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Objective: To evaluate systematically the clinical efficacy of omega-3 polyunsaturated fatty acids 

(PUFAs) in the prevention of postoperative complications in colorectal cancer (CRC) patients.

Materials and methods: Published articles were identified by using search terms in online 

databases – PubMed, Embase, and the Cochrane Library – up to March 2016. Only randomized 

controlled trials investigating the efficacy of omega-3 PUFAs in CRC were selected and ana-

lyzed through a meta-analysis. Subgroup, sensitivity, and inverted funnel-plot analyses were 

also conducted.

Results: Eleven articles with 694 CRC patients were finally included. Compared with control, 

omega-3 PUFA-enriched enteral or parenteral nutrition during the perioperative period reduced 

infectious complications (risk ratio [RR] 0.63, 95% confidence interval [CI] 0.47–0.86; P=0.004), 

tumor necrosis factor alpha (standard mean difference [SMD] -0.37, 95% CI -0.66 to -0.07; 

P=0.01), interleukin-6 (SMD -0.36, 95% CI -0.66 to -0.07; P=0.02), and hospital stay (MD 

-2.09, 95% CI -3.71 to -0.48; P=0.01). No significant difference was found in total complica-

tions, surgical site infection, or CD4+:CD8+ cell ratio.

Conclusion: Short-term omega-3 PUFA administration was associated with reduced postopera-

tive infectious complications, inflammatory cytokines, and hospital stay after CRC surgery. Due 

to heterogeneity and relatively small sample size, the optimal timing and route of administration 

deserve further study.
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Introduction
Worldwide, colorectal cancer (CRC) is the third-most common cancer in men, the 

second-most common cancer in women, and the fourth-most common cause of 

cancer mortality.1 In 2015, it was reported that there were about 1.478 million CRC 

patients worldwide, which accounted for 9.7% of total cancer cases, and estimated 

CRC-caused deaths were 753,000.2 Kinds of risk factors and potential factors were 

found to be relevant to CRC, and subsequently various preventive interventions were 

investigated.3,4 For patients diagnosed with CRC, surgery is still a curative option. 

However, colorectal surgery was reported to be related to a very high incidence of 

complication, especially postoperative infections. López et al reported the overall rate 

of complication was 39.5%, and nearly half of them were infections.5 The prevention 

and treatment of severe postoperative infections of the abdominal and pelvic cavity in 

CRC patients have always been an important issue for colorectal surgeons.

Omega-3 polyunsaturated fatty acids (PUFAs) are one of the two kinds of 

essential FAs in humans and must be supplied from outside the body. Two common 
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forms of omega-3 PUFAs are eicosapentaenoic acid and 

docosahexaenoic acid, both found in fish oil and both with 

nutritional and pharmacological effects.6 Currently, omega-3 

PUFA enriched enteral nutrition (EN) and parenteral nutri-

tion (PN) are regarded as one kind of immunonutrition 

therapy in both intensive care unit and surgical patients.7 

Although no significant association between omega-3 

PUFA supplements and cancer-incidence reduction has been 

found,8 its positive roles on host immune function seem to 

be promising in the postoperative management of cancer 

patients. Also, previous meta-analyses including all kinds 

of surgical patients indicated that omega-3 PUFAs improved 

clinical outcomes, such as reduced infection incidence and 

hospital stay.9,10

However, due to the influence of different diseases and 

surgeries, the findings would be difficult to be applied to 

clinical practice in specific CRC patients. Other studies 

have investigated the efficacy of omega-3 PUFA-enriched 

nutrition for CRC patients undergoing surgery,11–21 and the 

primary results indicated that the immunological function of 

omega-3 PUFAs would be helpful in preventing postopera-

tive infectious complications. Considering the results and 

conclusions in these studies were not completely consistent 

because of limited sample size, different study designs, and 

potential bias, we performed a meta-analysis of all relevant 

randomized control trials (RCTs) to focus mainly on the effi-

cacy of omega-3 PUFAs in the prevention of postoperative 

complications for CRC patients undergoing surgery.

