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Intakes of saturated and

unsaturated fat and circulating
levels of inflammatory markers
among breast cancer survivors
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We investigated whether dietary intakes of saturated fat (SFA), monounsaturated fat (MUFA), or
polyunsaturated fat (PUFA) were associated with plasma inflammatory markers among breast cancer
survivors in Korea. This cross-sectional study included 419 female breast cancer survivors aged 30 to 78
years. Dietary intake was assessed using 3-day dietary records (DRs) or food frequency questionnaires
(FFQs). Plasma levels of adiponectin, high-sensitivity C-reactive protein (hs-CRP), interleukin (IL)-6,
IL-8, and tumor necrosis factor (TNF)-a were measured. We calculated an inflammatory composite
score by summing the z-scores of each inflammatory marker, with adiponectin assigned a negative
sign. Least-squares means (LS-means) and 95% confidence intervals (CIs) of inflammatory markers
were estimated according to SFA, MUFA, and PUFA intakes using the generalized linear models. We
found that increasing dietary MUFA intake was associated with increasing levels of adiponectin, but
decreasing levels of hs-CRP (p for trend =0.042 and 0.032, respectively). Similarly, higher dietary PUFA
intake was associated with higher levels of adiponectin (p for trend =0.023), but lower levels of hs-CRP
and inflammatory composite score (p for trend <0.001 and 0.036, respectively). However, no significant
associations were found between SFA intake and plasma inflammatory markers. In conclusion, our
results suggest that a higher intake of MUFA or PUFA is associated with a more favorable inflammatory
profile among Korean female breast cancer survivors, which may potentially help in managing chronic
inflammation.

Keywords Breast cancer survivors, Saturated fat, Monounsaturated fat, Polyunsaturated fat, Inflammatory
markers

Breast cancer is the most frequently diagnosed cancer among women globally, accounting for 24.5% of all cancer
diagnoses in women in 2020'. In Korea, the age-standardized incidence rate of breast cancer in women has
been on a steady increase, reaching 59.9 per 100,000 in 2020°. The expansion of health screenings, promoting
early detection, in conjunction with advancements in treatment modalities**, significantly improved the 5-year
relative survival rate for breast cancer in Korea, which escalated from 79.3% in 1993-1995 to 93.8% in 2016-
20202. The rising incidence and improved survival rates of breast cancer emphasize the importance of long-term
prognosis management.

Inflammation affects various physiological and pathological processes involved in the development and
progression of cancer and acts as an important predictor of prognosis®. Inflammation can induce mutations,
genomic instability, epigenetic modifications, angiogenesis, and immunosuppression, thereby promoting tumor
formation and the proliferation of premalignant cells, which can lead to cancer development and metastasis®.
Consequently, these mechanisms can significantly influence the prognosis of cancer patients. It has been suggested
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that certain inflammatory markers including C-reactive protein (CRP), interleukin (IL)-6, or tumor-associated
inflammatory indicators, are related to the survival rates of cancer patients’~. The hypothesis that inflammation
predisposes to cancer prognosis has also been corroborated in studies involving breast cancer survivors'°-!2, For
instance, a meta-analysis revealed that there was a significant decrease in overall survival, disease-free survival,
and cancer-specific survival with an increase in CRP levels!®. Furthermore, levels of adiponectin have been
identified as associated with improvements in both overall and disease-free survival rates'!.

Fats, as essential components of the human diet, play crucial roles in various physiological processes'. The
fatty acids are not only indispensable for normal cellular functions but also significantly influence inflammatory
pathways'*!>. Saturated fatty acids activate the toll-like receptor 4 and the nuclear factor-kB pathways, leading to
an increase in pro-inflammatory cytokines!®. In contrast, monounsaturated fatty acids activate the peroxisome
proliferator-activated receptors (PPARs), reducing pro-inflammatory cytokines while increasing adiponectin'”.
Polyunsaturated fatty acids, including dihomo-gamma-linolenic acid, arachidonic acid, and eicosapentaenoic
acid, produce a variety of eicosanoids'®. Among these eicosanoids, prostaglandins, whose types are determined
by the originating fatty acids, exhibit varying effects on inflammation'?.

