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Dietary Omega-3 intake may
slow prostate cancer progression
and reduce mortality risk:
evidence from prostate, lung,
colorectal, and ovarian cancer
screening trial

Xinru Shu'?*, Jiayi Lin%, Ling Yao?, Shun Liu?, Qingquan Chen?,
Honggeng Wang'* and Liangming Wang'*

'The Second Affiliated Hospital of Fujian Medical University, Quanzhou, Fujian Province, China, 2Fujian
Medical University, Fuzhou, China

Background: Prostate cancer is the second most prevalent malignant cancer
globally and the fifth leading cause of cancer-related mortality. Omega-3
PUFAs [including eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA),
and docosahexaenoic acid (DHA)] may mitigate prostate cancer risk through
various molecular mechanisms, such as inhibiting pro-inflammatory eicosanoid
production via COX-2 pathway, regulating apoptosis and autophagy, and
potentially influencing other signaling pathways like NF-kB. However, existing
studies have reported inconsistent findings regarding the effects of Omega-3
fatty acids on prostate cancer, and there is limited large-scale longitudinal data
exploring the dose-response relationship.

Methods: This study utilized data from the Prostate, Lung, Colorectal, and
Ovarian (PLCO) Screening Trial to investigate the associations between Omega-3
(EPA, DPA, DHA) intake from dietary sources and the risk of prostate cancer
and mortality. Omega-3 fatty acid intake was assessed via the Dietary History
Questionnaire (DHQ). Multivariate Cox proportional hazards regression models,
adjusted for key confounders including age, race, BMI, family history, PSA levels,
comorbidities, and lifestyle factors, were employed alongside restricted cubic
spline (RCS) analysis to account for potential confounding factors. A total of
30,552 male participants aged 55—-74 years were included, with a median follow-
up time of >7 years.

Results: The results indicated a linear relationship between Omega-3 fatty
acid intake and the overall risk of prostate cancer (HR for highest vs. lowest
quintile: 0.90, 95% CI: 0.81-1.00, P = 0.053). For prostate cancer mortality, a
non-linear relationship was observed (Pnon_jinearity = 0-009). The risk of death
decreased as intake increased below 0.4 g/d, with a hazard ratio of 0.67 (95% ClI:
0.49-0.91, P = 0.011) for the second quintile compared to the lowest quintile.
However, intake exceeding this threshold was associated with an increased risk
(HR for highest quintile: 0.70, 95% CI: 0.52-0.95, P = 0.021). The RCS analysis
revealed a potential U-shaped association for mortality risk, with the lowest risk
corresponding to an intake range of ~0.15-0.40 g/d.
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Conclusion:

10.3389/fnut.2025.1623295

Increased dietary intake of Omega-3 fatty acids has been

associated with a reduced risk of prostate cancer. However, the association with
mortality risk showed a threshold effect, with intakes below 0.4 g/day reducing
mortality and higher intakes potentially increasing risk.
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Introduction

Prostate cancer is a malignant cancer originating from the
male reproductive system. It is currently the second most common
cancer in men worldwide, second only to lung cancer, and the fifth
leading cause of cancer death. Age is one of its recognized risk
factors, especially affecting men over 60 years old (1, 2). In addition
to age, the main known risk factors for prostate cancer include race,
obesity, and family history (3). There are also some modifiable risk
factors, such as dietary intake, physical labor, and sleep (1). It is
worth noting that dietary intake can be analyzed digitally through
daily eating habits, so dietary intervention may become an adjuvant
treatment for prostate cancer.

The European Prospective Investigation into Cancer and
Nutrition (EPIC) study demonstrated an association between the
risk of high-grade prostate cancer and the intake of total fat,
monounsaturated fat, and polyunsaturated fat (4). In terms of
dietary intake, studies have shown that Omega-3 polyunsaturated
fatty acids (PUFA) have a protective effect on prostate cancer
survival rate (5). Omega-3 fatty acids can be obtained through
the consumption of the liver from lean white fish such as
cod and halibut; the flesh of oily fish, including mackerel,
herring, and salmon; and widely used fish oil supplements (6).
Omega-3 is a type of substance that is currently recognized to
have anti-inflammatory effects. It exerts anti-inflammatory effects
through multiple pathways, such as reducing the synthesis of
pro-inflammatory mediators, regulating cell signal transduction
processes, and activating transcription factors such as PPAR-y,
inhibiting the activation of the NF-«kB signaling pathway, thereby
reducing the expression of inflammation-related genes (7). A study
by Richard J. Deckelbaum revealed that Omega-3 fatty acids can
reduce the occurrence and development of cardiovascular disease,
diabetes, cancer and other diseases by changing cell membrane
fluidity, regulating nuclear receptors and inhibiting inflammatory
mediators (8). The components of Omega-3 fatty acids include
eicosapentaenoic acid (EPA), docosapentaenoic acid (DHA) (these
two exist in marine animal and plant oils) and docosapentaenoic
acid (DPA). EPA and DHA are currently considered the most
biologically active forms of Omega-3 fatty acids; DPA, as an
intermediate of EPA and DHA, may contribute to the health of
the body (9). Continuous intake of oily fish (rich in Omega-3) is
associated with a reduced risk of prostate cancer. The mechanism
by which Omega-3 fatty acids prevent carcinogenesis involves the
inhibition of eicosanoids synthesized from arachidonic acid to
reduce inflammatory responses, thereby potentially delaying the
progression of prostate cancer (10). In addition, Omega-3 fatty
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acids also exert anticancer effects through mechanisms such as the
regulation of apoptosis and autophagy (7, 11).

