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Abstract: The soybean oil, medium-chain triglycerides, olive oil, and fish oil lipid (SMOFlipid) is
increasingly being used worldwide without definite evidence of its benefits. We examined the effect
of SMOFlipid on growth velocity and neonatal morbidities in very preterm infants. Very preterm
infants who received soybean-based lipid emulsion between January 2015 and 2018 were compared
with those who received SMOFlipids between 2019 and January 2022 in our neonatal tertiary center.
Linear regression analysis was conducted to analyze the association between type of lipid emulsion
and growth velocity. Modified log-Poisson regression with generalized linear models and a robust
variance estimator (Huber–White) were applied to adjust for potential confounding factors. A total
of 858 infants met our inclusion criteria. Of them, 238 (27.7%) received SMOFlipid. SMOFlipid
was associated with lower growth velocity between birth and 36-week corrected gestational age
compared with intralipid ∆ weight z-score (adjusted mean difference (aMD) −0.67; 95% CI −0.69,
−0.39). Subgroup analysis indicated that mainly male infants in the SMOFlipid–LE group had a lower
∆ weight z-score compared to those in the intralipid group (p < 0.001), with no difference observed
in females (p = 0.82). SMOFlipid was associated with a lower rate of bronchopulmonary dysplasia
(BPD) (aRR 0.61; 95% CI 0.46, 0.8) and higher rate of late-onset sepsis compared with intralipid (aRR
1.44; 95% CI 1.22–1.69). SMOFlipid was associated with lower growth velocity and BPD but higher
rate of late-onset sepsis—it is a double-edged sword.

Keywords: SMOFlipid; intralipid; growth; morbidities; mortality; preterm infants

1. Introduction

Very preterm infants are born with insufficient energy stores and underdeveloped
gastrointestinal tract and immune systems [1]. They remain at high risk of postnatal
growth failure [2]. Parenteral nutrition (PN) is the main early source of energy and is
the standard of care in preterm infants in the first days of life [3]. Early PN contains
amino acid, dextrose, and intravenous lipid. Intralipid provides up to 50% nonprotein
energy, essential fatty acids, and very-long-chain polyunsaturated fatty acids [4,5]. Globally,
different lipid emulsions are used, and most of them contain soybean oil, which is a rich
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source of the essential omega-6 polyunsaturated fatty acid (ω-6PUFA) that in turn plays a
critical role in developing PN-associated liver disease and promoting inflammation and
immune suppression [6–9].

A new generation of lipid emulsions has been widely introduced. It comprises a
mixture of 30% soybean oil, 30% medium-chain triglycerides (MCTs), 25% olive oil, and
15% fish oil: the so-called SMOFlipid (Fresenius Kabi). The major target of SMOFlipid
is to reduce the soybean oil’s detrimental effects. A recent meta-analysis showed that
SMOFlipid reduces the liver injury and hyperlipidemia and shortens the period of hospital
stay; however, it could not reduce the important inflammatory markers in adults who are
admitted for surgical reasons [10]. Another study found that SMOFlipid decreases the
proportion of several essential fatty acids, including linoleic acid (LA) and α-linolenic acid
(ALA) [10,11].

In the pediatric population, the Congress of Intestinal Rehabilitation and Transplan-
tation showed that the trend of SMOFlipid use is moving up as the first-line choice for
pediatric patients [7]. A recent study found that SMOFlipid improves the lipid panel in
patients with intestinal failure. It increases ALA, LA, and docosahexaenoic acid (DHA) [12].
Another study on pediatric patients receiving home PN showed that SMOFlipid does not
change the lipid profile but decreases the serum bilirubin [12,13].

Despite limited evidence, use of SMOFlipid is increasing globally. A recent random-
ized controlled trial found that the antioxidant capacity was lower in preterm infants
who received SMOFlipid than in other infants who received another intralipid form (Cli-
nOleic) [14]. It also reduced the severe bronchopulmonary dysplasia (BPD) rate but did
not change the BPD, intraventricular hemorrhage (IVH), and neonatal sepsis incidence
rates [14]. Other recent studies showed that SMOFlipid might reduce the severity of
retinopathy of prematurity (ROP) and cholestasis, but the severe BPD and mortality rates
do not alter [15]. Regarding essential fatty acid, a recent randomized controlled trial showed
that SMOFlipid decreases the arachidonic acid to DHA ratio in preterm infants [16,17].
With regard to the influence of parenteral lipid on anthropometric measurements, there
is overall consensus that the delay in introducing lipid in the first days of life in preterm
infants is associated with slow growth velocity, although the results are conflicting whether
SMOFlipid has beneficial or harmful effects on growth [18–20].

The aim of our study is to investigate the SMOFlipid impact on growth velocity, major
neonatal outcomes, and preterm infants’ mortality.

2. Methods
2.1. Study Design

This retrospective chart review included a cohort of preterm infants who were ad-
mitted to the neonatal intensive care unit (NICU) of the King Saud Medical City (KSMC)
tertiary referral center between January 2015 and January 2022.

Including level 3, the NICU at KSMC has an average annual admission of 1100
patients. This study was conducted in accordance with the Declaration of Helsinki and
Good Pharmacoepidemiology Practice Guidelines and was approved by the medical ethical
review committee of KSMC. The requirement for consent was waived.

