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Abstract

Background: Small for gestational age (SGA) infants may have 
reduced lipid tolerance during intravenous lipid emulsion (ILE) therapy. 
We compared triglyceride (TG) levels in SGA versus non-SGA neonates 
receiving ILE and explored associations with neonatal morbidities.

Methods: This retrospective study included neonates who received 
ILE for at least 24 hours. TG levels were measured at approximately 24 
hours of life and at 30-60 days. Statistical analyses compared TG levels, 
the incidence of hypertriglyceridemia (TG > 250 mg/dL), and the change 
in TG levels over time between the groups.

Results: 165 neonates were included, 56 (33.9%) SGA and 109 (66.1%) 
non-SGA. The mean ± SD gestational age at birth and birth weight were 
34.2 ± 3.0 vs. 29.8 ± 2.6 weeks (p < 0.001), and 1,446 ± 336 vs. 1,325 ± 
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350 grams, respectively (p = 0.02). TG levels at 24 
hours were significantly higher in the SGA group 
(144 [98, 189] vs. 85 [62, 116] mg/dL, p < 0.001). 
Incidence of hypertriglyceridemia was higher in 
SGA infants (10.7% vs. 1.8%, p = 0.019). Despite 
shorter duration of exposure (3.0 [2.0, 4.5] vs. 
4.5 [3.0, 7.0] days, p < 0.001), a subgroup of 
SGA infants with follow-up data had higher TG 
levels at 30-60 days of life compared to non-SGA 
infants (106 [84, 155] vs. 70 [56, 91] mg/dL, p 
= 0.005). In multivariable analysis, SGA status, 
intraventricular hemorrhage, use of cardiotropic 
agents, and ClinOleic (vs. SMOFlipid) were 
independently associated with higher TG at 24 
hours.

Conclusion: SGA infants showed higher early 
TG levels and greater risk of hypertriglyceridemia 
during ILE, with elevations persisting at 30-60 
days in the subgroup of SGA infants with follow-
up data available. These findings support early 
TG monitoring and individualized lipid titration 
for SGA infants. Interpretation should consider 
the retrospective single-center design, baseline 
differences between SGA and non-SGA infants, 
and limited SGA follow-up sampling.
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Introduction

The use of intravenous lipid emulsions (ILEs) 
is widely recommended in neonatal care as they 
provide essential fatty acids, and non-protein 
calories critical for supporting growth and 
development in preterm and critically ill neonates 

[1, 2]. The current consensus is to commence ILE 
administration soon after birth at a relatively low 
dose and gradually increase it in accordance with 
the nutritional requirements of the patient while 
monitoring triglyceride (TG) levels to avoid 
hypertriglyceridemia [3, 4]. However, despite 
the fact that ILE are a mainstay of parenteral 
nutrition in neonates, several aspects of their use 
remain insufficiently explored. Notably, there is 
limited data regarding the tolerance and metabolic 
handling of ILE in small for gestational age 
(SGA) infants compared to non-SGA infants. The 
former are thought to be particularly vulnerable to 
ILE-associated adverse effects due to immature 
metabolic pathways, including reduced activity 
of lipoprotein lipase and other enzymatic systems 
involved in lipid metabolism [5, 6]. Given the 
scarcity of data, specific recommendations for 
ILE administration for this population are still 
absent. This retrospective cohort study aimed to 
compare serum TG levels in SGA and non-SGA 
neonates receiving ILE at two time points: 24 
hours of life and 30-60 days.