In a study on the correlation between Omega-3 fatty acids and
atrial fibrillation, Frank Qian et al. investigated the relationships
between the levels of EPA, DPA, and DHA in blood or adipose
tissue and atrial fibrillation (12). Therefore, this research studies the
calculation of Omega-3 content as the basis for determining total
Omega-3 intake; that is, the daily intake of EPA, DPA and DHA is
used to express Omega-3 intake.

Given the anti-inflammatory properties of Omega-3 fatty acids
and their potential to inhibit cell growth factors, researchers
have hypothesized that an increased intake of Omega-3 fatty
acids from either food or supplements might lead to a reduced
risk of cancer (13). This hypothesis has spurred extensive
research into the correlation between Omega-3 fatty acids and
cancer. However, the National Institutes of Health (NIH) in the
United States currently harbors considerable controversy regarding
the relationship between Omega-3 fatty acid intake and cancer,
as presented in the professional version of Omega-3 fatty acid.
In a nested case-control analysis of men aged 55-84 years in a
prostate cancer prevention trial, serum DHA phospholipid levels
were positively correlated with the risk of high-grade prostate
cancer but not with the risk of low-grade prostate cancer (14).
Similarly, the results from a case-cohort study in the Selenium
and Vitamin E Cancer Prevention (SELECT) trial also revealed
that men with higher Omega-3 levels had a greater risk of prostate
cancer (15). Though higher serum Omega-3 levels were associated
with increased high-grade prostate cancer risk, causality was not
established, and the source of Omega-3 remains unclear. However,
some studies have shown that dietary intake of Omega-3 fatty
acids has no effect on the risk of prostate cancer, while eating fish
reduces prostate cancer mortality but has no effect on prostate
cancer incidence (16). Another meta-analysis on Omega-3 fatty
acids and prostate cancer also revealed that there was no significant
association between dietary intake or blood Omega-3 fatty acids
and the overall risk of prostate cancer (17). In addition to the above
two results, other observational studies using dietary intake data
from other scholars have shown that higher intake of fish and/or
Omega-3 fatty acids may reduce the risk of prostate cancer.

Therefore, the relationship between Omega-3 intake and
prostate cancer remains a controversial topic. On the one hand,
the potential mechanism of Omega-3’s anti-inflammatory and
antioxidant properties is still uncertain. On the other hand, there
is limited data related to the two, which leads to insufficient
recommendations and understanding about Omega-3 intake.
There are few nutritional recommendations that can provide clear
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evidence for dietary intervention treatment of prostate cancer. In
addition, there are relatively few research teams that study the
effects of Omega-3 on prostate cancer in the context of large-scale
population data.

This study was based on the Prostate, Lung, Colorectal, and
Ovarian Cancer (PLCO) Screening Trial Database to evaluate
whether dietary intake of Omega-3 (EPA, DHA, and DPA) is
associated with the incidence and mortality of prostate cancer. The
results of this study can reduce the incidence of prostate cancer
in healthy people, help optimize dietary behavior and promote
health, and provide dietary-assisted treatment recommendations
for prostate cancer patients to improve prognosis and quality of life.

Method
Study design

The dataset utilized in this investigation was sourced from
the PLCO study (https://cdas.cancer.gov/plco/). The PLCO Cancer
Screening Trial is a large, population-based, randomized controlled
trial designed to evaluate the effectiveness of cancer screening in
men and women aged 55-74 years and whether early detection can
reduce cancer-related deaths (18). A total of 154,887 participants
were enrolled in the trial from November 1993 to July 2001,
including 76,678 men and 78,209 women. Throughout the trial, the
participants were required to complete a series of questionnaires.
The baseline questionnaire (BQ) provided background information
and was completed by 97% of the participants before the start
of the trial. Two dietary questionnaires (DQX for the screening
group and DHQ for both groups) were potentially completed in the
first few years of follow-up to record self-reported dietary habits.
A supplementary questionnaire (SQX) was completed in the later
stages of the trial to obtain information similar to the BQ. The DHQ
questionnaire mainly records information such as the daily intake
frequency, daily intake, cancer incidence time, and death exit time
of participants for various foods during the follow-up period.

Study population

A total of 76,678 men aged 55-74 years, out of the 154,887
participants enrolled, were randomly allocated to either the
intervention group (n = 38,340) or the control group (n =
38,338) in the PLCO trial. In the present study, only men
were considered because the outcome of the study was prostate
cancer. The participants in both groups completed a dietary
history questionnaire (DHQ). Among all the men assigned to
the intervention group, 14,935 individuals were excluded on the
basis of the following screening criteria: absence of a baseline
questionnaire (n = 892), invalid or incomplete DHQ (n =
8,969), preexisting prostate cancer diagnosis prior to the study
commencement (n = 295), and death or failure to provide annual
study updates (n = 4,779). Of the 38,338 men in the control group,
16,292 men were excluded from the PLCO control group because of
death, loss to follow-up, or prevalent cases of prostate cancer before
completing the DHQ. Among the 46,309 participants identified
after screening, a group of participants were excluded because
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they were non-prostate cancer patients with death outcomes
(n = 13,211), unclear TNM stages (n = 535) or incomplete
questionnaires (n = 1,153). The final number of participants
included in the study was 30,552, including non-advanced prostate
cancer patients (n = 2,969) and advanced prostate cancer patients
(n = 388). The detailed process of inclusion and exclusion can be
seen in Figure 1.

