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ABSTRACT

Meta-analyses have been conducted with conflicting results on this topic. Due to missing
several eligible studies in previous meta-analysis by Lam et al., we conducted an extensive
systematic review and dose-response meta-analysis of randomized controlled trials in

this regard. A comprehensive search was conducted across various databases, including
MEDLINE/PubMed, ISI Web of Knowledge, Scopus, and Google Scholar, until November
2023. Based on the analysis of 33 studies comprising 2,047 individuals, it was found that

there was a significant increase in body weight for each 1 g/day increase in omega-3 lipids
(standardized MD [SMD], 0.52 kg; 95% confidence interval [CI], 0.31, 0.73; I = 95%;

Grading of Recommendations Assessment, Development and Evaluation [GRADE] = low).
Supplementation of omega-3 fatty acids did not yield a statistically significant impact on body
mass index (BMI) (SMD, 0.12 kg/m?; 95% CI, -0.02, 0.27; I* = 79%; GRADE = very low), lean
body mass (LBM) (SMD, -0.02 kg; 95% CI, -0.43, 0.39; I> = 97%; GRADE = very low), fat mass
(SMD, 0.45 kg; 95% CI, -0.25, 1.15; I* = 96%; GRADE = low), and body fat (SMD, 0.30%;

95% CI, -0.90, 1.51; I> = 96%; GRADE = very low). After excluding 2 studies, the findings
were significant for BMI. Regarding the results of the dose-response analysis, body weight
increased proportionally by increasing the dose of omega-3 supplementation up to 4 g/day.
Omega-3 fatty acid supplementation can improve body weight, but not BMI, LBM, fat mass, or
body fat in cancer patients; large-scale randomized trials needed for more reliable results.

Trial Registration: PROSPERO Identifier: CRD42023395341

Keywords: Meta-analysis; Fatty acids; Omega-3; Supplementation; Body weight;
Randomized controlled trial
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Systemic inflammation is a defining characteristic of cancer, resulting in the generation of factors
such as pro-inflammatory cytokines and metabolic tumor factors that contribute to metabolic
changes and malnutrition. As the severity of the disease increases, cancer patients develop a
condition called cachexia or sarcopenia, which is defined by fat-free mass reduction with or
without fat mass reduction [1]. Based on the document 40%—-80% of patients with cancer have
some signs of malnutrition, and 10%—20% of their deaths are associated with malnutrition [2].

Previous studies suggest various interventions for cancer patients to gain lean body mass
(LBM) and stabilize weight, including resistance exercises, nutritional supplements with
high energy and protein, and hormonal drugs [3]. However, some interventions, such as
corticosteroids and progesterone agents, manifest side effects including shortness of breath,
edema, and thromboembolic phenomena [4]. Using enriched nutritional supplements seems
easier for patients and has fewer complications and risks. Omega-3 fatty acids are bioactive
nutrients predominantly present in seafood and vegetable oils. Eicosapentaenoic acid (EPA),
alpha-linolenic acid, and docosahexaenoic acid (DHA) serve as instances of omega-3 fatty
acids [5]. The proposal of omega-3 fatty acid supplementation as a viable treatment for
secondary complications of cancer has been made [6]. Omega-3 fatty acids increase muscle
power and weight by reduction of the pro-inflammatory cytokines [7].

Some trials have implied that treatment with omega-3 fatty acids can stabilize weight and
enhance LBM [8], although studies related to weight gain and clinical results are inconsistent
[8]. Previous studies do not agree on the effective dose for positive effects in patients with
cancer [9]. A study reported a favorable impact on weight, body mass index (BMI), LBM, and
overall survival [10], while others did not indicate a statistically significant relation, and the
evidence obtained was weak [5].

Due to the inconsistency in the results of previous meta-analyses, not including several
related studies in the previous meta-analyses, and also conducting several studies between
the last meta-analysis and today, we decided to conduct this study. Also, findings from
previous meta-analyses did not incorporate the use of Grading of Recommendations
Assessment, Development and Evaluation) GRADE(tool to ascertain evidence certainty. Nor
did they agree on the effective dose for these patients. Therefore, the purpose of this study
was to use randomized controlled trials (RCTs) to examine the impact of various doses of
omega-3 fatty acids on physical measurements in cancer patients.