Methods

Study design and settings

This single-center retrospective cohort study 
was conducted at the Neonatal Intensive Care 
Unit (NICU) of Kaplan Medical Center, a tertiary 
care hospital in Israel. The study population 
included neonates admitted to the NICU between 
April 2015 and December 2019 who received 
ILE as part of their parenteral nutrition regimen. 
According to the internal NICU guideline, ILE 
are promptly initiated for all infants with a birth 
weight below 1,800 grams. The typical initial 
dose is 2 grams per kilogram per day (g/kg/d), 
with dose escalation of an additional 0.5 g/kg/d 
every 24 hours as appropriate to a maximum 
of 3 g/kg/d. The protocol recommends serum 
TG sampling at 24 hours of life, while follow-
up levels are obtained at the discretion of the 
attending physician. Hypertriglyceridemia, de
fined as TG levels exceeding 250 milligrams 
per deciliter (mg/dL) [7], typically prompts a 
reduction of ILE dose to 1 g/kg/d, whereas TG 
levels > 300 mg/dL necessitate discontinuation of 
ILE for at least 24 hours, with re-introduction of 
ILE pending repeat TG level assessment. During 
the study period the choice and availability of ILE 
transitioned gradually from ClinOleic (Baxter 
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Healthcare Ltd., United Kingdom) to SMOFlipid 
(Fresenius Kabi, Uppsala, Sweden). Omegaven 
(Fresenius Kabi, Graz, Austria) was provided as 
second-line ILE in cases of cholestasis. Enteral 
feeds are typically initiated within 6-24 hours of 
life, depending on the infant’s clinical stability. 
For infants with hemodynamic instability, enteral 
feeds were delayed for up to 48 hours. The 
initial feeding volume is usually 10-20 milliliter/
kilogram/day (mL/kg/d), with subsequent in
creases of 20-35 mL/kg/d. At the time of the 
study, the Israeli donor milk bank had not yet 
been established, so infants included in this study 
were fed with either infant formula or mother’s 
own milk. Enteral feeds were administered via 
gavage every 3 hours. SGA was defined as a birth 
weight below the 10th percentile for gestational 
age (GA) based on the Fenton growth charts. Non-
SGA was defined as a birth weight at or above 
the 10th percentile for GA according to the same 
Fenton growth charts [8], and therefore, included 
both appropriate for gestational age (AGA) and 
large for gestational age (LGA) infants. The 
study was approved by Kaplan Medical Center 
Research Ethics Board in accordance with the 
Declaration of Helsinki (0181-19kmc). Due to 
its retrospective nature, informed consent was  
waived.

Study population

Eligible were infants who met the following 
criteria: i. received ILE for at least 24 hours during 
their NICU stay; ii. had documented serum TG 
levels at approximately 24 hours of life. Infants 
with major congenital anomalies, chromosomal 
abnormalities, incomplete medical records, and 
infants who died during the first 72 hours of life 
were excluded.

Study outcomes 

The primary outcome was: TG levels at 24 
hours of life. The secondary outcomes were: i. 
TG levels at 30-60 days of life; ii. incidence of 
hypertriglyceridemia defined as TG > 250 mg/dL; 
iii. the change in TG levels between 24 hours of 
life and 30-60 days of life. 

Data collection

Demographic and perinatal characteristics of 
infants were extracted from the NICU electronic 

database – Metavision (IMD-Soft®) – and in
cluded GA at birth, birth weight, and SGA/non-
SGA status, the type and duration of ILE exposure; 
other medications received such as antibiotics, 
blood products, inotropic or vasopressor support 
and caffeine were extracted, as well. 

Outcome data included TG levels at 24 hour of 
life, and at 30-60 days of life, as well as prematurity-
related morbidities such as respiratory distress 
syndrome (RDS), bronchopulmonary dysplasia 
(BPD) defined as need for oxygen or any type of 
respiratory support at 36 weeks post-menstrual 
age [9], patent ductus arteriosus (PDA) defined as 
a moderate-large duct, early-onset sepsis (EOS) 
defined as a positive blood culture taken within 
the first 72 hours of life, late-onset sepsis (LOS) 
defined as a positive blood culture taken after the 
first 72 hours of life, necrotizing enterocolitis 
(NEC) diagnosed according to the modified Bell’s 
staging criteria if the stage was 2a or above [10], 
intraventricular hemorrhage (IVH) diagnosed by 
ultrasound examination and graded according to 
Papile’s classification [11], and periventricular 
leukomalacia (PVL) diagnosed by the presence 
of multiple periventricular cysts identified by 
cranial ultrasound examination performed after 
28 days of life.

