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ABSTRACT

Exercise, especially when prolonged or highly intense, can temporarily increase
inflammation in both trained and untrained individuals. C-reactive protein (CRP) is an
established biomarker of inflammation. However, clinical trials assessing the impact of

fish oil supplementation on CRP levels in trained individuals have yielded inconsistent and
often contradictory results. The main objective of this study was to conduct a systematic
review of clinical trials exploring the effects of fish oil supplementation on CRP levels among
trained individuals. We performed structured searches on the PubMed, Scopus, and ISI Web
of Science databases for articles published from the earliest available date until September
2023. Of the 385 articles found and screened, three clinical trials met our criteria for inclusion
in this review. The results suggested that fish oil supplementation may help prevent spikes

in CRP levels after exercise. However, only one of the three studies produced statistically
significant findings. The differences in statistical significance among these studies could

be due to variations in the study design, sample populations, dosages, and duration of
supplementation. In summary, this systematic review provides evidence that fish oil
supplementation can reduce circulating CRP levels in trained individuals. Additional studies
with long-term follow-up and larger sample sizes are needed to investigate this effect further.

Keywords: Fish oil; Omega-3 fatty acids; C-reactive protein; Inflammation; Systematic review

INTRODUCTION

Exercise, especially when prolonged or high-intensity, can lead to a temporary increase

in inflammation in both trained and untrained individuals [1-4]. Intense exercise causes
microscopic damage to muscle fibers, triggering the release of proinflammatory cytokines,
such as interleukin-6 (IL-6), and activating the immune system [5-8]. This process results in
elevated levels of C-reactive protein (CRP), a key marker of systemic inflammation [9,10].

If CRP levels remain elevated and inflammation becomes chronic, it can exacerbate or
contribute to the development of various disorders, including type 2 diabetes, cardiovascular
diseases, and impaired immune function [11-14]. To mitigate inflammation, it is crucial
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to regulate exercise intensity and duration properly [15,16]. Nutrition also plays a vital

role in inflammation regulation. Consuming foods rich in antioxidants, such as fruits and
vegetables, omega-3 fatty acids (found in fatty fish and nuts), and adequate protein can help
protect against and reduce inflammation [1719].

Omega-3 fatty acids have shown significant anti-inflammatory effects, especially evidenced
by reduced CRP levels, in previous studies [20,21]. These effects are exerted through the
modulation of proinflammatory cytokines, which play a role in the synthesis of CRP [22,23].
Clinical studies have indicated that regular consumption of omega-3 fatty acids, particularly
in the form of fish oil supplements, can significantly reduce CRP levels [23-26]. This is
especially beneficial for individuals with chronic inflammation or those recovering from
physical exertion [27]. Fish oil supplements provide a concentrated and bioavailable source of
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). This makes them an effective
means of achieving the recommended omega-3 intake, particularly for those who do not
consume much fatty fish [25,28]. However, the results of clinical trials on the effects of fish
oil supplementation on CRP levels in trained individuals have been inconsistent and often
contradictory. While some studies have demonstrated significant reductions in CRP with fish
oil supplementation, others have found minimal or no effect [29-32]. Given the conflicting
evidence, there is a need for a comprehensive systematic review to synthesize the existing
data and clarify the potential role of fish oil in modulating CRP levels. Therefore, the primary
objective of this study was to conduct a systematic review of clinical trials examining the
effects of fish oil supplementation on CRP levels in trained individuals.

This systematic review was conducted and reported according to the guidelines of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses [33].

Search strategy

We performed a structured search of the PubMed, Scopus, and ISI Web of Science databases
for articles published from the earliest available date up to September 2023. The search was
restricted to English language articles and used the following keywords, interposed with
Boolean operators: (“fish 0il” OR “omega-3 fatty acid” OR “n-3 fatty acid” OR “DHA” OR
“eicosapentaenoic acid” OR “docosahexaenoic acid” OR “EPA”) AND (“inflammation” OR
“C-reactive protein” OR “CRP”) AND (“athletes” OR “training” OR “exercise”). The reference
lists of the retrieved articles were also screened manually to enhance the sensitivity of the
search strategy and ensure that all relevant clinical trials were identified.

