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Abstract

Objective: This study aimed to investigate the possible effect of omega-3 fatty acids on reducing the mortality of
sepsis and sepsis-induced acute respiratory distress syndrome (ARDS) in adults.

Methods: Medline, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI) database, WangFang
database, and Chinese BioMedical Literature Database from their inception to March 6, 2017, were searched using
systematic review researching methods. Five factors were analyzed to investigate the correlation between omega-3
fatty acids (either parenteral or enteral supplementation) and mortality rate.

Results: Forty randomized controlled trials (RCTs) were initially included, but only 25 of them assessed mortality. Of
these RCTs, nine used enteral nutrition (EN) and 16 used parenteral nutrition (PN). The total mortality rate in the
omega-3 fatty acid group was lower than that in the control group. However, the odds ratio (OR) value was not
significantly different in the EN or PN subgroup. Eighteen RCTs including 1790 patients with similar severity of
sepsis and ARDS were also analyzed. The OR value was not significantly different in the EN or PN subgroup.
Omega-3 fatty acids did not show positive effect on improving mortality of sepsis-induced ARDS (p =0.39). But in
EN subgroup, omega-3 fatty acids treatment seemed to have some benefits in reducing mortality rate (p =0.04). In
the RCTs including similar baseline patients, partial correlation analysis found that the concentration ratio of n-6

to n-3 fatty acids had positive correlation with reduction of mortality (RM) (y =0.60, P = 0.02), whereas the total
number of each RCT had negative correlation with RM (y = —0.54, P =0.05).

Conclusions: This review found that omega-3 fatty acid supplementation could reduce the mortality rate of sepsis
and sepsis-induced ARDS. However, further investigation based on suitable concentrations and indications is
needed to support the findings.
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Background
Sepsis is a critical infectious condition that can cause
immune system response and organ dysfunction [1].
Antibiotics, fluid resuscitation, and organ support mea-
surements can be used to improve clinical outcomes
according to the guideline on commencement of sepsis
[2, 3]. Despite worldwide efforts to improve the out-
comes, the mortality rates of severe sepsis and sepsis
shock were 25%—-30% and 40%—70%, respectively [4, 5].
The immune response is supposed to be correlated
with sepsis [6]. Two phases have been described in sep-
sis: an initial systemic inflammatory response syndrome
followed by the negative feedback of a secondary com-
pensatory anti-inflammatory response syndrome [7]. In
the early stage of the disease, immunosuppression was
found although the systemic inflammatory reaction was
dramatic. The immune dysfunction of CD4+ T cells is
the primary cellular mechanism behind sepsis and
sepsis-induced multiple organs dysfunction syndrome
(MODS) [8]. The ratio of CD4 to CD8 has long been
supposed to represent T lymphocyte function, which
was negated by recent consensus [9]. Several studies dis-
cussed that omega-3 fish oil or omega-3 fatty acids could
improve the ratio of CD4 to CD8 in patients with severe
sepsis to reduce the mortality [10]. However, recent
studies suggested that regulatory T lymphocytes (Tregs),
but not the ratio of CD4+/CD8+, could represent the
immune function status of sepsis [11]. Randomized con-
trolled trials (RCTS) also found that omega-3 fatty acids
could improve CD4 +CD25+ Tregs in the blood of
patients with sepsis, which was a marker of improving
patient’s immune function [12]. In fact, omega-3 fatty
acids could also enhance the immune effects via other av-
enues, such as inhibiting the production of inflammatory
factors [13], preventing the nuclear factor (NF)-kappaB
pathway, inhibiting the activity of Toll-like receptor
4 (TLR4), and blocking the TLR signal transduction [14].
Fatty acids can be divided into essential and non-
essential fatty acids [15]. The former mainly includes
omega-6 and omega-3 fatty acids. All kinds of fatty acids
are involved in regulating inflammatory responses with
different effects [16]. When inflammation occurs, arachi-
donic acid (AA) on the cell membrane produces lipid
mediators with a series of physiological activities, includ-
ing prostaglandin E2 (PGE2) and leukotriene 4 (LT4),
both of which promote the accumulation of leukocytes
and accelerate the release of pro-inflammatory cytokines
tumor necrosis factor alpha and interleukin 1 [17].
Eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) were two main components of polyunsaturated
fatty acids [18]. EPA could compete with the same en-
zyme system of AA to produce prostaglandin E3 (PGE3)
and leukotriene 5 (LT5) rather than PGE2 and LT4 [19].
Both products of EPA had no effects on inflammatory
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activity. Polyunsaturated fatty acid is also an important
component of cell membrane phospholipids, which
affects the stability of the cell membrane [20]. It changes
membrane lipid rafts, replaces the n-6 polyunsaturated
fatty acids (PUFA) of the inflammatory cell membrane
with #-3 PUFA, reduces the production of arachidic acid
from n-6 PUFA, protects the fluidity of CD4+ lympho-
cyte membrane, and stabilizes the cell membrane [19].
All these researches supported the viewpoint that
omega-3 fatty acids had anti-inflammatory effects and
improved cellular immune function in patients with sep-
sis to reduce the mortality [14]. However, this conclu-
sion is still controversial.

A randomized controlled trial including 30 patients
with sepsis was conducted in 2011 [21]. Patients were
assigned to omega-3 fish oil fatty acid application group
and control group. Other therapeutics was similar in
both groups. The mortalities were not significantly
different. In this study, some patients with advanced ma-
lignant tumours were included, which might affect the
final outcomes. After that, two other RCTs were de-
signed, both of which included patients with severe
sepsis-induced gastrointestinal dysfunction [22, 23]. One
patient with gastrointestinal dysfunction was assessed
according to China criteria [22], while the other patients
were assessed using the criteria made by the Europe
Working Group on Abdominal Problems (WGAP) [23, 24].
Although both RCTs included patients with severe sepsis,
the mortality between trials was insignificantly different.
One of the reasons was that the severity of gastrointestinal
dysfunction was less serious in the pilot study than in the
latter. These results stimulated the interest to explore
whether omega-3 fatty acids could reduce the mortality of
sepsis. A recent systematic review including 17 RCTs
found that, although omega-3 fatty acid supplementation
could reduce both intensive care unit (ICU) length of stay
and duration of mechanical ventilation, it had less effect
on reducing the mortality of patients with sepsis or septic
shock [25]. However, this review did not investigate the
possible factors that could reduce mortality. Therefore,
the present review combining data from previous RCTs
was performed to address the issue.

