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Abstract: Background: Omega-3 fatty acids might improve the clinical outcomes of patients undergoing acute lung
injury and acute respiratory distress syndrome. However, the results remained controversial. We conducted a systematic review and meta-analysis to explore the effect of omega-3 fatty acids for acute lung injury and acute respiratory distress syndrome. Methods: PubMed, EMbase, Web of science, EBSCO, and Cochrane library databases were
systematically searched. Randomized controlled trials (RCTs) assessing the effect of omega-3 fatty acids versus
placebo on acute lung injury and acute respiratory distress syndrome were included. Two investigators independently searched articles, extracted data, and assessed the quality of included studies. The primary outcome was
PaO2/FiO2. Meta-analysis was performed using random-effect model. Results: Five RCTs involving 428 patients were
included in the meta-analysis. Overall, compared with control intervention in acute lung injury and acute respiratory
distress syndrome, omega 3 fatty acids intervention was found to significantly improve PaO2/FiO2 (Std. mean difference=32.60; 95% CI=4.13 to 61.08; P=0.02), reduce ICU-free day (Std. mean difference=-0.26; 95% CI=-0.48
to -0.05; P=0.02) and ventilator-free day (Std. mean difference=-0.31; 95% CI=-0.53 to -0.10; P=0.005), but had
no influence on mortality (RR=0.95; 95% CI=0.54 to 1.65; P=0.85). Conclusions: Omega-3 fatty acids intervention
should be recommended in patients with acute lung injury or acute respiratory distress syndrome.
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Introduction
Acute lung injury and the acute respiratory
distress syndrome were reported to result in
a case fatality of 30-40% [1-3]. During acute
lung injury, massive of the proinflammatory
response were activated and they included
the release of inflammatory mediators such as
the eiconsanoids which were metabolized from
arachidonic acid [4, 5]. Eiconsanoids consisted
of 2-series prostaglandins, thromboxanes and
4-series leukotrienes, and they had an important role in fever, vascular permeability, vasodilatation, platelet aggregation, leukocyte adhesion, and cytokine production [6-8]. Acute
respiratory distress syndrome was mediated
by several vasoactive substances that promoted cell aggregation and modified permeability.
And some other factors included histamine,
serotonin, the cytokine system, and some lipid
mediators (e.g. prostaglandins, leukotrienes
and platelet activating factor) etc [9, 10].

Recent studies suggested that omega-3 fatty
acids may be able to improve the outcomes of
these patients [11, 12]. Omega-3 fatty acids
found in fish oil included eicosapentaenoic acid
and docosahexanoic acid and could reduce
inflammatory eicosanoid production through
various anti-inflammatory mechanisms [13,
14]. Previous studies reported that omega-3
fatty acids could improve PaO2/FiO2, and reduce ICU-free day and ventilator-free day in
patients undergoing acute lung injury and the
acute respiratory distress syndrome [15, 16].
In contrast to this promising finding, however,
some relevant RCTs showed that omega-3 fatty
acids had no influence on PaO2/FiO2, ICU-free
day, ventilator-free day and mortality for acute
lung injury and the acute respiratory distress
syndrome [17, 18]. Considering these inconsistent effects, we therefore conducted a systematic review and meta-analysis of RCTs to evaluate the effectiveness of omega-3 fatty acids
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The exclusion criteria included pregnancy, liver
failure, HIV+, leukopenia and renal failure.
Data extraction and outcome measures
The following information was extracted for the
included RCTs: first author, publication year,
sample size, baseline characteristics of patients, omega-3 fatty acids, control, study design, PaO2/FiO2, ICU-free day, ventilator-free
day, mortality. The author would be contacted
to acquire the data when necessary.

Figure 1. Flow diagram of study searching and selection process.