Written informed consent was obtained from all participants
to participate in the PLCO study, which was approved by the
Institutional Review Board of the National Cancer Institute (NCI)
of the United States. The project ID is PLCO-1221.

Assessment of prostate cancer

In the PLCO Screening Trial, men in the intervention group
underwent annual prostate-specific antigen (PSA) testing and
digital rectal examination (DRE) for the first 6 years, with all
participants followed for a minimum of 7 years for prostate cancer
outcomes. Diagnosis was ascertained primarily through medical
record review for men flagged by: (i) self-reported prostate cancer
during annual follow-up, (ii) abnormal PSA levels (>4 ng/mL, per
clinical guidelines at the time), (iii) abnormal DRE findings, or (iv)
prostate cancer indicated on a death certificate. Advanced prostate
cancer was defined as a clinical stage III or IV cancer (based on
TNM classification) or a cancer with a Gleason score >8 (19).

Dietary assessment

The Dietary History Questionnaire (DHQ), a food frequency
questionnaire (FFQ), was developed by the staff of the Risk Factor
Monitoring and Methods Branch (REMMB). The FFQ contains
124 food items, including portion size and dietary supplement
questions. Moreover, the food list and nutrient database used by
the DHQ are based on national dietary data (USDA Continuing
Survey of Food Intake by Individuals (CSFII) 1994-1996, available
from the USDA Food Survey Research Group: https://www.icpsr.
umich.edu/web/ICPSR/studies/21960). The DHQ questionnaire
was utilized to gather data on the average daily intake of DHA,
DPA, and EPA, which were subsequently summed to represent the
average daily Omega-3 intake.

Statistical analysis

The baseline characteristics of the subjects were compared
across different quintiles of Omega-3 (EPA, DPA, DHA) intake,
employing chi-square tests for categorical variables and analysis
of variance for continuous variables. Subjects with any or
advanced prostate cancer were compared with subjects without
such malignancies during follow-up by Omega-3 (EPA, DPA,
DHA) intake, which was calculated via the DHQ. The Wilcoxon
rank sum test was used for these comparisons. Hazard ratios
(HRs) and their 95% confidence intervals (CIs) for the association
between Omega-3 (EPA, DPA, DHA) intake and prostate cancer
risk were estimated via Cox proportional hazards regression models
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FIGURE 1
PLCO participant flow chart.

with multivariate adjustment for important covariates, including
known or suspected prostate cancer risk factors such as age,
race, education, marital status, family history of prostate cancer,
randomized trial subgroups, BMI, height, history of diabetes,
history of vasectomy, smoking in the past 10 years, and energy-
adjusted lycopene, calcium, and vitamin E intake. Omega-3 intake
was divided into quintiles based on the entire sample, and HRs
for quintiles 2-5 were calculated using the first (lowest) quintile
as a reference. Linear trends across quintiles of Omega-3 fatty acid
intake were tested by modeling the median of each quintile as a
continuous variable via Cox regression.

To examine the potential non-linear dose-response
relationship between Omega-3 fatty acid content and both
prostate cancer incidence and the risk of prostate cancer death,
Omega-3 fatty acid intake was modeled as either a categorical
or continuous variable, utilizing restricted cubic splines (RCSs)
with three knots (i.e., the 10th, 50th, and 90th percentiles), and
chi-square tests for categorical variables and analysis of variance
for continuous variables were applied. In sensitivity analyses,
cancer cases occurring within the first 2 years of follow-up were
excluded to minimize reverse causality. All the statistical analyses
were performed via R (version 4.2.3), and P < 0.05 was considered

statistically significant.
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Results

The baseline characteristics of the subjects are presented in
Table 1. On the basis of the established inclusion and exclusion
criteria, a total of 30,552 male subjects were ultimately included
in the study. Omega-3 fatty acid intake was categorized into five
quintiles (Q1-Q5) via the five-point method. Significant differences
were observed across the quintiles of Omega-3 (EPA, DPA, DHA)
intake in terms of age, education, marital status, height, BMI, race,
lycopene intake, calcium intake, and vitamin E intake (P < 0.001).
Additionally, statistically significant differences were noted in the
prevalence of diabetes and history of vasectomy (P < 0.05).

Univariate analysis of the association between Omega-3 fatty
acid intake and prostate cancer risk. Table 2 illustrates the average
daily intake (g/d) of Omega-3 fatty acid (EPA, DPA, DHA)
among the prostate cancer patients, which included the non-
advanced and advanced prostate cancer patients, as well as the
non-prostate cancer patients. Significant differences in Omega-3
(EPA, DPA, and DHA) intake were found between the prostate
cancer group and the non-prostate cancer group, as well as between
advanced prostate cancer patients and the non-prostate cancer
group (P < 0.05). Conversely, no statistically significant difference
in Omega-3 (EPA, DPA, or DHA) intake was observed between the
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TABLE 1 Baseline characteristics of study subjects by dietary intake of total Omega-3 in the PLCO screening trial.

