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Abstract /l
Rapeseed oil (RO) has been extensively studied for its possible advantages

in enhancing physical health. However, questions regarding its influence Article History

on inflammation and its suitability for incorporation into the diets of Received: 14 July 2025
individuals with medical needs and those suffering from clinical conditions Accepted: 29 October
remain critical areas that require exploration. By utilizing the NHANES 2025

(National Health and Nutrition Examination Survey) database, researchers Keywords
constructed models that accounted for various factors, including race, age, CRP; )
marital status, BMI, and caloric intake. The application of a two-sample IMngﬁr;erH:;ory Cytokines;
Mendelian randomization (MR) technique enabled the identification of Randomization;

causal relationships informed by data from current genome-wide association Rapeseed Oil.

studies. This examination included many methodologies, including random
effects calculation, effect estimate, inverse variance weighted, MR-Egger,
weighted median, simple mode, and weighted mode method. To reinforce
prior findings, RO was administered to mice in experimental settings. The
expression of inflammatory factors in the RO group significantly decreased.
An analysis of the NHANES survey data demonstrated a negative
relationship between RO consumption and CRP (C-reactive protein) levels
among adults in the United States, with the 8 value of RO's 95% confidence
interval being -0.08(-0.15, -0.01), aligning with outcomes from MR Analysis
and subsequent animal research. The identified link between RO intake and
diminished inflammation indicates the potential role of RO in moderating
inflammatory responses, thereby highlighting the significance of RO in
dietary choices for enhanced health outcomes.
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Introduction

Over the course of the past decades, rapeseed
has developed into an important oilseed crop on a
worldwide basis. At the moment, rapeseed oil (RO)
is the third largest vegetable oil in terms of volume,
following in the footsteps of palm oil and soybean
oil." A total of 38 million metric tons of RO were
produced worldwide, with Europe providing 63% and
Canada contributing 31%.2 Rapeseed oil is one of
the oils that is used the most commonly in the United
States, falling behind only soybean oil in terms of its
frequency of use.®

To ensure that the body is able to react effectively to
tissue injury or infection, it is necessary for immune
cells, inflammatory cells, and the chemicals that are
associated with them to interact in a manner that is
precisely regulated. Chronic inflammation, on the
other hand, is defined by a prolonged, dysregulated,
and maladaptive response that demonstrates
the presence of continuous active inflammation,
tissue damage, and ineffective attempts to cure the
damage. Chronic inflammation, often known as non-
resolving inflammation, is linked to a spectrum of
chronic diseases, including coronary artery disease,
obesity, malignancy, inflammatory bowel disease,
autoimmune dysregulation and diabetes.**°

Anti-inflammatory medications are commonly utilized
for the treatment of these conditions. However, a
significant number of these treatments possess
side effects influenced by the dosage, and none
are suitable for primary preventive measures, which
considerably limits their application.’® Conversely,
both one's way of life and the surrounding
environment are known to have a substantial impact
on the inflammatory processes that occur. Among
environmental factors, diet emerges as an essential
component in modulating inflammation. There has
been a significant advancement in understanding
the influence of dietary selections on health,
specifically through the modulation of inflammation
by particular nutrients or dietary elements.'" Recent
developments have resulted in a substantially more
accurate understanding of this relationship. When
it comes to lowering inflammation, there is some
evidence to suggest that dietary methods that
encourage a larger consumption of vegetables and
oil may be beneficial.'>'*RO possesses the following
characteristics: a low concentration of saturated
fatty acids (SFAs) (7%), abundant monounsaturated
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fatty acids (MUFAs) and polyunsaturated fatty acids
(PUFAs), including 61% oleic acid, 21% linoleic acid,
and 11% alpha-linolenic acid (ALA),"'" phytosterols
(from 0.53% to 0.97%), and vitamin E (from 700 to
1,200 parts per million).'8' It has been demonstrated
via research that each of these components has
anti-inflammatory properties.

Owing to the partial and contested?-?? data regarding
the impacts of RO on inflammatory processes, this
study investigates the association between RO and
inflammation through an analysis of data from the
National Health and Nutrition Examination Survey
(NHANES) and utilizing Mendelian randomization
(MR) techniques, and verifies it through experiments
on mice.