Systematic search

The registration code of our study protocol at PROSPERO is CRD42023395341. We conducted
comprehensive searches on MEDLINE/PubMed, Google Scholar, Web of Science, and

Scopus for the released papers that appeared until November 2023. Supplementary Table 1
illustrates the search strategy. No filter or limitation was used while searching the mentioned
databases. All relevant reference lists of publications were reviewed to ensure no paper was
missed. Two investigators (SMG and RAK) performed independent screening of the titles or
abstracts and full-text publishing. If needed, disputes were settled through discussion or by
the third investigator (HM).
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Eligibility criteria

Studies were included if they fulfilled the mentioned condition: 1) RCTs, with either parallel
or cross-over design; 2) performed on participants with a different type of cancer (aged

18 years or older); 3) assessed the effect of treatment with omega-3 fatty acids, regardless

of its source (EPA, DHA, both and other); 4) had considered at least one of the following
variables as the outcome: body weight, LBM, BMI, body fat, and fat mass; and 5) articles that
presented means and standard deviations (SDs) of changes in interest-related outcomes, or
provided details that allowed you to determine those values. Studies were excluded if: 1) they
were performed on adolescents (under 18 years of age) and lactating and pregnant women;
and 2) they investigated any other intervention plus omega-3 fatty acids.

Data extraction

Two independent reviewers (SMG and SZM) obtained information from the included studies.
The information extracted from each eligible trial includes the first author’s name, publication
year, study location, study design (parallel or cross-over), patient numbers in the omega-3 fatty
acids and control groups, cancer type, duration of therapy, dosage, type of intervention and
control, concurrent treatment, mean age, mean baseline BMI, and drop out. Data reported in
interquartile ranges and standard errors (SEs) were converted to SDs. Some anthropometric
indicators have been converted from different units to the most commonly used units. Figures
and charts in the original papers were quantified using web plot digitizer software.

Risk of bias (quality) assessment

Two reviewers (SMG and SZM) evaluated the quality of the selected trials by the Cochrane
risk of bias tool (RoB 2) [11]. It comprises five domains of bias including 1) the procedure
of randomization; 2) shifts from the aimed treatments; 3) lacking outcome information;
4) outcome measurement; and 5) the reported results selection. Based on the Cochrane

” «

Handbook recommendation, studies were classified as “low risk of bias,” “some concerns,”

or “high risk of bias” with respect to each domain (Figures 1and 2).

s Records removed before screening:

B Records identified from: Duplicate records removed (n =1,154)
g‘:_’ Databases (n = 5,492) Records marked as ineligible

*g' Registers (n = 0) by automation tools (n = 0)

e

Records removed for other reasons (n = 0)

Records screened (n = 4,338) Records excluded* (n = 4,287)
v
=
§ Reports assessed for eligibility Reports excluded (n =18):
3 (n=51) Combination therapy (n = 2)

Not sufficient information (n = 4)
Not interested outcome (n =10)
Protocol study (n =2)

Studies included in review (n = 33)
Reports of included studies (n = 33)

Figure 1. Literature search and study selection process.
*Articles removed based on title and abstract.
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Figure 2. Risk of bias graph for included studies.
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Statistical analysis

To describe the findings of the current comprehensive study, we used the standardized mean
difference (SMD) and 95% confidence intervals (CIs) of the change regarding BMI, body
weight, LBM, body fat, and fat mass in the omega-3 lipids supplementing group as opposed
to the controls. The first step was calculating the change in body weight, BMI, LBM, fat mass,
and body fat from baseline in each study arm. The Cochrane Handbook guides calculating
mean and SD values for studies lacking reported mean changes and SD changes [11]. In cases
where trials reported SEs rather than SDs, we converted the SEs to SDs. In the case of a lack
of SD or SE, our meta-analysis utilized the mean SDs from other eligible studies. Second, we
calculated SMD and the SE of change in BMI, body weight, LBM, body fat, and fat mass based
on the method provided by Crippa and Orsini [12] for each 1 g per day increase in omega-3
fatty acids in the omega-3 fatty acids supplementation group as opposed to the controls