Statistical analysis

Data were compiled into electronic spread
sheets and analyzed using SPSS® software 
(version 25.0; IBM Corp., Armonk, NY). Con
tinuous variables were presented as means and 
standard deviations or medians and interquartile 
ranges (IQRs), depending on data distribution. 
Categorical variables were expressed as fre
quencies and percentages. Given the non-normal 
distribution of the data, non-parametric tests were 
employed: the Mann-Whitney U test was used to 
compare differences between independent groups, 
and the Related-Samples Wilcoxon Signed 
Rank Test was used for paired comparisons. As
sociations between categorical variables were 
assessed using Pearson’s Chi-square test. Sta
tistical significance was defined as a p-value < 
0.05. 

Additionally, a multiple linear regression analy
sis was performed to examine the relationship 
between log-transformed TG levels at 24 hours 
and a set of independent variables, including SGA 
vs. non-SGA diagnosis, gender, GA at birth, IVH, 
antibiotic treatment, cardiotropic support, and 
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type of ILE used (ClinOleic vs. SMOFlipid). First, a 
full model was built incorporating all predictors 
to assess their joint contribution to the variance 
in TG levels. Subsequently, a stepwise selection 
procedure was applied using Akaike Information 
Criterion (AIC) to identify the optimal model, 
aiming to balance model fit and simplicity. 
The step AIC function was utilized, allowing 
both forward and backward selection (direction 
= “both”), with the goal of excluding non-
significant predictors and avoiding overfitting. 
The final model (best model) was chosen based 
on the lowest AIC. The percentage change in TG 
levels for each predictor was calculated using the 
formula %Change = (eβ − 1) × 100. 

Results

A total of 165 neonates were included in the 
analysis (Fig. 1); 56 (33.9%) in the SGA group 
and 109 (66.1%) in the non-SGA group. The 
mean ± SD GA at birth, and birth weight for the 

SGA and non-SGA groups were 34.2 ± 3.0 vs. 
29.8 ± 2.6 weeks (p < 0.001), and 1,446 ± 336 
vs. 1,325 ± 350 grams, respectively (p = 0.02), as 
presented in Tab. 1. 

The ILE administered during the study period 
were SMOFlipid (69%), ClinOleic (19%), a com
bination of both (10%), and Omegaven (in com
bination with either SMOFlipid or ClinOleic) (2%). 
Exposure to SMOFlipid was more common in the 
non-SGA group than in the SGA group (75% vs. 
57%, p = 0.003), while exposure to ClinOleic was 
higher in the SGA group (32% vs. 12%, p = 0.003) 
(Tab. 1). The median (IQR) duration of exposure 
to ILEs in the SGA and non-SGA groups were 3.0 
(2.0, 4.5), and 4.5 (3.0, 7.0) days, respectively (p < 
0.001), as presented in Tab. 2. 

The median (IQR) TG levels at 24 hours of 
life were significantly higher in the SGA group 
compared to the non-SGA group (144 [98, 189] 
vs. 85 [62, 116] mg/dL, p < 0.001). Among the 
SGA group, birth weight Z-score was -2.18 ± 
0.68, and was inversely, though not significantly, 

Figure 1. Study flowchart for patients included in the analysis comparing triglyceride (TG) levels of small for gestational 
age (SGA) and non-SGA infants. 
ILEs: intravenous lipid emulsions; SGA: small for gestational age; TG: triglycerides. 

