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Abstract

:

Objective: To systematically review the effects of omega-3 poly unsaturated fatty acids (FA) enriched nutrition support on the mortality of critically illness patients. Methods: Databases of Medline, ISI, Cochrane Library, and Chinese Biomedicine Database were searched and randomized controlled trials (RCTs) were identified. We enrolled RCTs that compared fish oil enriched nutrition support and standard nutrition support. Major outcome is mortality. Methodological quality assessment was conducted based on Modified Jadad’s score scale. For control heterogeneity, we developed a method that integrated I2 test, nutritional support route subgroup analysis and clinical condition of severity. RevMan 5.0 software (The Nordic Cochrane Centre, Copenhagen, Denmark) was used for meta-analysis. Results: Twelve trials involving 1208 patients that met all the inclusion criteria. Heterogeneity existed between the trials. A random model was used, there was no significant effect on mortality RR, 0.82, 95% confidence interval (CI) (0.62, 1.09), p = 0.18. Knowing that the route of fish oil administration may affect heterogeneity, we categorized the trials into two sub-groups: parenteral administration (PN) of omega-3 and enteral administration (EN) of omega-3. Six trials administered omega-3 FA through PN. Pooled results indicated that omega-3 FA had no significant effect on mortality, RR 0.76, 95% CI (0.52, 1.10), p = 0.15. Six trials used omega-3 fatty acids enriched EN. After excluded one trial that was identified as source of heterogeneity, pooled data indicated omega-3 FA enriched EN significant reduce mortality, RR=0.69, 95% CI [0.53, 0.91] (p = 0.007). Conclusion: Omega-3 FA enriched nutrition support is safe. Due to the limited sample size of the included trials, further large-scale RCTs are needed.
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1. Introduction


Omega-3 fatty acid is a group of essential fatty acids, which constitutes cellular membrane and possesses merits on membrane stabilization and immune regulation [1,2]. Since the 1980s, there has been abundant research using omega-3 FA to prevent cardiovascular disease (CVDs) and related comorbidities [3,4,5]. In the past decade, more evidence has emerged on role of omega-3 fatty acid enriched nutrition supplements for the treatment of various diseases [6,7,8].



In an earlier study we found that omega-3 fatty acids (FA) enriched parenteral nutrition could improve outcome of selective surgical patients [9]. Recently published clinical trials are raising controversy on the application of omega-3 fatty acids as pharmaceutical nutrients in critically ill patients [10,11,12]. Although some of these studies found that omega-3 FA plays positive role on immune-regulation, organ protection and metabolism, the others found that it might not improve clinical outcomes. In 2011, a large-scale, prospective randomized control trial (RCT) found that the administration omega-3 FA through enteral nutrition is associated with an increase of death risk [13]. In short, the definitive conclusion on the efficacy of using omega-3 FA for critically ill patients still does not exist.



In terms of the dilemma on omega-3 FA for critical illness, a single trial may be limited from its design, sample size, bias, and patient type. To answer the question “Is omega-3 FA safe for critically ill patients”, a systematic review is urgently needed which is what we present here.




2. Material and Method


2.1. Literature Search Strategy


We retrieved relevant articles published before 31 December, 2013, from MEDLINE (through PubMed), SCI (through ISI), Cochran Library and Chinese Biomedicine Database using the following keywords: ((omega-3 fat emulsion or fish oil emulsion) or (n-3 fatty acids and parenteral)) and (critical illness or intensive care unit or severe illness). Detailed search strategy for each database is listed in Table 1. In addition, we searched the following journals manually: Journal of American Clinical Nutrition (January 1990 to December 2013), Journal of Parenteral and Enteral Nutrition (January 1990 to December 2013), Nutrition (January 1990 to December 2013), Clinical Nutrition (January 1990 to December 2013), and Chinese Journal of Clinical Nutrition (1993 to December 2013). We also contacted enteral or parenteral omega-3 product producers and study investigators of published randomized trials. Whenever necessary, we consulted other relevant principal investigators and experts.
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Table 1. Literature research strategy, databases and key words.
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Database

	
Search Strategy






	
MEDLINE (Through PubMed)

	
(“Omega-3 fatty acids” [Title/Abstract] OR “fish oil” [Title/Abstract] OR “n-3 fatty acids” [Title/Abstract]” OR “eicosapentaenoic acid” [Title/Abstract] OR “docosahexaenoic acid” [Title/Abstract]) AND (“parenteral nutrition” [Title/Abstract] OR “TPN” [Title/Abstract] OR “PN” [Title/Abstract] OR “enteral nutrition” [Title/Abstract] OR “EN” [Title/Abstract]) AND (“critical” [Title/Abstract] OR “severe” [Title/Abstract] OR “intensive care” [Title/Abstract] OR “ICU”)




	
Cochrane Library

	
(“Omega-3 fatty acids” OR “fish oil” OR “n-3 fatty acids”) AND (“parenteral nutrition” OR “TPN” OR “PN” OR “enteral nutrition” OR “EN”) AND (“critical” OR “severe” OR “intensive care” OR “ICU”)




	
Chinese Biomedicine Database and CNKI

	
(“Yu You” OR “Omega-3” OR “Duo Bu Bao He Zhi Fang Suan”) AND (“Chang Wai Ying Yang” OR “TPN” OR “PN” OR “Chang Nei Ying Yang” OR “EN”) AND (“Wei Zhong Bing” OR “Wei Zhong Zheng” OR “ICU”)










2.2. Study Selection


Inclusion and Exclusion Criteria


Inclusion and exclusion criteria were discussed to reach consensus within the reviewer team. Two investigators (Wei Chen. and Hua Jiang.) independently selected trials and extracted data on a non-blinded basis. Differences in interpretations were resolved through group discussions.



Inclusion criteria: (1) Study design: Only RCTs with parallel control groups were selected, excluding self-control or crossover trials; (2) Type of patients: adult (age ≥ 18 year) critically ill patients who were admitted to intensive care units or who had APACHE III scores 10 or higher; (3) Intervention: omega-3 fatty acids enriched nutrition regimen was the only difference between experimental and control groups; (4) studies that administered omega-3 fatty acids through enteral or parenteral routes were included; (5) Outcome: mortality.



