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ABSTRACT
Objectives: Lipid emulsions are not only considered as a source of energy, but also as a regulatory substance
for key metabolic functions in different diseases. The aim of the present study was to compare clinical,
biochemical and immunological effects of olive oil, soybean oil and omega-3 fatty acid which are administrated
to the children in parenteral nutrition products. 
Methods: Patients who were admitted to pediatric intensive care unit and had parenteral nutrition for 7 days
are included in the study. The patients were randomised into 3 groups based on the admission order, including
10 patients in each group. The children in Group O were fed by a lipid emulsion based on olive oil; the children
in Group S were fed by a soybean based lipid emulsion and the children in group F were fed by soybean based
lipid emulsion with omega-3 based solution. Analysis were made on the first and the seventh day. Laboratory
parameters as well as hemogram, biochemical analysis, immunoglobulins, lymphocyte subgroup panel and
cytokine levels were evaluated just before parenteral nutrition (day 0, basal value) and at day 7 of parenteral
nutrition. Clinical monitoring parameters included body weight, and circumference of the mid-upper arm. 
Results: Thirty children were enrolled into the study. Total cholesterol and triglyceride levels significantly
increased in Group O whereas triglyceride level significantly increased in Group S. Hemogram, liver function
tests, cytokine levels, lymphocyte sub-group distribution, immunoglobulin levels and total antioxidant capacity
measurements were not different. 
Conclusions: Three lipid emulsions which are used for parenteral nutrition treatment in intensive care unit
patients are clinically and biochemically useful. 
Keywords: intravenous lipid emulsions, parenteral nutrition, olive oil, fish oil, total antioxidant capacity,
soybean oil

ipid emulsions are safely used in parenteral nu-
trition (PN) products for pediatric intensive care

unit (PICU) patients who do not have sufficient enteral
nutrition [1]. Lipid emulsions are one of the main
components of parenteral nutrition to give sufficient
energy, essential fatty acids and fat soluble vitamins

[1]. The issue that use of which lipid emulsion ob-
tained from which herbal source for PN is still con-
flicting. Since the soybean oil (SO) based intravenous
lipid emulsions (ILE) have excess linoleic acid (n-6
polyunsaturated fatty acid; PUFA), they thought to be
responsible for increase in proinflammatory cytokines
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levels, decrease in immunological response, increase
in free radicals and lipid peroxidation [2]. It was re-
ported that olive oil (OO) based lipid emulsions would
be more advantageous due to antioxidant protection
with natural vitamin E and lower PUFA ingredient and
the effect on immunological and inflammatory
processes would be neutral due to dominant monoun-
saturated fatty acid (MUFA) content [2]. Use of fish
oil (FO) was reported to provide antiinflammatory ef-
fects of docosahexaenoic acid (DHA) and eicosapen-
taenoic acid (EPA), omega-3 fatty acids [1]. As a result
of these, lipid emulsions are not only considered as a
source of energy, but also has a roleas a regulatory
substance for key metabolic functions in different
chronic and acute diseases. Possible effects of the
lipids on such inflammatory processes are very impor-
tant for the patients with sepsis whose excessive pro-
duction of pro-inflammatory mediators contribute to
mortality [3]. Furthermore, the risk of hypertriglyc-
eridemia increases in intensive care unit patients under
metabolic stress and this persists during intravenous
lipid administration [4]. 
      The aim of this study was to review and compare
the effects of lipid emulsions based on soybean, olive
oil and soybean with omega-3 fatty acid on hepatic,
immunological and clinical processes. 

METHODS

Study Design 
      This interventional study was admitted to the eth-
ical board of Uludağ University School of Medicine.
The ethics committee approval date and number is
2005-3. After approval of the ethics committee, 30 pa-
tients who were admitted to PICU within a year and
had PN for 7 days were included in the study. Verbal
and written consent was obtained from the patients.
The patients were randomised into 3 groups based on
the admission order, including 10 patients in each
group. The children with type 1 diabetes, acid-base
imbalance, metabolic disease, kidney failure and those
who use anticoagulant, immunosuppressive agent,
steroids and carnitin were excluded. The children in
Group O were fed by a ILE based on OO (20%, Cli-
nOleic; Baxter, Maurepas, France); the children in
Group S were fed by a SO based ILE (20%, Ivelip;
Clintec, Amilly, France) and the children in Group F

were fed by SO based ILE (Ivelip) with omega-3
based 10% FO solution (Omegaven; Fresenius Kabi,
Bad Hamburg, Germany). Characteristics and content
of the lipid emulsions used for the patients are shown
in Table 1. 
      Fluid, electrolytes, trace elements, protein and
calorie support were provided with PN to all patients.
Lipid emulsions were administrated in a dose of 1 to
3 g/kg/day to provide the protein-free energy between
20% to 50% in the nutrition fluids. Omega-3 fatty acid
solution was administrated as 1 ml/kg/day. 