in each trial. To apply this technique, we must have the mean and associated SD of change

in weight, BMI, LBM, fat mass, and body fat for each trial arm, along with the individual
number in each arm. It also needs the dosage (grams per day) of omega-3 fatty acids in each
study arm. A random-effects model was utilized to pool the trial-specific results. As a next
step, we performed predetermined subgroup analyses according to the kind of omega-3 fatty
acids, present treatment, duration of intervention, cancer site, quality of studies, route of
administration, adherence, weight status, quality of studies, and weight status. The p value
for subgroup differences was calculated by meta-regression analysis. An influence analysis
was undertaken to define how each study might affect the main findings. Publication bias
was measured through Egger’s and Begg’s tests. The I? statistic was used for evaluating
heterogeneity, and the %2 test was conducted for homogeneity (Pheterogeneity > 0.10).

The effect of each increase of 1 g/day in omega-3 fatty acids on body weight, BMI, LBM, fat
mass, and body fat was examined in a dose-response meta-analysis. In order to measure the
risk difference, odds ratio (OR), and 95% CIs, we used the participant’s number and events
in the omega-3 fatty acids supplementation group and controls. Stata 17.0 was used to carry
out the statistical analyses. A p value of less than 0.05, with two tails, was deemed to be
statistically significant.

Grading the evidence

A GRADE [13] method was utilized to assess the certainty of the evidence. Evidence can be
grouped as high, moderate, low, or very low in terms of certainty using the GRADE approach.
When we found large effect sizes or a gradient in dose response, the certainty of evidence
increased.

Study selection

As revealed in Figure 1, a total of 5,492 records were found from searches of databases

and reference lists, and after screening the titles/abstracts, 4,287 irrelevant papers were
excluded. Evaluation of 51 full-text articles contributed to identifying 33 RCTs becoming
eligible for entering this meta-analysis [10,14-45]. Reasons for exclusion were deemed
prescribed omega-3 fatty acids as a combination treatment (n = 2), articles with no sufficient
information (n = 4), articles that included outcomes that were not interesting for our study (n
=10), and protocol studies (n = 2) (Supplementary Table 2).
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Study characteristics

Supplementary Table 3 and Supplementary References abbreviated the main characteristics
of 33 RCTs, including 2,047 patients with cancer, among which 1,008 and 1,039 patients were
in the omega-3 fatty acids group and controls, respectively. Included RCTs were published
between 1996 and 2022. These RCTs were done in Brazil [16,18,21,36,37,39,42,44], UK
[24,38,45], Japan [14,15,22,28,35], China [10], Iran [27], Thailand [31], Mexico [22,41,43],
Spain [40], Italy [20,26,34], Australia [17], Canada [19], Ireland [29], Netherland [23],
Germany [25], Turkey [32], and four countries: Croatia, Italy, Slovakia, and Sweden [33].

All studies other than one study had parallel study designs [45]. The average age of patients
spanned between 45.14 years and 68 years. The kind of omega-3 lipids was EPA in nine trials
[17,24,28-32,34,38], and the additional 24 used EPA plus DHA [10,14-16,18-23,25-27,33,35-
37,39-45]. The route of administration was oral, enteral, and oral/enteral in 28 [10,14-24,26-
28,30-34,36-39,41, 42,44,45], three [25,29,35], and two RCTs [40,43], respectively. The
duration of supplementation was between 2 and 24 weeks. The length of supplementation
was < 8 weeks in 19 RCTs [14,16-18,23-31,35,38,39,41,43,44] and > 8 weeks in 14 RCTs
[10,15,19-22,32-34,36,37,40,42,45]. Four trials were demonstrated to have a low risk of bias
[16,36,38,39], 12 RCTs were shown to have some concerns [10,15,17,19,20,23-27,29,33], and
the other 17 RCTs had a high risk of bias (Figures 2 and 3) [14,18,21,22,28-32,34,35,37,40-45].