Exclusion criteria: (1) non-randomized design or pseudo-randomization; (2) studies that did not address any primary or secondary outcome as mentioned above; (3) crossover studies; (4) studies on healthy volunteers; (5) for Chinese studies, where there is a high prevalence of quasi-randomization [14], and additional step was taken. For those studies that did not describe the randomization method or where we questioned the soundness of the randomization method, we attempted to contact the original authors. If the original authors did not provide a response or the randomization method proved inadequate, the articles were excluded.



Omega-3 fatty acids could be administered through parenteral or enteral route, thus, a challenge for the researchers of systematic review is how to control the internal heterogeneity in study design. Considering omega-3 is the key component of nutrition intervention of the study, we decided that either route is acceptable. To minimize the impact from the difference in energy intakes, we developed a method to weigh the variants between the trials, which are discussed in detail in the “Measurements and Analytical Methods” section.





2.3. Methodological Quality Evaluation


The methodological quality assessment table below is based on the Cochrane Reviewers’ Handbook [14] and a modified Jadad scale (Table 2) [15,16]. The original Jadad scale is a 5-point system. Because inadequate concealment of treatment allocation has been associated with an exaggeration of treatment effects, we decided to adopt a modified Jadad score scale, which assigns a maximum of 2 points for concealment [16,17]. Under this system, a maximum score of 7 was assigned. Studies with a score of ≥4 were considered to be high-quality studies.
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Table 2. Modified Jadad Scores Scale.
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Items

	
Points






	
Randomization

	
Appropriate

	
2




	
Did not describe the details of randomization

	
1




	
Inappropriate

	
0




	
Concealment

	
Appropriate

	
2




	
Did not describe the details of concealment

	
1




	
Inappropriate or no concealment

	
0




	
Blinded

	
Appropriate

	
2




	
Did not describe the details of blinded

	
1




	
Inappropriate or not blinded

	
0




	
Withdraw or drop-out

	
Described

	
1




	
Did not describe

	
0










2.4. Measurements and Analytical Methods


We assessed heterogeneity in two steps. First we used an I2 measure, with I2 > 75% indicating high heterogeneity, I2 between 75% and 50% indicating moderate heterogeneity, I2 between 49% and25% indicating low heterogeneity [18]. We combined data from all the trials with minimal, low or no heterogeneity using the Mantel-Haenszel fixed effect model [18]. In addition, as confirmation, we also used the random effect model when I2 > 0. For those with moderate or high heterogeneity, we combined data using random effects models. Whenever heterogeneity was found, the sources were analyzed, and stratified analysis was conducted to exclude the highly variable trial(s) and to decrease heterogeneity (e.g., relatively severe patient conditions vs. relatively moderate patient conditions, relatively small sample sizes vs. large sample sizes, or high methodological quality vs. low methodological quality). When the I2 value was substantially lower in each stratified analysis, we compared the result of stratified analysis with the result of overall analysis. In such circumstances, our conclusion would be consistent with the result based on the homogenous and more methodologically rigorous trials [16]. Secondly, considering mortality is highly depends on the severity of condition when the patients were admitted and it is a core issue for any critical illness study, we therefore introduced a quantitative severity variant measurement method. For any trial that was demonstrated by I2 test as a source of heterogeneity, we calculated expected mortality by means of the adjustment linear regression model [19,20,21]. The formula of Observed/Expected Ratio (O/E Ratio) calculation is:
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(1)




where, d is amount of death, P is sample amount and Zα/2 is α/2 median of normal distribution.



Whenever the actual mortality of such a trial was significantly higher or lower than expected mortality, we concluded the trial was substantially heterogeneous and should be excluded from data synthesis of meta-analysis.



For mortality, a risk ratio (RR) with a 95% confidence interval (CI) was calculated. RR and its 95% CI < 1 indicate significantly lower incidences in the group with omega-3 fatty acids administration and was designated as p < 0.05; whereas a RR and its 95% CI > 1 favor the control group and was designated p < 0.05. When there was no statistical significance when a RR of 1 or its 95% CI crossed 1 between groups, it was designated as p > 0.05.



All statistical processes were conducted using a high-performance-computing platform at the Metabolomics and Multidisciplinary Laboratory of Sichuan Academy of Medical Sciences. Review Manager 5.1 statistical software (Cochrane Collaboration) was used for the meta-analysis [22]. For linear regression modeling, we used R (Version 2.15.2).



We followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) Statement to report the research protocol, outcome and relevant items in this systematic review [23].





3. Results


3.1. Study Identification and Selection


In total 216 potentially relevant titles, abstracts, and articles were found. Initial screening resulted in 23 candidate studies (24 articles, with two belonging to one study) [11,12,13,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44]. Figure 1 shows the details of the selection process and the reasons for exclusion. After further screening, there were twelve trials (including one Chinese study) that met all inclusion criteria and were included in the final systematic review [11,12,13,24,25,26,27,28,29,30,31,32]. The characteristics of these included trials are listed in Table 3.
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Figure 1. Literature searching and selection. 
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Table 3. RCTs of Omega-3 fatty acids supplementation for severe patients.
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Author, year

	
M.J.S

	
P.T.

	
N.O.P(ITT)

	
R.O.F

	
R.O.A.