2.2. Inclusion and Exclusion Criteria

We included very preterm infants who were born at KSMC at ≤32 weeks of gestation,
had a birth weight of <1500 g, and were admitted to the NICU. All infants who received
total PN plus lipid emulsion within the first 24 h of birth were included in our study. We
excluded infants with major congenital anomalies or congenital infection, inborn errors
of metabolism, those who did not receive PN, those who were not born at KSMC or were
transferred to another hospital or died within the first 7 days, and those whose data could
not be retrieved.
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2.3. Data Collection and Follow-Up

The infants’ charts from NICU admission until discharge or death were reviewed.
Demographic, clinical, and outcome data, including the major morbidities associated with
prematurity, were obtained. Maternal data, including gestational diabetes mellitus, mater-
nal hypertension, antenatal steroid treatment, and mode of delivery, were also retrieved.
The details about the measurement of body weight, head circumference (HC), and lipid
profile are provided in Sections 2.5.1–2.5.3 and 2.6.

2.4. Study Outcome

The primary outcome of this study was the change in weight z-score (weight ∆ z-score)
from birth to 36 weeks of post-menstrual age (PMA) or at discharge, whichever one came
first during two different period changes when SMOFlipid was routinely included in
PN formulation.

Secondary outcomes were the change in HC z-score (HC ∆ z-score) from birth to
36 weeks of PMA or at discharge, discharge weight, z-score of discharge weight, days of
PN and lipid emulsion (LE), and length of hospital stay, as well as the incidence of mortality
and preterm neonatal morbidities including BPD, late onset of sepsis (LOS), ROP, any or
severe intraventricular hemorrhage (IVH), and necrotizing enterocolitis (NEC).

2.5. Definitions
2.5.1. Nutrition Protocol

Parenteral nutrition (PN): The PN was started early after birth using starter PN.
Individualized PN was prescribed daily. Starter PN contains dextrose 10%, amino acids
4%, and calcium gluconate 0.01 mmol/mL. Individualized PN solution containing amino
acids, glucose, minerals, trace elements, water-soluble vitamins, and fat-soluble vitamins
was started within the first 24 h of life and infused continuously for 24 h.

The subjects were categorized into two groups of LE—(1) SMOFlipid (Fresenius Kabi,
Melrose Park, IL, USA): infants were given parenteral multi-oil emulsions, containing
soybean oil, MCT, olive oil, and fish oil; and (2) intralipid 20% medium-chain and long-
chain fat injection: containing soybean oil and MCT.

The initial LE dose was 0.5 to 1.0 g per kg per day early after birth and was increased by
0.5 to 1.0 g per kg per day every 24 h with a maximum of 3.0 g to 3.5 g lipids per kg per day.
Triglyceride level was not measured in the routine investigation. Minimal enteral nutrition
was started as soon as possible after birth if possible. A preterm formula or expressed
breast milk was administrated through an orogastric tube intermittently according to the
feeding protocol, which depends on birth weight.

Preterm formula was administered when human milk was not available or sufficient.

2.5.2. Growth Anthropometry

The body weight and HC were recorded when entering the neonatal unit. Body weight
and HC was measured by NICU nurses. The body weight was measured with an electronic
scale calibrated to 0.05 kg. The HC measurement was obtained weekly with a measuring
tape, which is precise to the nearest millimeter. The change in body weight was recorded
daily, with HC weekly records. For the z-score calculation, the 2013 Fenton growth chart
was used [21]. Postnatal growth velocities were defined as changes in z-scores (∆ weight z,
∆ HCZ) to 36 weeks of PMA or at discharge, whichever came first.

2.5.3. Preterm Neonatal Morbidities

Diagnoses of IVH, BPD, NEC, as well as sepsis were retrieved from clinical records.
Severe IVH was defined as grade III–IV IVH on Papile classification [22]. BPD was defined
as the need for supplemental oxygen at 36-week PMA [23]. The NEC was diagnosed
by clinical signs and radiologic findings (Bell’s stages 2–3) [24]. Sepsis was diagnosed
by clinical symptoms accompanied by a positive blood culture [25]. ROP was classified
according to the International Classification of Retinopathy of Prematurity [26]. Severe
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ROP was defined as stage 3 or more. Growth velocity was calculated using the following
equation = [1000 × ln (discharge Weight/birth Weight)]/length of hospital stay, where ln is
the natural logarithm, weights are expressed in grams, and length of hospital stay in days.

2.6. Statistical Analysis

Before performing the analysis, we checked the dataset for missing data. Data were
analyzed using a statistical software package (Statistical Package for the Social Sciences,
version 25.0, SPSS Inc., Chicago, IL, USA).

Data regarding maternal and infant variables were presented using descriptive statis-
tics, including median, interquartile range (IQR), frequency, and percentage. Fisher’s
exact test was used to determine the association between categorical variables. The Mann–
Whitney U test was used for between-group comparisons of ordinal qualitative variables.
For between-group comparisons of continuous variables, the unpaired Student’s t-test
was used for normally distributed data, and the Mann–Whitney U test was used for
non-normally distributed data. The Kolmogorov–Smirnov test and a visual inspection of
histograms were performed to evaluate the distribution of quantitative variables.

To analyze the association between type of LE and outcomes, we first conducted a
univariate relative risk analysis on the recorded variables (gestational age; small for gesta-
tional age; gender; 5 min Apgar score; necrotizing enterocolitis; surfactant use; maternal
hypertension; antenatal and postnatal steroid treatment; premature rupture of membrane,
late onset of sepsis; delivery mode; dextrose intake; amino acids; and LE) because we
considered them to be potential confounders. All factors with a p value of <0.05 in the
univariate analysis were included in the final multivariable regression model. Linear
regression analysis was conducted to analyze the association between type of LE and
growth anthropometrics after checking for collinearity with a correlation matrix. Modified
log-Poisson regression with generalized linear models and a robust variance estimator
(Huber–White) were applied for univariate relative risk analysis and to the models to
adjust the relative risk for neonatal morbidities and mortality. The BPD mediation effect
and grades 3 or 4 IVH on weight velocity and weight, length, and HC at 36-week PMA
were evaluated using a causal mediation analysis. All statistical tests were two-tailed, and
p values of <0.05 were considered statistically significant.