To date, the collective findings from research indicating that the type and quantity of dietary fats have a greater
impact on health than total fat intake?’, combined with the potential effects of dietary fats on inflammation
and cancer development, have facilitated further cancer prevention studies across various populations?!~24,
However, in breast cancer survivors, research examining the association between specific types of dietary fat
intake and inflammatory markers has been limited. Therefore, we investigated the association between the
intake of saturated fat (SFA), monounsaturated fat (MUFA), and polyunsaturated fat (PUFA) and the levels of
plasma inflammatory markers among breast cancer survivors in Korea. Our study may provide evidence-based
information that can contribute to the healthcare and improved prognosis of breast cancer survivors.

Methods

Study population

This cross-sectional study was conducted among female breast cancer survivors recruited from the five hospitals
in Korea between March 2015 and June 2019, adhering to the following inclusion criteria: (1) those diagnosed
with the American Joint Committee on Cancer (AJCC) stage I to III breast cancer as primary cancer, (2) those
who had survived for at least six months post-surgery, (3) those without a history of recurrence or metastasis, or
(4) those without any other cancer diagnosis after a breast cancer diagnosis. Among a total of 493 participants,
we excluded one participant with missing data for all five inflammatory markers, and two participants with
plasma high-sensitivity C-reactive protein (hs-CRP) levels exceeding 10 mg/L, which could be indicative of an
acute infection or inflammatory condition?. Additionally, we excluded 68 participants who did not complete the
dietary recall (DR) or food frequency questionnaire (FFQ), as well as three participants with unreliable dietary
energy intake, defined as values exceeding + 3 standard deviations (SDs) from the mean of the log-transformed
energy intake. As a result, 419 participants were included in the present analysis. All methods were performed
in accordance with the relevant guidelines and regulations. This study was approved by the Institutional Review
Board of each participating hospital and written informed consent was obtained from all participants.

Dietary assessment

Dietary assessment was conducted using either 3-day DRs or a FFQ. Among 419 participants, 222 provided
their dietary information via 3-day DRs including two weekdays and one weekend day; however, one participant
completed 2-day DRs. To more accurately ascertain the amount of food and beverages consumed, we provided
each participant with a food photograph booklet and an example of a 1-day DR. The foods and beverages recorded
by the participants were analyzed using the Computer-Aided Nutritional Analysis Program (CAN-pro) version
4.0 (The Korean Nutrition Society, Seoul, Korea). This analysis, based on the food composition table of the
Korean Nutrition Society and the Rural Development Administration?®?’, allowed for the estimation of nutrients
and energy content. These estimates were then calculated as the average daily intake. The diets of the remaining
197 participants were surveyed using an FFQ, validated against DRs collected over the course of a year’?. In
a validation study, the correlation coefficient for fat intake was 0.48%. Participants were asked to respond to the
average frequency and amount of consumption over the past year for 123 items, categorized into nine groups.
The standard portion size and nutrient content for each item were established based on the 24-hour recall data
from the 2013 and 2014 Korea National Health and Nutrition Examination Survey (KNHANES) and the food
composition table provided by the Korean Nutrition Society and the Rural Development Administration?®2”%°,

Measurements of plasma inflammatory markers

Blood samples were collected from non-fasting participants by specialized nurses at each hospital at the study
enrollment. These samples were then aliquoted and stored in a -85°C deep freezer until subsequent assays. As
the primary outcomes of this study, we included circulating levels of adiponectin, hs-CRP, IL-6, IL-8, and tumor
necrosis factor (TNF)-a. All assays of inflammatory markers were carried out in external laboratories following
the specified standard procedures. The measurement of adiponectin levels was performed with an enzyme-
linked immunosorbent assay utilizing a microplate reader (VERSA Max, USA) at the CHA Bio Complex (CHA
University, Seongnam, Korea). The intra-assay coefficients of variation (CVs) of adiponectin ranged from 4.2
to 5.0%. Plasma hs-CRP was analyzed with a particle-enhanced immunoturbidimetric assay using Cobas 8000
C702 (Roche, Germany) at the Seegene Medical Foundation (Seoul, Korea). The inter-assay CV of hs-CRP
was 2.3%, and the lower limit of detection (LLOD) was 0.15 mg/L. We assigned values below the detection
limit as 0.075 mg/L, which corresponds to half of the LLOD. Plasma IL-6, IL-8, and TNF-a were analyzed with
multiplexing immunoassay at the Life is Art of Science laboratory (Gimpo, Korea) by using the Luminex 200
instrument (Luminex, Austin, TX, USA) and Bio-plex manager 6.0 (Bio-Rad, Hercules, CA, USA) for samples
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collected from 2015 to 2017, and the MAGPIX instrument (Luminex) and MasterPlex QT 2010 (MiraiBio,
Hitachi, CA, USA) for samples collected from 2018 to 2019. The intra- and inter-assay CVs were 2.2% and 3.0%
for IL-6, 3.2% and 2.8% for IL-8, and 3.5% and 3.0% for TNF-q, respectively.