	
Mortality n/N (ITT)

	
Calorie administered (kcal/day)




	
Omega-3 Group

	
Control Group

	
Omega-3 Group

	
Control Group






	
Gadek, J., 1999 [24]

	
5

	
ARDS

	
146

	
EN

	
EN

	
11/70

	
19/76

	
1728 ± 74

	
1692 ± 60




	
Grecu, I., 2003 [25]

	
5

	
Abdominal Sepsis

	
54

	
PN

	
PN

	
2/28

	
2/26

	
NR

	
NR




	
Mayer, K., 2003 [26]

	
4

	
sepsis

	
21

	
PN

	
PN

	
5/10

	
3/11

	
NR

	
NR




	
Pontes-Arruda, A., 2006 [27]

	
5

	
sepsis

	
103

	
EN

	
EN

	
18/55

	
25/48

	
1621 ± 48

	
1647 ± 74




	
Singer, P., 2006 [28]

	
5

	
ALI

	
100

	
EN

	
EN

	
13/46

	
28/49

	
1624 ± 512

	
1420 ± 437




	
Friesecke, S., 2008 [12]

	
7

	
Patients in medical ICU

	
166

	
PN + EN

	
PN

	
18/83

	
22/82

	
22.2 ± 5.5 (kcal/kg/day)

	
21.6 ± 5.6 (kcal/kg/day)




	
Wang, X., 2008 [11]

	
4

	
SAP

	
56

	
PN

	
PN

	
0/28

	
2/28

	
27(kcal/kg/day)

	
27 (kcal/kg/day)




	
Barbosa, V., 2010 [29]

	
3

	
sepsis

	
23

	
PN

	
PN

	
2/13(5D), 4/13(28D)

	
1/10(5D), 4/10(28D)

	
2057 ± 418

	
1857 ± 255




	
Grau-Carmona, T., 2011 [30]

	
5

	
sepsis

	
132

	
EN

	
EN

	
11/61

	
11/71

	
1718 (1189–1956)

	
1599 (1351–1976)




	
Gupta, A., 2011 [31]

	
7

	
ARDS

	
61

	
EN

	
PN

	
7/31

	
13/30

	
1800

	
1800




	
Stapleton, R.D., 2011 [32]

	
5

	
ALI

	
90

	
EN

	
EN

	
9/41(14 days) 9/40(60 days)

	
10/49(14 days) 11/45 (60 days)

	
NR

	
NR




	
Rice, T., 2011 [13]

	
7

	
ALI

	
272

	
EN

	
EN

	
38/143

	
21/129

	
800–900

	
800–900








Abbreviations: ALI: acute lung injury; ARDS: acute respiratory dysfunction syndrome; EN: enteral nutrition; PN: parenteral nutrition; ITT: intention to treat; SAP: severe acute pancreatitis; NR: not reported; M.J.S: Modified Jadad Score; P.T.: Patient Type; N.O.P: No. of patients; ITT: Intention to treat; R.O.F: Route of Feeding; R.O.A.: Route of Omega-3 administered.








3.2. Primary Outcome: Mortality


3.2.1 Overall Analysis


The twelve RCTs presented mortality data involving a total of 1218 patients. Analysis found that heterogeneity existed between trials (I2 = 42%, p = 0.06). A random model was used to aggregate the data, and there was no significant effect on mortality: RR, 0.82, 95% CI (0.62, 1.09), p = 0.18 (Figure 2).
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Figure 2. Effect of Omega-3 FA administration on mortality of severe patients. 
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Considering the route by which Omega-3 FA is administered may be a source of heterogeneity, we categorized the trials into two sub-groups: parenteral fish oil administration and enteral fish oil administration.




3.2.2. Sensitivity Analysis for All-Included Trials


As methodological quality may also be a source of heterogeneity, trials with quality score (modified Jadad Scale) of ˂ 4 were excluded and the remaining trials were then combined. The study by Barbosa et al. [29] is a relatively low in methodological quality and was excluded, and the remaining eleven trials were included. The result of the heterogeneity test indicated low heterogeneity (p = 0.04, I2 = 47%). A random effect model also revealed that there was no statistically significant effect on mortality (RR, 0.83, 95% CI 0.61–1.12, p = 0.22; I2 = 47%; Figure 3). This result is consistent with the overall analysis.
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Figure 3. Sensitivity analysis: high quality trials. 
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3.2.3. Sub-Group Analysis


3.2.3.1. Parenteral Omega-3 Studies


Six trials administered omega-3 fatty acids through the parenteral route, and no heterogeneity was found (I2 = 0, p = 0.54). We used fixed model to aggregate data. Results indicated that omega-3 FA had no significant effect on mortality: RR 0.76, 95% CI (0.52, 1.10), p = 0.15.




3.2.3.2. Sensitivity Analysis for PN Omega-3 Studies


One low methodological study: Barbosa study was excluded and aggregated remaining trials. Five trials were included and no heterogeneity was found (I2 = 0, p = 0.45). We used fixed model to aggregate data. Results indicated that omega-3 FA had no significant effect on mortality: RR 0.86, 95% CI (0.54, 1.37), p = 0.54. This result is consistent with overall analysis of the parenteral omega-3 subgroup.




3.2.3.3. Enteral Omega-3 Studies


Six trials used omega-3 fatty acids enriched enteral nutrition. I2 test found significantly high heterogeneity (I2 = 66%, p = 0.01). Further analysis found that the Rice T. et al. study might be the source of heterogeneity. There are two major important differences between the Rice T. study and the rest of the trials: (1) the patient type; and (2) significantly lower calorie intake. The patients enrolled in the Rice T. study were much more severely ill (mean APACHE III scores: 93.8 in omega-3 group vs. 91.8 in control group) than those in the other enteral omega-3 studies.






3.3. An Advanced Heterogeneity Test: O/E Ratio


In order to check for heterogeneity in the mortality of the studies, we employed the method of O/E Ratio to obtain the O/E Ratio and 95% CI. We made a further systematic literature search and aimed to identify relation between APACHE III scores and mortality of acute lung injury (ALI). We found six ALI studies (RCT or Prospective Cohort) that reported APACHEIII scores (Table 4) [45,46,47,48,49,50]. Result in this literature search found that the patients in the Rice, T.’s study [13] were the most severely ill (mean APACHE III scores: 93.8 in omega-3 group vs. 91.8 in control group) but had the lowest mortality (mortality in other ALI trials: 35%–77%; mortality in Rice, T. et al. [13]: 16.3% for control group and 26.6% for omega-3 EN fed group) (Figure 4). We established a linear regression model to calculate expected mortality in APACHE III scores categorized and introduced O/E ratio as a further quantitative heterogeneity evaluation tool. We found that in an O/E ratio test, the Rice T. study was significantly different from all other ALI study (Figure 5). This means that the Rice, T.’s study is not only different from the other omega-3 studies we enrolled in this systematic review, but also significantly different from most recently ALI studies. In summary, the patients in the Rice, T. et al. study, although categorized as “ALI”, were substantially different from those in the others trials [13]. In addition, compared with other enteral omega-3 trials, the Rice, T. et al. study fed patients significantly lower energy (accumulated calorie intake of first 7 days is: 5920 ± 3624 kcal (omega-3 FA group) vs. 6072 ± 3602 kcal (control group) translating into an average energy intake around 800–900 kcal/day in the first 7 days of the study) [13,51].
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Table 4. Mortality of acute lung injury (ALI) studies using APACHE III as severity condition measures.
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ALT Study