Infants who received ILEs 
(n = 208)

Excluded from the study: 
1.	 no documented TG levels at ~24 hours 

of life (n = 37);
2.	 died during first 3 days (n = 6)

SGA infants 
(n = 56)

No follow-up TG 
(n = 47)

TG at 30-60 days 
(n = 62)

No follow-up TG 
(n = 45)

TG at 30-60 days 
(n = 11)

Non-SGA infants 
(n = 109)

Infants included in this study 
(n = 165)
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Characteristic
SGA  

group
(n = 56)

Non-SGA 
group

(n = 109)
p-value

GA at birth (weeks) 34.2 ± 3.0 29.8 ± 2.6  < 0.001
Birth weight (grams) 1,446 ± 336 1,325 ± 350 0.02
Male sex 24 (43%) 58 (53%) 0.2
RDS 7 (13%) 58 (53%)  < 0.001
BPD 4 (7.1%) 33 (30%)  < 0.001
PDA 5 (8.9%) 38 (35%)  < 0.001
EOS 1 (1.8%) 3 (2.8%)  > 0.9
LOS 2 (3.6%) 9 (8.3%) 0.3
NEC 1 (1.8%) 6 (5.5%) 0.4
IVH 2 (3.6%) 16 (15%) 0.03
PVL 0 (0%) 2 (1.8%) 0.5
Antibiotic treatment 26 (46%) 101 (93%)  < 0.001
Cardiotropic 
support 4 (7.1%) 11 (10%) 0.5

Administration of 
blood products 12 (21%) 30 (28%) 0.4

Caffeine treatment 12 (21%) 95 (87%)  < 0.001

ILEs

SMOFlipid 32 (57%) 82 (75%)

0.003

ClinOleic 18 (32%) 13 (12%)
SMOFlipid 
and 
ClinOleic

4 (7%) 13 (12%)

SMOFlipid 
and 
Omegaven

2 (3.6%) 0 (0%)

ClinOleic 
and 
Omegaven

0 (0%) 1 (0.9%)

Data are presented as number (frequency) or mean ± standard 
deviation, as appropriate. 
BPD: bronchopulmonary dysplasia; EOS: early-onset sepsis; GA: 
gestational age; ILEs: intravenous lipid emulsions; IVH: intraven-
tricular hemorrhage; LOS: late-onset sepsis; NEC: necrotizing 
enterocolitis; PDA: patent ductus arteriosus; PVL: periventricular 
leukomalacia; RDS: respiratory distress syndrome; SGA: small for 
gestational age.

Table 1. Comparison of demographics, prematurity-
related outcomes and intravenous lipid emulsions (ILEs) 
administered between small for gestational age (SGA) and 
non-SGA infants who received ILE for at least 24 hours.

Characteristic SGA group
(n = 56)

Non-SGA group
(n = 109) p-value

TG levels at 24 hours of life (mg/dL) 144 (98, 189) 85 (62, 116)  < 0.001
Hypertriglyceridemia a 6 (10.7%) 2 (1.8%) 0.019
Duration of ILE administration (days) 3.0 (2.0, 4.5) 4.5 (3.0, 7.0)  < 0.001
TG levels at 30-60 days of life (mg/dL) b 106 (84, 155) 70 (56, 91) 0.005

Characteristic Group with no IVH
(n = 147)

Group with IVH
(n = 18) p-value

TG levels at 24 hours of life (mg/dL) 98 (68, 141) 116 (86, 204) 0.019

Characteristic
Group who received 

SMOFlipid
(n = 114)

Group who received 
ClinOleic
(n = 31)

p-value

TG levels at 24 hours of life (mg/dL) 86 (68, 126) 145 (111, 174)  < 0.001
Data are presented as number (frequency) or median (IQR), as appropriate. 
ILE: intravenous lipid emulsions; IVH: intraventricular hemorrhage; mg/dL, milligram per deciliter; SGA: small for gestational age; TG: 
triglycerides. 
a Hypertriglyceridemia was defined as TG levels above 250 mg/dL; b the number of patients for this analysis was 73 (11 in the SGA group, 
and 62 in the non-SGA group).

Table 2. Triglyceride (TG) levels, intravenous lipid emulsion (ILE) administration, and their association with small for 
gestational age (SGA) status and intraventricular hemorrhage (IVH).

related to TG levels at 24 hours (Pearson r 
= -0.151; 95% CI: -0.398, 0.116; p = 0.266)  
(Fig. 2). 