3. Results

During the study period, 1976 preterm infants with ≤32 gestational weeks and birth
weight <1500 g were admitted to the NICU (level 3). Of them, 858 met the inclusion criteria
and were eligible for inclusion in the final analysis (Figure 1).

Among 858 infants, 238 received SMOFlipid and 620 were in the intralipid group. Ma-
ternal and neonatal characteristics are summarized in Table 1. There were higher percentage
of cesarean deliveries in the SMOFlipid–LE group compared with the intralipid group. The
Apgar scores at 1 and 5 min were higher in infants who received SMOFlipid compared
with the intralipid group. In addition, infants who received SMOFlipid received more
surfactant and required mechanical ventilators more often compared with the intralipid
group (Table 1).

Univariate analysis showed that median intake of macronutrients including parenteral
lipid (g/kg/day) and protein (g/kg/day) either the total intake or in the first postnatal
week was significantly higher in the SMOFlipid group compared with the intralipid group
(p < 0.001). In contrast, the median of parenteral carbohydrate intake, either the total intake
or the first postnatal week (mg/kg/min), was lower in the SMOFlipid compared with
intralipid group (p < 0.001). We observed no association between energy intakes and type
of LE. Infants who received expressed breast milk were higher in SMOFlipid compared
with the intralipid group (p < 0.001) (Table 2).
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Table 1. Maternal and neonatal characteristics of study participants with SMOFlipid and intralipid.

Variable N Intralipid (n = 620) SMOFlipid (n = 238) p Value

Gestational age (weeks), median (IQR) 858 29 (27.0–30.8) 29 (27.0–31.0) 0.12

Birth weight (grams), (IQR) 858 1100 (875–1344) 1100 (870–1310) 0.40

Length (cm), median (IQR) 858 37 (34–39) 37 (33–39) 0.4

Head circumference (cm), (IQR) 858 26 (24–28) 27 (24–28) 0.25

Small for gestational age, n (%) 858 38 (6.1) 22 (9.2) 0.13

1 min Apgar score, median (IQR) 858 5 (3–6) 6 (4–7) 0.006 *

5 min Apgar score, median (IQR) 858 7 (6–8) 7 (7–8) <0.001 *

Male, n (%) 858 320 (51.6) 126 (52.7) 0.82

Antenatal steroid treatment, n (%) 858 329 (53.1) 130 (54.4) 0.76

Gestational diabetes mellitus, n (%) 858 27 (4.4) 14 (5.9) 0.37

Maternal hypertension, n (%) 858 146 (23.5) 62 (25.9) 0.48

Preterm rupture of membrane, n (%) 858 77 (12.4) 18 (8) 0.08

Cesarean section, n (%) 858 251 (40.5) 169 (70.7) <0.001 *

Inotropes (dopamine, dobutamine,
epinephrine, milrinone), n (%) 858 237 (38.2) 104 (43.5) 0.16

Hydrocortisone, n (%) 858 124 (20) 53 (22.2) 0.51

Omeprazole, n (%) 858 66 (10.6) 19 (7.9) 0.25

Noninvasive respiratory support, n (%) 858 519 (83.7) 207 (86.6) 0.34

Respiratory distress syndrome required
surfactant, n (%) 858 380 (61.3) 174 (72.8) 0.001 *
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Table 1. Cont.

Variable N Intralipid (n = 620) SMOFlipid (n = 238) p Value

Mechanical ventilation, n (%) 858 426 (68.7) 187 (78.2) 0.005 *

Patent ductus arteriosus required
treatment, n (%) 858 49 (7.9) 25 (10.5) 0.23

Peripherally inserted central catheter
(PICC), n (%) 858 196 (31.6) 100 (41.8) 0.005 *

Corrected gestational age at discharge 661 36 (34-38) 36 (33-38) 0.55

* Statistically significant at 5% level.

Table 2. Nutritional and growth characteristics of study participants with SMOFlipid and intralipid.

Variable N Intralipid (n = 620) SMOFlipid (n = 238) p Value

Parenteral nutrition

Duration of parenteral nutrition
(days), median (IQR) 858 16 (8–32) 13 (7–26) 0.14

Duration of parenteral lipid (days), median (IQR) 858 7 (5–7) 7 (5–7) 0.07

Average parenteral lipid intake (g/kg/day),
median (IQR) 858 2 (1.6–2.4) 2.2 (1.8–2.6) <0.001 *

Average parenteral protein intake (g/kg/day),
median (IQR) 858 3.8 (3.6–4) 4 (3.9–4) <0.001 *

Average parenteral carbohydrate intake
(mg/kg/min), median (IQR) 858 8.5 (7.9–9.2) 8.2 (7.2–8.7) <0.001 *

Average parenteral calorie intake (kcal/kg/day),
median (IQR) 858 76.42 (68.74–82.06) 75.48 (68.11–80.85) 0.15

Average parenteral lipid intake in the 1st 7 days
(g/kg/day), median (IQR) 858 1.8 (1.4–2.3) 2.2 (1.8–2.6) <0.001 *

Average parenteral protein intake in the 1st 7
days (g/kg/day), median (IQR) 858 4 (3.6–4) 4 (4–4) <0.001 *

Average parenteral carbohydrate intake in the 1st
7 days (mg/kg/min), median (IQR) 858 8.2 (7.5–8.8) 7.6 (6.8–8.2) <0.001 *

Average parenteral calorie intake in the 1st 7 days
(kcal/kg/day), median (IQR) 858 73.03 (61.57–79.93) 73.85 (65.12–79.71) 0.56

Enteral nutrition

Age of starting feeding (days), median (IQR) 858 3 (1–5) 3 (1–5.25) 0.15

Received expressed breastmilk, n (%) 858 304 (49) 155 (64.9) <0.001 *

High calorie formula (1 kcal/mL), n (%) 858 54 (8.7) 20 (8.4) 0.89

Feeding interruption #, n (%) 858 85 (13.7) 33 (13.8) 1.0

Abbreviations: LE, lipid emulsion; * statistically significant at 5% level; # feeding interruption, if TPN was resumed
and infant was kept NPO.