	
APACHE III

	
Sample size

	
Mortality (%)






	
Shenoy, V. [45]

	
60

	
30

	
36.7




	
Wiesen, J.: Influenza [46]

	
66

	
23

	
39.0




	
Wiesen, J.: Non-influenza [46]

	
89

	
22

	
77.0




	
Lee, K.[47]

	
85

	
50

	
54.0




	
Treggiari, M.: Open ICU [48]

	
88.1

	
391

	
45.0




	
Treggiari, M.: Closed ICU [48]

	
86.9

	
684

	
35.0




	
Rana, S.[49]

	
81.5

	
38

	
68.0




	
Ware, L.[50]

	
92

	
528

	
37.5




	
Rice, T.: Omega-3[13]

	
93.8

	
143

	
26.6




	
Rice, T.: Control [13]

	
91.8

	
129

	
16.3
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Figure 4. Heterogeneity Analysis: Linear Regression Curve for Impact on Mortality and APACHE III Scores: The horizontal axis shows the APACHE III scores, and the vertical axis shows the mortality (%). According to the data of ALI studies, a linear regression model is set up based on the APACHE III scores and the mortality. The regression equation is expressed by the straight line in the figure. 
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We therefore decided to exclude Rice, T. et al. [13] study from EN-fed omega-3 meta-analysis. When this study was excluded and aggregated the remaining enteral omega-3 FA studies, we found there was no significant heterogeneity between these five trials (I2 = 17%, p = 0.31). The fixed model was used to pool the data involving a total of 566 patients. The result indicated that omega-3 fatty acids enriched enteral nutrition could significant reduce mortality, RR = 0.69, 95% CI (0.53, 0.91) (p = 0.007) (Figure 3). To Confirm, we also employed the random model and found similar result: RR = 0.69, 95% CI (0.51, 0.93) (p = 0.01).
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Figure 5. Heterogeneity Analysis: Observed/Expected Ratio (O/E Ratio) of Acute Lung Injury Studies: The vertical axis shows the O/E Ratio. The O/E Ratio of both Omega-3 group (0.48, 95% CI: 0.34–0.67) and control group (0.30, 95% CI: 0.19–0.46) in Rice T. et al. [13] study are far below 1, which indicate that the patients in the Rice T. et al. study are in significantly more severe condition, but have significantly lower mortality. 
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4. Discussion


Big controversy rose on the issue of omega-3 fatty acids enriched enteral nutrition when a large-scale, double-blinded controlled study by Rice T. et al. was published in 2011 [13]. It concluded that using omega-3 fatty acids enriched enteral nutrition regimen for acute lung injury patients would increase mortality risk. Because omega-3 fatty acids had been seen as an important achievement of pharmaceutical nutrient in the last decade, this result shocked the field of clinical nutrition. For clinical practitioners, a systematic evaluation based on best evidence was urgently needed. This was the reason we undertook this systematic review and meta-analysis.



We included twelve RCTs in our systematic review. Based on the result of meta-analysis we found that an omega-3 enriched nutrition regimen would not increase death risk in critically ill patients, whether administered by enteral or parenteral route. However, the result of the meta-analysis also found that omega-3 enriched nutrition regimen does not provide protective effect to patients in their clinical outcome.



Although in total the pooled results were not confirmatory, we had several interesting findings when we looked closely at the trials. One of very important findings was that the impact of omega-3 fatty acids enriched EN and mortality were related to calorie intake. The major controversy on omega-3 fatty acids in critically ill patients arose after Rice T. et al. reported patients who were administered EN regimen enriched by omega-3 fatty acids, gamma-linoleic acid and antioxidant had higher death risk [13]. They drew the conclusion that the harmful effect mainly came from omega-3. We compared the Rice T. et al. study and others and found something different: calorie was the culprit. Patients were given hypocaloric EN in the Rice T. et al. study [13]. The calorie intake in the first 7 days were quite low, average calorie intake was 800–900 kcal/day in first 7 days of the study. In contrast, in the remaining five enteral omega-3 FA trials patients were provided with significantly higher calories. When we pooled these five trials, we found patients who were in omega-3 intervention regiment had lower mortality risk (RR = 0.44, 95% CI [0.45, 0.82] (p = 0.001), Figure 3). It is well documented that deficit of calorie is associated with increased ICU mortality and morbidity [52,53,54,55]. Hence, we have reasonable doubt that the increasing of mortality in Rice T. study is more related with hypocaloric feeding other than omega-3 fatty acids administration.



We were interested in the Rice T. et al. study and provided a post hoc analysis for the heterogeneity between it and other enteral fish oil studies [13]. Through our linear regression model, we found that the mortality of the Rice T. et al. study was significantly lower than the other enteral fish oil studies, and it also posed the lowest mortality in all major acute lung injury studies [13]. In another word, the Rice T. et al. study was not only different from other enteral fish oil studies; it was also quite different from other acute lung injury studies.



In summary, considering the above, and that the larger sample size of the other full calorie intakes of enteral fish oil studies (566 vs. 272 of Rice T. et al. [13]), together with the documented strong harmful effect of calorie deficiency in ICU, we concluded that enteral enriched omega-3 fatty acids may safe when calorie supplementation is adequate. But this conclusion urgently needs to be verified by future study.