Materials and methods
literature-search strategy
We searched the online databases of PubMed (January 1966 

to March 2016), the Cochrane Library (2016, issue 3), and 

Embase (January 1974 to March 2016) by using free terms 

as follows: (“omega-3” OR “n-3” OR “polyunsaturated”) 

AND (“fatty acid” OR “fish oil”) AND (“cancer” OR “car-

cinoma” OR “tumor” OR “surgery” OR “operation”) AND 

(“colorectal” OR “colon” OR “rectum”). Related articles on 

PubMed and Google Scholar and references of related reviews 

were also used and screened to find potential literature.

inclusion process
Clinical studies investigating the efficacy of short-term 

omega-3 PUFA-enriched nutrition in CRC patients undergo-

ing surgery were eligible. After duplicates had been removed, 

the searched citations were firstly screened on the basis of 

titles and abstracts, and then potential studies were evaluated 

by reading the full texts to ensure their suitability of inclusion. 

The study had to be an RCT, and omega-3 PUFAs ideally 

needed to be administered additionally in the study group 

(omega-3 group). The daily dose of omega-3 PUFAs was 

not limited; the route of administration needed to be oral or 

though enteral tube in EN or intravenous infusion in PN; the 

timing of administration had to be short-term duration before 

or after surgery, or both before and after surgery. The inclu-

sion process was completed by two independent reviewers, 

and only articles published in English were considered.

Outcome measures
Primary outcome measures needed to include at least the inci-

dence of infectious complications, surgical site infection (SSI), 

or total complications. Secondary outcome measures would 

include serum inflammatory cytokines (tumor necrosis factor 

[TNFα] and interleukin-6 [IL-6]), CD4+:CD8+ cell ratio, hospital 

stay, and medical cost. As reported, all outcome measures were 

collected during both hospital stay and follow-up period.

Data extraction and quality assessment
We extracted both information and outcome data from the 

included studies. Cases, age, sex, interventions (daily dose, 

timing, and duration of omega-3 PUFA administration), 

operation time, and blood loss are presented to show the 

baseline characteristics. Data of outcomes were extracted as 

mentioned earlier, including primary and secondary outcome 

measures. Quality assessment was performed by using the 

Cochrane bias-risk tool,22 which includes six domains: selec-

tion bias, performance bias, detection bias, attrition bias, 

reporting, bias and other bias.

statistical analysis
Data synthesis was performed by Reviewer Manager 

(RevMan 5.3; Cochrane Collaboration, London, UK). 

Because the timing of preoperative or postoperative admin-

istration was obviously of shorter duration than perioperative 

administration, a subgroup separating administration timing 

was firstly established to reduce clinical heterogeneity. Then, 

statistical heterogeneity was calculated by χ2 and I2 statisti-

cal tests, and a random-effect model or a fixed-effect model 

was chosen accordingly. Risk ratios (RRs), mean difference 

(MD), or standard MD (SMD) with 95% confidence intervals 

(CIs) were used to show the combined effect size. Sensitiv-

ity analyses were performed though changing the synthesis 

model to test its stability, and inverted funnel plots were 

visually judged to explore the risk of publication bias.
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Results
Baseline characteristics and quality 
of included rcTs
From 240 identified studies, 223 were excluded on ini-

tial screening. After full-text evaluation of the remaining 

17 papers, eleven were included (Figure 1). Three papers 

reported data from the same trial,8–10 and one paper reported 

a trial with three arms, which was regarded as two separate 

studies,11 and thus the combined study contained ten RCTs 

with a total of 694 CRC patients (348 cases in the omega-3 

group and 346 cases in the control group). Detailed baseline 

characteristics are listed in Table 1. Case numbers ranged 

from 18 to 148, and average age ranged from 50 to 71 years. 

Daily administered omega-3 PUFA ranged from 1 to 4 g in 

a fixed manner, or 0.05 to 0.2 g/kg adjusted to body weight. 

Preoperative nutrition support was used in three trials, post-

operative nutrition support in four trials, and perioperative 

nutrition support in three trials. Omega-3 PUFA-enriched 

nutrition was administered orally in five trials: oral + jejunal 

infusion in one trial and parenteral in four trials.