Materials and Methods

NHANES Study Design and Data Sources

The NHANES functions as a biennial survey that
provides a nationally representative overview of the
population in the United States. Initiated in 1999, it has
been carried out annually, assessing approximately
5,000 individuals each year. The collected data
includes demographic, socioeconomic, dietary,
and health-related information acquired through
interviews and physical examinations conducted
at participants' homes using mobile examination
units. This data collection program, sanctioned by
the Ethics Review Board of the NCHS, necessitates
obtaining signed consent from all participants
following comprehensive information distribution.
Researchers can utilize the available data, analytical
techniques, and research instruments to aid in
replicating the findings or the methodologies
employed. The complete NHANES study design
and dataset are accessible via https://www.cdc.gov/
nchs/nhanes/.

Data extraction was conducted using the NHANES
database, which included 20,470 participants,
covering the period from 2003 to 2006. The following
criteria were established for exclusion: elimination of
records that did not have information on oil response
or oil consumption (14,995 cases), absence of CRP
data (375 cases), exclusion of female participants
(2,715 cases), and data lacking additional covariates
(159 cases). In total, 2,226 people satisfied the
eligibility requirements and were incorporated into
the study, as stated in Figure 1.
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The study employed published studies and
partnerships that provide publicly available aggregate
data. All original investigations had permission
from the appropriate ethical review board, and
subjects provided informed consent. Moreover, the
research did not utilize data at the individual level.
Consequently, it is not required to obtain approval
from a new ethics review committee.

CRP Definition

The primary focus of this research was on CRP.
Blood samples from participants of all genders, aged
three years and older, were gathered, preserved,
and sent to the University of Washington in Seattle,
Washington.?* The measurement of CRP levels
utilized the latex-enhanced nephelometry method
(https://wwwn.cdc.gov/nchs/nhanes/).

MR Analysis Data Sources

The schematic representation of the MR design is
illustrated in Figure 3 (created with BioRender.com).
MR is predicated on three principal assumptions: (1)
that the genetic factors designated as instrumental
variables (IVs) demonstrate a strong correlation
with the exposure; (2) that genetic variation is
independent of any potential confounding variables;
and (3) that genetic variations affect the results
solely via the exposure.? This research employed
summary-level data derived from well-established
genome-wide association studies (GWAS) that
investigated the connections between RO and
41 distinct circulating inflammatory regulators. By
pinpointing genetic variants associated with RO,
the study deduced causal relationships between RO
and each individual circulating inflammatory factor.

The datasets that were used in this MR Analysis
were obtained from summary GWAS data that was
available to the general audience. The data on
RO was gathered from the Open GWAS database
maintained by the European Union. This data had
63,464 controls and 1,485 cases of European
descent. In the current study, information was
provided on inflammatory cytokines, including
specifics on the genetic variant relationships for
41 cytokines and growth factors among 8,293
individuals of Finnish heritage.?® An explanation
of the significance of ethical issues may be found
above.
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Selection of Genetic Instruments

SNPS related to exposure and with a significance
threshold (p < 5x10-5) were used as IVs. These
genetic variants were subsequently refined using
linkage disequilibrium (LD) distance threshold
of 10,000 kb and r2 < 0.001 to confirm their
independence.? Only those IVs with an F-statistic
exceeding 10 were included.?82® Subsequently,
palindromic SNPs were eliminated.

Statistical Analyses for MR

We adopt five methods for analysis: inverse variance
weighting (IVW),° weighted median,®*' MR-Egger,*
and MR pleiotropic residuals and outliers (MR-
PRESSO).?® Each of these methods works under
different assumptions and deals with Vs that show
horizontal pleiotropic effects. In the IVW approach,
each SNP is treated as a valid genetic instrument,
and the technique is based on the premise that
pleiotropy does not exist.*® For the weighted median
method to be applicable, a minimum of fifty percent
of the instrumental variables must be available.®' It
is possible for the MR-Egger approach to properly
anticipate causal linkages even in circumstances in
which all IVs are considered to be erroneous.* By
doing global testing, the MR-PRESSO approach
identifies possible outliers in the instrumental
variable, and then it provides unbiased estimates of
causality by excluding the outliers that have been
detected.®

The findings are presented as Odds Ratios (OR)
along with their corresponding 95% confidence
intervals (Cl). All statistical analyses were conducted
in R (version 4.3.2) using the TwoSampleMR and
MR-PRESSO packages.