The main limitation of our study is the limited sample size of the included trials. Most of the trials that included in systematic review are enrolled no more than 100 patients (median sample size is around 21–65). Even when we pooled all trials together, there were only 1218 patients, which was not enough for demonstrate mortality risk (estimated power 0.80, need no less than 2156, and current sample size only reached 60% of this scale). Further large scale randomized clinical trials are urgent needed.



Heterogeneity of patient types, dose and the route of omega-3 FA intervention administration was another limitation. Our study found clues indicating that the effects of omega-3 may be related to the energy supplementation. It reflected how complicated the omega-3 FA’s effects are on adjusting the pathophysiological conditions for critically ill patients. Unfortunately, this not enough attention has been given to this complicated scenario in published studies. For future researchers, a better design should carefully define these aspects.




5. Conclusions


In conclusion, we found omega-3 FA enhanced nutrition support may safe for critically ill patients if the energy provision is sufficient. Compared with providing omega-3 FA via parenteral route, omega-3 enriched enteral nutrition may be favorable with decreased death risk. However, this is not confirmatory as the sample size, dosage of omega-3 FA, and accompanied energy provision are different in current RCTs.







Acknowledgments


The authors would thank Todd W. Rice of Vanderbilt University School of Medicine of USA and Ajay Gupta of Artemis Health Institute of India to provide us important data of their RCTs. The authors also would thank Lu He of University of Waikato and Jin Peng of Sichuan Academy of Medical Sciences for their kind help on manuscript editing.




Author Contributions


Study Design and Conception: W.C., H.J., Z.-Y.Z., Y.-X.T., J.Z.; Literature Retrieving and Study Selecting: W.C., H.J.; Quality Evaluation: Z.-Y.Z., Y.-X.T., B.C., J.L.; Mathematical Modeling and Meta-analysis: H.J., H.Y., J.L.; Results Analysis and Interpretation: W.C., H.J., Z.-Y.Z., Y.-X.T., B.C., C.D.L, J.Z.; Manuscript Drafting: W.C., H.J., C.D.L.; Manuscript Approving: All authors. W.C, H.J., Z.-Y.Z and Y.-X.T. contributed equally to this work.




Conflicts of Interest


This work was supported by the Sichuan Provincial Department of Science and Technology (Science and Technology Support Program, the grants are No.2011SZ0139, No.2011SZ0336, No.2012SZ0181 and SZ20120209). This works also was supported by the Chengdu Municipality Department of Science and Technology (Grant No. 12PPYB181SF-002) and Shanghai Municipality Committee for Science and Technology (Grant No. 11140903900). Jun Zeng and Hua Jiang are recipients of Medical Research Grants of Sichuan Department of Health (Grants No.100552, No. 100553 and No. 110162). The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.




References


	



Nestel, P.J. Fish oil and cardiovascular disease: Lipids and arterial function. Am. J. Clin. Nutr. 2000, 71, 228–231. [Google Scholar]

	



Urakaze, M.; Hamazaki, T.; Makuta, M.; Ibuki, F.; Kobayashi, S.; Yano, S.; Kumagai, A. Infusion of fish oil emulsion: Effects on platelet aggregation and fatty acid composition in phospholipids of plasma, platelets, and red blood cell membranes in rabbits. Am. J. Clin. Nutr. 1987, 46, 936–942. [Google Scholar]

	



Rizos, E.C.; Ntzani, E.E.; Bika, E.; Kostapanos, M.S.; Elisaf, M.S. Association between omega-3 fatty acid supplementation and risk of major cardiovascular disease events a systematic review and meta-analysis. JAMA 2012, 308, 1024–1033. [Google Scholar] [CrossRef]

	



Gerber, P.A.; Gouni-Berthold, I.; Kaspar, B. Omega-3 fatty acids: Role in metabolism and cardiovascular disease. Curr. Pharm. Des. 2013, 19, 3074–3093. [Google Scholar] [CrossRef]

	



Poppitt, S.D.; Howe, C.A.; Lithander, F.E.; Silvers, K.M.; Lin, R.B.; Croft, J.; Ratnasabapathy, Y.; Gibson, R.A.; Anderson, C.S. Effects of moderate-dose omega-3 fish oil on cardiovascular risk factors and mood after ischemic stroke: A randomized, controlled trial. Stroke 2009, 40, 3485–3492. [Google Scholar] [CrossRef]

	



Kremer, J.M. Effects of modulation of inflammatory and immune parameters in patients with rheumatic and inflammatory disease receiving dietary supplementation of n-3 and n-6 fatty acids. Lipids 1996, 31, 243–247. [Google Scholar] [CrossRef]

	



Jiang, H.; Jiang, Z.M.; Luo, B.; Shuai, X.; Li, Y.P. Immunonutrition for clinical nutritional support: A systematic review based English and Chinese documents. Acta Acad. Med. Sin. 2002, 24, 554–558. [Google Scholar]

	



Hayashi, N.; Tashiro, T.; Yamamori, H.; Takagi, K.; Morishima, Y.; Otsubo, Y. Effects of intravenous omega-3 and ω-6 fat emulsion on cytokine production and delayed type hypersensitivity in burned rats receiving total parenteral nutrition. JPEN 1998, 22, 363–367. [Google Scholar]

	



Wei, C.; Hua, J.; Bin, C.; Karen, K. Impact of lipid emulsion containing fish oil on outcomes of surgical patients. Nutrition 2010, 26, 474–481. [Google Scholar] [CrossRef]

	



Pacht, E.R.; DeMichele, S.J.; Nelson, J.L.; Hart, J.; Wennberg, A.K.; Gadek, J.E. Enteral nutrition with eicosapentaenoic acid, γ-linolenic acid, and antioxidants reduces alveolar inflammatory mediators and protein influx in patients with acute respiratory distress syndrome. Crit. Care Med. 2003, 31, 491–500. [Google Scholar] [CrossRef]

	



Wang, X.; Li, W.; Li, N.; Li, J. Omega-3 fatty acids-supplemented parenteral nutrition decreases hyperinflammatory response and attenuates systemic disease sequelae in severe acute pancreatitis: A randomized and controlled study. JPEN 2008, 32, 236–241. [Google Scholar] [CrossRef]

	



Friesecke, S.; Lotze, C.; Köhler, J.; Heinrich, A.; Felix, S.B.; Abel, P. Fish oil supplementation in the parenteral nutrition of critically ill medical patients: A randomized controlled trial. Intens. Care Med. 2008, 34, 1411–1420. [Google Scholar] [CrossRef]

	



Rice, T.; Wheeler, A.P.; Thompson, B.T.; deBoisblanc, B.P.; Steingrub, J.; Pock, P. Enteral omega-3 fatty acid, -linolenic acid, and antioxidant supplementation in acute lung injury. JAMA 2011, 306, 1574–1581. [Google Scholar] [CrossRef]

	



Higgins, J.P.T.; Green, S. Cochrane Handbook for Systematic Reviews for Interventions. version 5.1.0 (updated March 2011). The Cochrane Collaboration, 2011. Available online: http://www.cochrane-handbook.org (accessed on 30 December,2013).