Overall quality of the RCTs was moderate to high. As 

shown in Figure 2, four trials had unclear risk in selection bias, 

and three trials had unclear risk because of a lack of detailed 

information on random-sequence generation and concealment 

allocation.11,12,15–17 Only one trial showed a high risk of perfor-

mance and detection bias, as the trial was not blinded.13

effect of omega-3 PUFas on 
postoperative infectious complications
Data for postoperative infectious complications were reported 

in eight trials. Meta-analyses in a fixed-effect model showed 

Articles in PubMed, Embase, Cochrane Library,
and other sources (n=240)

Titles and abstracts
screened
(n=240)

Full texts evaluated
(n=17)

Articles included
(n=11)

Chemotherapy (n=2)
Liver metastasis (n=1)
Repeated report (n=1)
Not perioperative (n=2)

Duplication (n=99)
Excluded (n=124)

Figure 1 Flowchart of trial selection. T
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that the incidence of postoperative infectious complications 

was significantly lower in favor of omega-3 PUFAs compared 

with control (15.58% vs 24.76%, RR 0.63, 95% CI 0.47–0.86; 

P=0.004). There was a significant reduction in infectious 

complications in the pre- and postoperative subgroup (7.65% 

vs 18.23%, RR 0.43, 95% CI 0.24–0.76; P=0.004), though 

not in the perioperative subgroup (26.09% vs 33.33%, RR 

0.78, 95% CI 0.54–1.13; P=0.19), as shown in Figure 3.

effect of omega-3 PUFas on 
postoperative ssi
The incidence of SSI was reported in eight trials. Meta-analysis 

results in a random-effect model revealed no significant dif-

ference between omega-3 PUFAs and control (7.17% vs 

10.03%, RR 0.72, 95% CI 0.44–1.2; P=0.21). Subgroup anal-

yses likewise showed no significant difference in pre- or post-

operative (4.37% vs 7.73%, RR 0.58, 95% CI 0.25–1.34; 

Random-sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnels (performance bias)

Incomplete outcome data (attrition bias)
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Figure 2 summary of risk of bias.
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Figure 3 Meta-analysis results of infectious complications among the groups.
Abbreviations: M–H, Mantel–Haenszel; CI, confidence interval.
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P=0.2) or perioperative (10.87% vs 13.04%, RR 0.83, 95% 

CI 0.44–1.58; P=0.58) omega-3 PUFA-nutrition support, as 

shown in Figure 4.

effect of omega-3 PUFas on 
postoperative total complications
The incidence of postoperative total complications was 

reported in eight trials. The results revealed no significant dif-

ference in either overall meta-analyses (36.76% vs 47.02%, 

RR 0.67, 95% CI 0.43–1.04; P=0.08) or subgroup analyses 

of pre- or postoperative (36.61% vs 49.17%, RR 0.53, 95% 

CI 0.19–1.42; P=0.2) and perioperative (36.96% vs 44.20%, 

RR 0.82, 95% CI 0.53–1.25), P=0.35) omega-3 PUFA admin-

istration, as shown in Figure 5.

effect of omega-3 PUFas on 
postoperative inflammatory cytokines 
and cD4+:cD8+ cell ratio
Inflammatory cytokines were reported in four trials. Meta-

analysis results in a fixed-effect model showed that omega-3 

PUFA nutrition was associated with a lower level of TNFα 

(SMD -0.37, 95% CI -0.66 to -0.07; P=0.01) and IL-6 

(SMD -0.36, 95% CI -0.66 to -0.07; P=0.02) compared 

with control, with no significant influence on CD4+:CD8+ 

cell ratio (SMD 0.36, 95% CI -0.04 to 0.76; P=0.08); as 

shown in Figure 6.

effect of omega-3 PUFas on 
postoperative hospital stay
Hospital stay was reported in six trials, and meta-analyses 

in a random-effect model showed a significantly reduced 

postoperative hospital stay in the omega-3 group compared 

with the control group (MD -2.09, 95% CI -3.71 to -0.48; 

P=0.01), as shown in Figure 7.

Medical cost analysis
Only one trial reported nutrition therapy cost and total cost,16 

and there was no significant difference between the groups 

in total cost (CN¥38,025±389.6 vs 37,968±563.5, P.0.05), 

although the omega-3 group had significantly higher nutrition 

therapy cost (4,025±309.6 vs 2,568±445.2, P,0.01).

sensitivity analysis
Through changing the synthesis model, sensitivity-analysis 

results demonstrated that the trends of pre- or postoperative 

infectious complications, TNFα, and hospital stay did not 

alter, while the trends of overall infectious complications 

(RR 0.6, 95% CI 0.34–1.06; P=0.51) and IL-6 (SMD -0.4, 

95% CI -0.82 to 0.02; P=0.06) changed.