Method

Inclusion criteria

Types of studies

RCTs were included irrespective of blinding, publication
status, or language. Quasi-randomized trials and histor-
ically controlled clinical trials were excluded.

Types of participants
Male or female adult patients of any age or ethnic origin
who were diagnosed with sepsis according to different
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criteria of different areas and age were included in the
systematic review.

The diagnostic criteria required for inclusion in the re-
view were according to different areas and ages.

Sepsis was defined according to the international guide-
lines [2]. Despite new diagnostic criteria of sepsis, most
studies used criteria developed in 2012 [26]. Sepsis was de-
fined as a proven or suspected infection that induced at
least two of the four markers of systemic inflammatory re-
sponse syndrome (SIRS), namely temperature more than
38°C or less than 36°C, heart rate more than 90 beats/min,
white blood cell count more than 12 or less than 4 x 10°/L,
or respiratory rate more than 20 times/min or PaCO, less
than 4.2 kPa. ARDS was defined according to the Berlin
definition [27].

Any type of fish oil or other omega-3 fatty acid
formula was included as a therapeutic in treating septic
patients at any dose or administration regimen. Fish
oil and other omega-3 fatty acids were compared with
no intervention, placebo, and other conventional nu-
tritional therapeutics.

Types of outcome measures
This review focused only on mortality.

Search methods for identification of studies

The Cochrane Central Register of Controlled Trials
(CENTRAL) on The Cochrane Library (Issue 1 2017),
MEDLINE (1950 to March 2017), Embase (1980 to
March 2017), and the Chinese BioMedical Literature
Database (1978 to March 2017) were searched. The
CKNI Chinese Paper Database (from 1994 to March
2017) and the Wangfang Chinese Paper Database (from
1994 to March 2017) were also searched. No language or
date restrictions were applied. “Sepsis,” “acute respiratory
distress syndrome,” “ARDS,” “systemic inflammatory reac-
tion syndrome,” “SIRS,” and “multiple organ dysfunction

Table 1 Assessment of methodological quality
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syndromes,” were used as target disease searching terms.
The words “n-3 fatty acid,” “polyunsaturated fatty acid,”
“omega-3 fatty acids,” and “fish oil” were searched as
interventions.

Data collection and analysis

Selection of trials for inclusion

Two reviewers (HC and WS) independently selected the
trials by reading the titles and abstracts of the citations.
Any potentially eligible studies were retrieved for further
identification according to the prespecified selection cri-
teria. Any disagreements were resolved by discussion
with a third reviewer (ZY).

Assessment of methodological quality

The guidance provided by the Cochrane Handbook [27]
was followed for assessment. The items of assessment of
methodological quality are listed in Table 1.

Data extraction

Data were extracted independently by two reviewers
(HC and SW) using a self-developed data extraction
form. Papers not in Chinese, English, Japanese, or
German were translated with the help of the Cochrane
Heart Group. The following characteristics and data were
extracted from each included trial: primary author; study
design and quality; mean age, gender, and ethnic origin of
patients; number of randomized patients and number lost
during follow-up; patient inclusion and exclusion criteria;
dosage and duration of interventions, outcome measures;
and number and type of adverse events.

Data on the number of patients with each outcome,
by allocated treatment group, irrespective of compli-
ance or follow-up, were sought to allow an intention-
to-treat analysis.

Allocation concealment Low risk of bias

Randomization method would not allow investigator/participant to know or influence the

intervention group before the eligible participant entered in the study.

Unclear

High risk of bias

Randomization stated but no information on the method used was available.

Methods of randomization used such as alternate medical record numbers or unsealed envelopes;

any information in the study indicating that investigators or participants could influence the

intervention group.
Blinding Adequate
Inadequate

Incomplete outcome data  Low risk of bias

Blind to investigators, participants, outcome assessors, and data analysts.
The treatment group could be identified in > 20% of participants due to side effects of treatment.

Specifically reported by authors that intention-to-treat analysis was undertaken; this was confirmed

at the study assessment stage.
If the analysis was not clearly stated but it was confirmed at the study assessment stage, it would
also be granted a judgment of “Yes.”

Inadequate

If the analysis was not clearly stated, or if it was stated but there was no confirmation that it had

taken place at the study assessment stage, it would also be judged as “inadequate.”

High risk of bias

No intention-to-treat analysis was reported with no confirmation at the study assessment stage.
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Data synthesis and statistical analysis

The dichotomous data were presented as relative risk (RR)
and continuous outcomes as difference in means, both
with 95% confidence intervals (CI). Intention-to-treat ana-
lysis was performed where possible. For dichotomous out-
comes, patients with incomplete or missing data were
included in a sensitivity analysis by counting them as
treatment failures to explore the possible effect of loss to
follow-up on the findings (a “worst-case” scenario). Also, a
meta-analysis within subgroups was performed where indi-
vidual trials included patients with similar baseline severity.
Heterogeneity was analyzed using chi-squared test and >
test [28]. P values of 25%, 50%, and 75% corresponded to
low, medium, and high levels of heterogeneity, respectively.
A fixed-effect meta-analysis was performed if no statisti-
cally significant heterogeneity existed among data from all
trials. Otherwise, a random-effects meta-analysis was per-
formed. RevMan 5.3 (Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) was used to
carry out the meta-analysis.

Reduction of mortality (RM) between the treatment
group and the control group was calculated and ana-
lyzed as an outcome. Other variables included total
number of studies (TN), treatment duration, methods of
nutrition support [enteral nutrition (EN) or parenteral
nutrition (PN)], concentration ratio of n-6 to omega-3
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fatty acids, and comparison methods. The latter four
variables were analyzed in terms of their partial correl-
ation coefficients and P values with RM when the other
three factors were calculated as control variables. SPSS
17.0 for Windows (SPSS, IL, USA) was used for statis-
tical analysis. If P value was less than 0.05, the correla-
tions were supposed to be significant.