	



Jadad, A.R.; Moore, R.A.; Carroll, D.; Jenkinson, C.; Reynolds, D.J.; Gavaghan, D.J. Assessing the quality of reports of randomized clinical trials: Is blinding necessary. Control Clin. Trials 1996, 17, 1–12. [Google Scholar] [CrossRef]

	



Jiang, H.; Sun, M.; Hefright, B.; Chen, W.; Lu, C.D.; Zeng, J. Efficacy of hypocaloric parenteral nutrition for surgical patients. Clin. Nutr. 2011, 30, 730–737. [Google Scholar] [CrossRef]

	



Balasubramanian, S.P.; Wiener, M.; Alshameeri, Z.; Tiruvoipati, R.; Elbourne, D.; Reed, M.W. Standards of reporting of randomized controlled trials in general surgery. Ann. Surg. 2006, 244, 663–667. [Google Scholar] [CrossRef]

	



Higgins, J.P.; Thompson, S.G.; Deeks, J.J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557–560. [Google Scholar] [CrossRef][Green Version]

	



Breslow, N.E.; Day, N.E. Statistical methods in cancer research: The design and analysis of cohort studies. IARC Sci. Publ. 1987, 82, 69. [Google Scholar]

	



Shafi, S.; Ahn, C.; Parks, J.; Nathens, A.B.; Cryer, H.M.; Gentilello, L.M.; Hemmila, M.; Fildes, J.J. Quality of care within a trauma center is not altered by injury type. J. Trauma 2010, 68, 716–720. [Google Scholar]

	



Cai, B.; Jiang, H.; Yang, H. Using Meta-regression algorithm to evaluate heterogeneity of systematic reviews of clinical nutrition support for burn. Chin. J. Burns 2013, 29, 344–348. [Google Scholar]

	



Review Manager (RevMan) [Computer program]. version 5.2; The Nordic Cochrane Centre, The Cochrane Collaboration: Copenhagen, 2012.

	



David, M.; Alessandro, L.; Jennifer, T.; Douglas, G.A.; The PRISMA Group. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA statement. PLOS. Med. 2009, 6, e1000097. [Google Scholar] [CrossRef]

	



Gadek, J.E.; DeMichele, S.J.; Karlstad, M.D.; Pacht, E.R. Effect of enteral feeding with eicosapentaenoic acid, gamma-linolenic acid, and antioxidants in patients with acute respiratory distress syndrome. Crit. Care Med. 1999, 27, 1409–1420. [Google Scholar] [CrossRef]

	



Grecu, I.; Mirea, L.; Grintescu, I. Parenteral fish oil supplementation in patients with abdominal sepsis. Clin. Nutr. 2003, 22, 23S. [Google Scholar] [CrossRef]

	



Mayer, K.; Gokorsch, S.; Fegbeutel, C. Parenteral nutrition with fish oil modulates cytokine response in patients with sepsis. Am. J. Respir. Crit. Care. Med. 2003, 167, 1321–1328. [Google Scholar] [CrossRef]

	



Pontes-Arruda, A.; Aragão, A.M.; Albuquerque, J.D. Effects of enteral feeding with eicosapentaenoic acid, gamma-linolenic acid, and antioxidants in mechanically ventilated patients with severe sepsis and septic shock. Crit. Care. Med. 2006, 34, 2325–2333. [Google Scholar] [CrossRef]

	



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, 1033–1038. [Google Scholar] [CrossRef]

	



Barbosa, V.M.; Miles, E.A.; Calhau, C.; Lafuente, E.; Calder, P.C. Effects of a fish oil containing lipid emulsion on plasma phospholipid fatty acids, inflammatory markers, and clinical outcomes in septic patients: A randomized, controlled clinical trial. Crit. Care 2010, 14, R5. [Google Scholar] [CrossRef]

	



Grau-Carmona, T.; Morán-García, V.; García-de-Lorenzo, A.; Heras-de-la-Calle, G.; Quesada-Bellver, B.; López-Martínez, J. Effect of an enteral diet enriched with eicosapentaenoic acid, gamma-linolenic acid and anti-oxidants on the outcome of mechanically ventilated, critically ill septic patients. Clin. Nutr. 2011, 30, 578–584. [Google Scholar] [CrossRef]

	



Gupta, A.; Govil, D.; Bhatnagar, S.; Gupta, S.; Goyal, J.; Patel, S. Efficacy and safety of parenteral omega 3 fatty acids in ventilated patients with acute lung injury. Indian. J. Crit. Care Med. 2011, 15, 108–113. [Google Scholar]

	



Stapleton, R.D.; Martin, T.R.; Weiss, N.S.; Crowley, J.J.; Gundel, S.J.; Nathens, A.B. A phase II randomized placebo-controlled trial of omega-3 fatty acids for the treatment of acute lung injury. Crit. Care. Med. 2011, 39, 1655–1662. [Google Scholar] [CrossRef]

	



Heller, A.R.; Rossler, S.; Litz, R.J.; Stehr, S.N.; Heller, S.C.; Koch, R. Omega-3 fatty acids improve the diagnosis-related clinical outcome. Crit. Care. Med. 2006, 34, 972–979. [Google Scholar] [CrossRef]

	