10.3389/fnut.2025.1623295

Variable Dietary Intake of Total Omega-3 (EPA, DPA, DHA) (g/d)
Overall Q1 Q2 Q3 Q4 Q5
(n = 30,552) (<0.04) (>0.04 to (>0.06 to (>0.09 to (>0.15 to
(n = 7,650) <0.06) <0.09) <0.15) <1.94)
(n = 4,600) (n =6,158) (n = 6,236) (n= 5,878)

Age, years 60.9 £+ 4.6 61.6 £4.8 61.1 £4.7 60.9 £ 4.6 60.7 £ 4.5 60.3 £ 4.4 <0.001
Education, %
Less than high school 7,207 (23.6) 2,172 (28.4) 1,177 (25.6) 1,397 (22.7) 1,323 (21.2) 1,138 (19.4) <0.001
High school graduate or 3,781 (12.4) 1,054 (13.8) 622 (13.5) 720 (11.7) 751 (12.0) 634 (10.8)
equivalent
Post-high school 5,909 (19.4) 1,557 (20.4) 919 (20.0) 1,225 (19.9) 1,167 (18.7) 1,041 (17.7)
education
College graduate or 13,625 (44.6) 2,867 (37.5) 1,882 (40.9) 2,816 (45.7) 2,995 (48.0) 3,065 (52.1)
higher
Marital, %
Married 26,630 (87.2) 6,616 (86.5) 4,075 (88.6) 5,416 (88.0) 5,499 (88.2) 5,024 (85.5) <0.001
Married but living as 3,043 (10.0) 807 (10.5) 417 (9.1) 584 (9.5) 572(9.2) 663 (11.3)
single
Single 849 (2.8) 227 (3.0) 108 (2.3) 158 (2.6) 165 (2.6) 191 (3.2)
Height, inch 70.1 £2.7 69.9 £2.7 70.0 £2.6 70.1£2.7 70.1£2.7 70.2£2.8 <0.001
BMI, kg/m2 27.4+39 272+£3.7 274+3.8 27.4+£3.9 27.6 £4.0 27.7+£4.1 <0.001
Race, %
White, Non-Hispanic 27,725 (90.8) 6,905 (90.3) 4,263 (92.7) 5,673 (92.1) 5,706 (91.5) 5,178 (88.1) <0.001
Black, Non-Hispanic 738 (2.4) 203 (2.7) 90 (2.0) 122 (2.0) 139(2.2) 184 (3.1)
Hispanic 595 (1.9) 209 (2.7) 102 (2.2) 97 (1.6) 103 (1.7) 84 (1.4)
Asian 1,246 (4.1) 299 (3.9) 120 (2.6) 225 (3.7) 246 (3.9) 356 (6.1)
Others 218 (0.7) 34 (0.4) 25 (0.5) 41(0.7) 42(0.7) 76 (1.3)
Cigarette smoking, %
Never smoked 12,619 (41.3) 3,198 (41.8) 1,897 (41.2) 2,577 (41.8) 2,550 (40.9) 2,397 (40.8) 0.262
cigarettes
Current cigarette 2,386 (7.8) 622 (8.1) 373 (8.1) 493 (8.0) 474 (7.6) 424 (7.2)
smoker
Former cigarette 15,517 (50.8) 3,830 (50.1) 2,330 (50.7) 3,088 (50.1) 3,212 (51.5) 3,057 (52.0)
smoker
Family history of prostate cancer, %
No 28,192 (92.4) 7,043 (92.1) 4,240 (92.2) 5,689 (92.4) 5,760 (92.4) 5,460 (92.9) 0.478
Yes 2,330 (7.6) 607 (7.9) 360 (7.8) 469 (7.6) 476 (7.6) 418 (7.1)
Diabetes, %
No 28,932 (94.8) 7,233 (94.5) 4,369 (95.0) 5,851 (95.0) 5,954 (95.5) 5,525 (94.0) 0.004
Yes 1,590 (5.2) 417 (5.5) 231 (5.0) 307 (5.0) 282 (4.5) 353 (6.0)
History of vasectomy, %
No 20,843 (68.3) 5,178 (67.7) 3,096 (67.3) 4,167 (67.7) 4,280 (68.6) 4,122 (70.1) 0.007
Yes 9,679 (31.7) 2,472 (32.3) 1,504 (32.7) 1,991 (32.3) 1,956 (31.4) 1,756 (29.9)
Lycopene intake, mg/d 7,391.2 +7,372.3 5,579.3 £6,135.3 6,605.6 & 6,479.6 7,328.8 £7,167.0 8,108.6 £ 7,900.7 9,668.2 & 8,359.7 <0.001
Calcium intake, mg/d 829.0 £457.8 703.8 £ 432.0 791.8 £ 439.0 827.7 £ 446.1 873.4 £438.1 975.2 £ 487.6 <0.001
Vitamin E intake, mg/d 9.9+5.38 7.4+47 9.0£53 9.7+£53 10.8 £ 5.6 131+ 6.5 <0.001

DHQ, Dietary Questionnaire; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial.
The variables are presented as the means + SDs for continuous variables or percentages for categorical variables. Calcium and vitamin E intakes were calculated from the DHQ. Continuous

variables were analyzed by ANOVA.
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TABLE 2 Differences in dietary intakes of total Omega-3 (EPA, DPA, DHA) between subjects who did or did not develop prostate cancer in the PLCO
screening trial.

