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Background and Objectives: Omega-3 fatty acids are widely used in nutritional support. However, whether par-
enteral supplementation with ω-3 fatty acids is effective for gastrointestinal cancer patients remains uncertain. 
This study assessed the effects of this form of parenteral nutrition on immune function and clinical outcomes in 
postoperative gastrointestinal cancer patients. Methods and Study Design: We searched Medline, Embase, Sco-
pus, and the reference lists of selected studies to identify randomized controlled trials that compared ω-3 fatty ac-
ids with a control, and that included immune indices, infectious complications, or length of hospital stay in the fi-
nal outcomes. The odds ratio and weighted mean difference with 95% confidence intervals were calculated and 
the I2 statistic was used to assess heterogeneity. Results: Seven trials with a total of 457 participants were includ-
ed in the meta-analysis. Five pooled trials with 373 participants indicated that the incidence of infectious compli-
cations was significantly different between the intervention and control groups (odds ratio: 0.36; 95% confidence 
interval: 0.18, 0.74, p<0.05). Five trials involving 385 participants indicated that parenteral ω-3 fatty acid sup-
plementation significantly shortened the length of hospital stay (weighted mean difference: −2.29, 95% confi-
dence interval: −3.64, −0.93; p<0.05). Meta-analysis also indicated that ω-3 fatty acids increased the level of 
CD4+ and CD4+/CD8+ ratio. Conclusions: The results of this study suggest that parenteral ω-3 fatty acid supple-
mentation is beneficial for gastrointestinal cancer patients, and is accompanied by improved postoperative im- 
mune function and satisfactory clinical outcomes. 
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INTRODUCTION 
Omega-3 (ω-3) fatty acids, including docosahexaenoic 
acid (DHA) and eicosapentaenoic acid (EPA), are critical 
for maintaining the functioning and homeostasis of the 
human body. The main dietary sources of these fatty ac-
ids are several deep-sea fishes and algae. In recent years, 
increasing evidence has shown that ω-3 fatty acids are 
potentially potent anti-inflammatory agents, which can 
dramatically decrease the production of inflammatory 
eicosanoids and cytokines (prostaglandin E2 and leuko-
triene B4).1 Moreover, ω-3 fatty acids have been found to 
regulate the release of proinflammatory cytokines, modu-
lating immune response and improving immune func-
tion.2,3 As an essential fatty acid, ω-3 fatty acid supple-
mentation in patients has been heavily emphasized. 

Gastrointestinal cancers are among the most common 
types of cancers, and a recent survey indicates that they 
are responsible for a large proportion of new cancer cases 
and cancer-related deaths in the United States.4 Patients 
with cancer frequently suffer from various infectious 
complications and lowered immune function after surgery. 
Cachexia is also common, especially in patients with 

 
 

pancreatic and gastric malignancies.5 These patients are 
often characterized by malnutrition and have increased 
mortality. 

Recently, studies have made progress in investigating 
ω-3 fatty acids and their application in patients with gas-
trointestinal cancer. A previous article indicated that ad-
ministering fish oil through enteral nutrition to patients 
with upper gastrointestinal malignancy can reduce the 
number of infectious and gastrointestinal complications 
and enhance renal and liver function.6 Other recent stud-
ies have found that enteral nutrition supplemented with 
EPA and γ-linolenic acid (GLA) might significantly im-
prove mechanical ventilation, shorten the length of ICU 
stays, and reduce the occurrence of new organ failures.7,8  
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In a multiple-center trial, intervention involving ω-3 fatty 
acids was shown to reduce mortality, the use of antibiot-
ics, and the average length of intensive care unit stay and 
overall hospital stay.9 In addition, numerous studies have 
revealed the positive effects of supplementation with ω-3 
fatty acids on nutritional status, immune function, and 
clinical outcome.10-13 

The role of parenteral ω-3 fatty acid supplementation in 
gastrointestinal cancer patients is controversial.14,15 Ma-
kay et al demonstrated that ω-3 fatty acid supplementa-
tion had no significant effect on biochemical parameters 
or clinical outcomes in patients after gastric cancer sur-
gery.14 Postoperative nutrition supplementation with ω-3 
fatty acids may partially improve outcomes in cancer pa-
tients. Whether this form of supplementation is effective 
for improving immune function and clinical outcomes is 
unknown.  