Barros, K.V.; Cassulino, A.P.; Schalch, L.; Della, V.; Munhoz, E.; Manetta, J.A.; Noakes, P.S.; Miles, E.A.; Calder, P.C.; Flor Silveira, V.L. Supplemental intravenous n-3 fatty acids and n-3 fatty acid status and outcome in critically ill elderly patients in the ICU receiving enteral nutrition. Clin. Nutr. 2013, 32, 599–605. [Google Scholar] [CrossRef]

	



Chen, J.; Guo, K.; Wang, H.; Lin, W. An applied study of lipid emulsion containing fish oil in nutrition support for ventilated patients. J. Clin. Pulmon. Chin. 2011, 16, 1251–1252. [Google Scholar]

	



Zhang, W.; Yang, L.; Sun, Q. Efficacy of lipid emulsion containing fish oil on parenteral nutrition of acute severe pancreatitis. Shan Xi Med. J. Chin. 2012, 41, 367–369. [Google Scholar]

	



Han, Y.Y.; Lai, S.L.; Ko, W.J.; Choi, C.H.; Lai, S.H. Effects of fish oil on inflammatory modulation in surgical intensive care unit patients. JPEN 2012, 27, 91–98. [Google Scholar]

	



Theilla, M.; Singer, P.; Cohen, J.; Dekeyser, F. A diet enriched in eicosapentanoic acid, gamma-linolenic acid and antioxidants in the prevention of new pressure ulcer formation in critically ill patients with acute lung injury: A randomized, prospective, controlled study. Clin. Nutr. 2007, 26, 752–757. [Google Scholar] [CrossRef]

	



Zhang, J.; Liang, H.; Zhang, L. Effects of fish oil parenteral nutrition on serum CRP and MIF levels in multiple trauma patients. J. Trauma Surg. Chin. 2009, 11, 144–146. [Google Scholar]

	



Xiong, J.; Zhu, S.; Zhou, Y.; Wu, H.; Wang, C. Regulation of omega-3 fish oil emulsion on the SIRS during the initial stage of severe acute pancreatitis. J. Huazhong Univ. Sci. Technol. Med. Sci. 2009, 29, 35–38. [Google Scholar] [CrossRef]

	



Sungurtekin, H.; Değirmenci, S.; Sungurtekin, U.; Oguz, B.E.; Sabir, N.; Kaptanoglu, B. Comparison of the effects of different intravenous fat emulsions in patients with systemic inflammatory response syndrome and sepsis. Nutr. Clin. Pract. 2011, 26, 665–671. [Google Scholar] [CrossRef]

	



Khor, B.S.; Liaw, S.J.; Shih, H.C.; Wang, L.S. Randomized, double blind, placebo-controlled trial of fish-oil-based lipid emulsion infusion for treatment of critically ill patients with severe sepsis. Asian J. Surg. 2011, 34, 1–10. [Google Scholar] [CrossRef]

	



Sabater, J.; Masclans, J.R.; Sacanell, J.; Chacon, P.; Sabin, P.; Planas, M. Effects of an omega-3 fatty acid-enriched lipid emulsion on eicosanoid synthesis in acute respiratory distress syndrome (ARDS): A prospective, randomized, double-blind, parallel group study. Nutr. Metab. (Lond.) 2011, 8, 22. [Google Scholar] [CrossRef]

	



Sabater, J.; Masclans, J.R.; Sacanell, J.; Chacon, P.; Sabin, P.; Planas, M. Effects on hemodynamics and gas exchange of omega-3 fatty acid-enriched lipid emulsion in acute respiratory distress syndrome (ARDS): A prospective, randomized, double-blind, parallel group study. Lipids Health Dis. 2008, 7, 39. [Google Scholar] [CrossRef]

	



Shenoy, V.V.; Nagar, V.S.; Chowdhury, A.A.; Bhalgat, P.S.; Juvale, N.I. Pulmonary leptospirosis: An excellent response to bolus methylprednisolone. Postgrad. Med. J. 2006, 82, 602–606. [Google Scholar] [CrossRef]

	



Wiesen, J.; Komara, J.J.; Walker, E.; Wiedemann, H.P.; Guzman, J.A. Relative cost and outcomes in the intensive care unit of acute lung injury (ALI) due to pandemic influenza compared with other etiologies: A single-center study. Ann. Intens. Care 2012, 2, 41. [Google Scholar] [CrossRef]

	



Lee, K.A.; Gong, M.N. Pre-B-cell colony-enhancing factor and its clinical correlates with acute lung injury and sepsis. Chest 2011, 140, 382–390. [Google Scholar] [CrossRef]

	



Treggiari, M.M.; Martin, D.P.; Yanez, N.D.; Caldwell, E.; Hudson, L.D.; Rubenfeld, G.D. Effect of intensive care unit organizational model and structure on outcomes in patients with acute lung injury. Am. J. Respir. Crit. Care. Med. 2007, 176, 685–690. [Google Scholar] [CrossRef]

	



Rana, S.; Jenad, H.; Gay, P.C.; Buck, C.F.; Hubmayr, R.D.; Gajic, O. Failure of non-invasive ventilation in patients with acute lung injury: Observational cohort study. Crit. Care 2006, 10, R79. [Google Scholar] [CrossRef]

	



Ware, L.B.; Koyama, T.; Billheimer, D.D.; Wu, W.; Bernard, G.R.; Thompson, B.T. Prognostic and pathogenetic value of combining clinical and biochemical indices in patients with acute lung injury. Chest 2010, 137, 288–296. [Google Scholar] [CrossRef]

	



Rice, T.; Vanderbilt University School of Medicine, Nashville, TN, USA. Personnel Communication, May 2013.