Omega-3 lipids and body weight

The compiled effect estimates of 28 RCTs (1,735 participants) [10,16-33,35-39,41-43,45]
revealed that every 1 g/day rise in the omega-3 lipids significantly incremented the weight
(SMD, 0.52 kg; 95% CI, 0.31, 0.73; I* = 95%) (Supplementary Figure 1, Table 1). The main
finding continued to be significant and spanned between 0.44 (0.24, 0.64) and 0.58 (0.37,
0.78) after the exclusion of each trial step-by-step from the principal analysis.

Bias arising from the randomization process ]

Bias due to deviations from intended interventions I
Bias due to missing outcome data
Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias e

0 25 50 75 100

%

M Low risk Some concerns M High risk

Figure 3. Risk of bias summary for included studies.

Table 1. The effectiveness of omega-3 fatty acids supplementation on anthropometric variables and adverse events in cancer patients

Outcome(s) No. of trials (participants) Type of effect size Effect size (95% CI) p value [Py [Bhammeiy GRADE certainty
Weight (kg) 28 (1,735) SMD 0.52(0.31, 0.73) <0.001  95%, < 0.001 Low

BMI (kg/m2) 17 (849) SMD 0.12 (-0.02, 0.27) 0.09  79%, < 0.001 Very low
Lean body mass (kg) 13(1,011) SMD -0.02 (-0.43, 0.39) 0.91 97%, < 0.001 Very low

Fat mass (kg) 4 (345) SMD 0.45 (-0.25, 1.15) 0.21 96%, < 0.001 Low

Body fat (%) 3(101) SMD 0.30 (-0.90, 1.51) 0.62 96%, < 0.001 Very low
Adverse event 12 (811) OR 1.06 (0.84, 1.34) 0.61 38%, 0.08 Low
Adverse event 12 (811) RD 0.02 (-0.02, 0.07) 0.33 55%, 0.01 Low

Cl, confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation; BMI, body mass index; SMD, standardized mean
difference; OR, odds ratio; RD, risk difference.
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In the subgroup analyses, the impact of omega-3 lipids on body weight continued to be
notable in all subgroups (Supplementary Table 4). The findings remained substantial

in trials treated with EPA and DHA (SMD, 0.69 kg; 95% CI, 0.43, 0.94; I2 = 95%; n = 22),
included participants with normal body weight (SMD, 1.09 kg; 95% CI, 0.60, 1.58; I = 96%; n
=11), as well as in studies in which the length of supplementation was < 8 weeks (SMD, 0.50
kg; 95% CI, 0.29, 0.71; I? = 92%; n = 18). We identified no considerable publication bias (pPggger
=0.79, Pregg = 0.006, or observation of the funnel plot; Supplementary Figure 2).

The non-linear dose-dependent analysis was performed for all trials. The findings revealed
that the body weight raised proportionally with the raising in omega-3 fatty acids supplement
at most a level of 4 g/day (SMDy gaay, 1.45 kg; 95% CI, 0.33, 2.58), with no considerable
alteration in effect estimate at higher doses of omega-3 fatty acids supplementation (Proniinearity
=0.359, Puose-response = 0.003; Figure 4, Table 2).

Omega-3 lipids and BMI

The compiled impact estimate of 17 RCTs (849 participants) [10,14,16,21,22,25,27,29,32,33,
36,37,39,40,42-44] revealed that every 1 g/day increase in the omega-3 fats did not have
notable influence on BMI (SMD, 0.12 kg/m?; 95% CI, -0.02, 0.27; I? = 79%; Supplementary
Figure 3, Table 1). The sensitivity analysis revealed that the final result was heavily affected
by two trials [22] (SMD, 0.16; 95% CI, 0.03, 0.30) and Suzumura et al. [44] (SMD, 0.15; 95%
CI, 0.01, 0.29). When these trials were eliminated, we observed a considerable impact of
omega-3 fatty acids on BMI.
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S = % 0
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s | ) TTTTT e 8
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[} 9]
= o -10 4
5 -10 1 g 10
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= 5}
-20 Pdose-response = 0.003; Prontinearity = 0.359 = -20 Pdose-response = 0.200; Prontinearity = 0.544
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Figure 4. Dose-dependent effect of omega-3 fatty acids supplementation on body weight, BMI, and lean body mass. Solid lines represent standardized mean
difference, and dashed lines represent 95% confidence interval.
BMI, body mass index; LBM, lean body mass.