Variable, Total Non- Advanced Non- P
g/d prostate advanced prostate prostate
cancer prostate cancer cancer Total Non- Advanced
cancer prostate advanced prostate
cancer vs. prostate cancer vs.
non- cancer vs. non-
prostate non- prostate
cancer prostate cancer
cancer
n 3,357 2,969 338 27,165
Omega-3 0.07 (0.04, 0.13) 0.07 (0.04, 0.13) 0.07 (0.04, 0.12) 0.07 (0.04, 0.13) 0.024 0.111 0.019
EPA 0.02 (0.01, 0.04) 0.02 (0.01, 0.04) 0.02 (0.01, 0.03) 0.02 (0.01, 0.04) 0.035 0.133 0.028
DPA 0.01 (0.01, 0.02) 0.01 (0.01, 0.02) 0.01 (0.00, 0.02) 0.01 (0.01, 0.02) 0.048 0.185 0.023
DHA 0.05 (0.03, 0.08) 0.05 (0.03, 0.08) 0.04 (0.03, 0.08) 0.05 (0.03, 0.08) 0.022 0.09 0.027

Omega-3, Omega-3 fatty acids; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; DHQ, Dietary History Questionnaire; PLCO, Prostate, Lung, Colorectal,

and Ovarian Cancer Screening Trail.

The Wilcoxon rank sum test was used to compare differences in Omega-3 fatty acid intake between subjects with prostate cancer, non-advanced prostate cancer, and advanced prostate cancer

during follow-up and those without prostate cancer.

non-advanced prostate cancer group and the non-prostate cancer
group (P > 0.05).

As depicted in Table 3, the multivariate analysis of Omega-
3 fatty acid intake and the risk of prostate cancer revealed the
relationship between Omega-3 (EPA, DPA, DHA) fatty acid intake
and the hazard ratio (HR) of prostate cancer after the intake was
categorized into five groups via the five-point method. Without
adjusting for covariates, increased intake of EPA and DPA can
reduce the risk ratio of prostate cancer. EPA intake in the Q3
group (HR; = 0.90, P; = 0.034) and DPA intake in the Q4 group
(HR; = 0.86, P; = 0.018) were significantly associated with a
greater incidence of prostate cancer (HR;). However, this effect
was no longer observed after adjusting for covariates such as age
(HR,, HR3).

Table 4 presents the multivariate analysis of Omega-3 fatty
acid intake and the risk of prostate cancer death, specifically the
relationship between Omega-3 (EPA, DPA, DHA) fatty acid intake,
categorized into five groups via the five-point method, and the
hazard ratio (HR) of prostate cancer death. Without adjusting for
covariates, increasing Omega-3 (EPA, DPA, and DHA) intake can
reduce the risk of prostate cancer death, and the greater the intake
is, the greater the reduction effect (HR;). Even after adjusting for
covariates such as age (HR3), increasing Omega-3 intake and EPA
intake can significantly reduce the risk of prostate cancer death.

Figure 2 shows the relationships between Omega-3 fatty acid
intake and the risk of prostate cancer and death. After adjusting
for covariates, including age, race, education, marital status, family
history of prostate cancer, randomized trial subgroup, BMI, height,
history of diabetes mellitus, history of vasectomy, smoking in the
past 10 years, and energy-adjusted lycopene, calcium, and vitamin E
intake, a linear relationship was observed between Omega-3 intake
and the hazard ratio (HR) of prostate cancer (Pnon-linearity = 0-518)
(Figure 2A). As the intake of Omega-3 fatty acids increases, the
risk of prostate cancer gradually decreases. There was a non-linear
relationship between Omega-3 fatty acid intake and the hazard ratio
(HR) of prostate cancer death (Phon-linearity = 0.009) (Figure 2B).
The RCS analysis revealed a potential U-shaped association for
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mortality risk, with the lowest risk corresponding to an intake range
of ~0.15-0.40 g/d. When the intake of Omega-3 fatty acids is <0.4
g/d, it is beneficial for reducing the risk of prostate cancer death,
whereas when the intake of Omega-3 fatty acids is >0.4 g/d, it
increases the risk of prostate cancer death.

Discussion

By utilizing extensive population data from the PLCO trial,
this study investigated the relationships between Omega-3 fatty
acid intake and the risk of prostate cancer and death. The results
revealed that Omega-3 fatty acid intake was linearly related to the
overall risk of prostate cancer, whereas a non-linear relationship
was observed with the risk of prostate cancer death.

It is evident that the role of Omega-3 fatty acids in prostate
cancer is significant and cannot be overlooked. Our findings agree
with the results of Claire Bosire’s index-based dietary patterns
and prostate cancer risk in the AARP Diet and Health Study
(20) and Katarina Augustsson’s prospective study on fish and
marine fatty acid intake and prostate cancer (21); that is, higher
intake of Omega-3 can reduce the risk of prostate cancer. Our
study specifically focused on elucidating the relationship between
Omega-3 fatty acid intake and the risk of both prostate cancer
and death. Our results revealed that there may be a certain
association between Omega-3 (EPA, DPA, DHA) intake and the
risk of prostate cancer. In the multivariate analysis of Omega-
3 fatty acid intake and prostate cancer, the original effect, that
is, the greater the intake, the lower the risk of prostate cancer,
disappeared after adjusting for a series of covariates. However, in
the RCS analysis, we found that the greater the level of Omega-
3 fatty acid intake was, the lower the risk of prostate cancer. In
terms of the relationship with the risk of death, we found that
when the intake of Omega-3 fatty acids is <0.4 g/d, it is beneficial
for reducing the risk of death from prostate cancer, and when
the intake of Omega-3 fatty acids is >0.4 g/d, it increases the
risk of death from prostate cancer. These findings suggest that in
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TABLE 3 Hazard ratios (HR) [95% confidence interval (Cl)] for prostate cancer by quintiles (Q) of intake of total Omega-3 (EPA, DPA, DHA), assessed using
the Dietary History Questionnaire (DHQ), in the intervention arm and control arm of the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial.