Results

Description of studies

The searches found 2114 records after duplicates were
removed. Of these, 2066 papers were excluded because
they were reviews, nonhuman research, controlled
studies, or RCTs comparing different ablative methods. Of
the remaining 48 full texts that were selected initially and
read through, 40 RCTs were initially included (Table 1).
However, only 25 of them with 2417 participants reported
mortality in their studies (Fig. 1). The other six RCTs were
excluded for reasons depicted in the characteristics of
excluded studies. These studies were performed mainly in
Asia (China, Japan), America (USA), Europe (German,
Spain), and Africa (Republic of South Africa). Eighteen
RCTs (in the 25 RCTs initially selected) reported
higher APACHE 1II score or MODS assessment score
(including SOFA and Marshall Scores) and were in-
cluded to analyse independently.

Records  identified through
searching databases
(2=2114)

A

Records screened

Additional  records  identified
o] through other sources
(n=2)

Record excluded because of non-

(n=1362)

A 4

Full-text  articles

assessed for

RCTs or animal experiments
(n=1752)

Full-text articles excluded because of

eligibility
{(m=40)

A 4
Studies included in  qualitative
synthesis
(=25)

A
Studies mncluded in  qualitative
synthesis (meta-analysis

(n=25)

Fig. 1 Flow diagram of included studies

low research quality
(n=5)




Chen et al. Nutrition Journal (2018) 17:57

Risk of bias in included studies

Selection bias: A total of 19 RCTs reported randomized
methods, and 16 RCTs reported allocation concealment.
Allocation concealment methods in 23 RCTs were
supposed to be high risk. Among 25 RCTs reporting
mortality, 15 RCTs depicted randomized methods and

(Fig. 2a and b).

risk in their blinding methods.
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14 RCTs reported allocation concealment with low risk

Performance bias: 14 RCTs were double-blind studies.
Blinding methods of other trials were with high risk.
Twelve of 25 RCTs, which reported mortality, were low
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Detection bias: Blinding to assessment was supposed
to show low risk in 14 RCTs, while the remaining RCTs
had high risk; 12 of these reported mortality.

Attrition bias: Thirty-eight trials reported incomplete
outcome data or had no incomplete outcome. Among
25 RCTs reporting mortality, 24 RCTs had no attrition
bias problems.

Reporting bias: Three RCTs conducted in the ICU of
our institute reported all clinical and laboratory data so
that they were supposed to be no selected report prob-
lem [21-23]. Other RCTs were unclear in selective
reporting bias.

Publication bias: The studies are distributed closely
with the 95% confidence interval axis (Fig. 2c).

Baseline conditions of studies

Two RCTs included patients with severe acute pancrea-
titis, and one included severely injured patients in
trauma, all of which caused sepsis-induced ARDS need-
ing mechanical ventilators. Five RCTs included patients
diagnosed with sepsis-induced ARDS. The remaining in-
cluded sepsis patients. Among 25 RCTs that reported
mortality rate, 16 listed the baseline Acute Physiology
and Chronic Health Evaluation (APACHE) II score, and
one reported the baseline APACHE III score. Eight RCTs
reported the Sepsis-related organ failure assessment
(SOFA) score, and three RCTs reported the baseline
Marshall score (Table 2).

In 25 RCTs included in mortality analysis, nine com-
pared variable EN with different concentrations of
omega-3 fatty acids, while the other 16 compared
different types of PN. In the PN subgroup, three studies
compared soybean oil to omega-3 fatty acids directly
(A vs B), and other 13 studies compared soybean oil plus
omega-3 fatty acids to soybean oil alone (A + B vs B). All
characteristics of studies are shown in Table 2.

Effects of the interventions

Total mortality

A total of 25 RCTs were included in mortality analysis
(Fig. 3a).

Nine RCTs with 1128 patients compared different
types of EN with various concentrations of omega-3 fatty
acids for treating sepsis and ARDS. Further, 126 patients
in the omega-3 fatty acid group (22.18%) and 144 pa-
tients in the control group (25.71%) died at the end of
the observation period. Another 16 RCTs including 1289
patients compared PN with the conventional treatment
of sepsis. Moreover, 160 patients in the omega-3 fatty
acid group (accounted for 24.62%) and 178 patients in
the control group (27.86%) died at the end of observa-
tion period. The heterogeneity among studies in each
subgroup (EN and PN) was low. The P value was 0% in
the EN group and 40% in the PN group. A fixed-effects
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model was used for meta-analysis. The P value was 0.12
and 0.20, respectively, which demonstrated that omega-3
fatty acids had no significant effect on reducing the mor-
tality of sepsis and ARDS.

Mortality of studies with similar baseline

Data from 18 RCTs including 1790 patients with severe
sepsis and sepsis-induced ARDS having similar severities
were analyzed (Table 2, Fig. 3b).

Five RCTs with 722 patients were included in the EN
subgroup. Further, 83 patients died in the high- and low-
concentration omega-3 fatty acid subgroups, respectively.
The heterogeneity among studies was low (* = 27%), and
mortality was insignificantly low in the high-concentration
omega-3 fatty acid subgroup (22.87% vs 23.12%, P = 0.24).

Thirteen RCTs with 1068 patients were included in
PN subgroup. The heterogeneity among studies was
medium (50%). A fixed-effects model was used for
analysis. Moreover, 132 patients in the omega-3 fatty
acid group (24.54%) and 145 patients in the control
group (27.36%) died at the end of the observation period
(P =0.32).

Eight RCTs including 927 patients with sepsis-induced
ARDS. Among these RCTs, six trials clearly indicated
that they included patients with ARDS [29-34]. In an-
other two trials, although we included patients with
sepsis-induced gastrointestinal dysfunction, all patients
were involved in severe respiratory failure and ARDS
which needed mechanical ventilators [22, 23]. Then
these two RCTs were also included. Other studies were
excluded because it was not possible to determine
whether they included ARDS patients or not. Omega-3
fatty acids did not show positive effect (p = 0.39). But in
EN subgroup, omega-3 fatty acids treatment seemed to
have some benefits in reducing mortality rate (p = 0.04).
The results were seen in Fig. 3c.