Assessments of anthropometric, sociodemographic, lifestyle, and clinical factors

At the time of study enrollment, a professional research nurse asked the participants to complete a structured
self-administered questionnaire. Through this questionnaire, information about the current height and weight,
level of physical activity, education level, alcohol consumption, smoking status, and dietary supplement use was
obtained. Clinical data, including the height and weight at diagnosis, the date of breast cancer diagnosis and
surgery, AJCC stage, type of treatment, menopausal status at diagnosis, and types of chronic diseases before
and after diagnosis, were acquired from medical records provided by each hospital. The body mass index (BMI)
was determined by dividing the weight in kilograms by the height in meters squared. If height and weight
information were unavailable at the time of study enrollment, BMI was calculated using measurements taken at
diagnosis (n=9). The physical activity was quantified in metabolic equivalent of task (MET) hours per week by
multiplying the MET value for each type of activity by its frequency and duration, then summing these values®'.

Statistical analysis

Dietary intakes of SFA, MUFA, and PUFA were calculated in grams per day, log-transformed, and then adjusted
for total energy intake using the residual method*. These dietary fats were then classified into quartiles based
on intake levels according to the dietary assessment methods of DRs and FFQ. Levels of plasma adiponectin, hs-
CRP, IL-6, IL-8, and TNF-a were transformed by using the natural log or Box-Cox transformation to improve the
normality33’34. Adiponectin, hs-CRP, and IL-6 levels were log-transformed, whereas IL-8 and TNF-a levels were
modified using Box-Cox transformations with parameter values (A) of -0.25 and 0.5, respectively. Afterward,
these inflammatory markers were back-transformed to their original units to facilitate interpretation. We
applied the residual method to log or Box-Cox transformed biomarkers in order to address potential differences
between two measurement time points of these biomarkers. In other words, residuals were calculated in a
linear regression, using log or Box-Cox transformed biomarkers as dependent variables and the time points
(0 or 1) as independent variables. Because the mean of these residuals is zero, they can have both negative and
positive values and thus do not clearly represent the actual level of the biomarker®. Therefore, we added the
residuals derived from the aforementioned regression model to the sum of the y-intercept and the time points
(0 or 1) x 0.5, thereby accounting for the individual variability captured by the residuals®*. Considering the
systemic intercorrelated nature of biomarkers and their utility in evaluating clinical outcomes across various
disease states’®*’, we also calculated an inflammatory composite score by summing the z-scores of the five
individual biomarkers. The z-score of each biomarker was calculated using the formula z = (x - u)/o (x: the
levels of inflammatory markers for each individual, p: population mean, o: population standard deviation).
Adiponectin was added as a negative value in the inflammatory composite score because it is well known for its
anti-inflammatory effect.

We performed generalized linear models to estimate the least-squares means (LS-means) and 95% confidence
intervals (CIs) of inflammatory markers according to the quartiles of SFA, MUFA, and PUFA intakes. We
additionally categorized intakes into absolute cut-off values for associations that showed statistical significance.
To estimate the linear trend in the LS-means of the outcome across the four categories of specific fat intake,
we assigned the median value of each category as a representative value and treated these median values as
continuous variables in the models. When the test of linear trend was significant, the post hoc Scheffe test was
used for multiple comparisons among the groups.

In the multivariate analyses, we adjusted for the age at consent (years, continuous), center, physical activity
(MET-hours/week, quartiles), total energy intake (log-transformed, kcal/day, continuous), education level
(middle school or below, high school, and college or above), alcohol drinking status (non-drinkers, current
drinkers), smoking status (never smokers, ever smokers), menopausal status at diagnosis (premenopausal,
postmenopausal), dietary supplement use (no, yes), AJCC stage at diagnosis (I, I, and III), time since surgery
(0.5 to <2 years, 2 to <5 years, and 25 years), radiotherapy use (no, yes), hormonal therapy use (no, yes),
history of chronic disease including diabetes mellitus, cardiovascular diseases, or hypertension (no, yes).
Considering that overweight and obesity are major factors in the elevation of inflammatory markers, BMI (log-
transformed, kg/m?, continuous) was further adjusted. All covariates were selected based on changes in both
the regression coefficients (f) and LS-means, using a threshold of 7%. When we encountered missing variables,
data on education level and AJCC stage at diagnosis (classified into I-IIT according to AJCC breast cancer stage
criteria, but missing T stage information), alcohol drinking status, smoking status were allocated to the most
frequent category. For dietary supplement use, a conservative approach was applied by assigning ‘no’ to the
missing data. One participant, with missing menopausal status at diagnosis, was classified as postmenopausal.
This classification was based on the age of 50 at breast cancer diagnosis and the consideration that the average
age of menopause in Korean women is 49 years®. The missing data for smoking status was 6.4%, and the missing
data for other variables adjusted in the models were below 2%.