Variable (g/d) Cases of Person-years HR;

prostate

cancer

Omega-3
Q1 (<0.04) 880 90,123 Reference Reference Reference
Q2 (>0.04 to <0.06) 501 54,298 0.94 (0.85-1.05) 0.3 0.96 (0.86-1.07) 0.48 0.97 (0.87-1.08) 0.547
Q3 (>0.06 to <0.09) 710 72,205 1.01 (0.91-1.11) 0914 1.04 (0.94-1.15) 0.465 1.05 (0.95-1.16) 0.38
Q4 (>0.09 to <0.15) 658 73,296 0.92 (0.83-1.02) 0.095 0.96 (0.86-1.06) 0.397 0.97 (0.87-1.07) 0.538
Q5 (>0.15 to <1.94) 608 68,745 0.90 (0.81-1.00) 0.053 0.97 (0.87-1.07) 0.544 0.99 (0.88-1.10) 0.836
EPA
Q1 (<0.01) 1,394 144,304 Reference Reference Reference
Q2 (>0.01 to <0.02) 725 74,684 1.00 (0.92-1.10) 0.928 1.03 (0.94-1.13) 0.489 1.04 (0.95-1.14) 0.423
Q3 (>0.02 to <0.04) 626 71,662 0.90 (0.82-0.99) 0.034 0.94 (0.85-1.03) 0.187 0.95 (0.86-1.04) 0.252
Q4 (>0.04 to <0.67) 612 68,017 0.93 (0.85-1.02) 0.133 0.98 (0.89-1.08) 0.723 1.00 (0.90-1.10) 0.946
DPA
Q1 (<0.01) 831 86,377 Reference Reference Reference
Q2 (20.01 to <0.02) 1603 169,849 0.98 (0.90-1.06) 0.623 1.01 (0.93-1.10) 0.763 1.02 (0.94-1.11) 0.631
Q3 (>0.02 to <0.03) 573 60,302 0.99 (0.89-1.10) 0.781 1.04 (0.93-1.16) 0.499 1.05 (0.94-1.17) 0.375
Q4 (>0.03 to <0.22) 350 42,139 0.86 (0.76-0.97) 0.018 0.94 (0.83-1.07) 0.336 0.96 (0.84-1.10) 0.587
DHA
Q1 (<0.03) 1199 124,490 Reference Reference Reference
Q2 (>0.03 to <0.04) 458 45,191 1.05 (0.94-1.17) 0.364 1.07 (0.96-1.19) 0.227 1.08 (0.96-1.20) 0.19
Q3 (>0.04 to <0.06) 606 66,598 0.94 (0.86-1.04) 0.244 0.97 (0.88-1.07) 0.52 0.98 (0.88-1.08) 0.642
Q4 (>0.06 to <0.09) 516 57,492 0.93 (0.84-1.03) 0.168 0.97 (0.87-1.07) 0.526 0.98 (0.88-1.09) 0.696
Q5 (>0.09 to <1.09) 578 64,896 0.92 (0.84-1.02) 0.111 0.98 (0.89-1.09) 0.738 1.00 (0.90-1.12) 0.941

Cox proportional hazards regression analysis was used to calculate hazard ratios (HR) and 95% confidence intervals (Cls) for prostate cancer risk associated with Omega-3 (EPA, DPA,
DHA) intake.

EPA and DPA overlapped Q4 and Qb5 after categorization according to a five-point scale and were therefore divided into 4 categories.

HRy, not adjusted for covariates.

HR;, adjusted for age, race, education, marital status, family history of prostate cancer, and randomized trial grouping.

HR3, adjusted for age, race, education, marital status, family history of prostate cancer, randomized trial subgroup, BMI, height, history of diabetes mellitus, history of vasectomy, smoking in
the past 10 years, energy-adjusted lycopene, calcium, and vitamin E intake.

providing dietary treatment for prostate cancer, the progression
of prostate cancer can be alleviated by adjusting the intake of
Omega-3 fatty acids. We speculate that when the intake of Omega-
3 fatty acids exceeds 0.4 g/d, the harmful effect on the body may
be because it has a certain impact on the hormone levels in the
body, causing hormone imbalance and thus leading to cell cycle
disorders, increasing the risk of cell cancer. Because in Manni et al.’s
(22) study on the combination of anti-estrogen and Omega-3 fatty
acids to prevent breast cancer, it was found from rat experiments
that Omega-3 can affect the changes in estrogen and progesterone
in the body.

Our research method has produced seemingly
contradictory views on the relationship between Omega-3
fatty acid intake and the risk of prostate cancer. This may be
because the proportion of patients without prostate cancer in the
included study population is relatively large; in terms of research
methods, the types of variables involved in multivariate analysis

two
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and RCS analysis are different. Multivariate analysis divides
Omega-3 fatty acid intake into quintiles, which is a categorical
variable, which may lead to the loss of continuous information
of intake and make it difficult to capture subtle dose-response
relationships. In addition, the sample size of the high-intake
group is small, the statistical power is reduced, and it is difficult to
detect weak but consistent effects. RCS analysis regards Omega-3
intake as a continuous variable, and flexibly models it through
cubic spline functions, which retains the continuity of intake,
can more sensitively detect overall trends, and test linear and
non-linear relationships at the same time. These two results are
actually complementary. Multivariate analysis shows no significant
difference between groups after adjustment, which may be due to
information loss caused by grouping; The RCS analysis reveals
the overall linear trend through continuous modeling, indicating
that there is a weak but consistent negative correlation between
intake and risk, but owing to the small effect size, it failed to
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TABLE 4 Hazard ratios (HRs) [95% confidence intervals (Cls)] for prostate cancer deaths in the intervention and control groups of the prostate, lung,
colorectal, and ovarian cancer screening trial intervention and control groups for quintiles (Q) of total Omega-3 (EPA, DPA, and DHA) intake as assessed
by the Dietary History Questionnaire (DHQ).