Partial correlation analysis

The results demonstrated that in 25 RCTs observing
mortality, five factors, namely concentration ratio of #-6
to omega-3 fatty acids, treatment duration, methods of
nutrition support, comparison methods, and TN, had no
correlation with RM. However, when data from RCTs in-
cluding patients with similar severity were analyzed, the
concentration ratio of n-6 to omega-3 fatty acids was
found to have a positive correlation with RM (y = 0.60,
P =0.02), whereas the total number of each RCT had a
negative correlation with RM (y=-0.54, P=0.05).
Other factors had no correlation with RM (Table 3 and
Fig. 4).

Discussion
This systematic review was conducted to evaluate the ef-
fect of omega-3 fatty acids on the mortality of sepsis and
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Test for overall effect: Z= 0.87 (P = 0.39)
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Favours [experimental] Favours [control]

-
a Experimental Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H,Fixed, 95% Cl M-H, Fixed, 95% CI
EN
Weimann 1998 2 16 4 13 16%  0.32[0.05213) =
Pontes-Arruda 2006 18 55 25 48 74% 0.45(0.20, 0.99] A

Gadek 1939 1" 70 19 76 64%  056(0.24,1.29) e
Galban 2000 22 94 28 87 92% 064[0.33,1.24) o
Hosny 2013 8 25 10 25 28%  0.71[0.22,2.25 _—
Grau-Carmona 2011 10 61 13 71 42%  087(0.35,217) "
Pontes-Arruda 2011 15 57 16 58 4.8% 0.94(0.41,214] —a ¢
Shirai 2015 3 23 3 23 11% 1.00[0.18,5.56]

Bower 1995 37 167 26 159 8.6%  1.46(0.83,254] A R
Subtotal (95% Cl) 568 560 46.1%  0.80[0.61, 1.06] <>
Total events 126 144

Heterogeneity. Chi*= 8.79, df= 8 (P = 0.36), F= 9%
Testfor overall effect Z=1.54 (P=0.12)

PN
Wang 2008 o 20 2 20 1.0% 0.18[0.01,4.01)

Chen 2017 3 24 10 24 36%  0.20[0.05 0886 = —

Chen 2011 3 15 6 15 20% 0.38(0.07,1.92] v
Chen02 2017 1" 4 18 37 57% 0.39[0.15,1.00 |

Hall 2015 4 30 8 30 29% 0.42(0.11,1.60] -
Barbosa 2010 2 13 3 10 12%  0.42(0.06,3.21] . aa |

Liang 2009 20 70 35 78 98%  0.49(0.25097 —
Friesecke 2008 18 83 23 83 75% 0.72(0.36,1.47) 1
Wang 2014 2 25 328 11%  0.72(0.11,4.73

Zhao 2012 16 62 18 64 54%  0.89(0.40,1.95) = >
Burkhart 2014 13 25 13 25 26% 1.00[0.33,3.03 1

Mayer 2003 5 10 5 11 1.0%  1.20(0.226.68] —_—

Guiltekin 2014 8 16 7 16 1.4%  1.29(0.32,517) D e
Rice 2011 38 143 21 129 67%  1.86(1.02,338 =
Qu 2008 4 20 2 20 07% 225(0.36,13.97) —

Zhao 2011 13 53 4 49 13% 366(1.10,1213)

Subtotal (95% CI) 650 639 53.9%  0.85[0.66, 1.09] &

Total events 160

Heterogeneity: Chi*= 26.58, df= 15 (P = 0.03); F= 44%

Testfor overall effect: Z=1.26 (P = 0.21)

Total (95% CI) 1218 1199 100.0%  0.83[0.69, 1.00] <&

Total events 286 322

Heterogeneity: Chi*= 35.44, df= 24 (P = 0.06); "= 32% 001 o 100
Test for overall effect: Z=1.97 (P = 0.05 y

Testfor subaroun differences: Chi*= 0.08. df= 1 (P = 0.78). F= 0% Favours [eperimental]. Favours feontrol

Experimental Control 0dds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M.H,Fixed, 95% Cl M.H, Fixed, 95% CI
EN
Pontes-Arruda 2006 18 55 25 48 106% 0.45(0.20, 0.99]
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Fig. 3 Comparison of mortality between omega-3 fatty acid group and the control group (a- Comparison of total mortality. b- Comparison of
mortality in studies with similar baseline. c- Comparison of mortality in studies with sepsis-induced ARDS)
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Table 3 Partial correlation analysis of mortality and its influencing factors

All RCTs that emphasized mortality
Reduction of mortality

RCTs that included patients with similar baseline
Reduction of mortality

n-6:n-3 y'=023 P=031
Treatment duration y=0.12 P=0.59
Nutrition support methods y=-026 P=0.26
Comparison methods y=-0.19 P=040
NP y=-032 P=0.16

y =060 P=002
y=024 P=041
y=—-001 P=099
y=—-048 P=008
y=-054 P=005

2y: partial correlation coefficient. PTN total number of patients in the study

ARDS. Forty RCTs were initially included, but only 25 of
them assessed mortality. A total of 2417 patients were
involved in these RCTs, and 608 patients died
(accounted for 25%) at the end of study duration.
Omega-3 fatty acids seemed to have no effect on redu-
cing mortality when data from all these studies were
combined. It was believed that severities affected the
final result. However, the difference in mortalities be-
tween the treatment and control groups was also insig-
nificant when data only from RCTs including severe
sepsis and ARDS with similar severity were analysed. Al-
though EN seems to reduce the mortality of sepsis-
induced ARDS patients, the results only come from four
small studies. Generally speaking, omega-3 fatty acids
have no significant effect on sepsis-induced ARDS. Fur-
thermore, concentration ratio of n-6 to omega-3 fatty
acids, treatment duration, nutrition support methods,
comparison methods, and total number of studies were
set as coefficient variables, and their correlation with
RM in the RCTs was calculated. The results found that
in the RCTs including patients with similar severity, the
concentration ratio n-6 to omega-3 fatty acids seemed to

have a positive correlation with RM, and the total
number of studies had a negative correlation with RM.
Animal experiments demonstrated the anti-inflammatory
effect of omega-3 fatty acids in sepsis [35]. A cecal ligation
and puncture model of sepsis was established, and fish oil
supplementation and soybean-based total parenteral
nutrition (TPN) were administered. Acute lung injury
score, immunity, and inflammation in rats were observed
in fish oil-supplemented TPN group [36]. Long treatment
duration (28 days) of omega-3 fatty acids could improve
the survival of mice with Staphylococcus-induced sepsis
[37]. Some researchers have raised objections to this con-
clusion. The results from a recent study on rodents
suggested that although #-3 polyunsaturated fatty acids
had an antioxidant effect, they might worsen septic
shock—induced vascular dysfunction, and not improve the
survival rate of the disease [38]. The results from clinical
trials had similar conclusions to these animal experiments.
In the three RCTs conducted by the ICU, one of them had
negative results in improving survivals while the other two
had positive results in reducing mortality at the end of ob-
servation period [21-23]. However, even the latest RCT

