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A B S T R A C T

Background: Nutritional guidelines involving the feeding of very low birth weight babies (VLBW)
recommend addition of Human Milk Fortifiers to breast milk. Owing to financial constraints, it is a
practice in low- and middle-income countries (LMIC) to add coconut oil to aid better weight gain.
There are inadequate data on improvement of growth parameters with oral coconut oil supplemen-
tation of breast milk.
Methods: In this randomized controlled trial, we measured growth parameters and body compos-
ition of 60 babies who received either breast milk with coconut oil or breast milk alone.
Randomization was stratified according to intrauterine growth appropriate for gestational age
(n¼ 30) and small for gestational age (n¼ 30).
Results: There was no difference in weight gain between the two groups. The weight gain velocity
was 15 6 3.6 and 14.4 6 3.4 g/kg/day (p value¼ 0.49) in the breast milk alone and in the breast
milk with coconut oil group, respectively. There was no difference in increase in head circumference
and length. Triceps skinfold thickness (n¼ 56) was similar in both groups, but subscapular skinfold
thickness was significantly more in the coconut oil group. Total body fat percentage did not differ
between the groups (25.2 6 4.3 vs. 25.5 6 4.3%, p¼ 0.79).
Conclusion: Oral supplementation of coconut oil along with breast milk did not increase growth
parameters or result in change in body composition in very low birth weight (VLBW) babies.

K E Y W O R D S : preterm, postnatal growth, nutritional supplement, medium-chain triglyceride

I N T R O D U C T I O N
Very low birth weight (VLBW) babies constitute 3.4%
of all live births in India [1]. The survival of VLBW

babies is about 85% [2]. As all VLBW babies require
neonatal ICU (NICU) care soon after birth, they
form a significant proportion of NICU admissions.
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Caring for VLBW babies involves several chal-
lenges, including providing optimal nutrition.
Optimal nutrition is defined as achieving intrauterine
growth rate and body composition as that of a nor-
mally growing fetus of similar gestational age [3].
Providing breast milk alone to these babies does not
meet their nutritional requirements. Human Milk
Fortifiers (HMFs) are added to breast milk to meet
the recommended calorie and protein requirements.
The approximate cost estimate of using HMF in
India is 150–250 Rupees/day. Owing to cost con-
straints and nonavailability, it is a practice in low-
and middle-income countries (LMICs) and in our
neonatal unit to use coconut oil or medium-chain tri-
glyceride oil (MCT oil) for improving weight gain
[4].

Coconut oil is composed of 60% MCT. MCT is
composed of C6-C12 fatty acids. They are more eas-
ily absorbed regardless of bile acid concentration and
can enter portal circulation directly without forming
chylomicrons [5]. This property of rapid absorption
has made it useful as part of enteral nutrition.

The rate of weight gain with coconut oil is not
well known, and there is only one published study in
the literature [6]. Hence, we proposed this study to
look at growth parameters and body composition
after enteral coconut oil supplementation.

M E T H O D S
The study was a randomized controlled trial con-
ducted at a tertiary care center from April 2016 to
December 2016. The study was approved by the in-
stitutional ethics committee (number 9879/20/
1/16) and registered in the clinical trials registry of
India (CTRI/2016/06/007037).

Study subjects
VLBW babies admitted in NICU were eligible for
the study. On reaching 100 ml/kg/day of feeds, they
were enrolled after obtaining written consent from
parents. Babies with major congenital malformations,
babies not reaching full feeds by Day 21 of life,
babies who had NEC Stage 3 and those who refused
consent were excluded from the study.

Randomization and allocation concealment
VLBW babies in NICU on reaching 100 ml/kg of
feeds were enrolled and stratified into appropriate
for gestational age (AGA) and small for gestational
age (SGA) according to intrauterine growth. They
were then randomized to breast milk alone or breast
milk with coconut oil. A computer-generated block
randomization was used with block sizes of 2, 4 and
6. Serially numbered opaque sealed envelopes were
used for allocation concealment.