Laboratory Tests 
      Laboratory parameters as well as hemogram, bio-
chemical analysis, immunoglobulins, lymphocyte sub-
group panel and cytokine levels were evaluated just
before PN (day 0, basal value) and at day 7 of PN.
Clinical monitoring parameters included body weight,
and circumference of the mid-upper arm. Measure-
ments were done by the same person with the same
device. Biochemical analysis included blood glucose,
total and direct biluribin, total protein, albumin, pre-
albumin, aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP),
gamma glutamyl transferase (GGT), total cholesterol,
low-density lipoprotein cholesterol (LDL), triglyc-
eride (TG), high-density lipoprotein cholesterol
(HDL), serum biliary acid level and they were de-
tected through an Abbott Aeroset fully-automated bio-
chemistry device. Total antioxidant capacity (TAC)
levels were measured by calorimetric method
(Aeroset, Abbott Diagnostics, IL, USA). 
      Hemogram, prothrombin time (PT), activated par-
tial thromboplastin time (APTT) and international nor-
malized ratio (INR) were analyzed. Immunoglobulins
and C-reactive protein (CRP) were analyzed in Dade
Behring BN II device through nephelometric method.
Lymphocyte subgroups were detected in Beckman
Coulter device through flow-cytometry method. Cy-
tokines were analyzed through ELISA (Enzyme
Linked Immuno Sorbent Assay) method. BioSource
International Elisa kit was used for cytokine analysis.
The values obtained in a Tecan brand optic density de-
vice at 450 nm wavelength were reevaluated on a
graphic drawn according to optic density levels of
standard solutions and cytokine levels (pg/ml) were
found. 
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Statistical Analysis 
      The statistical analysis were run through SPSS-23
(Statistical Package for Social Science) computer soft-
ware.Kruskal Wallis test was used to compare vari-
ables in more than two groups without normal
distribution, and the groups with significant differ-
ences in median values were exposed to binary com-
parison through Mann Whitney U test. Chi-Square test
was used to evaluate differences between categorical
variables. Median values of the parameters measured
before and after PN were compared with Wilcoxon

test. Percentage change of the patients in all groups at
days 0 and 7 was calculated by the formula [(value at
day 7 - value at day 0) / value at day 0]. The compar-
isons with a p value <0.05 were accepted as statisti-
cally significant. Bonferroni's correction was done for
p value in multiple comparisons. 

RESULTS

      There was no statistically significant difference
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detected in age, gender, weight and diagnosis distri-
butions of 30 patients enrolled into the study (Table
2). 
      When measurements of all groups at day 0 were
compared, no statistically significant difference was
detected except APTT. Initial APTT levels of all
groups were within normal limits. The APTT value in
Group S at day 0 was found significantly lower than
Group F [median = 22.5 sn(min = 18, max = 51) vs
median = 38 (min = 22, max = 60), p = 0.023, respec-
tively]. 
      Within groups O, S and F, levels of the parameters
measured before and after PN were compared statisti-
cally. Body weight was detected statistically and sig-
nificantly higher in day 7 when compared with day 0
(p = 0.026, p = 0.018, p = 0.012, respectively). 
Within the groups O, S, and F, prealbumin levels at
day 7 were found to be significantly higher in com-
parison to the levels of day 0 (p = 0.005, p = 0.008, p
= 0.005, respectively). Levels of ALP, TG and total
cholesterol was detected significantly higher in Group
O at day 7 when compared with the initial level (p =
0.005, p = 0.037, p = 0.025, respectively). In Group S,
a statistically significant increase was detected in TG
and APTT levels at day 7 when compared with the lev-
els at day 0 (p = 0.005, p = 0.018, respectively). There
was no significant difference in glucose, AST, ALT,
serum biliary acids, PT, INR, HDL, LDL, total biliru-
bin, direct bilirubin, total protein, albumin, TAC be-
tween days 0 and 7. The results were shown in Table
3. 
      There was no significant difference in CRP levels
between the groups at days 0 and 7 (p = 0.477, p =