25.00%
-
15.00% - 1936%
10.00% -

5.00% -

0.00%

192% 127%

S5.00% -

Fig. 4 Partial correlation analysis of studies’ characteristics and reduction of mortality (RM)
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that observed that 60-day mortality could be reduced in
the fish oil group compared with the control group could
not eliminate the suspicion [23]. In 2016, a meta-analysis
combined data from 11 RCTs and concluded that omega-
3 fatty acids had no effect on reducing the mortality of
sepsis [39]. Although the meta-analysis searched the
PubMed database alone, its result was similar to that of
the present review. Several pieces of evidences show that
omega-3 fatty acids have anti-inflammatory effects [13].
Inflammation is a critical link of sepsis [14]. Therefore, it
can be concluded that the anti-inflammatory characteris-
tics of omega-3 fatty acids are not strong enough to reduce
the mortality of sepsis. In fact, sepsis is a more complicated
syndrome. Its mortality might be affected by many other
factors such as tissue perfusion, antibiotics, organs support
measurements, and so on. Omega-3 fatty acids could only
provide partial effects in improving the conditions of the
disease, rather than directly reducing the mortality.

Some factors such as nutrition supplementation, con-
centration ratio n-6 to n-3 fatty acids, and interventional
comparison may affect the impact of omega-3 fatty acids
in treating sepsis or ARDS. Omega-3 fatty acids can be
applied through enteral and parenteral routes. Recently,
PN has been shown to be insufficient in improving the
prognosis of critically ill patients [40]. A study including
infant patients observed that the application of soybean
oil PN would induce a high risk of essential fatty acid
deficiency [41]. However, fish oil may change this condi-
tion. Animal experiments discovered that parenteral ra-
ther than enteral fish oil supplementation had additional
effects on reducing Bax mRNA expression, increasing
Bcl2 mRNA expression, promoting proliferation of intes-
tinal epidermal cells, lengthening the villus, and inhibit-
ing apoptosis of cells [42]. On the contrary, a study
found that Leukotriene B4 (LTB4) and Thromboxane B2
(TXB2) reduced the increase to the pretreatment level
when the enteral supplement was suspended [43]. No
evidence exists demonstrating that enteral supplements
of Fish oil could improve the prognosis of severe inflam-
matory reaction [44]. These evidences might imply that
parenteral supplementation of omega-3 fatty acids would
be better than enteral supplementation. However, a
significant difference between parenteral and enteral
supplementation in improving survival rates was not
observed in the present review.

A certain proportion of n-3 and n-6 fatty acids is spe-
cified to be used for anti-inflammatory effect. Previous
researches suggested that 1:2 —1:4 would be a better pro-
portion for eliminating the inflammatory reaction [45].
The present review found a positive correlation between
concentration and reduction of the mortality of severe
sepsis and ARDS. It means that the higher the ratio of
n-6 to omega-3 fatty acids, the more the RM. On the
one hand, this result implied that the ratio was not the
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higher the better. On the other hand, it has been found
that the concentration ratio of n-6 to omega-3 fatty acids
in the RCTs is equipped with a certain standard. It should
be noted that omega-3 fatty acids alone may not play an
anti-inflammatory role. Therefore, a comparison of #-6
and omega-3 fatty acids alone may not make sense.

Research methodologies of most studies are suitable.
However, still some RCTs have a high risk of bias. The
most common bias is allocation concealment. Half of
these studies were single-blind trials. However, how this
bias affects the mortality is still unknown. One of the
interesting results is that the total number of studies has
a negative correlation with RM. It means that the larger
the scale of the study, the less the RM will be. The esti-
mation of sample size in clinical trials is one of the most
important issues in the research design. In general, the
larger the research scale, the closer the result. On the
contrary, an increase in the number of subjects may lead
to more wastage of resources [46]. Almost all studies did
not estimate the included sample. In one of the studies
[23], the sample was estimated in accordance to a previ-
ous pilot study [22]. The significant correlation between
study sample size and RM may be only statistical. How-
ever, it is also possible that the increase in sample size
does reflect the fact that omega-3 fatty acids have no sig-
nificant effects on reduction in mortality.

Although omega 3 fatty acid is a kind of fat prepar-
ation, no evidence demonstrates that it could increase
blood lipid. On the contrary, studies suggest that fish oil
can reduce serum triglyceride (TG) [47], and the low-
density lipoprotein (LDL) as well [48], which seems to
be little influence by cholesterol and high-density lipo-
protein (HDL). In our previous study, we also observed
total bilirubin and fibrinogen before and after treatment
of omega 3 fatty acid [49]. After seventh days of treat-
ment, the total bilirubin in the fish oil treatment group
was lower than that of the control group, while fibrino-
gen of two groups was similar. At present, there is lack-
ing of evidence that omega 3 fatty acid can deteriorate
liver function. For children with intestinal dysfunction
associated with liver dysfunction, treatment with fish
oil can reduce inflammatory related indicators and
bring potential benefits. However, whether fish oil can
be applied to patients with liver dysfunction and
whether the dose is in dispute or not are still on con-
troversial [50].

Conclusions

Omega-3 fatty acid supplementation could reduce the
mortality rate of sepsis and sepsis-induced ARDS, but
this finding is still not supported by most evidence.
Hence, investigating based on suitable concentrations
and indications may be the directions of future research.