Intervention
Babies were given expressed breast milk (EBM)
every 2–3 h. EBM included own mothers milk
and donor milk. Feeds were progressed at the rate of
20–25 ml/kg/day upto a maximum feed volume of
180 ml/kg/day. The babies in the breast milk with
coconut oil group were given 1 ml coconut oil mixed
with EBM every 6 h (4 ml/day) till 40 weeks of cor-
rected age. The intervention was given through naso-
gastric tube till 1.7 kg and through paladai (a beaked
cup used locally) till 40 weeks of corrected age. The
oil used was Parachute oil from Marico Industries.
Once direct breast feeds were fully established,
mother was taught to add 1 ml coconut oil in one
paladai (10 ml) of EBM four times a day. They were
discharged at 1.8 kg and corrected gestational age of
>35 weeks. In case of discharge before 40 weeks, the
intervention was continued at home. The discharge
summary included proper instructions. Compliance
was checked during follow-up visit in outpatient de-
partment (OPD).

Babies in both groups were supplemented with
oral calcium, phosphate, vitamin D3, iron and multi-
vitamins as per routine nursery practice. All babies
<32 weeks or<1.5 kg receive TPN in our unit.
On Day 1, amino acids are started at 2 g/kg/day and
then increased by 0.5 g/kg/day till 3.5 g/kg/day.
Lipid is started from Day 2 onward at 1 g/kg/day
and then increased by 1 g/kg/day till a maximum of
3 g/kg/day. When baby received two thirds of total
volume of feeds enterally, TPN is stopped.

Primary outcome
The primary outcome was weight gain up to 1.8 kg
and 35 corrected weeks of gestation.
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Secondary outcomes
Secondary outcomes increase in length and head cir-
cumference, skinfold thickness, total body fat per-
centage, lipid profile and length of hospital stay.

Weight was measured daily in grams using cali-
brated electronic weighing scale [Essae DS 852,
Essae Teroka Limited India] with error 65 g. The
discharge criterion in our unit is 1.8 kg and >35 cor-
rected weeks. Weight gain was calculated from ran-
domization at 100 ml/kg/day of feeds till discharge.
Length was measured in centimeters with infantome-
ter, and head circumference was measured using non
stretchable tape corrected to nearest 0.1 cm.

Length and head circumference were measured at
recruitment and at 1.8 kg to calculate growth velocity
in cm/week. Corrected age was defined as the cor-
rected gestational age from the best obstetric esti-
mate of gestational age at birth.

The study subjects were seen in follow-up OPD
2 weeks after discharge and monthly thereafter. At
40 corrected weeks, they were assessed for skinfold
thickness, lipid profile and body composition by
Dual Energy Xray Absorptiometry (DEXA) scan.

Skinfold thickness was estimated using
Harpenden calipers, which can be read to 0.1 mm.
Triceps skinfold was measured midway between
acromion and olecranon in the posterior part of left
arm with arms by the side of body and elbow ex-
tended. Subscapular skinfold was measured just
below the angle of left scapula with the arm by the
side of the body.

DEXA scans were done at 40 weeks corrected age
using HOLOGIC QDR series Discovery A machine.
Lipid profile was measured using Cobas 8000 auto-
mated chemistry Analyzer using colorimetric enzym-
atic end point with esterase, oxidase and peroxidase
method.

Feed intolerance was defined as increase in ab-
dominal girth> 2 cm from baseline or presence of
gastric aspirate>50% of feed volume or altered color
gastric aspirate [7].

Masking
Masking of the intervention was not possible given
the nature of the intervention.

Sample size
In a study by Vaidya et al. [6], to detect a mean
weight difference of 6 g/day between the two groups
with a pooled SD of 6 g/day at 5% level of
significance and 90% power, a sample size of
21(n¼ 21where n is sample size) was needed in
each arm.

n ¼
ðZa=2 þ ZbÞ2 � 2� r2

ðdÞ2
:

Standard normal value for 5% a error,
Z´a/2¼ 1.96.