0.176, respectively). None of the patients had positive
blood culture during PN period. The CRP levels of day
7 were detected significantly lower than day 0 in all
groups (p = 0.046 in Group O, p = 0.036 in Group S,
p = 0.033 in Group F) (Table 3). 
      There was no significant difference in hemogram
levels, immunoglobulin levels (IgG, IgM, IgA), lym-
phocyte subgroup distribution (CD4, CD8, CD19), cy-
tokine levels  (IL-1 beta, IL-12, IL-2, TNF-alpha)
between day 0 and day 7. Hemogram, immunological
values and statistical evaluation are presented in Table
4. 
      Day 7 measurements showed significant increase
in APTT levels (p = 0.013, p = 0.006, respectively)
and decrease in total bilirubin levels (p = 0.029, p =
0.01, respectively) in Group S compared to Group O
and Group F. There was no  significantly changes be-
tween the groups in clinical presentation and labora-
tory analysis between day 0 and day 7.

DISCUSSION

      PN contributes positively to the growth and causes
some positive or negative changes in biochemical, im-
munological, hematological and inflammatory param-
eters depending on lipid solutions. The present study
reviewed effects of 3 different lipid solutions on clin-
ical findings and laboratory tests prospectively. 
      In the literature review, it is reported that body
weight monitoring in critically ill children is important
to evaluate nutritional status [5]. Furthermore, similar
to SO and OO based ILEs, short term PN procedure
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was reported to have no significant effect on upper
arm circumference and body weight [6]. Three lipid
emulsions were found effective in terms of weight
gain and no significant difference was found between
those emulsions in the present study. 
      Goulet et al. [7] reported that there was not any
significant change in leukocyte, platelet and hemoglo-
bin levels in some children who had long term soy-
bean oil and olive oil based lipid emlusions. In this
study, as the other studies, no effect of OO, SO and
omega-3 fatty acid was observed on hemogram analy-
sis. 
      Hyperglycemia or hipoglycemia was not detected
in any of the patient.  This may indicatethe protective
effect of lipid emulsion for hyperglycemia [8]. Such
effect was observed in all ILEs used in three groups
in the present study.  Furthermore, addition of lipid to
PN protects from hyperinsulinism and hepatic steato-
sis due to excessive glucose intake [9]. There was no
significant change in AST, ALT, GGT, direct bilirubin
levels in any of the groups.The studies showed posi-
tive effect of FO procedure to reduce direct bilirubin
level [1]. There are studies reporting PT and APTT
prolongation by use of SO ILE [10]. In the present
study, a significant increase of APTT levels within
normal limits was observed in the group where SO
based lipid emulsion was used at day 7. The patients
receiving SO based ILE should be closely monitored
for APTT levels. An increase in ALP level within nor-
mal limits was observed in those receiving OO based
lipid emulsion. For this increase, there was no differ-
ence between the other groups. Significant disruption
was not detected in hepatic functions during short term
use of SO based ILE, OO based ILE and omega-3 fatty
acid solutions. 
      There is a study reporting that excess use of
omega-6 PUFA caused a decrease in bile flow [11]. In
the present study, an increase was detected in serum
bile acids in the group using soybean based ILE with
PUFA content whereas a decrease was observed in the
group where OO based lipid emulsion was used. How-
ever, such changes were not statistically significant. 
      Despite the increase in hepatic cholesterol produc-
tion under stress, plasma cholesterol concentration de-
creased with both HDL and LDL [12]. A significant
increase in triglyceride levels within normal limits was
detected in those who receive OO and SO in the pres-
ent study. We also detected a significant increase in