intervention on the treatment of acute lung
injury and the acute respiratory distress syndrome.
Materials and methods
This systematic review and meta-analysis were
conducted according to the guidance of the
Preferred Reporting Items for Systematic Reviews and Meta-analysis statement [19] and
the Cochrane Handbook for Systematic Reviews of Interventions [20]. All analyses were
based on previous published studies, thus no
ethical approval and patient consent were
required.
Literature search and selection criteria
PubMed, EMbase, Web of science, EBSCO, and
the Cochrane library were systematically searched from inception to April 2017, with the
following keywords: omega-3 fatty acids, and
acute lung injury or ALI or acute respiratory distress syndrome or ARDS. To include additional
eligible studies, the reference lists of retrieved
studies and relevant reviews were also handsearched and the process above was performed repeatedly until no further article was
identified. Conference abstracts meeting the
inclusion criteria were also included.
The inclusion criteria were as follows: patients
with acute lung injury or acute respiratory distress syndrome required enteral nutrition, and
the intervention was between omega-3 fatty
acids intervention and placebo. The study
design was RCT.
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The primary outcome was PaO2/FiO2. Secondary outcomes included ICU-free day, ventilatorfree day and mortality.
Quality assessment in individual studies
The Jadad Scale was used to evaluate the
methodological quality of each RCT included in
this meta-analysis [21]. This scale consisted
of three evaluation elements: randomization
(0-2 points), blinding (0-2 points), dropouts and
withdrawals (0-1 points). One point would be
allocated to each element if they have been
mentioned in article, and another one point
would be given if the methods of randomization
and/or blinding had been detailedly and appropriately described. If methods of randomization
and/or blinding were inappropriate, or dropouts
and withdrawals had not been recorded, then
one point was deducted. The score of Jadad
Scale varied from 0 to 5 points. An article with
Jadad score ≤2 was considered to be of low
quality. If the Jadad score ≥3, the study was
thought to be of high quality [22].
Statistical analysis
Standard Mean differences (Std. MDs) with
95% confidence intervals (CIs) for continuous
outcomes (PaO2/FiO2, ICU-free day, ventilatorfree day), and risk ratios (RRs) with 95% CIs for
dichotomous outcomes (mortality) were used
to estimate the pooled effects. All meta-analyses were performed using random-effects
models with DerSimonian and Laird weights.
Heterogeneity was tested using the Cochran Q
statistic (p<0.1) and quantified with the I2 statistic, which described the variation of effect
size that was attributable to heterogeneity
across studies. An I2 value greater than 50%
indicated significant heterogeneity. Sensitivity
analysis was performed to detect the influence
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of a single study on the overall estimate via
omitting one study in turn when necessary.
Owing to the limited number (<10) of included
studies, publication bias was not assessed.
P<0.05 in two-tailed tests was considered
statistically significant. All statistical analyses
were performed with Review Manager Version
5.3 (The Cochrane Collaboration, Software Update, Oxford, UK).

Sensitivity analysis

Results

Compared with control intervention for acute
lung injury and acute respiratory distress syndrome, omega 3 fatty acids intervention showed significantly reduced ICU-free day (Std.
mean difference=-0.26; 95% CI=-0.48 to -0.05;
P=0.02; Figure 3), ventilator-free day (Std. mean difference=-0.31; 95% CI=-0.53 to -0.10;
P=0.005; Figure 4), but had no influence on
mortality (RR=0.95; 95% CI=0.54 to 1.65; P=
0.85; Figure 5).

Literature search, study characteristics and
quality assessment
The flow chart for the selection process and
detailed identification was presented in Figure
1. 471 publications were identified through
the initial search of databases. Ultimately, five
RCTs were included in the meta-analysis [9,
15-18].
The baseline characteristics of the five eligible
RCTs in the meta-analysis were summarized in
Table 1. The eleven studies were published
between 2008 and 2011, and sample sizes
ranged from 16 to 272 with a total of 428.
There were two RCTs reporting the same clinical study but with difcal outcomes [9, 18].
There was no significant difference of age,
PaO2/FiO2, and APACHE II score between
omega 3 fatty acids group and control group
at baseline. The methods and doses of taking
omega 3 fatty acids were different, detail in the
Table 1.

No heterogeneity was observed among the
included studies for the PaO2/FiO2. Thus, we
did not perform sensitivity analysis by omitting
one study in each turn or performed subgroup
analysis to detect the source of heterogeneity.
Secondary outcomes

Discussion
Acute lung injury and acute respiratory distress
syndrome were life-threatening disorders that
was mainly caused by predisposing disorders
such as pneumonia, aspiration, shock, and
severe sepsis [23-25]. During their pathophysiology, neutrophils infiltrated into the alveolar
space and pulmonary mesenchyme, and proinflammatory cytokines were released to eventually result in leakage of edema fluid and mismatch of ventilation and perfusion [23, 26, 27].

Primary outcome: PaO2/FiO2

And there were still lack of effective treatment
for these two diseases [28]. The current treatments were supportive care and they mainly
included maintaining oxygenation and avoiding
complications [29]. Previous studies reported
that omega-3 fatty acids was able to modulate
inflammatory processes such as reducing leukotriene production [30], scavenge free radicals [31], decrease the synthesis of prostaglandin E2 [32] and the permeability of the alveolar-capillary membrane for acute lung injury
and acute respiratory distress syndrome [32].

This outcome data was analyzed with a random-effects model, the pooled estimate of the
three included RCTs suggested that compared
to control group, omega 3 fatty acids intervention was associated with a significantly improve
PaO2/FiO2 (Std. mean difference=32.60; 95%
CI=4.13 to 61.08; P=0.02), with no heterogeneity among the studies (I2=0%, heterogeneity
P=0.38) (Figure 2).