Publication bias
Publication bias may have existed in postoperative total 

complications and hospital stay, while there were low risks 

Pre- or postoperative enriched nutrition

Omega-3 group Control Risk ratio M–H,
fixed, 95% CI

Perioperative enriched nutrition

Favors omega-3 Favors control

Total events
Heterogeneity: χ 2=1.44, df=2 (P=0.49); I2=0%
Test for overall effect: Z=0.56 (P=0.58)

Events

2

2
11

3
3
1
0
1

8

15

23Total events
Heterogeneity: χ 2=5.34, df=7 (P=0.62); I2=0%
Test for overall effect: Z=1.26 (P=0.21)
Test for subgroup differences: χ 2=0.45, df=1 (P=0.50); I2=0%

Total events
Heterogeneity: χ 2=3.71, df=4 (P=0.45); I2=0%
Test for overall effect: Z=1.28 (P=0.20)

Total

321

138

183

50

50
51
20
33
29

14
74

Events

2

14

18

32

1
1

5

5

5

1
12

0.001 0.1 1 10 1,000

Weight
(%)

55.5

44.5

100

15.4

15.4
3.2
3.0
16.7
6.3

37.0
3.1

0.72 (0.44–1.20)

Risk ratio M–H,
fixed, 95% CI

0.83 (0.44–1.58)

0.58 (0.25–1.34)

0.40 (0.08–1.97)

0.60 (0.15–2.38)
2.82 (0.30–26.22)
1.05 (0.07–15.68)
0.09 (0.01–1.63)
0.48 (0.05–5.03)

0.92 (0.43–1.94)
2.00 (0.20–19.62)

Total

138

181

319

28

48
21
34

50

50

14
74

Total (95% CI)

Subtotal (95% CI)

Subtotal (95% CI)

Study or
subgroup

Braga et al11

Braga et al11

Sorensen et al18

Finco et al13

Ma et al21

Liang et al14

Horie et al15

Zhu et al16

Figure 4 Meta-analysis results of surgical site infections among the groups.
Abbreviations: M–H, Mantel–Haenszel; CI, confidence interval.
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τ χ

τ χ

τ χ

χ

Figure 5 Meta-analysis results of total complications among the groups.
Abbreviations: M–H, Mantel–Haenszel; CI, confidence interval.

α

χ

χ

χ

Figure 6 Meta-analysis results of cytokines and cD4+:cD8+ cell ratio among the groups.
Abbreviations: SD, standard deviation; IV, instrumental variable; CI, confidence interval; TNFα, tumor necrosis factor; il-6, interleukin-6.

of publication bias in outcomes of postoperative infectious 

complications and SSI.

Discussion
CRC surgery is associated with a high incidence of postop-

erative infections. The infections always led to prolonged 

hospital stay, increased medical cost, and even treatment 

failure. Underlying mechanisms included preoperative 

intestinal cleansing unsatisfied with residual feces in the 

colon, intraoperative incision of the colon and postopera-

tive anastomotic leakage, which would highly increase the 

risk of bacterial contamination to the peritoneal cavity and 
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surgical wound, together with the suppressed host immune 

function due to cancer and surgery stress. Among them, 

impaired immune status in CRC patients and acute stress 

of CRC surgery were considered to be the most important 

factors.12 In animal and observational clinical studies, 

omega-3 PUFA-enriched immuonutrition was reported to 

have antiplatelet, anti-inflammatory, antiangiogenic, and 

anti-CRC functions.7,23,24

To the best of our knowledge, the current study is 

the first meta-analysis focused on the clinical efficacy of 

short-term omega-3 PUFA immuonutrition in the preven-

tion of specific CRC patients at very high risk of infection. 

Our study demonstrated significant benefits for infectious 

complication prevention, as well as serum inflammatory 

cytokines and hospital stay improvements, while no signifi-

cant influence was found for total complications, SSI, or total 

medical cost.

Meta-analysis results in a fixed-effect model showed 

that the omega-3 group had a lower rate of postoperative 

infectious complications compared with the control group 

(15.6% vs 24.8%), and the reported infectious complica-

tions included the respiratory tract, urinary tract, abdominal 

abscess, bacteremia, and wound infection. Further subgroup 

analyses according to timing of omega-3 PUFA administra-

tion revealed that this significant difference would have been 

mainly contributed to by the pre- or postoperative subgroup. 