Variable (g/d) Numbers of Person-years HR;

prostate cancer

deaths

Omega-3
Q1 (<0.04) 146 61,541 Reference Reference Reference
Q2 (>0.04 to <0.06) 54 37,831 0.61 (0.44-0.83) 0.002 0.69 (0.50-0.94) 0.018 0.67 (0.49-0.91) 0.011
Q3 (>0.06 to <0.09) 93 52,020 0.74 (0.57-0.97) 0.026 0.85 (0.66-1.11) 0.23 0.83 (0.64-1.08) 0.174
Q4 (>0.09 to <0.15) 87 52,635 0.70 (0.53-0.91) 0.008 0.84 (0.64-1.09) 0.192 0.80 (0.61-1.05) 0.113
Q5 (>0.15 to <1.94) 72 50,038 0.60 (0.45-0.80) | <0.001 | 0.76 (0.57-1.00) | 0.054 | 0.70 (0.52-0.95) | 0.021
EPA
Q1 (=<0.01) 208 99,507 Reference Reference Reference
Q2 (>0.01 to <0.02) 91 53,677 0.80 (0.63-1.03) 0.078 0.89 (0.69-1.13) 0.334 0.88 (0.68-1.12) 0.301
Q3 (>0.02 to <0.04) 83 51,128 0.78 (0.60-1.00) 0.054 0.90 (0.69-1.16) 0.397 0.88 (0.68-1.14) 0.316
Q4 (>0.04 to <0.67) 70 49,753 0.66 (0.50-0.87) 0.003 0.78 (0.59-1.02) 0.073 0.74 (0.56-0.99) 0.041
DPA
Q1 (<0.01) 136 58,717 Reference Reference Reference
Q2 (>0.01 to <0.02) 201 120,881 0.71 (0.57-0.89) 0.002 0.85 (0.68-1.05) 0.133 0.83 (0.67-1.04) 0.101
Q3 (>0.02 to <0.03) 76 44,068 0.73 (0.55-0.97) 0.029 0.92 (0.69-1.22) 0.551 0.88 (0.66-1.18) 0.408
Q4 (>0.03 to <0.22) 39 30,399 0.56 (0.39-0.79) 0.001 0.77 (0.54-1.11) 0.16 0.71 (0.49-1.04) 0.078
DHA
Q1 (<0.03) 177 85,533 Reference Reference Reference
Q2 (>0.03 to <0.04) 60 32,398 0.88 (0.65-1.18) 0.379 0.93 (0.69-1.25) 0.635 0.91 (0.68-1.23) 0.544
Q3 (>0.04 to <0.06) 76 47,395 0.77 (0.59-1.01) 0.063 0.87 (0.66-1.14) 0.303 0.85 (0.65-1.12) 0.254
Q4 (>0.06 to <0.09) 67 41,539 0.79 (0.59-1.04) 0.093 0.91 (0.69-1.21) 0.536 0.88 (0.66-1.17) 0.382
Q5 (>0.09 to <1.09) 72 47,200 0.73 (0.55-0.96) 0.024 0.89 (0.67-1.17) 0.399 0.83 (0.62-1.12) 0.222

Hazard ratios (HR) and 95% confidence intervals (CI) for the risk of prostate cancer death associated with Omega-3 (EPA, DPA, DHA) intake were calculated using Cox proportional hazards

regression analysis.

EPA and DPA overlapped Q4 and Q5 after categorization according to a five-point scale and were therefore divided into 4 categories.

HR;, not adjusted for covariates.

HR;, adjusted for age, race, education, marital status, family history of prostate cancer, and randomized trial grouping.

HR3, adjusted for age, race, education, marital status, family history of prostate cancer, randomized trial subgroup, BMI, height, history of diabetes mellitus, history of vasectomy, smoking in

the past 10 years, energy-adjusted lycopene, calcium, and vitamin E intake.

show up in the group analysis, thus filling this limitation in the
multivariate analysis.

In contrast to the risk of prostate cancer, the multivariate
analysis of Omega-3 intake and the risk of prostate cancer
death demonstrated that increasing Omega-3 (EPA, DPA, DHA)
intake could reduce the risk of prostate cancer death, irrespective
of whether relevant variables such as age were adjusted for.
As a polyunsaturated fatty acid (PUFA), Omega-3 fatty acids
influence prostate cancer primarily through the COX enzyme
(23). In a study by Fradet et al. (24) on Omega-3 fatty acids
and COX-2 genetic variation, COX-2 was found to be excessive
in prostate cancer. As the core enzyme of eicosanoid synthesis,
COX-2 overproduction leads to an increase in the levels of
proinflammatory eicosanoids in the body, which leads to increased
inflammation. However, eicosanoids derived from Omega-3 fatty
acids have anti-inflammatory activity and have an inhibitory effect
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on the overproduction of COX-2, thereby alleviating the risk and
progression of prostate cancer °. Omega-3 can also reduce the
synthesis of proinflammatory cytokines (such as IL-6 and TNEF-
a) and prostaglandin E2 (PGE2), which also works through the
COX pathway and competitively antagonizes Omega-6 fatty acids
to reduce the production of proinflammatory eicosanoids, thereby
improving immune surveillance in the cancer microenvironment.
In addition, omega-3 fatty acids induce cancer cell apoptosis
by accumulating reactive oxygen species (ROS) and activating
caspases, and also activate autophagy flux through SIRT1-mediated
Beclin-1 deacetylation and AMPK pathway, thereby alleviating
oxidative stress and inflammation (25, 26). These mechanisms work
together to make Omega-3 fatty acids have potential application
value in cancer treatment and tissue protection.