Infants who received SMOFlipid independently and negatively affected the ∆ weight
z-score compared with the intralipid group (p < 0.001). In addition, the growth rate and
z-score at discharge weight were significantly higher in infants who received intralipid
compared with infants who received SMOFlipid (p = 0.02) (Table 3). The percentile weight
changes in infants stratified by types of LE are demonstrated in Figure 2. Additionally, in
the univariate analysis, we found that infants who received SMOFlipid were significantly
associated with lower BPD and higher LOS compared with infants who received intralipid
(p < 0.001) (Table 3).



Nutrients 2022, 14, 3952 7 of 12

Table 3. Univariate analysis of growth anthropometrics, neonatal morbidity, and mortality stratified
by type of LE.

Variable N Intralipid (n = 620) SMOFlipid (n = 238) p Value

Growth anthropometrics

∆ Weight z-score, median (IQR) 858 −1.2 (−2.26–−0.31) −1.70 (−3.01–−0.57) <0.001 *

Weight gain velocity (g/kg/day),
median (IQR) 858 6.2 (3.6–8) 5.8 (2–7.7) 0.02 *

Weight at discharge # (g), median (IQR) 858 1820 (1402.5–1967.5) 1780 (1190–2000) 0.10

Weight at discharge # z-score, median (IQR) 858 −1.72 (−2.76–−1.07) −1.94 (−2.86–−1.29) 0.02 *

HC at discharge # (g), median (IQR) 858 32 (31–34) 33 (32–35) 0.55

HC at discharge # z-score, median (IQR) 858 −1.2 (−1.82–−0.44) −1.3 (−2.01–−65) 0.24

∆ HC z-score, median (IQR) 858 −1.02 (−1.69–−0.39) −1.1 (−1.82–−0.53) 0.19

Neonatal morbidities and mortality

Bronchopulmonary dysplasia, n (%) 582 209 (47.9) 44 (30.1) <0.001 *

Late onset of sepsis (culture-proven), n (%) 858 227 (36.6) 122 (51) <0.001 *

Retinopathy of prematurity stage ≥ 2, n (%) 575 43 (10.3) 11 (7.1) 0.27

Any intraventricular hemorrhage, n (%) 858 223 (36) 76 (31.8) 0.26

Severe intraventricular hemorrhage, n (%) 858 108 (17.4) 36 (15.1) 0.48

Necrotizing enterocolitis (stage ≥ 2), n (%):
Medical management
Surgical management

858 171 (27.6)
39 (6.3)

52 (21.8)
14 (5.9)

0.08
0.88

Spontaneous intestinal perforation, n (%) 858 5 (0.8) 5 (2.1) 0.15

Length of hospital stay, median (IQR) 858 41 (23–64) 38 (16–64) 0.06

Mortality, n (%) 858 134 (21.6) 63 (26.5) 0.15

Abbreviations: LE, lipid emulsion; * statistically significant at 5% level; # at discharge, at 36-week PMA or at
discharge, whichever came first.
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Retinopathy of prematurity stage ≥ 2, n (%) 575 43 (10.3) 11 (7.1) 0.27 
Any intraventricular hemorrhage, n (%)  858 223 (36) 76 (31.8) 0.26 
Severe intraventricular hemorrhage, n (%)  858 108 (17.4) 36 (15.1) 0.48 
Necrotizing enterocolitis (stage ≥ 2), n (%): 
  Medical management 
  Surgical management 

 
858 

 

 
171 (27.6) 
39 (6.3) 

 
52 (21.8) 
14 (5.9) 

 
0.08 
0.88 

Spontaneous intestinal perforation, n (%) 858 5 (0.8) 5 (2.1) 0.15 

Figure 2. Growth of preterm infants who received SMOFlipid vs. intralipid. The red dash indicates
the relationship between the average weight and gestational age among infants who received in-
tralipid. The blue dash indicates the relationship between the average weight and gestational age
among infants who received SMOFlipid.
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The multivariable regression analysis performed after adjusting the variables that
were significant in the univariate analysis revealed that the SMOFlipid administration had
a negative impact on ∆ weight z-score compared with intralipid (aRR −0.67; 95% CI −0.69
to −0.39) (Table 4). The SMOFlipid effect on ∆ weight z-score was also different according
to sex (interaction p = 0.001). Males in the SMOFlipid–LE group had a lower ∆ weight
z-score compared to those in the intralipid group (p < 0.001), with no difference observed
in females (p = 0.82) (Table 5). Causal mediation analyses showed a negative BPD effect on
∆ weight z-score for males and females (indirect effect for males, −0.87, 95% CI: −1.23 to
−0.50, p < 0.001; and indirect effect for females, −0.1.23, 95% CI: −1.63 to −0.83, <0.001).
However, grade 3 or 4 IVH did not have a mediating effect for either male and female
infants (indirect effect for males, −0.03, 95% CI: −0.46 to 0.41, p = 0.91; and indirect effect
for females, −0.07, 95% CI: −0.44–0.57, p = 0.8).

Table 4. Multivariable regression for infant’s outcome stratified by type of LE.