Animals and Procedures

In this study, six-week-old male mice with the
ApoE-/- gene deficiency were employed. For the
research, the mice were randomly assigned to two
distinct groups: one group (n = 6) received a high-
fat diet (HFD), while the other group (n = 6) was
provided with a diet where the oil was substituted
with RO. Blood samples were then collected from
each mouse after a duration of 12 weeks on their
respective diets.
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Measurement of Cytokine Concentrations

The cytokines assessed included Eotaxin, IL-1B,
and IL-2RA. Mouse serum cytokine levels were
determined using an ELISA Kit (Thermo Fisher
Scientific, Inc., Waltham, MA, USA; COIBO BIO Inc.,
Shanghai, China) following the guidelines provided
by the manufacturer.
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Statistics for ELISA Experiments

The experimental outcomes were represented as
mean + standard deviation (SD). Data analysis was
conducted using GraphPad Prism (California, USA).
A student's t-test was utilized to compare the two
groups and identify statistical differences between
the groups.

Table 1: Characteristics of participants according to CO intake NHANES, 2003-2006.

Characteristic Overall, N =2226 Other oils, N = 1466 CO,N=760 P -value
(100%) (61%) (39%)

Age (years), median (SD) 37.5(21.4) 36.6 (20.9) 38.9 (22.1) 0.052

Race 0.012

1 513 (9.2%) 383 (11%) 130 (5.6%)

2 63 (2.8%) 49 (3.4%) 14 (1.8%)

3 1,650 (88%) 1,034 (85%) 616 (93%)

Marital status (%) 1,006 (57%) 614 (55%) 392 (59%) 0.13

CRP mg/L, median (SD) 0.28 (0.75) 0.31 (0.91) 0.24 (0.38) >0.9

Diabetes (%) 194 (9.3%) 114 (8.5%) 80 (11%) 0.2

Dyslipidemia (%) 984 (53%) 621 (50%) 363 (57%) 0.067

Hypertension (%) 585 (30%) 357 (28%) 228 (34%) 0.039

Calorie(kcal/day) 2,467 (860) 2,466 (868) 2,468 (847) >0.9

BMI (kg/m?3), median (SD) 26 (6) 26 (6) 27 (7) 0.005

Race:1, Mexican American; 2, Other Hispanic; 3, Non-Hispanic White, Non-Hispanic Black, Other Race-

Including Multi-Racial. SD, standard deviation.

Results

Baseline Characteristics of Participants

After removing cases with incomplete covariate
information, the total number was 2980. Data
on fundamental population covariates, including
BMI, kcal, and CRP, were found to be absent for
some participants. Ultimately, the study included
2623 individuals. Within the analyzed group, the
average age (mean (SD)) was 50.92 (18.85) years,
comprising 1489 males (53.4%) and 1302 females
(46.6%). Table 1 delineates the features of these
people.

Association of RO with CRP

The association between RO and CRP is illustrated
in Figure 2. Within the model, when controlling for
race, age, and marital status, BMI, kcal, and RO
exhibited a significant negative correlation with CRP,
with the B value of RO's 95% confidence interval
being -0.08(-0.15, -0.01).

The Causal Impact of RO on different Inflammatory
Cytokines

The outcomes of all MR analyses are illustrated
in Figure 4, which presents the p-values for every
MR analysis method employed. Subsequently,
we identified the positive outcomes of the MR
analysis founded on the significant p-value obtained
from the IVW. Notably, IL_1B, IL_2RA, and
EOTAXIN exhibited significant negative correlations.
Furthermore, the direction of the test results aligned
consistently across all five methods, bolstering
confidence in the actual causality.

To evaluate the strength of the causal association
between RO and CRP, a leave-one-out sensitivity
analysis was performed for every SNP. Our findings
revealed that the outcomes consistently aligned on
one side of the zero line, regardless of the absence
of any SNPs (Figure 5A). In addition, we illustrated
the effect sizes of both IVW and MR-Egger, which
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appeared to match the significance that was found
(Figure 5B). Furthermore, during the entirety of the
MR Tests, the patterns were generally constant and
statistically significant (Figure 5C). In conclusion, the

funnel plot analysis revealed that the individual SNPs
were distributed in a symmetrical manner on both
sides of the vertical line in the IVW and MR-Egger
assessments (Figure 5D).