Six infants (10.7%) in the SGA group had 
hypertriglyceridemia at 24 hours of life compared 
to 2 infant (1.8%) in the non-SGA group (p = 
0.019). Follow-up TG levels at 30-60 days of 
life were available for 73 infants; 11 (15.1%) in 
the SGA group and 62 (84.9%) in the non-SGA 
group. In this subgroup, TG levels remained 
significantly higher in the SGA group compared 
to the non-SGA group (106 [84, 155] vs. 70 [56, 
91] mg/dL, p = 0.005) (Tab. 2). 

The non-SGA group experienced significantly 
more prematurity-related morbidities as well as 
higher rates of antibiotic and caffeine exposure 
(Tab. 1). 

Among infants diagnosed with IVH (n = 18), 
compared to infants with no IVH (n = 147), TG 
levels at 24 hours were significantly higher (116 
[86, 204] vs. 98 [68, 141] mg/dL, p = 0.019) 
(Tab. 2). 

TG levels were also compared between infants 
who received SMOFlipid (n = 114) and infants 
who received ClinOleic (n = 31) as a sole ILE. 
For infants who received ClinOleic, TG levels at 
24 hours were significantly higher than for those 
who received SMOFlipid (145 [111, 174] vs. 86 
[68, 126] mg/dL, p < 0.001) (Tab. 2). 

A multivariable linear regression on log-
transformed TG at 24 hours found that being born 
SGA, the presence of IVH, the administration of 
cardiotropic agent, and the type of ILE used were 
independent risk factors for higher TG levels 
(Tab. 3).
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Full model Best model Percent of 
change

Estimate Std. 
error Statistic p-value Estimate Std. 

error Statistic p-value Full 
model

Best 
model

(Intercept) 1.808 0.219 8.276  < 0.001 1.887 0.02 95.653  < 0.001 - -
SGA vs. non-SGA 0.172 0.042 4.133  < 0.001 0.181 0.031 5.772  < 0.001 18.77 19.84
Sex 0.004 0.029 0.125 0.901 - - - - 0.40 -
GA at birth (weeks) 0.003 0.007 0.397 0.692 - - - - 0.30 -
IVH 0.174 0.051 3.384 0.001 0.167 0.05 3.343 0.001 19.01 18.18
Antibiotic treatment 0 0.044 0.008 0.994 - - - - 0.00 -
Cardiotropic support 0.124 0.059 2.085 0.039 0.114 0.053 2.128 0.035 13.20 12.08
ClinOleic vs. SMOFlipid 0.139 0.041 3.389 0.001 0.148 0.038 3.915  < 0.001 14.91 15.95
Other ILE vs. SMOFlipid -0.029 0.046 -0.621 0.535 - - - - -2.86 -
Sample size 165 165

-R-squared 0.322 0.32
Adjusted R-squared 0.287 0.303

The dependent variable in the regression is a log-transformed value of triglyceride (TG) levels at 24 hours, as the original values were 
not normally distributed. The included variables were those that showed a significant association with TG levels at 24 hours, except for 
gender, that was included as a covariate. 
GA: gestational age; ILE: intravenous lipid emulsion; IVH: intraventricular hemorrhage; SGA: small for gestational age.
R-squared and adjusted R-squared values indicate the proportion of variance explained by the model.

Table 3. A multivariable linear regression analysis of factors associated with triglyceride (TG) levels.

Figure 2. Scatter of triglycerides (TG) (mg/dL) vs. birth-weight Z-score among small for gestational age (SGA) infants with 
an overlaid linear fit.

Discussion

In this retrospective study, we evaluated serum 
TG levels in SGA and non-SGA infants receiving 
ILE. Our findings suggest that SGA infants had 

significantly higher TG levels at 24 hours, as well 
as a higher incidence of hypertriglyceridemia. 
Among a limited subgroup of infants with 
available follow-up sampling at 30-60 days, 
TG levels remained higher in SGA infants. This 
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observation is consistent with previous studies 
highlighting the metabolic vulnerabilities of 
SGA infants, which may predispose them to 
hypertriglyceridemia [12, 13]. 