https://e-cnr.org

https://doi.org/10.7762/cnr.2024.13.3.186 192


https://e-cnr.org

CI1I

;

Omega-3 Fatty Acids and Anthropometric Variables CLINICAL NUTRITION RESEARCH

Table 2. The effects of different doses of omega-3 fatty supplementation acids on anthropometric variables in cancer patients from the nonlinear dose-response

meta-analysis (standardized mean difference and 95% confidence interval)

Omega-3 supplementation 0 1 1.5 2 285} 3 4 6 8 10 12 GRADE
(g/day) (ref)
Weight (all trials) (kg) (o] 0.75 0.96 1.10 1.20 1.28 1.45 1.80 2.14 2.48 2.83 Low
(0.0, (0.17, (0.36, (0.50, (0.53, (0.33, (-0.39, (-1.19, (-2.01, (-2.84,
1.49) 1.75) 1.84) 1.89) 2.04) 2.58) 3.98) 5.47) 6.98) 8.49)
BMI (all trial), (kg/m?) 0 0.21 0.25 0.28 0.30 0.31 0.34 0.40 = = Very low
(-0.18, (-0.16, (-0.10, (-0.05, (-0.03, (-0.09, (-0.38,
0.59) 0.67) 0.66) 0.46) 0.65) 0.77) 1.19)
LBM (all trails), (kg) 0 -0.55 -0.31 0.12 0.60 - - - - - Very low
(-1.67, (-1.11, (-0.48, (-0.59,
0.57) 0.50) 0.72) 1.79)

Bold words: Doses of omega-3 fatty acids supplementation with a significant effect on anthropometric variables.
BMI, body mass index; LBM, lean body mass.

In the subgroup analyses, we found no significant effect on BMI in all subgroups after
supplementation with the wide range of daily dosages of omega-3 fatty acids. However,

we identified a trivial considerable improvement in BMI after omega-3 fatty acids
supplementation in trials included normal weight (SMD, 0.34 kg/m?; 95% CI, 0.07, 0.61; I?
=83%; n = 7) and head and neck cancer patients (SMD, 0.16 kg/m?; 95% CI, 0.01, 0.31; *=
48%; n = 3), as well as those with some concerns risk of bias (SMD, 0.32 kg/m?; 95% CI, 0.01,
0.62; I = 88%; n = 6) (Supplementary Table 5). We identified no considerable publication
bias (Prgger = 0.90, Pregg = 0.59, or observation of the funnel plot; Supplementary Figure 4).

The non-linear dose-dependent analysis was conducted for all trials. Our findings revealed
that there was no dose-dependent effect on BMI as a portion of omega-3 lipids supplement

increased (Prontinearity = 0.544, Ddose-response = 0.200; Figure 4, Table 2).

Omega-3 lipids and LBM
The compiled impact estimate of 13 RCTs, including 1,011 participants

[15,17,24,28,29,32,34,35,37-39,41,43], indicated that every 1 g/day increase in the omega-3
fats had no notable influence on LBM (SMD, -0.02 kg; 95% CI, -0.43, 0.39; I? = 97%j;
Supplementary Figure 5, Table 1). The findings of sensitivity analysis showed no alteration in
results when individual trials were omitted step by step (spanned between —0.15 [-0.51, 0.21]
and 0.09 [-0.31, 0.49]). We identified no considerable publication bias (Pggger = 0.51, Pregg =

0.18, or observation of the funnel plot; Supplementary Figure 6).