Study selection

The articles retrieved from the electronic databases were organized using EndNote X6
software (EndNote X6; Thomson Reuters, New York, NY, USA). Duplicate studies were
removed from the initial search results. Two independent researchers (JK and PS) then
screened the titles and abstracts based on the eligibility criteria. The same authors later
screened the full-text articles. Articles were included if they met the following criteria:

(a) Participants were trained healthy individuals; (b) The trial investigated the effects of
supplementation with omega-3 from a fish oil source for at least 1 week; (c) There was a
comparison group; (d) CRP was the primary outcome measured; and (e) The study was a
clinical trial. Studies with children and adolescents were excluded. Studies that examined
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the effects of fish oil in combination with other ingredients were also excluded unless that
compound was also used with the control group. Any disagreements between the two
reviewers were resolved through discussion until a consensus was reached.

Data extraction

A standard data extraction form was used by two independent reviewers (JK and PS) to
collect and collate information on the key characteristics of the articles. This included the
first author’s last name, publication year, study location (country), sex and mean age of the
participants, total sample size, follow-up duration, and dosage of fish oil supplements.

Any discrepancies between the data collected by the two reviewers were resolved through
discussion or arbitration by a third reviewer (LK). If any of this information was not reported
in the article, we contacted the corresponding author to obtain the necessary data.

RESULTS

Search results and study characteristics

Figure 1 provides a flowchart illustrating the study selection process for this review. In total,
385 potentially eligible articles were identified through electronic database search and manual
search of reference lists from relevant studies. After removing duplicate records, 316 articles
remained. Of these, 307 were excluded during the screening of titles and abstracts as they

did not meet the inclusion criteria. We retrieved the nine remaining articles and screened

the full text of each article. After analyzing the full texts, six articles were removed because
they did not meet the inclusion criteria. Finally, only three studies satisfied our inclusion
criteria for qualitative synthesis. Most of the studies included in this systematic review used a

Articles identified through
electronic database search and
manual search (n = 385)

Identification

Duplicates removed (n = 69)

Records screened
(n=2316)

Screening

Articles removed by title/abstract (n = 307)

Full-text articles assessed for
eligibility (n = 9)

Eligibility

Articles removed after full-text review (n = 6):

- Studies that administered fish oil
(Omega-3 fatty acid) in combination with
other components (n = 4)

- Studies with inappropriate control group
(=2

Included studies in systematic
review (n = 3)

Figure 1. Flow chart of the study selection process.
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Characteristics of the included studies

Studies Country  Sample Sex Mean age Supplement Participants Intervention Exercise type
size (yr) course (wk) (dosage)
Dalle et al. [29] (2021) Belgium 23 Both 65-83 14 Healthy older adults Omega-3 fish oil  Resistance exercise
(3.3 g/day)
Marques et al. [30] (2015) Brazil 8 Male 33.8 4 Wheelchair basketball Fish oil Aerobic training
athletes (3 g/day)
Atashak et al. [32] (2013) Male 21 1 Handball players Omega-3 fish oil  Resistance exercise
(3 g/day)

https://e-cnr.org

parallel design. The studies took place in Belgium, Brazil, and Iran. The average duration of
supplementation was 45 days. The number of participants ranged from 8 to 23, and their mean
age was 40 years. A summary of the characteristics of the three studies is presented in Table 1.

Effects of fish oil supplementation on serum CRP levels in trained individuals
The impact of omega-3 from fish oil on serum CRP levels was examined in three clinical
trials [29,30,32]. The first study was by Dalle et al. [29] and included both males and females.
The study found that daily intake of 3.3 g of omega-3 over 14 weeks, combined with 12 weeks
of resistance exercise, did not significantly affect serum CRP levels in healthy older adults.
The second study was by Marques et al. [30]. This study found that daily supplementation
with 3 g of DHA-rich fish oil did not alter serum CRP levels after acute exercise in male
wheelchair basketball athletes. The third study included in our review was by Atashak et al.
[32]. This study divided 20 collegiate male handball players into two equal groups. Each
participant took three capsules a day (3,000 mg) of either omega-3 or a placebo for 7 days.
All participants engaged in acute high-intensity resistance exercise. Interestingly, the levels
of CRP significantly increased 24 hours after exercise in the placebo group, but not in the
omega-3 group. This indicated that omega-3 supplementation can help prevent increases in
systemic inflammation caused by acute resistance exercise.