We performed subgroup analyses by BMI (< 25 kg/m?, =25 kg/m?), menopausal status at diagnosis (no, yes),
AJCC stage (I, II-III), and time since surgery (<2 years, > 2 years). P for interaction was estimated by the Wald
test by adding interaction terms in the multivariate models. Furthermore, we performed additional analyses to
evaluate the association between dietary fat intake and the inflammatory composite score according to dietary
assessment methods used. Sensitivity analyses were also conducted by excluding (1) participants with plasma
hs-CRP levels below the LLOD (n="70), (2) those with a history of diabetes mellitus or cardiovascular diseases
(n=32), or (3) those with missing covariate data (n=36). All statistical analyses were conducted using SAS 9.4,
and statistical tests were considered significant at p-value <0.05 (two-sided).
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Results

The characteristics of the study participants, categorized by quartiles of energy-adjusted intakes of SFA, MUFA,
and PUFA are presented in Table 1. The average age of the participants was 52 + 8 years (mean + SD), with a range
of 30-78 years.

The age distribution among participants was consistent across the categories of SFA, MUFA, and PUFA intake.
Relative to participants with the lowest intake of SFA, those with the highest intake had a lower proportion of
middle school or below in educational level and a higher proportion of current drinkers. Participants in the
highest MUFA intake group were more likely to have a college or above educational level and to use dietary
supplements compared to those with the lowest intake. Those with the highest PUFA intake exhibited higher
physical activity levels and greater proportions of dietary supplement use and radiotherapy, compared to those
in the lowest intake group.

No significant associations were found between SFA intake and plasma inflammatory markers (Table 2).
When we further adjusted for BMI, the association remained null. We observed that an increase in dietary
MUFA intake was associated with increasing levels of adiponectin (p for trend=0.042) and decreasing levels
of hs-CRP (p for trend=0.032) (Table 3). These associations persisted even after further adjustment for BMI.
Similarly, an increase in PUFA intake was associated with decreases in the inflammatory composite score (p
for trend=0.036) and hs-CRP levels (p for trend <0.001), and also with elevated levels of adiponectin (p for
trend=0.023) in the multivariate model (Table 4). These associations with PUFA intake remained consistent
after further BMI adjustment. When we used the absolute cut-off values for SFA, MUFA, and PUFA intakes, we
observed similar associations (Supplementary information: Table SI).

In the sensitivity analyses, which excluded participants who either (1) had levels of hs-CRP below the
LLOD, (2) had a history of diabetes mellitus or cardiovascular disease, or (3) had missing covariate data, the
associations between specific types of dietary fat intake and inflammatory markers remained similar, as detailed
in Supplementary information: Tables S2-4. The associations between specific types of dietary fat intake and the
inflammatory markers according to dietary assessment methods also remained similar (Table S5). Furthermore,
there were no statistically significant interactions for dietary SFA, MUFA, or PUFA intakes by BMI, menopausal
status at diagnosis, AJCC stage, and time since surgery (Table S6).

Discussion

In a cross-sectional study of Korean breast cancer survivors, we did not observe a significant association between
SFA intake and inflammatory markers. However, we observed that increasing MUFA intake was associated
with increased levels of adiponectin and decreased levels of hs-CRP. Similarly, an increasing PUFA intake was
associated with elevated adiponectin levels and reduced hs-CRP levels.