In the subgroup analysis conducted across the wide range of daily dosages of omega-3 fatty
acids, the impact of omega-3 fatty acids on LBM remained insignificant for all subgroups.
However, trials conducted on patients undergoing chemotherapy or surgery and all therapies
showed a significant improvement in LBM after omega-3 fatty acids supplementation.
Moreover, trials conducted on patients with head and neck, breast, and lung cancer revealed

a favorable impact (Supplementary Table 6).

The non-linear analysis in different doses was performed for all trials. The findings revealed
no dose-dependent effect on LBM when the portion of omega-3 lipids was increased

(pnunlinearity = 0'286y pdose-response = 05487 Figure 4; Table 2)-

Omega-3 lipids and fat mass

The overall results of 4 RCTs (345 participants) [22,29,39,43] revealed that every 1 g/day
increase in the omega-3 lipids did not have a considerable impact on fat mass (SMD, 0.45 kg;

95% CI, -0.25, 1.15; I> = 96%; Supplementary Figure 7, Table 1).
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Omega-3 lipids and body fat

Three RCTs were analyzed, involving 101 participants [22,37,39], increasing omega-3 fatty
acids by 1 g/day had no significant impact on body fat (SMD, 0.30%; 95% CI, -0.90, 1.51; I> =
96%; Supplementary Figure 8, Table 2).

Rating the evidence

The quality of the evidence for body weight, BMI, LBM, fat mass, and body fat percentage
varies from low to very low for the trials based on the GRADE tool (Supplementary Table 7).
Body weight and fat mass were shown to have low certainty of the evidence for the downgrade
of inconsistency and imprecision. BMI, LBM, and body fat percentage were revealed to have a
very low certainty through degradation of the risk of bias, inconsistency, and imprecision.

Adverse events

Twelve RCTs reported adverse events throughout the intervention duration
[14,16,19,20,22,24,25,32-35,39]. We found an increment in adverse events by 2 per 100
subjects with cancer (risk difference, 0.02; 95% CI, -0.02, 0.07; OR, 1.06; 95% CI, 0.84, 1.34;
GRADE = low) (Supplementary Figures 9 and 10, Table 1).

In our current comprehensive review and dose-response meta-analysis of RCTs, we looked

at 33 studies' findings on the therapeutic and dietary advantages of omega-3 fatty acids in
patients with cancer (including 2,047 patients). A key observation is that there is a promising
impact on body weight with every 1 g/day rise in the intake of omega-3 fatty acids relative to
the control group. However, each 1 g/day rise in omega-3 fats demonstrated no statistically
significant impact on BMI, LBM, fat mass, and body fat. Moreover, although we found no
significant impact on BMI in the main analysis, the elimination of the two trials [22] (SMD,
0.16) and Suzumura et al. [44] (SMD, 0.15) revealed a favorable impact on BMI.

The study by de la Rosa Oliva et al. [22] indicated that patients were already screened to
ensure an enhanced profile preference, which could bias the results, not manifesting the
advantages of "common and current" patients. In another study [44], the fish oil intake was
comparatively low, which could have led to some results that were insignificant. Plasma

or erythrocytes should also have been measured for omega-3 polyunsaturated fatty acid.
Furthermore, the low number of participants in both studies, as well as a high risk of bias
(based on RoB-2), may result in major differences between them and comparative studies.
According to a meta-analysis, body weight showed a proportional increase with omega-3 fats
supplementation up to 4 g/day. Although our findings revealed no dose-dependent impact
on BMI, LBM, fat mass, and body fat when increasing the dosage of omega-3 fatty acids
supplement (GRADE = low to very low), we discovered compelling evidence of a substantial
effect on body weight through our prespecified subgroup analyses. This effect was observed
in patients treated with EPA & DHA, having normal body weight, and a supplementation
duration of < 8 weeks. In addition, supplementing with omega-3 fats indicated a trivial
increase in the BMI in trials that included normal weight and patients with head and neck
cancer, as well as those with some concerns risk of bias. These results can have an important
effect on the clinical use of omega-3 fatty acids.
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The difference in the effect of omega-3 fatty acids on anthropometric indicators in different
types of cancer can be attributed to several factors: 1) Inflammatory markers: different