Intense and prolonged physical activity can lead to systemic inflammation, which is indicated by
elevated levels of CRP, a well-known biomarker for inflammation. Although this physiological
response is important for tissue repair and adaptation, if it persists for too long, it can impair
recovery, decrease athletic performance, and increase the risk of overtraining syndromes

and various diseases. Omega-3 fatty acids, particularly those found in fish oil, have potent
anti-inflammatory properties. They help reduce inflammation by reducing the production of
proinflammatory cytokines and eicosanoids and regulating inflammatory pathways.

This systematic review aimed to investigate the effect of fish oil supplementation on serum
CRP levels in trained individuals. We found that fish oil supplementation can help prevent
spikes in CRP levels after exercise; however, the findings were statistically significant in
only one of the studies. This may be attributed to variations in the study design, sample
population, dosage, and duration of supplementation.

Several mechanisms of action have been proposed to explain the beneficial effects of fish
oil on serum CRP levels in trained individuals. These effects are primarily due to the anti-
inflammatory properties of omega-3 fatty acids in fish oil, specifically EPA and DHA [25].
These omega-3 fatty acids lower CRP levels by influencing key inflammatory pathways.
They also inhibit the production of proinflammatory cytokines, such as IL-6 and tumor
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necrosis factor-alpha [26], both of which are strong stimulators of hepatic CRP production
[34]. In addition, EPA and DHA reduce the formation of proinflammatory eicosanoids,

such as prostaglandins and leukotrienes, by competing with arachidonic acid for enzymatic
conversion through the cyclooxygenase and lipoxygenase pathways [35,36]. Omega-3 fatty
acids also decrease the activation of the transcription factor nuclear factor-kappa B, which
regulates the expression of various inflammatory mediators, including CRP [37,38]. Through
these mechanisms, fish oil supplementation can effectively lower systemic inflammation and
CRP levels, leading to improved recovery from exercise and potentially reducing the risk of
chronic inflammatory conditions [28,39].

A meta-analysis by Kavyani et al. [26] found that n-3 polyunsaturated fatty acid supplementation
significantly reduced the levels of serum inflammatory biomarkers, particularly CRP. Notably,
the beneficial effects of DHA and EPA alone were specific to CRP levels.

Fish oil is considered beneficial to health, largely due to its anti-inflammatory properties.
However, excessive consumption of fish oil can cause several unwanted side effects, such as
an increased risk of bleeding as omega-3 fatty acids inhibit platelet aggregation. This is of
particular concern in individuals who are on blood-thinning medications or have bleeding
disorders [40]. Gastrointestinal discomfort is another common issue, which can manifest as
bloating, indigestion, or diarrhea when fish oil is taken in large doses [40,41]. In addition,
evidence suggests that overconsumption of omega-3 fatty acids may suppress certain aspects
of immune function, potentially increasing susceptibility to infections [42,43]. In rare
instances, those with fish or shellfish allergies may also have allergic reactions to fish oil [43].
As with any supplement, it is important to exercise caution and adhere to dosage guidelines.
Ideally, supplements should be implemented under the guidance of a healthcare provider to
avoid potential risks and maximize benefits.

The current systematic review had several limitations that should be considered when
interpreting the results. These include the small number of articles and the short
intervention durations. Furthermore, in some of the included studies, dietary intake was not
measured before and after the intervention, which may have caused biases resulting from
confounding factors. Another limitation was our failure to assess the quality of the included
studies. Finally, the protocol for the present study was not recorded in the PROSPERO
registry. This omission may potentially have introduced bias.

This systematic review found that fish oil supplementation can lower circulating CRP levels
in trained individuals. Additional studies with long-term follow-up and larger sample sizes
are needed.
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