To gain further insight into these potential associations, 
we conducted a meta-analysis of published data. This 
study assessed the effect of parenteral supplementation 
with ω-3 fatty acids on the immune response and clinical 
outcomes of postoperative gastrointestinal cancer patients. 
 
METHODS 
Search strategy 
A comprehensive literature search was performed by the 
Medline, Embase, and Scopus databases, from inception 
through April 2016. We used the following search terms: 
(“ω-3 fatty acid” OR “fish oil” OR “EPA” OR “DHA”) 
AND (“cancer” OR “malignancy” OR “carcinoma” OR 
“neoplasms”) AND “parenteral nutrition”. Furthermore, 
reference lists of eligible studies and other relevant re-
view articles were also manually searched. We would 
contact the author to obtain the complete data if the in-
formation was insufficient. 

 
Inclusion and exclusion criteria 
The studies were included in our analysis if they met the 
following criteria: (1) research design: randomized con-
trolled trials; (2) participants: the patients with gastroin-
testinal cancer; (3) intervention measures: ω-3 fatty acid 
supplementation through the parenteral nutrition after 
major cancer surgery; (4) outcomes: immune indices, 
postoperative infectious complications and length of hos-
pital stay.  

Exclusion criteria: (1) The intervention group contains 
other immunonutritions such as glutamine or arginine; (2) 
The ω-3 fatty acid supplemented before the operation.  

 
Data extraction and quality assessment 
The following data were extracted independently by 2 
authors (BH and LZP) from the included studies: name of 
first author, publication year, country, diagnosis of dis-
ease, number of participants, intervention measures, in-
tervention time, and reported outcomes. Any disagree-
ments in the results of data extraction were resolved 
through discussion with a third author (DQS).  

The quality of included studies was assessed using the 
modified Jadad scale,16 which addresses 5 main items: 
randomization, concealment of allocation, double blind-
ing, withdrawals, and dropouts. Quality was assessed on a 
scale of 0 to 7, and a study with a score of ≥4 points was 

considered to have high quality. In our meta-analysis, we 
excluded poor-quality studies with scores of <4 points. 

 
Statistical analysis 
All statistical analysis was conducted using Stata (version 
11.0; StataCorp LP, College Station, Texas, USA). We 
calculated the odds ratio (OR) with a 95% confidence 
interval (CI) to evaluate the data on infectious complica-
tions. The mean and standard deviation (SD) were ex-
tracted and the pooled weighted mean difference (WMD) 
was used to represent continuous variables. In the analy-
sis, p<0.05 was considered statistically significant. Poten-
tial heterogeneity between studies was evaluated using 
the I2 statistic.17 I2 >50% indicated significant heterogene-
ity between the studies, and we selected the random ef-
fects model for analysis. When I2 ≤50%, the fixed effects 
model was used. If significant heterogeneity was shown, 
we used subgroup analysis to identify the sources of het-
erogeneity. If more than 10 studies were included, we 
evaluated publication bias by using an Egger test with 
funnel plots.18 
 
RESULTS 
Study selection 
A systematic search yielded 543 citations. After evaluat-
ing the titles and abstracts of all articles, 519 studies were 
excluded. According to the inclusion and exclusion crite-
ria, we assessed full-text articles among the remaining 
studies. A total of 17 studies were excluded because they 
involved non-randomized controlled trials, duplicate re-
ports, and irrelevant outcomes. Only one study was con-
sidered to be of poor quality, and it did not report suffi-
cient details regarding intervention measures.19 For an-
other study, we were only able to obtain the abstract.20 
Thus, 7 studies were eventually included in our meta-
analysis, all of which were published in English. Figure 1 
displays a flow diagram of the literature selection process. 
 