types of cancer may have varying levels of inflammatory markers, which can affect how
omega-3 fatty acids modulate the inflammatory response. For example, studies have shown
differences in interleukin (IL)-6 levels between lung and gastric cancer patients [10], 2)
Tumor-specific factors: the biological characteristics of different tumor types may influence
how they respond to omega-3 supplementation, potentially affecting nutritional outcomes
[46], and 3) Baseline nutritional status: the initial nutritional status of patients can influence
how they respond to omega-3 supplementation. Patients with more severe malnutrition at
baseline may show more significant improvements [46].

We need to consider several factors that could explain the apparent discrepancy between

the lack of impact on fat mass and lean mass, yet an increase in body weight from omega-3
supplementation in cancer patients. These reasons can include: 1) Fluid retention: omega-3
fatty acids, particularly EPA and DHA, may influence fluid balance in the body. This could
lead to increased water retention, which would contribute to higher body weight without
necessarily affecting fat or lean mass measurements [10], 2) Edema: cancer patients often
experience edema due to various factors, including inflammation and treatment side effects.
Omega-3 supplementation might modulate inflammatory responses, potentially affecting
fluid distribution in the body and leading to weight gain without changes in fat or lean mass
[10], 3) Measurement limitations: some anthropometric measurement techniques may not be
sensitive enough to detect small changes in body composition, especially in cancer patients
who may have altered tissue characteristics. This could result in apparent weight gain without
detectable changes in fat or lean mass [10], and 4) Interaction with cancer treatments: the
effects of omega-3 supplementation on body weight might be influenced by concurrent
cancer treatments, which could mask or alter the impact on specific body composition
components [10].

Despite the results of the current study, a previous meta-analysis showed a non-significant
impact of omega-3 fatty acids supplementation on body weight. A meta-analysis [47] of

31 randomized trials revealed that omega-3 fatty acids supplementation does not enhance
muscle maintenance (mean difference, -0.47 kg; 95% CI, -2.17, 1.24; n = 505) or body weight
(mean difference, 0.98 kg; 95% CI, -1.00, 2.96; n = 839) in patients with cancer. To examine
the impact of omega-3 fats supplementing on body weight, ten additional trials were
incorporated, which were not previously considered in the meta-analysis.

Another important concern about meta-analysis was the use of final values instead of
changes from baselines, which failed to consider differences at baseline between studies,
potentially influencing the pooled results. In addition, our findings were aligned with the
meta-analysis conducted in 2022 [48]. The study's results reveal that omega-3 fatty acids had
a nonsignificant impact on LBM (SMD, 0.17; 95% CI, -0.01, 0.35) and BMI (SMD, 0.06; 95%
CI, -0.16, 0.27). However, body weight showed statistical significance (SMD, 0.26; 95% CI,
0.06, 0.45).

Ma et al. [49] revealed that there was a significant gain in body weight (WMD, 0.62 kg; 95%
CI, 0.54, 0.69) and LBM (WMD, 0.96 kg; 95% CI, 0.86, 1.06) in participants with pancreatic
cancer with unresectable tumors were compared based on their consumption of an omega-3
fats enriched oral nutritional supplements versus conventional nutrition. Moreover, some
newly published trials were missing in all previous meta-analyses. We included 10 additional
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studies; none mentioned the sensitivity analysis results for the BMI variable assessed in our
study. In the present study, investigating two new variables (body fat and fat mass), evaluating
the patients with a different type of cancer, and performing a dose-response analysis can help
to examine the impact of omega-3 fatty acids supplementation on anthropometric variables
more accurately.