Standard normal value for 90% power,
Z´b¼ 1.28.

Pooled SD, r¼ 6.
Expected difference, d¼ 6.
Pooled SD was calculated from reference study,

8 g/day in coconut oil group and 6 g/day in breast
milk alone group. Adjusting for 20% lost to follow-
up, an additional nine cases were needed. Therefore,
the total sample size was estimated to be 60 (30 in
each arm).

Statistical analysis
Descriptive statistics using frequency and percentage
were used for analyzing baseline characteristics.
p-value of< 0.05 was taken as significant.
Continuous variables were reported using mean and
SD. The mean difference was assessed using
Student’s t-test in case of parametric variables and
Mann–Whitney U test in case of nonparametric vari-
ables. Categorical variables are represented as fre-
quency and percentages and the association assessed
using chi-square test. Statistical analysis was done
using stata version 16. An intention to treat analysis
was done.

Results
In total, 84 neonates were eligible and 24 were
excluded for various reasons (Fig. 1). In one case,
protocol was broken, as the baby in control arm de-
veloped cholestasis and required MCT as treatment.
Intention to treat analysis was done. The baseline
characteristics of the groups were similar except in
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the AGA group where there was difference in length
at birth (Table 1).

Weight gain was 14.4 6 3.4 g/kg/day and
21.8 65.2 g/day in the breast milk with coconut oil
group as compared with 156 3.6 g/kg/day
(p¼ 0.49) and 22.5 6 7.9 g/day (p¼ 0.70) in the
breast milk alone group. All the babies were off TPN
at the time of randomization. There was no differ-
ence in gain in length and increase in head circum-
ference between the groups.

In total, 56 babies were followed up till 40 weeks
of corrected gestational age. Triceps skinfold
thickness was similar in both groups. Subscapular
skinfold thickness was significantly more in the
coconut oil group (3.15 6 0.71 vs. 2.71 6 0.58 mm,
p¼0.02). The total body fat percentage was similar
in both arms (Table 2). Subgroup analysis
showed increased subscapular skinfold thickness in
AGA group given coconut oil (3.46 0.8 vs.
2.66 0.5 mm), but no difference in total body fat
(Table 3). Hypertriglyceridemia (TG> 150 mg/dl)
was seen in more babies in the coconut oil group,
but the difference was not statistically significant
(Table 4).

D I S C U S S I O N
It is well known that improved post-natal growth
during NICU stay improves neurodevelopment out-
comes in preterm and SGA babies [8–10]. Several
nutritional practices like increasing volume of feeds
(200–250 ml/kg/day) [11], oral MCT or coconut
oil supplementation, addition of corn starch to breast
milk [12], use of animal milk and massage therapy
with coconut oil [13, 14] have been used to improve
growth in resource-poor settings. In this study, we
have looked at the effect of addition of coconut oil
to breast milk.

Coconut oil is added to breast milk to increase
the calories and to improve weight gain. In our unit,
we have used coconut oil in the past in VLBW
babies, and it was administered as 4 ml/day.
Previously only one study has been done to assess
weight gain with oral coconut oil. In that study by
Vaidya et al., they demonstrated a 7 g/day increase in
weight with coconut oil. In our study, we could not
demonstrate increased weight gain after supplemen-
tation of breast milk with oral coconut oil. There was
no difference in rate of increase of length and head
circumference among the two groups.