Study characteristics 
The characteristics of the included studies are described 
in Table 1. All studies were published between 1995 and 
2014. Seven trials with 457 participants were included in 

 

 
Figure 1. Flow diagram of literature searching and selection.  
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Table 1. Characteristics of included studies in meta-analysis 
 

First author year Country Diagnosis of 
patients† 

Number of  
participants (I/C)‡ 

Intervention measures Intervention  
time (d) 

Quality 
scores Intervention group Control group 

Makay14 
 

2013 Turkey GC 14/12 ω-3 and ω-6 fatty acids (Omegaven, 0.2 
g/kg/d; Lipovenoes 10%, 0.6 g/kg/d) 

ω-6 fatty acid (Lipovenoes 10%, 0.8 
g/kg/d) 

5 4 
         

Wei25 2014 China GRC 26/20 ω-3 fatty acid (10% Omegaven, 0.2 g/kg/d, 
ω-3/ω-6 ratio was 1:4) 

ω-6 fatty acid (20% Intralipid,1.0 g/kg/d) 6 4 
         

Heller23 2004 Germany GIC 24/20 0.8 g/kg/d soybean oil + 0.2 g/kg/d fish oil 
(ω-3/ω-6 ratio was 1:4) 

1.0 g/kg/d soybean oil 5 6 
         

Jiang12 2009 China GIC 100/103 0.2 g/kg/d fish oil + 1.0 g/kg/d soybean oil 
(ω-3/ω-6 fatty acid ratio 1:3) 

1.2 g/kg/d soybean oil 7 7 
         

Zhu22 2012 China CRC 29/28 0.2 g/kg/d fish oil + 1.0 g/kg/d soybean oil 1.2 g/kg/d soybean oil 7 7 
         

Liang21 2008 China CRC 20/21 0.2 g/kg/d ω-3 PUFA (ω-3/ω-6 ratio was 1:3) 0.8 g/kg/d soybean oil 7 7 
         

Wachtler24 1997 Germany CRC 19/21 MCT:LCT: fish oil, 5:3:2 MCT:LCT, 5:5 5 6 
 
†CRC: colorectal cancer; GC: gastric cancer; GIC: gastrointestinal Cancer.  
‡I: intervention Group; C: control group 
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our analysis. Five trials were double blinded and had al-
location concealment.12,21-24 The 2 other trials were single 
blinded. Only the study by Jiang was regarded as a multi-
center trial.12 The ages of participants ranged from 18 to 
75 years. Three trials evaluated the effect of ω-3 fatty 
acids on immune function,21,25,26 including CD4+ and 
CD8+ expression and the CD4+/CD8+ ratio. Five studies 
reported the outcomes of infectious complica-
tions,12,14,21,22,25 and 5 studies reported length of hospital 
stay.12,21-24 The study by Makay et al14 lacked a data set, 
and our attempts to contact the author were unsuccessful. 
When the length of hospital stay was presented as the 
mean and SD, we extracted the data directly. The stand-
ard error of the mean (SEM) was transformed into the SD 
by using the formula SD = SE x  .27 The durations of 
interventions were between 5 and 7 days. 

 
Assessment of validity 
We applied the modified Jadad scale to assess the quality 
of the included studies. The quality score was calculated 
and all studies were classified as high-quality research. 
The quality scores of the included studies ranged from 4 
to 7, with a median of 6. 
 