Some potential biochemical processes could account for the advantages of omega-3 fatty
acids supplementation in patients with cancer. Omega-3 fatty acids, particularly EPA, bring
about various effects through several mechanisms. These include reducing catabolic activity
in protein degradation and lipid mobilization pathways, as well as decreasing glucose
consumption in skeletal muscle [44-49]. In other words, Studies suggest that this nutrient
suppresses lipogenesis, reduces free fatty acid deposition in muscles, and stimulates their
oxidation [44-49]. Attenuating side effects are mainly achieved by modulating inflammation
(lessening the generation of pro-inflammatory cytokines including IL-6, IL-1, and tumor
necrosis factor-a and tumor factors) and inhibiting the synthesis of proteolysis-inducing
factors, thereby reducing skeletal muscle proteolysis [7,44-49].

Several strengths can be found in this review. An assessment of all published studies on the
impact of omega-3 fatty acids on anthropometric variables. We also included a wide range of
patients with cancer. The current meta-analysis offered different insights about the impact of
omega-3 lipids supplementing in different doses on anthropometric variables in individuals
with cancer that were not given in the prior meta-analyses [44-49]. GRADE was used to
assess the certainty of evidence.

In interpreting the findings of the present meta-analysis, it is essential to consider the
following limitations. First, the findings may be limited in generalizability due to high
statistical heterogeneity. Although we conducted subgroup analysis based on different
variables, we could not determine the source of heterogeneity. Another constraint is the
limited sample size observed in certain trials incorporated within the current study, along
with the absence of outcome assessment blinding and allocation concealment in certain
trials. The findings from trials with low bias risk were consistent with the main analysis.
Additionally, various discrepancies between trials, such as cancer duration, severity,
medication, and ®-3 supplement quality, can lead to notable variances. Finally, the quality of
the studies was low to very low, so the power of our review was further reduced.

The present dose-response meta-analysis of 33 RCTs showed that each 1 g/day rise in omega-3
fatty acids could favorably affect body weight with the greatest impact on the dosage of 4
g/day. However, this result was insignificant for BMI, LBM, body fat, and fat mass., The
findings were significant for BMI, even though two studies were excluded. Furthermore,

the overall quality of evidence was ranked low to very low, indicating that to examine the
impact of omega-3 fatty acid supplementation on anthropometric factors in cancer patients,
additional well-designed studies are needed.
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SUPPLEMENTARY MATERIALS

Supplementary Table 1
Detailed search strategy in each database, last updated Nov 2023

Supplementary Table 2
Excluded studies with reason (n = 18)

Supplementary Table 3
Characteristics of studies included in the meta-analysis of the effect of omega-3 fatty acids
supplementation on anthropometric variables

Supplementary Table 4
Subgroup analysis of the effect of omega-3 fatty acids supplementation on body weight

Supplementary Table 5
Subgroup analysis of the effect of omega-3 fatty acids supplementation on BMI

Supplementary Table 6
Subgroup analysis of the effect of omega-3 fatty acids supplementation on LBM

Supplementary Table 7
GRADE evidence table for the effect of omega-3 fatty acids supplementation o
anthropometric variables

Supplementary Figure 1
SMD of body weight for a 1 g/day increment in omega-3 fatty acids supplementation using
random effects model.

Supplementary Figure 2
The funnel plot of omega-3 fatty acids (each 1 g/day) supplementation on body weight.

Supplementary Figure 3
SMD of body mass index for a 1 g/day increment in omega-3 fatty acids supplementation
using random effects model.

Supplementary Figure 4
The funnel plot of omega-3 fatty acids (each 1 g/day) supplementation on body mass index.

Supplementary Figure 5
SMD of lean body mass for a 1 g/day increment in omega-3 fatty acids supplementation using
random effects model.

Supplementary Figure 6
The funnel plot of omega-3 fatty acids (each 1 g/day) supplementation on lean body mass.

Supplementary Figure 7

SMD of fat mass for a1 g/day increment in omega-3 fatty acids supplementation using
random effects model.
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Supplementary Figure 8
SMD of body fat percentage for a 1 g/day increment in omega-3 fatty acids supplementation
using random effects model.

Supplementary Figure 9
OR of adverse events for a1 g/day increment in omega-3 fatty acids supplementation using
random effects model.

Supplementary Figure 10
Risk difference of adverse events for a 1 g/day increment in omega-3 fatty acids
supplementation using random effects model.
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