Assessed for eligibility-84  

Excluded -24 

Not reaching full feeds by day 21-1 

Declined to par�cipate -8 

Died -4 

Discharged against medical advice -11 

      Informed consent from parents 

    AGA -30      SGA-30 

  Standard arm-15  Interven�on arm-15     Standard arm-15 Interven�on arm-15 

Broke the protocol-1 

Inten�on to treat 

                                     Analysis 

Fig. 1. Cohort flow diagram.
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Table 1. Baseline characteristics of VLBW babies fed either breast milk and coconut oil or breast
milk alone

AGA SGA

Variables Intervention Control Intervention Control

Vaginal delivery 3 (20.0%) 2 (13.3%) 2 (13.3%) 4 (26.7%)
Apgar score at 5 minutes 8.660.9 8.060.9 8.960.9 8.860.8
Male 10 (66.7%) 9 (60%) 6 (40%) 8 (53.3%)
Gestational age (weeks) 29.861.7 29.962.1 33.261.6 33.161.4
Birth weight (grams) 1245.76212.4 1124.76235.2 1239.36110.2 1257.36131.5
HC at birth (cm) 26.461.9 26.161.6 27.760.8 27.660.9
Length at birth (cm) 38.062.5* 35.863.1 37.961.5 38.862.2
Weight at recruitment (grams) 1195.36174.8 1051.36202.1 1219.06139.2 1210.76143.2
HC at recruitment (cm) 26.961.3 27.163.8 28.460.7 28.161.1
Length at recruitment (cm) 39.162.0 37.063.5 39.561.3 39.661.7
Day of recruitment 11.465.2 10.363.6 9.863.2 9.762.5
HMD 7 (46.7%) 6 (40%) 0 2 (13.3%)
CPAP 7 (46.7%) 7 (46.7%) 0 2 (13.3%)
Ventilated babies 2 (13.3%) 2 (13.3%) 0 2 (13.3%)
PDA 5 (33.3%) 3 (20%) 0 1 (6.7%)
Feed intolerance 8 (53.3%) 4 (26.7%) 4 (26.7%) 6 (40%)
NEC 2 (13.3%) 1 (6.7%) 1 (6.7%) 1 (6.7%)
Blood culture-proven sepsis 0 1 (6.7%) 1 (6.7%) 1 (6.7%)
Duration of TPN 6.163.8 6.363.8 6.263.6 6.363.9

Note: Continuous variables are expressed as mean and SD. Categorical variables are expressed as frequency and percentage.
*p-value for length at birth was significant (p ign.05) in AGA group.

Table 2. Growth parameters and body composition of infants fed breast milk with coconut oil or
breast milk alone

Primary outcome Breast milk with coconut oil Only breast milk p-value

Mean6SD Mean6SD

Variable
Weight gain velocity (g/kg/day) 14.463.4 1563.6 0.49
Weight gain velocity (g/day) 21.865.2 22.567.9 0.70

Secondary outcome
HC (cm/week) 0.7960.21 0.7460.17 0.29
Length (cm/week) 0.7360.27 0.7460.24 0.85
SFT mm (triceps) 2.9460.65 2.6560.65 0.13
SFT mm (subscapular) 3.1560.71 2.7160.58 0.02
Total body fat% (DEXA) 25.564.3 25.264.3 0.79
Duration of Hospital stay (days) 41.4617.3 43.9621.3 0.62
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Feeding protocol in the study included 180 ml/
kg/day of unfortified breast milk. The addition of
coconut oil increased the total calorie intake by
32 kcal/day, but protein intake remained below rec-
ommended requirement. A previous study showed
increased adherence of fat to gavage tube when
MCT oil was mixed with formula feeds [15]. We do
not know the amount of medium chain fatty acids
that will adhere to gavage tube when coconut oil is
given with breast milk. This may be a possible reason
why addition of coconut oil did not result in im-
proved growth parameters in our study. The two
groups did not differ in weight, length and head
circumference during subgroup analysis as AGA and
SGA babies.

Normal body composition must be maintained in
babies as they grow. Preterm and SGA babies have
been found to have altered body composition in the
form of increased adiposity compared with term and
AGA babies [16, 17].