Unadjusted 95% CI Adjusted 95% CI

∆ Weight z-score (MD) −0.48 (−0.75, −0.20) −0.67 (−0.96, −0.39)

Weight at discharge z-score # (MD) 2.07 (−9.08, 13.22) −0.96 (−13.37, 11.46)

Bronchopulmonary dysplasia (RR) 0.63 (0.48, 0.82) 0.61 (0.46, 0.80)

Late-onset sepsis (RR) 1.40 (1.19, 1.65) 1.44 (1.22, 1.69)

Retinopathy of prematurity stage ≥ 2 (RR) 0.69 (0.37, 1.31) 0.43 (0.15–1.22)

Severe intraventricular hemorrhage (RR) 0.87 (0.61–1.22) 0.82 (0.55–1.22)

Necrotizing enterocolitis (RR) 0.76 (0.59–0.97) 0.78 (0.59–1.01)

Length of hospital stay (RR) −6.59 (−13.0, 0.21) −3.09 (−8.18, 2.00)

Mortality (RR) 1.23 (0.95–1.59) 1.21 (0.9–1.64)

Abbreviations: MD, mean difference, RR, relative risk, CI, confidence interval, LE, lipid emulsion; statisti-
cally significant at 5% level; # at discharge, at 36-week PMA or at discharge, whichever came first. Bold data
is highlighted.

Table 5. Effect of SMOFlipid on neonatal growth profile at 36 weeks or discharge.

Variable
Mean Confidence Interval Mean Difference

Confidence Interval p Value Interaction p Value

Intralipid SMOFlipid Sex

∆ Weight z-score 0.001 *

Male −1.13 (−1.33–−0.93) −1.96 (−2.30–−1.64) 0.84 (0.46–1.22) <0.001 *

Female −1.78 (−1.99–−1.56) −1.85 (−2.19–−1.53) 0.08 (−0.31−0.47) 0.823

Weight at discharge # (g) 1757.78 (1705.42–1810.13) 1668.57 (1586.53–1750.62) 89.21 (−9.18–187.59) 0.07 0.74

Weight at discharge
z-score # 0.91 (−4.77–6.59) 2.98 (−7.31–13.27) −2.07 (−13.8–−9.08) 0.72 0.77

Weight gain velocity
(g/kg/day) 5.91 (5.07–6.75) 4.63 (3.94–5.31) 1.29 (−0.15–2.72) 0.08 0.12

* Statistically significant at 5% level; # at discharge, at 36-week PMA or at discharge, whichever came first.

Furthermore, the SMOFlipid administration compared to the intralipid group sig-
nificantly reduced the BPD (aRR 0.61; 95% CI 0.46–0.8). However, infants who received
SMOFlipid had significantly higher LOS compared with those who received intralipid
(aRR 1.44; 95% CI 1.22–1.69).

However, aRR revealed that there was no association between SMOFlipid and neonatal
morbidity (severe IVH, PDA, NEC, LOHS, PN duration, and lipid duration) as well as
neonatal mortality.
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4. Discussion

Our study indicates that SMOFlipid is associated with low growth velocity in very
preterm male infants. In addition, it is associated with increased proportion of late onset of
sepsis and decreased rate of BPD.

In terms of growth velocity, the main target of PN is to meet the nutritional require-
ments in preterm infants and achieve weight gain like a normal fetus [27]. Lipid is com-
posed of the majority source of nonprotein energy and essential fatty acids. Vlaardinger-
broek et al. found on their randomized controlled trial that SMOFlipid has a positive
impact on the anthropometry of preterm infants [19]. However, other studies includ-
ing clinical trials demonstrated that SMOFlipid emulsion does not improve the weight
z-score and HC [20,28]. Other trials showed SMOFlipid’s negative impact on growth
parameters [29,30]. Our study manifests that SMOFlipid is associated with delay in ∆
weight z-score. The delayed growth attributes to the low levels of certain essential fatty
acids such ARA and LA. All studies, including our study, present nonhomogeneous find-
ings. This discrepancy represents that optimal infant growth needs the presence of all
essential fatty acids, including ARA, DHA, and EPA. More than that, any change in the
percentage of their presence and ratios will affect the growth rates [31,32]. Furthermore,
SMOFlipid administration is associated with delayed growth velocity, mainly in males.
This effect may have been mediated by BPD. In its secondary analysis, the MOBYDIck trial
found that giving DHA supplementation alone to mothers who breastfed their preterm
infants is associated with improving the weight velocity in females, only with an opposite
impact on males, and these influences are not mediated by BPD [33].

Our resulted showed increased risk of late-onset sepsis. A decade ago, meta-analysis
showed that SMOFlipid emulsions are weakly associated with fewer episodes of late
onset of sepsis compared with soybean oil emulsions (RR: 0.75; 95% CI: 0.56, 1.00) [34].
They explained their findings that excess intake of soybean-based LE increases the pro-
inflammatory eicosanoids and oxidative stress [35,36]. A trial which was conducted later
by the same team of the meta-analysis found no association between the neonatal sepsis
rate and the kind of LE [19]. A more recent trial found that SMOFlipid reduces the ratio of
ARA to DHA [16]. These findings were supported by earlier animal studies that found that
increasing the DHA level will disturb the ARA level [37]. The ARA plays a fundamental
role in regulating the immune and inflammatory responses; therefore, any disturbance in
its level may predispose the immature infant to develop late onset of sepsis [38].