Chen et al. Nutrition Journal (2018) 17:57

Acknowledgements
We express gratitude to the organizers and participants of previous clinical
trials of omega-3 fatty acid for treating sepsis.

Funding
The review was not supported by any funding.

Availability of data and materials

All RCTs evaluated and analyzed in the manuscript can be searched from
Medline, EMBase, the Cochrane Central Register of Controlled Trials on the
Cochrane Library, the Chinese BioMedical Literature Database, the CNKI
Chinese Paper Database, and the Wangfang Chinese Paper Database.

Authors’ contributions

CHS, and WS Designed searching strategies, and selected studies. Paper was
written by CHS, and revised by WS. ZY, and LYT Statistic and analysed data
from RCTs. SL, and THS Provide theoretical and methodological guidance. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
As data of the review were used from published papers, evaluated and combined

with methodology of systematic review, there was no ethical problem.

Consent for publication

We utilized data from published RCTs rather than from any individual person.

Informed consents of individual person for publication in the review was not
in need.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

1Department of Critical Care Medicine, Guangzhou School of Clinical
Medicine, Southern Medical University (Guangzhou General Hospital of
Guangzhou Military Region), No.111 Liuhua Road, Guangzhou 510010, China.
“Department of Critical Care Medicine, Shenzhen People’s Hospital/Second
Clinical Medical College of Jinan University, Shenzhen, Guangdong, China.
Department of Cardiovascular and thoracic Surgery, PLA 305 Hospital, A-13
Wenjin Street, Xicheng, Beijing 100017, China. *Department of Critical Care
Medicine, Institute: Shenzhen People’s Hospital/The Second Clinical Hospital
of Jinan University, No.1017, Dong Men North Road, Luohu District,
Shenzhen City 518020, China.

Received: 6 November 2017 Accepted: 18 April 2018
Published online: 31 May 2018

References

1. Stearns-Kurosawa DJ, Osuchowski MF, Valentine C, Kurosawa S, Remick DG.
The pathogenesis of sepsis. Ann Rev Pathol. 2011,6:19.

2. Herran MR, Muriel BA, Garcia GMM, Merino GPA, Citores GR, Fernandez RJA,
et al. Mortality reduction and long-term compliance with surviving sepsis
campaign: a nationwide multicentre study. Shock. 2016;45:598-606.

3. Wang Z Xiong Y, Schorr C, Dellingeer RP. Impact of sepsis bundle strategy
on outcomes of patients suffering from severe sepsis and septic shock in
China. J Emerg Med. 2013;44:735-41.

4. Bennett JE, Dolin R, Blaser MJ. Principles and practice of infectious diseases.
Elsevier Health Sci. 2014;3

5. Alavi MM, Anvari A, Soltani DR, Kariman H. Protocol adherence for severe
Sepsis and septic shock Management in the Emergency Department; a
clinical audit. Emergency. 2017;5:e16.

6. Bosmann M, Ward PA. The inflammatory response in sepsis. Trends
Immunol. 2013;34:129-36.

7. Almansa R, Wain J, Tamayo E, et al. Immunological monitoring to prevent
and treat sepsis. Crit Care. 2013;17:109.

8. Gao YL, Lu B, Zhai JH, Liu YC, Qi HX, Yao Y, et al. The parenteral vitamin C
improves Sepsis and Sepsis-induced multiple organ dysfunction

22.

23.

24.

25.

26.

27.

28.

29.

Page 13 of 14

syndrome via preventing cellular immunosuppression. Mediat Inflamm.
2017,2017:4024672.

Holub M, Kluckova Z, Beneda B, Hobstova J, Huzicka |, Prazak J, et al.
Changes in lymphocyte subpopulations and CD3+/DR+ expression in
sepsis. Clin Microbiol Infect. 2000,6:657-60.

Zhang XH, Wang B. Oxidative stress and immune status impact study on
sepsis patients by omega-3 polyunsaturated fatty acids. Med Innov China.
2015;12:7-9.

Gao YL, Chai YF, Qi AL, Yao Y, Liu YC, Dong N, et al. Neuropilin-Thigh CD4/CD25
regulatory T cells exhibit primary negative Immunoregulation in Sepsis. Mediat
Inflamm. 2016;2016:7132158.

Chang YF, Hou YC, Pai MH, Yeh SL, Liu JJ. Effects of w-3 polyunsaturated
fatty acids on the homeostasis of CD4+ T cells and lung injury in mice with
Polymicrobial Sepsis. JPEN J Parenter Enteral Nutr. 2017;41:805-14.

Mayer K, Gokorsch S, Fegbeutel C, Hattar K, Rosseau S, Walmrath D, et al.
Parenteral nutrition with fish oil modulates cytokine response in patients
with sepsis. Am J Respir Crit Care Med. 2003;167:1321-8.

Singer P, Shapiro H, Theilla M, Anbar R, Singer J, Cohen J. Anti-inflammatory
properties of omega-3 fatty acids in critical illness: novel mechanisms and
an integrative perspective. Intens Care Med. 2008,34:1580-92.

Holman RT, Adams CE, Nelson RA, Grater SJ, Jaskiewicz JA, Johnson SB, et al.
Patients with anorexia nervosa demonstrate deficiencies of selected
essential fatty acids, compensatory changes in nonessential fatty acids and
decreased fluidity of plasma lipids. J Nutr. 1995;125:901-7.

Pestka JJ, Vines LL, Bates MA, He K, Langohr I. Comparative effects of n-3,
n-6, and n-9 unsaturated fatty acid-rich diet consumption on lupus
nephritis, autoantibody production and CD4+ T cell- related gene responses
in the autoimmune NZBWF1 mouse. PLoS One. 2014;,9:2100255.

Rezon WM, Tran TM, Ashton MW, et al. Refining the course of the
thoracolumbar nerves: a new undarstanding of the innervation of the
anterror abdominal wall. Clin Anat. 2008;21:325-33.

Wang S, Matthan NR, Wu D, Reed DB, Bapat P, Yin X, et al. Lipid content in
hepatic and gonadal adipose tissue parallel aortic cholesterol accumulation
in mice fed diets with different omega-6 PUFA to EPA plus DHA ratio.