Alteration in body composition can lead to early
onset of metabolic diseases like hypertension, insulin
resistance, diabetes and cardiovascular illnesses.
Increase in total body fat percentage is linked to
early onset of these metabolic diseases. Increase in
lean body mass is more desirable [18, 19]. This is
the importance of knowing the effect of nutritional
interventions on body composition. To date, to the
best of our knowledge, no study has assessed the ef-
fect of oral coconut oil on body composition.

Table 3. Growth parameters and total body fat of VLBW babies fed either breast milk and coconut
oil or breast milk alone based on subgroups—AGA vs. SGA

AGA Breast milk with coconut oil Only breast milk p value

Mean6SD Mean6SD

Weight gain velocity (g/day) 21.365.6 20.464.5 0.63
Weight gain velocity (g/kg/day) 13.863.6 13.962.7 0.94
HC (cm/week) 0.860.3 0.7260.1 0.24
Length (cm/week) 0.7660.3 0.7460.2 0.78
Triceps skinfold thickness (mm) 3.160.7 2.560.5 0.05
Subscapular skinfold thickness (mm) 3.460.8 2.660.5 0.02
Total body fat% (DEXA) 26.263.9 24.763.9 0.28
SGA
Weight gain velocity (g/day) 22.364.8 24.569.9 0.44
Weight gain velocity (g/kg/day) 14.863.2 16.064.1 0.36
HC (cm/week) 0.7660.1 0.7560.1 0.98
Length (cm/week) 0.6960.3 0.7460.3 0.63
Triceps skinfold thickness (mm) 2.760.4 2.760.8 1.0
Subscapular skinfold thickness (mm) 2.960.4 2.760.7 0.6
Total body fat % (DEXA) 24.764.6 25.864.8 0.55

Table 4. Lipid profile at 40 weeks of corrected age

Variable Breast milk with
coconut oil (n¼ 28)
Mean 6 SD

Only breast milk
(n¼ 25) Mean 6 SD

p-value

Total cholesterol (mg/dl) 99.5635.3 88.0626.4 0.18
Triglycerides >150 (mg/dl)a 16(57.1%) 11(44%) 0.33
HDL (mg/dl) 20.7611.9 19.067.2 0.54
LDL (mg/dl) 43.3628.3 40.4621.3 0.67

aTriglycerides> 150 mg/dl expressed as frequency and percentage.
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MCTs undergo obligatory oxidation in liver and
have less tendency to be deposited as fat. This prop-
erty has been studied to use it as a dietary interven-
tion in adults [20]. On the other hand, it is also
known that extra calories provided may be deposited
as fat. To know the effect of coconut oil on body
composition, we have measured skinfold thickness
and performed DEXA scans.

Subscapular skinfold thickness at 40 weeks corrected
age was significantly more in the intervention arm, and
there was a trend to increased triceps skinfold thickness
in the intervention group. Subgroup analysis showed
that the difference was significant among AGA babies
but not in SGA babies. Skinfold thickness has limitation
as a measure of fat, and this finding should therefore be
interpreted with caution [21].

The gold standard of measuring body compos-
ition in infants is DEXA scans. The radiation expos-
ure per scan is 1/10th that of a chest radiograph.
DEXA scans did not show a significant difference in
total body fat percentage between the two groups.

There was no statistically significant difference in
total body fat percentage in AGA and SGA babies in
both groups.

One of the concerns of oral coconut oil is ele-
vated triglycerides [22]. Unfavorable lipid profile
including elevated cholesterol, triglycerides, LDL
and low HDL is linked to metabolic diseases. Lipid
profile done at 40 weeks corrected age showed
increased cholesterol, LDL and triglycerides in the
coconut oil with breast milk group. However, the dif-
ference was not statistically significant.

Enteral coconut oil supplementation in VLBW
babies did not lead to improvement in weight, length
or head circumference. There was a significant in-
crease in subscapular skinfold thickness, but no dif-
ference in total body fat percentage.

Based on existing literature and our study, further
studies will be required to justify the use of coconut
oil as a routine supplementation in VLBW babies.
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