ILEs are a crucial component of the preterm 
infant’s diet. As such, several guidelines exist to 
guide clinicians and dictate treatment, including 
one published by the American Society for 
Parenteral and Enteral Nutrition (ASPEN) 
[14], and one by the European Society for 
Paediatric Gastroenterology Hepatology and 
Nutrition (ESPGHAN) [15]. Nevertheless, ad
ministration of ILEs is not devoid of adverse 
effects and may lead to hypertriglyceridemia, a 
condition associated with increased incidence 
of mortality [16], pulmonary hypertension [17], 
acute respiratory deterioration [18], and severe 
retinopathy of prematurity [16]. While the 
ASPEN and ESPGHAN guidelines specify the 
recommended initial dose and gradual increase 
of ILEs, they do not specifically address SGA 
infants, a population thought to be susceptible to 
hypertriglyceridemia [19, 20].

The elevated TG levels in SGA infants seen 
in our study are supported by the findings of 
Rabinowicz et al., who compared the incidence 
of hypertriglyceridemia in SGA infants born < 
34 weeks GA to AGA infants who were matched 
for GA at birth, and found a significantly higher 
incidence of hypertriglyceridemia and higher TG 
levels in SGA infants [12]. While in that study 
the ILE used was ClinOleic, most infants in our 
study received SMOFlipid, a more commonly 
used ILE that offers additional beneficial effects 
and thus is more relevant to modern day NICUs 
[21, 22]. Also, TG levels in that study were drawn 
on the fourth day of life, whereas in our study 
the levels of TG were determined at 24 hours of 
life. While the incidence of hypertriglyceridemia 
in SGA infants in the previous study was 22.5%, 
we have witnessed a lower incidence of ~10%. 
This difference may be explained by the earlier 
sampling and, therefore, lower cumulative dos
age administered in our study. Nevertheless, the 
fact that, in the previous study, higher levels were 
witnessed within a longer timeframe indicates 
that it may be prudent to apply early screening 
to allow adjustment of ILE dosage, which may 
in turn help to avoid hypertriglyceridemia and its 
adverse effects. 

Exploratory analyses within the SGA group 
suggested that more severe growth restriction 
may be associated with higher early TG levels, 

consistent with biologic plausibility that impaired 
fetal growth could reflect altered postnatal lipid 
handling. However, in our dataset the correlations 
were modest and did not achieve statistical 
significance.

To the best of our knowledge, this study 
provides the first longitudinal monitoring of TG 
levels in SGA infants. A second measurement 
of TG levels during the second month of life 
was analyzed to assess whether the elevated TG 
levels persisted beyond the immediate neonatal 
period. We found that the elevated TG levels 
in SGA compared to non-SGA infants persisted 
when follow-up levels were taken at 30-60 days 
of life, despite a shorter duration of exposure in 
the SGA group. This finding may be explained 
by an impaired lipid metabolism in SGA in
fants. Several different mechanisms have been 
suggested as possible explanations, most notably: 
i. a reduced lipoprotein lipase activity which 
leads to slower clearance of TG from the plasma 
[5]; ii. a lower capacity to metabolize very-
low-density lipoproteins [23]; iii. higher insulin 
concentrations and insulin-to-glucose ratios, 
which can affect lipid metabolism and contribute 
to elevated TG levels [24]; iv. a different 
metabolic profile – including higher levels of 
free fatty acids and reduced beta-oxidation rates 
– which contributes to the accumulation of TG 
in the plasma [25]. Although the implications of 
elevated TG levels remain unclear, these findings 
support a more cautious clinical approach in this 
population, as TG elevation may persist longer 
than expected.

An analysis of all infants who had IVH has 
shown that TG levels are higher in this population 
than in infants without IVH. Similarly, in a large 
retrospective study, Giretti et al. have shown 
that lipid tolerance, calculated as the ratio 
between administered ILE and TG levels, was 
negatively associated with several prematurity-
related morbidities, including IVH [13]. The 
association between TG levels and the presence 
of IVH is likely due to the high levels of TG 
being a marker of disease severity and metabolic 
disturbances rather than the cause of it. However, 
high levels of TG may theoretically contribute 
to the formation of IVH through oxidative stress 
that impairs vascular integrity [26, 27], impaired 
hemorheology that can alter blood viscosity 
and therefore affect microcirculatory flow [28], 
vasoconstriction that may reduce cerebral blood 
flow [28], and by triggering an inflammatory 
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response that may exacerbate the fragility of the 
vessels in the germinal matrix [27]. 