Clin Nutr. 2014;33:260-6.

Martin JM, Stapleton RD. Omega-3 fatty acids in critical illness. Nutr Rev.
2010,68:531-41.

Tu WC, Muhlhausler BS, Yelland LN, Gibson RA. Correlations between blood
and tissue omega-3 LCPUFA status following dietary ALA intervention in
rats. Prostag Leukotr Ess. 2013;88:53-60.

Chen HS, Wang W, Zhang HD, Hong CY, Wen JM, Wu SN. Treating effects of
Omega-3 fish oil fatty acids on sepsis-induced MODS. Guangdong Med J.
2011,32:3271-3.

Chen HS, Wang W, Zhang HD, Hong CY, Wu SN, Hong YC, Liu XY. A
single-blinded, randomized, controlled clinical trial evaluating the effects of
Omega-3 fatty acids among septic patients with intestinal dysfunction: a
pilot study. Exp Ther Med. 2017;14:1505-11.

Chen HS, Wang W, Hong CY, Zhang M, Hong YC, Wang S, Zhang HD.
Omega-3 fish oil reduces mortality due to severe sepsis with acute
gastrointestinal injury grade Ill. Pharmacogn Mag. 2017;13:407-12.

Reintam Blaser A, Malbrain ML, Starkopf J, et al. Gastrointestinal function in
intensive care patients: terminology, definitions and management.
Recommendations of the ESICM working group on abdominal problems.
Intens Care Med. 2012;38:384-94.

Lu G, Sharma S, McIntyre L, Rhodes A, Evans L, Almenawer S, et al. Omega-3
supplementation in patients with sepsis: a systematic review and meta-analysis
of randomized trials. Ann Intensive Care. 2017; https.//doi.org/10.1186/
$1361301702825.

Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM, et al.
Surviving Sepsis campaign guidelines committee including the pediatric
Subgroup.Surviving sepsis campaign: international guidelines for management
of severe sepsis and septic shock: 2012. Crit Care Med. 2013;41:580-637.
Definition Task Force ARDS, Ranieri VM, Rubenfeld GD, Thompson BT,
Ferguson ND. Caldwell E, et al. acute respiratory distress syndrome: the
berlin definition. JAMA. 2012;307:2526-33.

Higgins JPT, Green S (editors). Cochrane handbook for systematic reviews of
interventions version 5.1.0 [updated March 2011]. The Cochrane
collaboration, 2011. Available from www.cochrane-handbook.org.

Zhao KF, Zhang H, Zhang Y, Zhang K, Duan LJ. Treating effects of early
venous injection of Omega-3 fish oil fatty acids to sepsis-induced ARDS.
Shandong Med J (Chinese). 2011;51(52):110-1.


https://doi.org/10.1186/s1361301702825
https://doi.org/10.1186/s1361301702825
http://www.cochrane-handbook.org

Chen et al. Nutrition Journal (2018) 17:57

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

Rice TW, Wheeler AP, Thompson BT, de Boisblanc BP, Steingrub J, Rock P.
NIH NHLBI acute respiratory distress syndrome network of investigators.
Enteral omega-3 fatty acid, gamma-linolenic acid, and antioxidant
supplementation in acute lung injury. JAMA. 2011;306:1574-81.

Grau CT, Moran GV, de-LA G, de-la-CG H, Quesada BB, Lopez MJ, et al. 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;30:578-84.

Pontes AA, Aragédo AM, Albuquerque JD. 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. 2006,34:2325-33.

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.
Shirai K, Yoshida S, Matsumaru N, Toyoda I, Ogura S. Effect of enteral diet
enriched with eicosapentaenoic acid, gamma-linolenic acid, and
antioxidants in patients with sepsis-induced acute respiratory distress
syndrome. J Intensive Care. 2015; https://doi.org/10.1186/54056001500872.
Tian T, Zhao Y, Huang Q, Li J. N-3 polyunsaturated fatty acids improve
inflammation via inhibiting sphingosine kinase 1 in a rat model of
parenteral nutrition and CLP-induced Sepsis. Lipids. 2016;51:271-8.

Li X, Zhang X, Yang E, Zhang N, Cao S, Zhou Y. Fish oil-supplemented
parenteral nutrition could alleviate acute lung injury, modulate immunity, and
reduce inflammation in rats with abdominal sepsis. Nutr Res. 2015;35:784-91.
Svahn SL, Ulleryd MA, Grahnemo L, Stéhiman M, Borén J, Nilsson S, et al.
Dietary Omega-3 fatty acids increase survival and decrease bacterial load in
mice subjected to Staphylococcus aureus-induced Sepsis. Infect Immun.
2016;84:1205-13.

Boisramé HJ, Meyer G, Degirmenci SE, Burban M, Schini-Kerth V, Cynober L,
et al. "Immunonutrition” has failed to improve peritonitis-induced septic
shock in rodents. PLoS One. 2016;11:¢0147644.

Tao W, Li PS, Shen Z, Shu YS, Liu S. Effects of omega-3 fatty acid nutrition
on mortality in septic patients: a meta-analysis of randomized controlled
trials. BMC Anesthesiol. 2016; https://doi.org/10.1186/51287101602007.
McCleary EJ, Tajchman S. Parenteral nutrition and infection risk in the
intensive care unit: a practical guide for the bedside clinician. Nutr Clin
Pract. 2016;31:476-89.

Ernst KD. Essential fatty acid deficiency during parenteral soybean oil lipid
minimization. J Perinatol. 2017;37:695-7.

Sukhotnik I, Shany A, Bashenko Y, Hayari L, Chemodanov E, Mogilner J, et al.
Parenteral but not enteral omega-3 fatty acids (Omegaven) modulate
intestinal regrowth after massive small bowel resection in rats. JPEN J
Parenter Enteral Nutr. 2010,34:503-12.

Sabater J, Masclans JR, 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; https//doi.org/10.1186/
17437075822.

Zhu D, Zhang Y, Li S, Gan L, Feng H, Nie W. Enteral omega-3 fatty acid
supplementation in adult patients with acute respiratory distress syndrome:
a systematic review of randomized controlled trials with meta-analysis and
trial sequential analysis. Intens Care Med. 2014;40:504-12.