Our study showed that preterm infants who received SMOFlipid as part of their PN in
their early life have a lower BPD rate. The DHA, as part of SMOFlipid, stimulates surfactant
production and minimizes the inflammatory process in animals’ lungs [39–42]. Not all
studies on preterm infants displayed the same results. The DINO trial showed that DHA
supplements reduce the BPD incidence in preterm infants [43]. In contrast, other trials
showed different outcomes [44,45]. Both the N3RO trial and MOBYDIck trial demonstrated
no change in the BPD rate after applying DHA supplements either directly through enteral
feeding to preterm infants or through providing them orally to pregnant women. Two
recent meta-analyses indicate omega-3 long-chain polyunsaturated fatty acids do not reduce
the BPD proportion in preterm infants [46,47]. There is a trial now underway investigating
whether parenteral omega-3-enriched LE reduces the BPD incidence in preterm infants
who are less than 30 weeks gestational age [48].

With regard to other neonatal morbidities, such as ROP, IVH, NEC, and mortality, our
study did not find any potential benefit of SMOFlipid in reducing their incidence rates.
Previous studies demonstrated conflicting results. The recent meta-analysis found that
DHA supplements do not make any significant changes in NEC, IVH, and severe ROP [46].
However, another meta-analysis found fish oil lipid emulsion is effective in reducing the
ROP incidence and severity [49].

Current studies present conflicting data regarding the short-term and long-term im-
pacts of SMOFlipid in preterm infants. These differences might be attributed to the popula-
tion enrolled in each study, the quantity of the supplements, and the method of preparation
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and giving they received, such as whether they received DHA only or lipid that is enriched
with DHA, in addition to other components.

Several limitations are present in the current study. Our study is retrospective in
nature and not all confounding factors may have been adjusted for. We did not measure
the essential fatty acid levels, as it is not a routine test, and we perform it for preterm
infants unless there are indications of metabolism inborn error. Furthermore, long-term
follow-up would have strengthened the study. We have good sample size, and we were
able to investigate the important neonatal outcomes and controversies at the same time.
We were able to highlight the present conflict in the current practice of SMOFlipid in
preterm infants.

5. Conclusions

In conclusion, our study revealed that none of the studied lipid emulsions were proven
to be superior to the others for very preterm infants. SMOFlipid may reduce the risk of BPD
but increases the risk of late onset of sepsis and postnatal growth failure. A large random-
ized controlled trial is required to identify effects of SMOFlipid on neonatal morbidities.
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oil and olive oil lipid for prevention of oxidative damage in preterm infants: Single center clinical trial at university hospital in
Turkey. Pediatr. Int. 2019, 61, 388–392. [CrossRef]

15. Ndiaye, A.B.; Mohamed, I.; Pronovost, E.; Angoa, G.; Piedboeuf, B.; Lemyre, B.; Afifi, J.; Qureshi, M.; Sériès, T.; Guillot, M.; et al.
Use of SMOF lipid emulsion in very preterm infants does not affect the incidence of bronchopulmonary dysplasia–free survival.
J. Parenter. Enter. Nutr. 2022. [CrossRef]

16. Najm, S.; Löfqvist, C.; Hellgren, G.; Engström, E.; Lundgren, P.; Hård, A.-L.; Lapillonne, A.; Sävman, K.; Nilsson, A.K.; Andersson,
M.X.; et al. Effects of a lipid emulsion containing fish oil on polyunsaturated fatty acid profiles, growth and morbidities in
extremely premature infants: A randomized controlled trial. Clin. Nutr. ESPEN 2017, 20, 17–23. [CrossRef]

17. Belza, C.; Wales, J.C.; Courtney-Martin, G.; Silva, N.; Avitzur, Y.; Wales, P.W. An Observational Study of Smoflipid vs Intralipid on
the Evolution of Intestinal Failure–Associated Liver Disease in Infants With Intestinal Failure. J. Parenter. Enter. Nutr. 2019, 44,
688–696. [CrossRef]

18. Vlaardingerbroek, H.; Vermeulen, M.; Carnielli, V.P.; Vaz, F.; Akker, C.V.D.; van Goudoever, J.B. Growth and Fatty Acid Profiles
of VLBW Infants Receiving a Multicomponent Lipid Emulsion From Birth. J. Pediatr. Gastroenterol. Nutr. 2014, 58, 417–427.
[CrossRef]

19. Rayyan, M.; Devlieger, H.; Jochum, F.; Allegaert, K. Short-term use of parenteral nutrition with a lipid emulsion containing a
mixture of soybean oil, olive oil, medium-chain triglycerides, and fish oil: A randomized double-blind study in preterm infants. J.
Parenter. Enter. Nutr. 2012, 36, 81S–94S. [CrossRef]

20. Hill, N.S.; Cormack, B.E.; Little, B.S.; Bloomfield, F.H. Growth and Clinical Outcome in Very Low-Birth-Weight Infants After the
Introduction of a Multicomponent Intravenous Lipid Emulsion. J. Parenter. Enter. Nutr. 2020, 44, 1318–1327. [CrossRef]

21. Fenton, T.R.; Kim, J.H. A systematic review and meta-analysis to revise the Fenton growth chart for preterm infants. BMC Pediatr.
2013, 13, 59. [CrossRef]

22. Papile, L.-A.; Burstein, J.; Burstein, R.; Koffler, H. Incidence and evolution of subependymal and intraventricular hemorrhage: A
study of infants with birth weights less than 1500 gm. J. Pediatr. 1978, 92, 529–534. [CrossRef]

23. Walsh, M.C.; Wilson-Costello, D.; Zadell, A.; Newman, N.; Fanaroff, A. Safety, Reliability, and Validity of a Physiologic Definition
of Bronchopulmonary Dysplasia. J. Perinatol. 2003, 23, 451–456. [CrossRef]

24. Bell, M.J.; Ternberg, J.L.; Feigin, R.D.; Keating, J.P.; Marshall, R.; Barton, L.; Brotherton, T. Neonatal necrotizing enterocolitis.
Therapeutic decisions based upon clinical staging. Ann. Surg. 1978, 187, 1–7. [CrossRef] [PubMed]

25. Dong, Y.; Speer, C.P. Late-onset neonatal sepsis: Recent developments. Arch. Dis. Child. Fetal Neonatal Ed. 2015, 100, F257e63.
[CrossRef] [PubMed]

26. International Committee for the Classification of Retinopathy of Prematurity. The international classification of retinopathy of
prematurity revisited. Arch. Ophthalmol. 2005, 123, 991–999. [CrossRef] [PubMed]

27. Ronald, E.; Kleinman, F.R.G. American Academy of Pediatrics Committee on Nutrition, American Academy of Pediatrics. 2014.
Available online: https://www.ncbi.nlm.nih.gov/nlmcatalog/101653189 (accessed on 15 July 2022).