	



Villet, S.; Chiolero, R.L.; Bollmann, M.D. Negative impact of hypocaloric feeding and energy balance on clinical outcome in ICU patients. Clin. Nutr. 2005, 24, 502–509. [Google Scholar] [CrossRef]

	



Faisy, C.; Lerolle, N.; Dachraoui, F.; Savard, J.F.; Abboud, I.; Tadie, J.M.; Fagon, J.Y. Impact of energy deficit calculated by a predictive method on outcome in medical patients requiring prolonged acute mechanical ventilation. Br. J. Nutr. 2009, 101, 1079–1087. [Google Scholar] [CrossRef]

	



Singera, P.; Pichardb, C.; Heideggerb, C.P.; Wernermanc, J. Considering energy deficit in the intensive care unit. Curr. Opin. Clin. Nutr. Metab. Care 2010, 13, 170–176. [Google Scholar] [CrossRef]

	



Heidegger, C.P.; Berger, M.M.; Graf, S.; Zingg, W.; Darmon, P.; Costanza, M.C.; Thibault, R.; Pichard, C. Optimisation of energy provision with supplemental parenteral nutrition in critically ill patients: A randomised controlled clinical trial. Lancet 2013, 381, 385–393. [Google Scholar] [CrossRef]





© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).







media/file4.png
3
Subgroup o o P 6) 4 RR [95%C) 0dd Ratio
Total Data @2 018 082 [062,109]
mega- 136 609 <
Control 160 609
PN Data [ 019 078 [053,113]
Omega-3 3% 193 <>
Control % 187
Data 6 043 085 [056,128)
mega: 100 416 -
Control 1 2
EN Rice Todd excluded 7 001 069 [051,093]
£ & m >
Control 3 293

01 02 05
Favours Omega-3

2 5
Favours Control





nav.xhtml


  nutrients-06-02148


  
    		
      nutrients-06-02148
    


  




  





media/file11.png
O-E Ratio

2.0

1.5

1.0

0.5

0.0

O-E Ratio for Each Analysis

Uy
iy
Ny
'-._":_}:l:' "‘-.I:-”b -
& o YL o
v e A
2 o
o )






media/file1.png





media/file2.png





media/file7.png
Study or Subgrou

Barbhosa 2010
Friesecke 5 2008
Gadek . 1999

Grau-Carmona T 2011

Grecu | 2003
Gupta A 2011
Mayer kK 2003

Fantes-Arruda A 2006

Rice T 2011
Singer P 2006
Stapleton R 2011
Wang » 2009

Total (95% CI)
Total events

Heterogeneity: TauwF=011; ChiF=18.91, df=10(F=0.04); F= 47%

Omega-3
Events Total
4 13
18 a3
11 al
11 61
2 28
i 31
g 10
18 a5
38 143
13 46
5 41
0 28
596

132

Test for overall effect: £=1.24 (F=0.22

Comtrol
BEvents Total
4 10
22 g2 12.7%
19 TEO10.8%
11 71 9.1%
2 26 2.3%
13 30 9.0%
3 11 5.2%
28 43 14.3%
21 129 141%
28 49 13.2%
10 49 3.6%
2 28 1.0%
599 100.0%
156

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

Mot estimahble
0.81 [0.47, 1.349]
0.63[0.32,1.23]
1.16 [0.54, 2.44]
0.93[0.14, 6.12]
0.52[0.24,1.13]
1.83[0.588, 5.77]
0.63 [0.39, 1.00]
1.63[1.01, 2.63]
0.49 [0.29, 0.83]
1.08 [0.43, 2.349]
0.20[0.01, 3.949]

0.83 [0.61, 1.12]

F
.}

<P

0102 05
Favours omega-3

2 5 10
Favours control





media/file9.png
Mortality (%)

70

60

50

40

30

20

Linear Regression Curve for Mortality vs. APACHEIII

Shenoy V

Wiesen J: influenza

Wiesen J: non-influenzs

Rana 5

Treggiari M: Cpen ICU

Ware L

Treggiari M: Closed ICU

Rice T:Omega-3

Rice T:control

20

60

70

APACHE lll Scores

| | |
80 90 100






media/file10.png
O-E Ratio

O-E Ratio for Each Analysis






media/file5.png
Omega-3

2 “
Subgroup s = 12 (%) P RR [95%Cl] 0dd Ratio
Total Data 42 0.18 0.82 [0.62,1.09] E
Omega-3 136 609 -
Control 160 609
PN Data 0 0.19 0.78 [0.53,1.13] :
Omega-3 36 193 <
Control 46 187 i
EN Data 66 0.43 0.85 [0.56,1.28] {
Omega-3 100 416 -
Control 114 422 :
EN Rice Todd excluded 17 0.01 0.69 [0.51,0.93]
Omega-3 62 273 > 5
Control 93 293 . . . . . .
i + t t + 4 !
0.1 0.2 0.5 3 | 2 5 10

Favours Omega-3

Favours Control





media/file3.png





media/file8.png
Mortality (%)

APACHEII

Wiesen  infuanza

Viesen 5 oninfvenss

Ranas

Teegois - Open CU

Treagisn - Cioss 160

Rica TOmega2

o —

APACHE Ill Scores






media/file6.png
Omega-3 Control Risk Rati

o
barou Events Total Events Total M-H, Random, 95% C1
bosaV 2010 4 13 4 10
tiesecke § 2008 18 83 22 82 127% 0.81[0.47,1.39] -1
adek J 1999 170 18 76 10.5% 0.63(0.32,1.23] —
rau-Carmona T 2011 1B M7 8% 1.16 [0.54, 2.49) T
recu 1 2003 2 28 2 26 23% 0.93(0.14,6.12] —
upta A 2011 73 1330 9.0% 0.52[0.24,1.13] T
ayer K 2003 5 10 311 52% 1.83[0.58,5.77) —
18 55 25 48 14.3% 0.63[0.39,1.00) —
Rice T 2011 38 143 21 129 141% 1.63[1.01, 2.63] —
Singer P 2006 13 46 28 49 132% 0.49[0.29, 0.83] —
Stapleton R 2011 a4 10 49 B6% 1.08 [0.48, 2.39) — T
0 28 228 1.0% 0.20[0.01,3.99)
Total (95% cn 596 599 100.0% 0.83[0.61, 1.12] >
Total e
Hetero g eity: Tau®= 0.1 cm==13 91 df= 1IJ(P 0.04); F= 47%
Testfor overall effect sz 24(P=022)

e
0102 05 2 5 10
Favours omega-3 Favours control