NHANES 2003-2006 Exclude data without oil response

(N=20,470) and no oil consumption

(N=14,995)

Eligible participants

(N=2,226)

Without data from other covirates
(N=159)

|

Fig. 1: Flowchart detailing the procedure for identifying suitable
participants for inclusion in the study

Characteristic

Without data from CRP
(N=375)

e

B (95% CI) P-value

Other oils

Rapeseed oil =

(] Reference

-0.08 (-0.15,-001) 0.032

I

| |

02 0 02 04 06 038 1

Fig. 2: Linear regression analysis on the association between other oils and RO in the male
subgroup. Adjusted for race, age, marital status, BMI, calorie(kcal/day), Cl = Confidence Interval
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Fig. 3: MR analysis study protocol. Three Key Assumptions of Mendelian Randomization Study.
(A)SNPs were significantly associated with CO intake; (B)SNPs were not associated with
confounding factors; (C)SNPs could affect inflammatory cytokines only through CO intake. SNP:
single-nucleotide polymorphism.
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Fig. 4: Effect of CO on 41 inflammatory cytokines based on MR Analysis. (A) MR circos. From
outside to inside, the beta values of IVW, Inverse variance weighted, MR-Egger, simple mode,
weighted median, and weighted mode. (B) MR forest. Effect of rapeseed oil on three inflammatory
cytokines

In the MR study examining the association between = methodology, and weighted mode analysis. The

RO and several inflammatory cytokines, we found  results indicated a possible correlation between RO
SNPs associated with RO using the GWAS data. We  and a diminished risk of EOTAXIN (OR: 0.125, 95%
employed many analytical techniques, includingthe  Cl: 0.020, 0.778, p = 2.6e-02), IL_1B (OR: 0.028,
IVW approach, MR-Egger method, weighted median ~ 95% CI: 0.002, 0.507, p = 1.6e-02), and IL_2RA
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(OR: 0.055, 95% CI: 0.004, 0.818, p = 3.5e—-02) while
revealing no significant causal relationships between
RO and other inflammatory cytokines (Figure 5).
The Cochran's Q test revealed an absence of
heterogeneity (CO-EOTAXIN, Q =20.527,p =0.610;
CO-IL_1B, Q=24.024, p = 0.403; CO-IL_2RA,Q =
10.425, p = 0.988). Additionally, we conducted an
evaluation of horizontal pleiotropy, which revealed

A N B
,E{““fﬁz e
i.
3 e i
i 2
]
At o L 430
E N F -
= -  [Preogmecy
- = a
z =
H
i
- J
<theeld S [y
5 0 oo k3
s T y =
§ oo
H]

1430

no indication of directional pleiotropy (CO-EOTAXIN,
intercept = 0.014, p = 0.787; CO-IL_1B, intercept =
-0.020, p =0.820; CO-IL_2RA, intercept=-0.047,p =
0.552). The MR-PRESSO global test demonstrated
no horizontal pleiotropy effects (CO-EOTAXIN, p =
0.671; CO-IL_1B, p=0.334; CO-IL_2RA, p = 0.998),
so affirming that our MR results were unaffected by
horizontal pleiotropy.

Fig. 5: Figure presents a sensitivity analysis pertaining to the causal relationships between RO
and CRP. (A) lllustrates the results of the MR leave-one-out sensitivity analysis investigating
the effect of RO on CRP. (B) Displays the MR effect size associated with RO's influence on CRP.
(C) Summarizes causal estimates derived from various MR tests. (D) Features a funnel plot
generated from single SNP analyses.

Validation of ELISA-based NHANES and MR
Analysis

Compared with the HFD group, serum EOTAXIN
IL_1B, IL_2RA, and CRP were reduced in the RO

group, validating the NHANES and MR analysis
results (Figure 6).
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Fig. 6: ELISA validation results in mice. (A) Staining of atherosclerotic lesions on the aorta by Oil
red O in group HFD. (B) Staining of atherosclerotic lesions on the aorta by Oil Red O in group RO.
(C, D, E) ELISA results for EOTAXIN, IL_1B, slL_2RA, and CRP in mice. HFD, blue bars; RO, red
bars. *p < 0.05, **p < 0.01, ***p < 0.001

Discussion

NHANES collected data from typical samples
from multiple perspectives. What is unique is that
through interviews and physical examinations, it
involves information such as the basic population
information, socio-economic conditions, diet
and health, medical care, and physiological
measurements of the samples. The findings obtained
from the NHANES are utilized to identify disease
risk factors as well as to assess the prevalence of
significant health conditions, as well as to assess
the relationship between nutritional status and
health and disease prevention. They can also
be applied in epidemiological and health science
research, all of which serve the health of the nation.®
After adjusting the RO in the NHANES for race,
age, marital status, BMI, and Calorie, a negative
correlation between RO intake and CRP was
obtained. The data of MR is derived from reliable
research.® The anti-inflammatory effect of RO was
supported by the inverse correlation between RO

and EOTAXIN, IL_1B, and IL_2RA by MR Analysis
with 41 inflammatory cytokines, which were further
validated in mice.