Effect of parenteral ω-3 fatty acid supplementation on 
infectious complications 
Figure 2 shows the forest plots of pooled results for the 
effect of ω-3 fatty acid supplementation on infectious 
complications. The test of homogeneity indicated no sta-
tistical significance (I2=0%; p=0.459). The 5 pooled trials 
showed that the incidence of infectious complications was 
significantly different between the intervention and con-
trol groups (OR: 0.36; 95% CI: 0.18, 0.74, 
p=0.005).12,14,21,22,25 Parenteral ω-3 fatty acid supplemen-
tation was effective in reducing the incidence of infec-
tious complications. In this meta-analysis, the tests for 
funnel plots were not performed, because fewer than 10 
studies were included and the power of the tests was in-
sufficient to distinguish chance from real asymmetry.   

 
Effect of parenteral ω-3 fatty acid supplementation on 
length of hospital stay 
The association between parenteral supplementation with 
ω-3 fatty acids and length of hospital stay in postopera-
tive gastrointestinal cancer patients is shown in Figure 3. 
A test revealed no heterogeneity between the included 
studies (I2=0%; p=0.981). The pooled WMD was −2.29 
(95% CI: −3.64, −0.93; p=0.001). The pooled estimates 

 

 
 

Figure 2. Effect of parenteral ω-3 fatty acid supplementation on infection complications 
 
 

 

Figure 3. Effect of parenteral ω-3 fatty acid supplementation on length of hospital stay  
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of 5 trials indicated that ω-3 fatty acid supplementation 
had a positive effect on length of hospital stay.12,21-24 The 
length of hospital stay of patients in the intervention 
group was shortened by ω-3 fatty acid supplementation 
compared with that in the control group.  

 
Effect of parenteral ω-3 fatty acid supplementation on 
immune function 
Figures 4, 5, and 6 show the association between paren-
teral ω-3 fatty acid supplementation and immune function. 
The pooled data of CD4+ and CD8+ expression and the 
CD4+/CD8+ ratio were extracted from 3 trials.21,22,25 There 
was a significant difference between the ω-3 fatty acid 
and control groups at the level of CD4+ (WMD: 3.40; 
95% CI: 0.31, 6.50; p=0.031). CD8+ expression was sig-
nificantly lower in the intervention group compared with 
the control group (WMD: −2.97; 95% CI: −5.41, −0.53; 
p=0.017). Meta-analysis indicated that parenteral ω-3 
fatty acid supplementation effectively increased the 
CD4+/CD8+ ratio (WMD: 0.35; 95% CI: 0.04, 0.66; 
p=0.028). Overall, there was no significant heterogeneity 
between the studies. 
 
DISCUSSION 
Seven randomized controlled trials with 457 participants 

were examined in our current meta-analysis. The results 
indicated an association between parenteral ω-3 fatty acid 
supplementation and major outcomes in postoperative 
gastrointestinal cancer participants. This is new evidence 
that ω-3 fatty acids have a positive effect on clinical out-
comes. Infectious complications and length of hospital 
stay both decreased significantly in the intervention group. 
This meta-analysis also suggests that parenteral ω-3 fatty 
acid supplementation is beneficial to immune function, 
according to summaries of data on CD4+ CD8+ expres-
sion and the CD4+/CD8+ ratio.    

To our knowledge, the results of research on periopera-
tive ω-3 fatty acid supplementation have been inconclu-
sive. A recent meta-analysis indicated that parenteral ω-3 
fatty acid supplementation shortened the length of hospi-
tal stay.28 Overall, however, the reported results provided 
insufficient evidence that this form of parenteral nutrition 
had a significant effect in critically ill patients on mortali-
ty, infectious complications, and length of stay in inten-
sive therapy units. Because the trials included in this 
analysis had insufficient data and a high risk of bias, the 
results should be interpreted with caution. In 2013, the 
Canadian Critical Care Nutrition Guidelines suggested 
that the evidence was insufficient for recommending fish 
oil supplementation in critically ill patients, and down-

 
 

Figure 4. Effect of parenteral ω-3 fatty acid supplementation on CD4+ 
 
 

 
 
Figure 5. Effect of parenteral ω-3 fatty acid supplementation on CD8+
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graded the recommendation for the use of fish oils in pa-
tients with acute respiratory distress syndrome.29 Our 
study combined the results of previous research and pro-
vided positive evidence for the clinical applications of ω-
3 fatty acids.  