The findings of our study should be interpreted 
in the context of some important limitations. Due 
to the retrospective nature of this study, some 
data including several antenatal and perinatal 
parameters were inconsistently documented 
and are therefore not reported in this study. In 
this retrospective dataset, maternal diabetes and 
other details needed to distinguish constitutional 
from diabetes-related LGA were inconsistent
ly charted. As some LGA infants, particularly 
those of diabetic mothers, may have impaired 
metabolic profiles, this heterogeneity could in
troduce residual confounding. Within the SGA 
cohort, we could not reliably distinguish infants 
with intrauterine growth restriction (placental 
insufficiency) from constitutionally small in
fants due to inconsistent antenatal/perinatal data, 
and this phenotypic heterogeneity may entail 
differential lipid tolerance that could influence the 
observed associations. Although ILE initiation 
and escalation followed a standardized unit 
protocol, longitudinal parenteral lipid doses (g/
kg/d) and enteral lipid intake were not captured 
in a uniform, extractable format; consequently, 
dose-normalized or dose-response analyses were 
not feasible. Additionally, TG levels at 30-60 days 
of life were only available for a subset of patients 
(n = 73, 11 in the SGA group, and 62 in the non-
SGA group), which may introduce selection bias 
and negatively impact the generalizability of our 
findings. Also, by comparing SGA infants to non-
SGA infants without matching of GA at birth, 
our groups were inherently different in terms of 
their level of prematurity. Therefore, comparison 
of prematurity-related morbidities is inadequate. 
However, we opted for this specific design in order 
to assess all SGA infants exposed to ILE other 
than just preterm infants, as this population was 
shown to be susceptible to hypertriglyceridemia 
regardless of prematurity [25]. Furthermore, 
as this study shows a significantly higher TG 
levels and a higher incidence of hypertriglyceri
demia in SGA infants compared to a younger 
group with significantly more prematurity-
related morbidities, this comparison only serves 
to strengthen the correlation between being 
born SGA and an abnormal lipid metabolism. 
During the study period and in keeping with 
the published literature, our unit shifted from 
using mainly ClinOleic to SMOFlipid. While 
we did find a higher incidence of exposure to 

ClinOleic among SGA infants compared to non-
SGA infants, and we have reported that infants 
exposed to ClinOleic had higher TG levels than 
those exposed to SMOFlipid, a linear regres
sion analysis found SGA to be an independent 
risk factor for higher TG levels at 24 hours; thus, 
the differences in ILE exposure are unlikely to 
have significantly contributed to our findings. 
Finally, the relatively small sample size limits 
the statistical power and generalizability of our 
findings, particularly for subgroup analyses.

Conclusion

In this single-center retrospective cohort, SGA 
infants receiving ILE had higher early TG levels 
and a greater frequency of hypertriglyceridemia 
compared with non-SGA infants who also re
ceived ILE. In the subgroup of SGA infants with 
follow-up data available, elevations persisted at 
30-60 days. In view of the limitations described, 
these findings should be interpreted cautiously. 
Even so, they support early TG surveillance and 
individualized lipid titration for SGA infants and 
may help pave the way for prospective studies 
to define tailored nutritional support for this 
population.

Highlights

•	 SGA infants show elevated TGs at 24 hours 
post lipid infusion.

•	 Higher hypertriglyceridemia incidence in SGA 
compared to non-SGA neonates.

•	 Persistently elevated TGs in SGA infants at 
30-60 days of life.

•	 Early TG screening suggested for SGA infants 
on lipid emulsions.

•	 First longitudinal data on TG levels in SGA 
neonates post-ILE.
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