total cholesterol levelsin the group receiving OO.
These increased cholesterol levels were in normal lim-
its.The condition that TG level exceeds 400 mg/dl re-
quiring restriction of ILE administration was not
detected in the patients of our study [13]. The HDL
levels in our study increased in those receiving olive
oil and omega-3 fatty acid and tended to decrease less
in those receiving soybean oil. Goren et al. [14] re-
ported a decrease in TG and total cholesterol levels by
use of omega-3 fatty acid in the children and an in-
crease in HDL cholesterol. Calkins et al. [15] detected
an increase in TG level in the patients receiving SO
and a significant decrease in TG level in those who re-
ceive FO in addition to their PN. Park et al. [16] re-
ported an increase in lipoprotein lipase and a decrease
in TG levels by use of omega-3 fatty acid. Similar to
the aforesaid studies, we did not detect any significant
increase in TG and total cholesterol levels in the group
where omega-3 fat acid was added; HDL cholesterol
level increase was not significant. 
      Leite et al. [17] and Delgado Artur Figueiredo et
al. [18] reported  an increase in prealbumin level by
short term parenteral nutrition in the children with crit-
ical disease. Prealbumin levels significantly increased
in all groups at day 7. Such increase in prealbumin
level was not different between the groups. 
      In a previous study analysing antioxidant alpha to-
copherol content in ILE detected the highest level by
FO and then OO; the lowest level was detected in SO
based lipid emulsions [19]. Pironi et al. [20] reported
that lipid peroxidation increases in PN by use of ILE
with high PUFA content. Goulet et al. [7] detected
higher lipid peroxidation product in SO based lipid
emulsions than OO based ILE in their study. Antebi et
al. [21] reported that addition of omega-3 into the PN
create higher antioxidant level when compared with
use of soybean oil only. In the present study, antioxi-
dant capacity levels were preserved in OO receivers,
decreased in SO receivers and increased in the group
where omega-3 was added. However, such changes
were not significant. This may depend on natural an-
tioxidant characteristics of OO and omega 3. 
      Dahlstrom et al. [10] reported no change in im-
munoglobulin levels in their study on the children who
received SO based lipid emulsion. In our study, there
was not any significant change in IgG, Ig A, Ig M lev-
els in any of the groups before PN and no change was
detected at day 7. 
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      In previous study where SO rich in omega-6
PUFA and effects of omega-3 were compared, n-3
PUFA products were reported to suppress production
of proinflammatory cytokines and use of SO based
ILE increase production of such cytokines [3]. OO
based ILE is reported to be immunologically neutral
[22]. Furthermore, TNF-alpha and IL-1 beta produc-
tion are reported to decrease by both soybean oil and
olive oil [23, 24]. Granato et al. [24]suggested that OO
and SO based lipid emulsions cause a tendency of de-
crease in IL-1 beta and TNF-alpha levels. The previ-
ous studies reported that blood level of IL-12 is
significantly lower by use of omega-3 fatty acid when
compared with OO and n6-PUFA receivers [25]. We
observed that blood levels of cytokines did not change
by short term use of intravenous lipid emulsions. 
      It was reported that all PUFAs may suppress lym-
phocyte proliferation [23, 26, 27]. Among these, DHA
and EPA were detected as a strong inhibitor of lym-
phocyte proliferation [26, 27]. It is also reported that
lymphocyte proliferation suppressed with SO is not
affected by OO based lipid emulsion [23, 24, 27]. It
was reported in a study associated with use of fish oil
that fish oil does not affect lymphocyte subgroup dis-
tribution and lymphocyte proliferation [28]. It is also
reported that omega-3 PUFAs may reduce T cell ratio
[29]. Such different results reported for omega-3 fatty
acids may depend on the dosage. The patient groups
of the present study did not present a significant
change in lymphocyte subgroup distribution by PN.
OO and SO based lipid emulsion and omega-3 fat acid
solution did not affect lymphocyte subgroup distribu-
tion in short term use. 
      The balance between omega-6 and omega-3 fatty
acids seem to be important for cytokine production.
Sole use of ILE rich in omega-6 PUFA should be
avoided to prevent immune suppression. Different
possible effects of lipid emulsions on immunomodu-
latory and inflammatory cytokines may be used to
treat the underlying disease. Until such effects are
clearly understood, administration of SO, OO and FO
based lipid emulsions may be more physiological
rather than providing ILE from a single source in
PICU patients.There are no definite suggestions on the
best form or start time of parenteral nutrition in criti-
cally ill children [30]. 

Limitations

      The limitations of this study are that the number
of patients is small and the follow-up period is short.
The lack of this study is due to many factors that affect
biochemical test results and cytokine levels in patients.

CONCLUSION

      The use of OO, SO and FO based lipid emulsions
in pediatric intensive care unit patients with short term
parenteral nutrition is clinically and biochemically
useful. FO and OO based lipid emulsions may provide
more contribution to protection of antioxidant capacity
in critically ill children. These three lipid emulsions
have no effect on immune system in pediatric inten-
sive care unit patients during short term use. OO, SO
and FO based lipid emulsions may be used safely in
critically ill patients. More randomized controlled
studies with larger patient series are needed to prevent
deficiency of essential fatty acid and to clarify im-
munological effects of ILEs as a main energy source. 
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