According to most studies included in our meta-
analysis, ω-3 fatty acids may also influence the outcomes 
of the inflammatory response. A potential mechanism is 
inhibition of leukocyte–endothelial interactions by oxi-
dized ω-3 fatty acids.30 Additionally, ω-3 fatty acids af-
fect the production of inflammatory mediators and ex-
pression of adhesion molecules.31 However, studies have 
also shown that ω-3 fatty acids do not significantly affect 
the levels of interleukin-6, tumor necrosis factor-α, or C-
reactive protein in postoperative gastric and colorectal 
cancer patients receiving parenteral nutrition therapy.26 In 
this meta-analysis, we did not assess the association be-
tween ω-3 fatty acids and the production of inflammatory 
mediators, owing to a lack of consistent data. Methods of 
comparison must be improved to enable such assessment 
in future studies. According to our findings, the postinter-
vention values of inflammatory mediators and immune 
indices were directly used to assess the differences be-
tween intervention and control groups.14,22-25 By contrast, 
Jiang et al reported changes from the baseline in immune 
status between postoperative days 1 and 8. Similarly, 
Liang et al reported the mean value difference of 2 sets 
between postoperative days 1 and 8. Notably, this method 
may be favorable for eliminating the influence of individ-
ual differences, and provides an instructive suggestion for 
future research. 

Our meta-analysis has several strengths. Poor-quality 
studies were removed from the analysis, which controlled 
for potential confounding factors and improved the 
strength of evidence. Additionally, we did not find any 
heterogeneity between the included studies. However, 
this study had some limitations that should be considered. 
First, a systematic search of the literature revealed few 
trials related to our research topic. Although all the in-
cluded studies were randomized controlled trials, most of 
them were single-center trials with small sample sizes. 
Only one was a multicenter trial with more than 200 par-
ticipants. Second, only English language studies were 
included in our analysis, which might have resulted in our 
missing critical data from non-English language articles. 

Third, there may be a risk of bias in the meta-analysis. In 
studies by Heller et al and Wachtler et al,23,24 length of 
hospital stay was presented as the mean ± SEM. We 
emailed the authors in an attempt to obtain the SD data 
for these studies, but we received no reply. We therefore 
transformed the SEMs into SDs by using a formula. The 
forest plots show that the 95% CIs of these 2 studies were 
wide because of large SDs. Other studies were weighted 
more heavily, especially that conducted by Jiang. Because 
the outcomes of length of hospital stay were unstable, the 
corresponding results must be considered with great cau-
tion. 

Through conducting this meta-analysis, we found that 
current nutrition programs do not have an agreed-upon 
standard for the application of the optimal dose of ω-3 
and ω-6 fatty acids and their optimal ratio. In most of the 
included studies, the ratio of ω-3 to ω-6 fatty acids was 
1:3 to 1:4. Arachidonic acid (AA), a type of ω-6 polyun-
saturated fatty acid and one of the essential fatty acids in 
the human body, plays a crucial role in physiology, phar-
macology, and health. Metabolites of AA, including pros-
taglandin and leukotrienes, can induce and modulate the 
inflammatory response.31 However, ω-3 fatty acids have 
been shown to compete with AA. When this occurs, the 
generation of prostaglandin and leukotrienes decreases, 
resulting in a decreased inflammatory reaction. This may 
be a critical factor in the development of cancer.32 