Abundant scientific research endorses the use of
rapeseed oil, which not only positively impacts lipid
levels but also serves as a crucial dietary element
for enhancing health. The intake of rapeseed oil
influences several other disease risk biomarkers
through its effects on biological processes. According
to the findings, rapeseed oil can significantly lower
total and LDL cholesterol levels when compared
to other dietary fat sources, along with additional
benefits such as elevated tocopherol levels and
better insulin sensitivity.*> RO has a controversial
relationship with inflammation. A research project
assigned adult male participants diagnosed with
Type 2 Diabetes (T2D) to receive rapeseed oil
enhanced with gam-oryzanol over a period of 12
weeks for laboratory assessment. In the ORZO
group, significant reductions were observed in
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serum hs-CRP, MDA, IL-6, and IFN-y levels, while
serum IL_1B exhibited a slight decrease.* A study
examining the impact of RO on women with type
2 diabetes revealed a substantial reduction in
CRP levels among the rapeseed oil group.*” The
biological mechanisms that link RO to inflammation
remain elusive. The high-carbohydrate diet based
on rapeseed oil as a lipid source does not prevent
hepatic fatty acid accumulation and inflammation.?!
The results of our analysis, combined with previous
studies, provide more support for the ameliorative
effects of RO on inflammation.

RO is rich in oleic acid, vitamin E, and polyphenols.
These ingredients play an important role in anti-
inflammation.3¥4% RO contains 61% oleic acid,*
and the anti-inflammatory effects of RO have been
reported in many kinds of literature, such as a
meta-analysis study that qualified 31 randomized
controlled trials out of 719 identified studies
involving 1634 participants. The results showed that
supplementation of oleic acid significantly reduced
C-reactive protein.*' Studies show that oleic acid can
both effectively inhibit the growth of harmful bacteria
linked to bacterial vaginosis and promote the growth
of beneficial lactobacillus in the vaginal environment,
presenting a new strategy for addressing this
common gynecological issue.*? It is possible that
oleic acid has the ability to directly control the
production and activity of antioxidant enzymes.
Additionally, its anti-inflammatory qualities may be
attributed to the modulation of cytokine signaling,
by suppressing pro-inflammatory mediators and
enhancing anti-inflammatory ones. Additionally, oleic
acid has the potential to modulate the production
of microRNA, which can result in a beneficial anti-
inflammatory impact.*® The tocopherols in RO (700-
1,200 ppm) are one of the most potent nutrients
known to regulate immune function.*® Studies have
shown that vitamin E has unique antioxidant and anti-
inflammatory properties that inhibit pro-inflammatory
signal transduction and may help fight inflammation-
related diseases.* Polyphenols have received
much attention due to their anti-inflammatory
properties.*® and have shown significant alleviating
effects on intestinal inflammation by acting on
TLR4/NF-kB signalling pathway.** The abundant
anti-inflammatory elements in RO may significantly
contribute to its anti-inflammatory effects.
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Our research has several benefits. To guarantee
the integrity of our results, we included suitable
weights and modifications for confounding variables
in our study. Second, this study is a large sample
study using the NHANES and MR Databases. The
results of our MR Analysis may provide more reliable
conclusions because the MR Analysis is resistant to
confounding and reverse causation. Third, our study
examined the relationship between RO and CRP
in American populations of different races, ages,
marital status, BMI, and calories. This study aims
to evaluate the validity of findings across variables,
including ethnicity and marital status, in contrast
to earlier studies that focused solely on certain
groups. Fourth, the anti-inflammatory effect of RO
was verified in mice, providing data support for the
results of a large sample size.

However, limitations are inevitable. Firstly, the
cross-sectional design of this study precludes a
detailed exploration of the underlying mechanisms.
In addition, as the data is self-reported, there may
be deviations in accuracy. More in-depth randomized
controlled trials are needed to conduct mechanism
research in cells, animals, and humans, and further
high-quality prospective studies should be carried
out to obtain more definite results.

Conclusion

NHANES studies conducted in cross-section have
indicated an inverse relationship between RO and
CRP among adults in the United States. Similar
results were obtained through MR Analysis, including
EOTAXIN, IL_1B, and IL_2RA, and were verified
by ELISA detection of the serum of the mouse
model. These findings provide a theoretical basis
and technical guidance for people's future choice
of edible oil. To verify these discoveries and explore
the impact of RO consumption on inflammatory
responses, forthcoming prospective research is
warranted, and large-scale population cohort studies
containing more information (such as region, race,
diet, etc.) are needed.
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