28. Tomsits, E.; Pataki, M.; Tölgyesi, A.; Fekete, G.; Rischak, K.; Szollár, L. Safety and efficacy of a lipid emulsion containing a mixture
of soybean oil, medium-chain triglycerides, olive oil, and fish oil: A randomised, double-blind clinical trial in preterm infants
requiring parenteral nutrition. J. Pediatr. Gastroenterol. Nutr. 2010, 51, 514–521. [CrossRef] [PubMed]

29. Ryan, A.S.; Montalto, M.B.; Groh-Wargo, S.; Mimouni, F.; Sentipal-Walerius, J.; Doyle, J.; Siegman, J.S.; Thomas, A.J. Effect of
DHA-containing formula on growth of preterm infants to 59 weeks postmenstrual age. Am. J. Hum. Biol. 1999, 11, 457–467.
[CrossRef]

30. Carlson, S.E.; Werkman, S.H.; Tolley, E.A. Effect of long-chain n-3 fatty acid supplementation on visual acuity and growth of
preterm infants with and without bronchopulmonary dysplasia. Am. J. Clin. Nutr. 1996, 63, 687–697. [CrossRef]

31. Koletzko, B.; Carlson, S.E.; van Goudoever, J.B. Should infant formula provide both Omega-3 DHA and Omega-6 arachidonic
acid? Ann. Nutr. Metab. 2015, 66, 137–138. [CrossRef]

32. Martinez, M. Tissue levels of polyunsaturated fatty acids during early human development. J. Pediatr. 1992, 120, S129–S138.
[CrossRef]

http://doi.org/10.1016/j.nutres.2021.05.003
http://doi.org/10.1016/j.clnu.2018.05.028
http://doi.org/10.1002/jpen.1850
http://doi.org/10.1177/0148607110363614
http://doi.org/10.1111/ped.13798
http://doi.org/10.1002/jpen.2380
http://doi.org/10.1016/j.clnesp.2017.04.004
http://doi.org/10.1002/jpen.1692
http://doi.org/10.1097/MPG.0000000000000280
http://doi.org/10.1177/0148607111424411
http://doi.org/10.1002/jpen.1750
http://doi.org/10.1186/1471-2431-13-59
http://doi.org/10.1016/S0022-3476(78)80282-0
http://doi.org/10.1038/sj.jp.7210963
http://doi.org/10.1097/00000658-197801000-00001
http://www.ncbi.nlm.nih.gov/pubmed/413500
http://doi.org/10.1136/archdischild-2014-306213
http://www.ncbi.nlm.nih.gov/pubmed/25425653
http://doi.org/10.1001/archopht.123.7.991
http://www.ncbi.nlm.nih.gov/pubmed/16009843
https://www.ncbi.nlm.nih.gov/nlmcatalog/101653189
http://doi.org/10.1097/MPG.0b013e3181de210c
http://www.ncbi.nlm.nih.gov/pubmed/20531018
http://doi.org/10.1002/(SICI)1520-6300(1999)11:4&lt;457::AID-AJHB5&gt;3.0.CO;2-B
http://doi.org/10.1093/ajcn/63.5.687
http://doi.org/10.1159/000377643
http://doi.org/10.1016/S0022-3476(05)81247-8


Nutrients 2022, 14, 3952 12 of 12

33. Guillot, M.; Synnes, A.; Pronovost, E.; Qureshi, M.; Daboval, T.; Caouette, G.; Olivier, F.; Bartholomew, J.; Mohamed, I.; Massé, E.;
et al. Maternal High-Dose DHA Supplementation and Neurodevelopment at 18–22 Months of Preterm Children. Pediatrics 2022,
150, e2021055819. [CrossRef]

34. Vlaardingerbroek, H.; Veldhorst, M.A.B.; Spronk, S.; Akker, C.V.D.; van Goudoever, J.B. Parenteral lipid administration to very-
low-birth-weight infants—Early introduction of lipids and use of new lipid emulsions: A systematic review and meta-analysis.
Am. J. Clin. Nutr. 2012, 96, 255–268. [CrossRef]

35. Krohn, K.; Koletzko, B. Parenteral lipid emulsions in paediatrics. Curr. Opin. Clin. Nutr. Metab. Care 2006, 9, 319–323. [CrossRef]
36. Wanten, G.J. Parenteral lipids in nutritional support and immune modulation. Clin. Nutr. Suppl. 2009, 4, 13–17. [CrossRef]
37. Hsieh, A.T.; Anthony, J.C.; Diersen-Schade, D.A.; Rumsey, S.C.; Lawrence, P.; Li, C.; Nathanielsz, P.W.; Brenna, J.T. The Influence

of Moderate and High Dietary Long Chain Polyunsaturated Fatty Acids (LCPUFA) on Baboon Neonate Tissue Fatty Acids.
Pediatr. Res. 2007, 61, 537–545. [CrossRef]