Another key question is the appropriate time for ω-3 
fatty acid intervention in cancer surgery patients. A pre-
vious study found that preoperative oral ω-3 fatty acid 
supplementation could improve perioperative inflamma-
tory and immune responses.33 Another retrospective study 
indicated that preoperative parenteral fish oil supplemen-
tation resulted in greater clinical benefits in patients after 
major abdominal surgery than did postoperative fish oil 
supplementation.34 However, at present, few studies have 
been conducted on the relationship between preoperative 
provision of parenteral fish oil and postoperative out-
comes in gastrointestinal cancer patients. Through a 
search of the literature, we found that short-term preoper-
ative administration of fish oil improves the immune re-
sponse in patients after gastrointestinal cancer surgery.15 
However, this study did not show a significant difference 
in the frequency of infectious complications or the 
lengths of intensive care unit and hospital stay between 

 
 

Figure 6. Effect of parenteral ω-3 fatty acid supplementation on CD4+/CD8+ ratio 
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preoperative and postoperative administration. Unfortu-
nately, on the basis of the existing data, we could not 
compare the difference in clinical effectiveness between 
preoperative ω-3 fatty acid intervention and postoperative 
supplementation. Future research should focus on solving 
this problem.  

 
Conclusion 
In conclusion, our meta-analysis clearly indicated that 
parenteral ω-3 fatty acid supplementation is effective in 
improving the immune function and clinical outcomes of 
gastrointestinal cancer participants. Our findings may 
provide support for the clinical application of ω-3 fatty 
acids. However, these partial results should be treated 
with caution because of the limitations of and potential 
risk of bias in the included studies. Large-scale, random-
ized, prospective trials are warranted to assess the effect 
of parenteral ω-3 fatty acid supplementation in postopera-
tive gastrointestinal cancer patients. 
 
AUTHOR DISCLOSURES 
The authors declare that they have no conflicts of interest. This 
study was funded in full by the National Natural Science Foun-
dation of China; grant number 81470498. 
 
REFERENCES 
1. Arita M. Eosinophil polyunsaturated fatty acid metabolism 

and its potential control of inflammation and allergy. 
Allergol Int. 2016;65(Suppl):S2-5. doi: 10.1016/j.alit.2016. 
05.010. 

2. Weiss G, Meyer F, Matthies B, Pross M, Koenig W, Lippert 
H. Immunomodulation by perioperative administration of n-
3 fatty acids. Br J Nutr. 2002;87(Suppl 1):S89-94. 

3. Mayer K, Meyer S, Reinholz-Muhly M, Maus U, Merfels M, 
Lohmeyer J, Grimminger F, Seeger W. Short-time infusion 
of fish oil-based lipid emulsions, approved for parenteral 
nutrition, reduces monocyte proinflammatory cytokine 
generation and adhesive interaction with endothelium in 
humans. J Immunol. 2003;171:4837-43. 

4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA 
Cancer J Clin. 2016;66:7-30. doi: 10.3322/caac.21332. 

5. Tisdale MJ. Cancer cachexia: metabolic alterations and 
clinical manifestations. Nutrition. 1997;13:1-7. 

6. Kenler AS, Swails WS, Driscoll DF, DeMichele SJ, Daley B, 
Babineau TJ, Peterson MB, Bistrian BR. Early enteral 
feeding in postsurgical cancer patients. Fish oil structured 
lipid-based polymeric formula versus a standard polymeric 
formula. Ann Surg. 1996;223:316-33. 

7. Gadek JE, DeMichele SJ, Karlstad MD, Pacht ER, Donahoe 
M, Albertson TE et al. Effect of enteral feeding with 
eicosapentaenoic acid, gamma-linolenic acid, and 
antioxidants in patients with acute respiratory distress 
syndrome. Enteral Nutrition in ARDS Study Group. Crit 
Care Med. 1999;27:1409-20. 

8. Singer P, Theilla M, Fisher H, Gibstein L, Grozovski E, 
Cohen J. Benefit of an enteral diet enriched with 
eicosapentaenoic acid and gamma-linolenic acid in 
ventilated patients with acute lung injury. Crit Care Med. 
2006;34:1033-8. doi: 10.1097/01.CCM.0000206111.23629. 
0A. 