Moreover, in the multivariate analysis of the risk of prostate
cancer, prior to adjusting for variables, EPA intake in the Q3 group
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FIGURE 2

Restricted cubic spline curves of prostate cancer risk ratios (A) and prostate cancer mortality risk ratios (B) vs. total Omega-3 (EPA, DPA, DHA) intake
in the intervention and control groups of the prostate, lung, colorectal, and ovarian cancer screening trial.
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(HR; = 0.90, P; = 0.034) and DPA intake in the Q4 group (HR;
= 0.86, P; = 0.018) exhibited a statistically significant trend toward
reducing prostate cancer risk. This finding indicates that increasing
the intake of specific Omega-3 components (EPAs, DPAs) through
dietary adjustments could serve as a strategy for prostate cancer
prevention, particularly for high-risk groups such as those with
a family history or obesity. Targeted supplementation may hold
greater value in such cases. Therefore, we recommend that healthy
people consume foods rich in Omega-3 fatty acids, such as deep-
sea fish, fish oil, and certain seaweeds and fermented foods (such
as natto). Combined with the results of Omega-3 intake and the
risk of death from prostate cancer, we recommend that the daily
intake of healthy people should be within a certain range, such as
~0.02-0.04 g/d for EPA and ~0.03-0.22 g/d for DPA, which can be
achieved by consuming deep-sea fish at least twice a week (~100-
150 g each time) or taking appropriate supplements. In addition,
threshold awareness, that is, with respect to the results of Omega-
3 and the risk of death from prostate cancer, the total Omega-3
intake needs to be controlled below 0.4 g/d to balance the risks
and benefits. There is still no recognized clinical guideline for this
specific intake recommendation, and there are relatively few studies
supporting this intake, so the recommendations of this study are
only made on the basis of this result.

Notably, the strengths of this study lie in its large-scale
population data and long-term follow-up, which provide robust
epidemiological evidence. Additionally, this study elucidated the
dietary relationship between Omega-3 fatty acids and prostate
cancer via the PLCO and DHQ databases, thereby filling the gap
in the lack of reliable dietary intake recommendations for the
dietary treatment of prostate cancer. Moreover, the introduction
of a ketogenic diet as a weight loss therapy has expanded the
application scenarios of dietary interventions in prostate cancer
management. Moreover, we adjusted for a variety of potential
confounders, including age, race, BMI, smoking history, family
history, and dietary nutrients (lycopene, calcium, vitamin E), to
reduce the impact of residual confounding. This study innovatively
combined the study of categorical variables and continuous
variables, complemented the results, made our research results
more reliable, and introduced RCS analysis to reveal the complex
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dose-response pattern of Omega-3 intake and prostate cancer
risk. However, the study also has several limitations. First, the
collection of dietary data was limited to the baseline DHQ, which
did not account for potential dietary changes during the follow-
up period. Second, as the DHQ is self-reported, it is subject to
certain subjective factors, which may compromise the accuracy
of the information and introduce recall bias. In addition, the
subjects of this study were mainly non-Hispanic White men in
the United States aged 55-74 years, and the results may not be
applicable to young men, other races or regions. In addition,
because this study explored only the intake of Omega-3 fatty acids
as the sum of the contents of three substances, DHA, DPA and EPA,
the effect of Omega-3 fatty acids may be affected by other nutrients
(such as Omega-6, vitamin D, and vitamin E) (27-29). Although
we adjusted for multiple confounding factors, residual confounding
may still affect the results. Moreover, group analysis may lead to
the loss of dose-response information, especially for the high-dose
group (such as Q5, which covers 0.15-1.94 g/d), which has high
heterogeneity, diluting the potential effect.

In future studies, multiple dietary assessments (such as the
regular FFQ or biomarker testing) can be conducted in cohort
studies to analyze the relationship between changes in Omega-
3 fatty acid intake and prostate cancer progression dynamically,
especially the cumulative effect of long-term intake on prostate
cancer survival. In addition, randomized controlled trials (RCTs)
can be designed to evaluate the direct effects of Omega-3
supplements or ketogenic diet interventions on the prognosis of
prostate cancer patients, with a focus on dose effects, safety, and
compliance. In summary, future studies can further explore the
impact of Omega-3 fatty acids on the dietary level of patients with
prostate cancer.

Conclusion

On the basis of the data from the PLCO trial, this study found
that Omega-3 fatty acid intake is linearly negatively correlated with
the overall risk of prostate cancer, that is, the higher the intake,
the lower the risk. However, it is non-linearly related to the risk
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of death from prostate cancer, and there is a threshold effect. When
the intake exceeds 0.4 g/d, it may increase the risk of death. The data
suggest a potential threshold effect around 0.4 g/d, above which
Omega-3 intake may be associated with increased prostate cancer
mortality. However, further investigation is needed to confirm this
threshold and its clinical relevance.
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