One recent meta-analysis concluded that the
enteral immunomodulatory diet consisting of
omega-3 fatty acid, γ-linolenic acid and antioxidant supplementation showed no decrease in
the mortality, 28-day ventilator-free days or
28-day ICU-free days in patients with acute
lung injury and acute respiratory distress syndrome. But these patients with high mortality
might benefit from enteral immunomodulatory

Among the five RCTs, two studies reported the
PaO2/FiO2 [15, 17, 18], two studies reported
the ICU-free day and ventilator-free day [16,
17], and three studies reported the mortality
[15-17]. Jadad scores of the five included studies varied from 3 to 5, all five studies were considered to be high-quality ones according to
quality assessment.
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Table 1. Characteristics of included studies
Omega 3 fatty acids group
NO.

Author

Number

Age
(years)

Male
PaO2/FiO2
(n)

APACHE
II score

Control group
Methods

Number

Age
(years)

Male
PaO2/FiO2
(n)

APACHE
II score

Methods

Jada
scores

1

Stapleton 2011

40

49.0±16.5

24

154.7±46.5

22.8±7.3

7.5 cc every 6 hours equalling
9.75 g EPA and 6.75 g DHA
daily

49

50.7±16.5

33

172.5±65.3

21.1±5.9

0.9% saline

4

2

Sabater 2011

8

56±15

8

141±37

17.4±2.1

A dose of 0.12 g/kg/h for
12 h, emulsion Lipoplus®
20%, B. Braun Medical (50%
medium-chain fatty acids,
40% long-chain fatty acids,
10% fish oil)

8

59±12

6

158±43

17.4±2.1

A dose of 0.12 g/
kg/h for 12 h,
emulsion Intralipid®
Fresenius Kabi
(100% long-chain
fatty acids)

3

3

Rice 2011

143

55.5±17.0

20

159.9±75.6

93.8±24.9

Twice-daily enteral
supplementation of omega 3
fatty acids, omega 6γ-linolenic
acid, and antioxidants

129

52.9±16.5

15

172.5±84.6

91.8±29.3

An isocaloricisovolemic
carbohydrate-rich
control

4

4

Gupta 2011

31

51.16±15.58

19

145±100

64.06±21.55 Standard diet + parenteral
omega 3 fatty acids,
Omegaven® (Fresenius Kabi),
an emulsion of 10% fish oil

30

46.63±16.44

18

199±124

5

Sabater 2008

8

56±15

8

141±37

8

59±12

6

158±43

17.4±2.1

A dose of 0.12 g/kg/h for
12 h, emulsion Lipoplus®
20%, B. Braun Medical (50%
medium-chain fatty acids,
40% long-chain fatty acids,
10% fish oil)

68.47±21.43 Standard diet

17.4±2.1

A dose of 0.12 g/
kg/h for 12 h,
emulsion Intralipid®
Fresenius Kabi
(100% long-chain
fatty acids)

5

3

Eicosapentaenoic acid (EPA), docosahexanoic acid (DHA).
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Figure 2. Forest plot for the meta-analysis of PaO2/FiO2.

Figure 3. Forest plot for the meta-analysis of ICU-free day.

Figure 4. Forest plot for the meta-analysis of ventilator-free day.

Figure 5. Forest plot for the meta-analysis of mortality.

diet [29]. And our meta-analysis only focused
on the RCTs regarding the influence of omega-3
fatty acids on acute lung injury and acute respiratory distress syndrome, and more RCTs were
included [9, 15, 17]. The results concluded that
omega-3 fatty acids intervention was associated with a significantly improved PaO2/FiO2, as
well as reduced ICU-free day and ventilator-free
day, but had no positive influence on the mortality for acute lung injury and acute respiratory
distress syndrome.
Several limitations should be taken into account. Firstly, our analysis was based on five
RCTs but four of them have a relatively small
sample size (n<100). Overestimation of the
treatment effect was more likely in smaller tri-
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als compared with larger samples. More clinical
trials with large sample were needed to explore
this issue. The doses and methods of omega-3
fatty acids in the included studies were different and it probably affected the pooled results.
Next, the inflammation biomarkers such as
interleukin-8 levels was not analyzed because
of the limited data in the included RCTs. Finally,
some unpublished and missing data might lead
bias to the pooled effect.
Conclusion
Omega-3 fatty acids showed an important ability to improve PaO2/FiO2, as well as decrease
ICU-free day and ventilator-free day in patients
undergoing acute lung injury and acute respira-
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tory distress syndrome. Omega-3 fatty acids
was recommended to be administrated for
acute lung injury and acute respiratory distress
syndrome.
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