9. Heller AR, Rossler S, Litz RJ, Stehr SN, Heller SC, Koch R, 
Koch T. Omega-3 fatty acids improve the diagnosis-related 
clinical outcome. Crit Care Med. 2006;34:972-9. doi: 10. 
1097/01.CCM.0000206309.83570.45. 

10. Bonatto SJ, Oliveira HH, Nunes EA, Pequito D, Iagher F, 
Coelho I et al. Fish oil supplementation improves neutrophil 

function during cancer chemotherapy. Lipids. 2012;47:383-
9. doi: 10.1007/s11745-011-3643-0. 

11. Barber MD, Ross JA, Voss AC, Tisdale MJ, Fearon KC. 
The effect of an oral nutritional supplement enriched with 
fish oil on weight-loss in patients with pancreatic cancer. Br 
J Cancer. 1999;81:80-6. doi: 10.1038/sj.bjc.6690654. 

12. Jiang ZM, Wilmore DW, Wang XR, Wei JM, Zhang ZT, Gu 
ZY et al. Randomized clinical trial of intravenous soybean 
oil alone versus soybean oil plus fish oil emulsion after 
gastrointestinal cancer surgery. Br J Surg. 2010;97:804-9. 
doi: 10.1002/bjs.6999. 

13. Wu GH, Zhang YW, Wu ZH. Modulation of postoperative 
immune and inflammatory response by immune-enhancing 
enteral diet in gastrointestinal cancer patients. World J 
Gastroenterol. 2001;7:357-62. 

14. Makay O, Kaya T, Firat O, Sozbilen M, Caliskan C, Gezer 
G, Uyar M, Ersin S. omega-3 Fatty acids have no impact on 
serum lactate levels after major gastric cancer surgery. JPEN 
J Parenter Enteral Nutr. 2011;35:488-92. doi: 10.1177/0148 
607110386611. 

15. de Miranda Torrinhas RS, Santana R, Garcia T, Cury-
Boaventura MF, Sales MM, Curi R, Waitzberg DL. 
Parenteral fish oil as a pharmacological agent to modulate 
post-operative immune response: a randomized, double-
blind, and controlled clinical trial in patients with 
gastrointestinal cancer. Clin Nutr. 2013;32:503-10. doi: 10. 
1016/j.clnu.2012.12.008. 

16. Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, 
Gavaghan DJ, McQuay HJ. Assessing the quality of reports 
of randomized clinical trials: is blinding necessary? Control 
Clin Trials. 1996;17:1-12. 

17. Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ. 2003;327: 
557-60. doi: 10.1136/bmj.327.7414.557. 

18. Sterne JA, Gavaghan D, Egger M. Publication and related 
bias in meta-analysis: power of statistical tests and 
prevalence in the literature. J Clin Epidemiol. 2000;53:1119-
29. 

19. Aliyazicioglu T, Canturk NZ, Simsek T, Kolayli F, Cekmen 
M. Effects of standard and/or glutamine dipeptide and/or 
omega-3 fatty acid-spplemented parenteral nutrition on 
neutrophil functions, interleukin-8 level and length of stay--
a double blind, controlled, randomised study. East Afr Med 
J. 2013;90:59-66. 

20. Kelbel I WF, Wiedeck-Suger H, Kelbel M,Weiss M. Effects 
of n-3 fatty acids on immune function: a double-blind, 
randomized trial of fish oil based infusion in post-operative 
patients. Clin Nutr. 2002;6 (Suppl 1):21. 

21. Liang B, Wang S, Ye YJ, Yang XD, Wang YL, Qu J, Xie 
QW, Yin MJ. Impact of postoperative omega-3 fatty acid-
supplemented parenteral nutrition on clinical outcomes and 
immunomodulations in colorectal cancer patients. World J 
Gastroenterol. 2008;14:2434-9. 