38. Martin, C.R.; DaSilva, D.A.; Cluette-Brown, J.E.; DiMonda, C.; Hamill, A.; Bhutta, A.Q.; Coronel, E.; Wilschanski, M.; Stephens,
A.J.; Driscoll, D.F.; et al. Decreased Postnatal Docosahexaenoic and Arachidonic Acid Blood Levels in Premature Infants are
Associated with Neonatal Morbidities. J. Pediatr. 2011, 159, 743–749.e2. [CrossRef]

39. Ma, L.; Li, N.; Liu, X.; Shaw, L.; Calzi, S.L.; Grant, M.B.; Neu, J. Arginyl-glutamine dipeptide or docosahexaenoic acid attenuate
hyperoxia-induced lung injury in neonatal mice. Nutrition 2012, 28, 1186–1191. [CrossRef]

40. Velten, M.; Britt, R.D., Jr.; Heyob, K.M.; Tipple, T.E.; Rogers, L.K. Maternal dietary docosahexaenoic acid supplementation
attenuates fetal growth restriction and enhances pulmonary function in a newborn mouse model of perinatal inflammation. J.
Nutr. 2014, 144, 258–266. [CrossRef]

41. Rogers, L.K.; Valentine, C.J.; Pennell, M.; Velten, M.; Britt, R.D.; Dingess, K.; Zhao, X.; Welty, S.E.; Tipple, T.E. Maternal
Docosahexaenoic Acid Supplementation Decreases Lung Inflammation in Hyperoxia-Exposed Newborn Mice. J. Nutr. 2010, 141,
214–222. [CrossRef]

42. Blanco, P.G.; Freedman, S.D.; Lopez, M.C.; Ollero, M.; Comen, E.; Laposata, M.; Alvarez, J.G. Oral docosahexaenoic acid given to
pregnant mice increases the amount of surfactant in lung and amniotic fluid in preterm fetuses. Am. J. Obstet. Gynecol. 2004, 190,
1369–1374. [CrossRef]

43. Manley, B.J.; Makrides, M.; Collins, C.T.; McPhee, A.J.; Gibson, R.A.; Ryan, P.; Sullivan, T.R.; Davis, P.G.; DINO Steering
Committee. High-Dose Docosahexaenoic Acid Supplementation of Preterm Infants: Respiratory and Allergy Outcomes. Pediatrics
2011, 128, e71–e77. [CrossRef]

44. Collins, C.T.; Makrides, M.; McPhee, A.J.; Sullivan, T.R.; Davis, P.G.; Thio, M.; Simmer, K.; Rajadurai, V.S.; Travadi, J.; Berry,
M.J.; et al. Docosahexaenoic Acid and Bronchopulmonary Dysplasia in Preterm Infants. N. Engl. J. Med. 2017, 376, 1245–1255.
[CrossRef]

45. Marc, I.; Piedboeuf, B.; Lacaze-Masmonteil, T.; Fraser, W.; Mâsse, B.; Mohamed, I.; Qureshi, M.; Afifi, J.; Lemyre, B.; Caouette,
G.; et al. Effect of maternal docosahexaenoic acid supplementation on bronchopulmonary dysplasia-free survival in breastfed
preterm infants: A randomized clinical trial. JAMA 2020, 324, 157–167. [CrossRef]

46. Wang, Q.; Zhou, B.; Cui, Q.; Chen, C. Omega-3 Long-chain Polyunsaturated Fatty Acids for Bronchopulmonary Dysplasia: A
Meta-analysis. Pediatrics 2019, 144, e20190181. [CrossRef]

47. Tanaka, K.; Tanaka, S.; Shah, N.; Ota, E.; Namba, F. Docosahexaenoic acid and bronchopulmonary dysplasia in preterm infants: A
systematic review and meta-analysis. J. Matern. Fetal. Neonatal. Med. 2022, 35, 1730–1738. [CrossRef]

48. Alshaikh, B. SMOFlipid and Incidence of BPD in Preterm Infants. 2022. Available online: https://clinicaltrialsgov/ct2/show/
NCT04078906 (accessed on 15 July 2022).

49. Vayalthrikkovil, S.; Bashir, R.A.; Rabi, Y.; Amin, H.; Spence, J.-M.; Robertson, H.L.; Lodha, A. Parenteral Fish-Oil Lipid Emulsions
in the Prevention of Severe Retinopathy of Prematurity: A Systematic Review and Meta-Analysis. Am. J. Perinatol. 2017, 34,
705–715. [CrossRef]

http://doi.org/10.1542/peds.2021-055819
http://doi.org/10.3945/ajcn.112.040717
http://doi.org/10.1097/01.mco.0000222118.76536.ad
http://doi.org/10.1016/j.clnu.2009.04.008
http://doi.org/10.1203/pdr.0b013e318045bec9
http://doi.org/10.1016/j.jpeds.2011.04.039
http://doi.org/10.1016/j.nut.2012.04.001
http://doi.org/10.3945/jn.113.179259
http://doi.org/10.3945/jn.110.129882
http://doi.org/10.1016/j.ajog.2003.11.001
http://doi.org/10.1542/peds.2010-2405
http://doi.org/10.1056/NEJMoa1611942
http://doi.org/10.1001/jama.2020.8896
http://doi.org/10.1542/peds.2019-0181
http://doi.org/10.1080/14767058.2020.1769590
https://clinicaltrialsgov/ct2/show/NCT04078906
https://clinicaltrialsgov/ct2/show/NCT04078906
http://doi.org/10.1055/s-0036-1597131

	Introduction 
	Methods 
	Study Design 
	Inclusion and Exclusion Criteria 
	Data Collection and Follow-Up 
	Study Outcome 
	Definitions 
	Nutrition Protocol 
	Growth Anthropometry 
	Preterm Neonatal Morbidities 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

