Incomplete 
outcome data addressed (attrition bias); (G) Other bias



irritation is common in neonates due to the immaturity of 
their integument, oil is sometimes used to relieve symptoms. 
In a study done in Nepal, mustard oil massage was done on 
term and preterm infants to determine skin changes [16].  In 
the first two weeks of application, rash, and erythema 
increased,  then the skin improved in weeks 3 and 4. This 
may be explained by the occurrence of a common benign 
and transient skin condition in newborns called erythema 
toxicum. This typically regresses after a few weeks of life.

Limitations of the Study

The effect of VCO application on weight loss from birth to 
7 days was inconclusive. This may be reflective of the 
physiologic weight loss of newborns whether they were in 
the control or the intervention group [17]. 

Our study had some limitations. We did not extract data 
from studies that were not available online for free. 
Additionally, we included only articles with open access. One 
of the studies we analyzed was terminated prematurely, 
leading to a lower number of participants than needed to 
achieve statistically significant results.

Conclusion

This meta-analysis aimed to evaluate the effect of topical 
VCO application on the incidence of infection, mortality, and 
dermal maturation in prematurely born infants. The results 
showed inconclusive outcomes in the prevention of 
infection and the enhancement of dermal maturation with 
topical VCO. There was insufficient evidence to conclude 
that VCO application decreased mortality in preterm infants. 
The secondary outcomes of the effect of topical VCO on 
preventing skin irritation and weight loss were inconclusive. 
The evidence of the benefits of topical VCO should be well-
established before its inclusion in clinical practice guidelines 
for the care of premature infants

2. Debmandal M, Mandal S. (2011) Coconut (Cocos 
nucifera L.: Arecaceae): In health promotion and 
disease prevention. Asian Pacific Journal of Tropical 
Medicine 241-247
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