22. Zhu MW, Tang DN, Hou J, Wei JM, Hua B, Sun JH, Cui 
HY. Impact of fish oil enriched total parenteral nutrition on 
elderly patients after colorectal cancer surgery. Chin Med J 
(Engl). 2012;125:178-81. 

23. Heller AR, Rossel T, Gottschlich B, Tiebel O, 
Menschikowski M, Litz RJ, Zimmermann T, Koch T. 
Omega-3 fatty acids improve liver and pancreas function in 
postoperative cancer patients. Int J Cancer. 2004;111:611-6. 
doi: 10.1002/ijc.20291. 

24. Wachtler P, Konig W, Senkal M, Kemen M, Koller M. 
Influence of a total parenteral nutrition enriched with 
omega-3 fatty acids on leukotriene synthesis of peripheral 
leukocytes and systemic cytokine levels in patients with 
major surgery. J Trauma. 1997;42:191-8. 



128                                           H Bai, Z Li, Y Meng, Y Yu, H Zhang, D Shen and L Chen 

25. Wei Z, Wang W, Chen J, Yang D, Yan R, Cai Q. A 
prospective, randomized, controlled study of omega-3 fish 
oil fat emulsion-based parenteral nutrition for patients 
following surgical resection of gastric tumors. Nutr J. 2014; 
13:25. doi: 10.1186/1475-2891-13-25. 

26. Ma CJ, Wu JM, Tsai HL, Huang CW, Lu CY, Sun LC et al. 
Prospective double-blind randomized study on the efficacy 
and safety of an n-3 fatty acid enriched intravenous fat 
emulsion in postsurgical gastric and colorectal cancer 
patients. Nutr J. 2015;14:9. doi: 10.1186/1475-2891-14-9. 

27. Higgins JPT GS. Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0 2011/03 [2016/04]; 
Available from: www.cochrane-handbook.org. 

28. Palmer AJ, Ho CK, Ajibola O, Avenell A. The role of 
omega-3 fatty acid supplemented parenteral nutrition in 
critical illness in adults: a systematic review and meta-
analysis. Crit Care Med. 2013;41:307-16. doi: 10.1097/ 
CCM.0b013e3182657578. 

29. Dhaliwal R, Cahill N, Lemieux M, Heyland DK. The 
Canadian critical care nutrition guidelines in 2013: an 
update on current recommendations and implementation 
strategies. Nutr Clin Pract. 2014;29:29-43. doi: 10.1177/088 
4533613510948. 

30. Sethi S. Inhibition of leukocyte-endothelial interactions by 

oxidized omega-3 fatty acids: a novel mechanism for the 
anti-inflammatory effects of omega-3 fatty acids in fish oil. 
Redox Rep. 2002;7:369-78. doi: 10.1179/13510000212500 
1144. 

31. Calder PC. N-3 polyunsaturated fatty acids and 
inflammation: from molecular biology to the clinic. Lipids. 
2003;38:343-52. 

32. Eltweri AM, Thomas AL, Metcalfe M, Calder PC, Dennison 
AR, Bowrey DJ. Potential applications of fish oils rich in 
omega-3 polyunsaturated fatty acids in the management of 
gastrointestinal cancer. Clin Nutr. 2017;36:65-78. doi: 
10.1016/j.clnu. 2016.01.007. 

33. Nakamura K, Kariyazono H, Komokata T, Hamada N, 
Sakata R, Yamada K. Influence of preoperative 
administration of omega-3 fatty acid-enriched supplement 
on inflammatory and immune responses in patients 
undergoing major surgery for cancer. Nutrition. 2005;21: 
639-49. doi: 10.1016/j.nut.2005.03.001. 

34. Tsekos E, Reuter C, Stehle P, Boeden G. Perioperative 
administration of parenteral fish oil supplements in a routine 
clinical setting improves patient outcome after major 
abdominal surgery. Clin Nutr. 2004;23:325-30. doi: 10. 
1016/j.clnu.2003.07.008. 

 