Perioperative omega-3 PUFA-enriched nutrition was admin-

istered for 9–14 days, while pre- or postoperative omega-3 

PUFAs were always administered for 5–7 days. As such, the 

perioperative subgroup had an obviously longer duration of 

administration than pre- and postoperative subgroup, while 

no significant difference was found in the perioperative 

group. With regard to the optimal timing of immuonutrition 

administration, some studies stated preoperative nutrition 

may be helpful for the body to obtain an adequate level in 

time for the stress of surgery, and early postoperative nutrition 

was important issue fast recovery of intestinal function and 

psychological status.13,25 A recent network meta-analysis 

indicated that perioperative enteral immuonutrition (EIN) 

was better than pre- and postoperative EIN for postoperative 

infectious complication prevention.26 The network analysis 

also revealed that the timing of nutrition support seemed to 

have different influences on different outcome measures.

Possible explanations of the negative result of periop-

erative omega-3 PUFA administration in the current study 

were as follows. First, the sample size in the perioperative 

subgroup may be under the test power. It has been reported 

that 148 cases were enough to detect a 20% reduction in the 

rate of infectious complications,19 whereas an expected reduc-

tion in our study was only 9.2%, and thus nearly 300 cases 

were required (when β=0.8, α=0.05). Second, the periopera-

tive subgroup included only patients receiving EIN orally 

or through an enteral tube, while the postoperative group 

included patients receiving PN through intravenous infusion. 

For postoperative nutrition administration, EN had advan-

tages in aspects of commensal bacteria balance and intestinal 

function recovery, and was also a key intervention in the 

principle of fast-track surgery.13,27 Gastric paralysis lasted for 

24 hours, colon dysfunction lasted for about 48 hours after 

abdominal surgery,13,28 and the time would be even longer in 

elective CRC surgery. Therefore, omega-3 PUFA-enriched 

EIN in the perioperative group during the early postoperative 

period may have been badly absorbed and utilized. Third, 

the different dose and formulation of omega-3 PUFAs in the 

studies might also have had an influence to the outcomes.

The current study also investigated changes in inflam-

matory cytokines, and the results showed that serum 

levels of TNFα and IL-6 were lower, demonstrating the 

anti-inflammatory role of omega-3 PUFAs. Both of the two 

cytokines would induce CD4+ T cells differentiated from 

different T-helper (T
h
) cells, and the levels of TNFα/IL-6 to 

some extent reflected the situation of T
h
1–T

h
2 cell balance. 

τ χ

Figure 7 Meta-analysis of hospital stay among the groups.
Abbreviations: SD, standard deviation; IV, instrumental variable; CI, confidence interval.
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T
h
1 cells mainly mediate cellular immune response and 

play important roles in infection and tumor defense, while 

T
h
2 cells mainly mediate humoral immune response. CRC 

patients always had a T
h
1–T

h
2 imbalance shifted to T

h
2, and 

together with surgery stress this imbalance was enhanced 

and reported to be highly associated with postoperative 

infections.29,30 However, sensitivity analysis in our study sug-

gested that IL-6 changes were not stable, so whether omega-3 

PUFA-enriched nutrition modulated the T
h
1–T

h
2 balance or 

not was unclear. Due to the limited studies, its effects on 

CD4+ and CD8+ T-cell balance was also unclear.

limitations
There were several limitations in our study. Although quality-

assessment results indicated the overall study quality was 

good, several trials had some risk of bias in their study design, 

as mentioned earlier. Publication bias always exists and is 

unavoidable in meta-analyses, and inverted funnel plots of 

our study indicated potential risks in outcomes of total com-

plication and hospital stay. For infectious outcomes, different 

doses and kinds of antibiotic used before and after surgery 

may have caused heterogeneity across the trials. Although the 

preoperative prophylactic antibiotic was comparable in each 

separate trial, the intra- and postoperative antibiotic can only 

be used based on a certain situation of operation time and 

blood loss, while only half of the trials reported relevant data. 

SSI was also an important issue in the clinic, and CRC surgery 

as a clean-contaminated operation had a high risk of SSI,31 

although the omega-3 group had a lower SSI incidence and 

no statistical difference was found. As Braga et al reported, 

about 25% of postoperative infection, especially wound 

infection, occurred after discharge,11 and longer follow-up 

to 1 month would be important for future study.

Conclusion
Short-term omega-3 PUFAs were associated with reduced 

postoperative infectious complications, inflammatory 

cytokines, and hospital stay after CRC surgery. Due to 

heterogeneity and relatively small sample size, the optimal 

timing and route of administration deserve further longer 

follow-up study.
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