Mayer K, Seeger W. Fish oil in critical illness. Curr Opin Clin Nutr.
2008;11:121-7.

Wang X, Li ZH, Liu JP. Estimation of sample size in clinical research: (1)
clinical trial. J Tradit Chin Med. 2007;48:504-7.

Maki KC, Yurko-Mauro K, Dicklin MR, Schild AL, Geohas JG. A new,
microalgal DHA- and EPA-containing oil lowers triacylglycerols in adults
with mild-to-moderate hypertriglyceridemia. Prostag Leukotr Ess.
2014,91:141-8.

Chi H, Lin X, Huang H, Zheng X, Li T, Zou Y. Omega-3 fatty acid
supplementation on lipid profiles in Dialysis patients: meta-analysis.

Arch Med Res. 2014;45:469-77.

Chen H, Hong YC, Zhang AL, Zhang HD, Hong CY, Zhao Y, Liu XY.
Application of omega-3 fatty acid on sepsis-induced severe acute
gastrointestinal injury. Guangdong Med J. 2015;36:2234-7.

Diamond IR, Pencharz PB, Wales PW. Omega-3 lipids for intestinal failure
associated liver disease. Semin Pediatr Surg. 2009;18:239-45.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Page 14 of 14

Wang X, Tong F, Chen H, Huo SH, Liu F, Liu ZK, et al. Clinical effect of
omega-3 polyundaturated fatty acid on patients with abdominal sepsis.
Clinical Focus. 2014;29:502-4,8.

Zhao KF, Zhang H, Zhang K, Zhou WN, Lin J. Effect of omega-3 fish oil on
effectives of antibiotics in sepsis patients. J Chende Med Coll (Chinese).
2012,29:148-9.

Liang X, Fang LZ, Zhang Y. Inhibitive effects of Omega-3 fish oil to severe
sepsis. China Prac Med. 2009;4:158-9.

Qu AJ, Xu L. Immuno-regulation effect of omega-3 fish oil fat emulsion in
patients with severe sepsis. Shandong Med J (Chinese). 2009;49:13-5.
Burkhart CS, Dell-Kuster S, Siegemund M, Pargger H, Marsch S, Strebel SP,
Steiner LA. Effect of n-3 fatty acids on markers of brain injury and incidence
of sepsis- associated delirium in septic patients. Acta Anaesthesiol Scand.
2014;58:689-700.

Hall TC, Bilku DK, Al-Leswas D, Neal CP, Horst C, Cooke J, et al. A randomized
controlled trial investigating the effects of parenteral fish oil on survival
outcomes in critically ill patients with sepsis: a pilot study. JPEN J Parenter
Enteral Nutr. 2015;39:301-12.

Pontes AA, Martins LF, de Lima SM, Isola AM, Toledo D, Rezende E, et al.
Investigating nutritional therapy with EPA, GLA and antioxidants role in
Sepsis treatment (INTERSEPT) study group. Enteral nutrition with
eicosapentaenoic acid, y-linolenic acid and antioxidants in the early
treatment of sepsis: results from a multicenter, prospective, randomized,
double-blinded, controlled study: the INTERSEPT study. Crit Care.
2011;15:R144.

Barbosa VM, Miles EA, Calhau C, Lafuente E, Calder PC. 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:RS5.

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 J Parenter Enteral Nutr. 2008;32:236-4.

Friesecke S, Lotze C, Kohler J, Heinrich A, Felix SB, Abel P. Fish oil
supplementation in the parenteral nutrition of critically ill medical patients:
a randomised controlled trial. Intens Care Med. 2008;34:1411-20.

Mayer K, Fegbeutel C, Hattar K, Sibelius U, Krdmer HJ, Heuer KU, et al.
Omega-3 vs. omega-6 lipid emulsions exert differential influence on
neutrophils in septic shock patients: impact on plasma fatty acids and lipid
mediator generation. Intens Care Med. 2003;29:1472-81.

Galban C, Montejo JC, Mesejo A, Marco P, Celaya S, Sdnchez-Segura JM, et
al. An immune-enhancing enteral diet reduces mortality rate and episodes
of bacteremia in septic intensive care unit patients. Crit Care Med. 2000,28:
643-8.

Weimann A, Bastian L, Bischoff WE, Grotz M, Hansel M, Lotz J, et al.
Influence of arginine, omega-3 fatty acids and nucleotide-supplemented
enteral support on systemic inflammatory response syndrome and multiple
organ failure in patients after severe trauma. Nutrition. 1998;14:165-72.
Bower RH, Cerra FB, Bershadsky B, Licari JJ, Hoyt DB, Jensen GL, et al. Early
enteral administration of a formula (impact) supplemented with arginine,
nucleotides, and fish oil in intensive care unit patients: results of a
multicenter, prospective, randomized, clinical trial. Crit Care Med.
1995;23:436-49.

Gultekin G, Sahin H, Inanc N, Uyanik F, Ok E. Impact of Omega-3 and Omega-9
fatty acids enriched total parenteral nutrition on blood chemistry and
inflammatory markers in septic patients. Pak J Med Sci. 2014;30:299-304.
Hosny M, Nahas R, Ali S, Elshafei SA, Khaled H. Impact of oral omega-3 fatty
acids supplementation in early sepsis on clinical outcome and
immunomodulation. Egypt J Crit Care Med. 2013;1:119-26.


https://doi.org/10.1186/s4056001500872
https://doi.org/10.1186/s1287101602007
https://doi.org/10.1186/17437075822
https://doi.org/10.1186/17437075822

	Abstract
	Objective
	Methods
	Results
	Conclusions

	Background
	Method
	Inclusion criteria
	Types of studies
	Types of participants
	Types of outcome measures

	Search methods for identification of studies

	Data collection and analysis
	Selection of trials for inclusion
	Assessment of methodological quality
	Data extraction
	Data synthesis and statistical analysis

	Results
	Description of studies
	Risk of bias in included studies
	Baseline conditions of studies
	Effects of the interventions
	Total mortality
	Mortality of studies with similar baseline
	Partial correlation analysis


	Discussion
	Conclusions
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