The associations between SFA intake and inflammatory markers have been inconsistent across studies. In an
observational study involving patients with heart failure, a high SFA intake was associated with elevated levels of
serum TNF-a (p<0.05)%. A cross-sectional study of Malaysian breast cancer survivors reported that a dietary
pattern high in SFA was linked to lower levels of adiponectin (f3: -0.410; 95% CI: -0.806, -0.014; p:0.043)41.
Additionally, a US cross-sectional study showed that high SFA intake was associated with elevated hs-CRP levels
(>3.0 mg/L) (third vs. first quartile odds ratio (OR): 1.58; 95% CI: 1.02-2.44)*!. However, other cross-sectional
studies, including one involving US adults and another with young Japanese women, found no association
between SFA intake and hs-CRP levels. The researchers suggested that this lack of association may be due to
the failure to control for chronic diseases and the low prevalence of elevated hs-CRP levels (= 1.0 mg/L), which
was only 5.6%%>%2. Also, a cross-sectional study of the EPIPorto study observed no association between SFA
intake and serum adiponectin levels**. These mixed findings suggest that the association between SFA intake and
inflammatory markers is complex and may be influenced by various factors such as population characteristics,
the presence of chronic diseases, the distribution of specific fat intakes, and different levels of inflammation.

Regarding MUFA and PUFA intake, our study findings were in agreement with a few previous observational
and intervention studies. A meta-analysis of placebo-controlled randomized clinical trials indicated that fish oil
treatment led to an elevation of adiponectin levels by 0.37 ug/mL (95% CI: 0.07-0.67; p=0.02)*. Furthermore,
the Hunter Community Study (HCS) identified reduced levels of hs-CRP with high MUFA intake?, and the
US National Health and Nutrition Examination Survey (NHANES) study observed lower CRP levels with high
PUFA intake??. Although we were not able to distinguish between n-3 and n-6 intake partly because of the lack
of a database during the study period, previous research suggests that n-3 PUFA was associated with decreased
levels of CRP, IL-6, and TNF-q, and that the balance between n-3 and n-6 fatty acids may play an important role
in regulating inflammation*4*°. These findings highlight the potential anti-inflammatory effects of both MUFA
and PUFA intake, though further research is needed to clarify their specific roles.

Our findings may be supported by biological mechanisms. Monounsaturated fatty acids activate PPARs,
which modulate the expression of genes related to lipid metabolism and inflammation, including PPAR-y and
fatty acid transport protein!”4%, which result in a decrease in the production of pro-inflammatory cytokines and
an increase in adiponectin levels'®. Regarding polyunsaturated fatty acids, their role in modulating inflammatory
responses is closely linked to the generation of eicosanoids, whose types and roles in inflammation vary based
on their fatty acid precursors'®. Eicosanoids derived from eicosapentaenoic acid, including prostaglandin-3,
prostacyclin-3, and thromboxane-3, inhibit the release of arachidonic acid from cell membrane phospholipids
and aid in inflammation regulation by producing anti-inflammatory resolvins*. In contrast, eicosanoids from
arachidonic acid, including prostaglandin-2, thromboxane-2, and leukotriene-4, are traditionally associated
with inducing inflammation!®. However, studies have shown that prostaglandin E2 may have anti-inflammatory
effects and that arachidonic acid can lead to the production of anti-inflammatory mediators, including lipoxin
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Quartiles of SFA intake, g/d*
LS-means (95% CIs) | Q1 Q2 Q3 Q4 p for trend
No. of participants 104 105 106 104
Inflammatory composite score

Age-adjusted 0.31 (-0.23, 0.86) -0.19 (-0.73,0.35) | -0.01(-0.55,0.54) | -0.09 (-0.64,0.46) | 0.409
MV-adjusted 0.52(-0.29, 1.32) 0.27 (-0.51, 1.04) 0.48 (-0.33, 1.30) 0.34 (-0.47, 1.15) 0.788
MV +BMI adjusted | 0.49 (-0.28, 1.26) 0.19 (-0.54,0.92) 0.58 (-0.20, 1.35) 0.24 (-0.53, 1.01) 0.712
Adiponectin (ug/mL)

Age-adjusted 9.64 (8.50, 10.92) 9.14 (8.07, 10.35) 9.87 (8.71, 11.16) 9.91(8.73,11.23) 0.591
MV-adjusted 9.34(7.73,11.24) 8.46 (7.05, 10.12) 9.19 (7.60, 11.07) 9.45 (7.82, 11.39) 0.693
MV +BMI adjusted | 9.38 (7.82, 11.21) 8.59(7.21,10.21) 9.01 (7.50, 10.78) 9.64 (8.04, 11.53) 0.628
hs-CRP (mg/L)

Age-adjusted 0.68 (0.56, 0.82) 0.53 (0.42, 0.66) 0.63 (0.51, 0.76) 0.60 (0.48, 0.73) 0.630
MV-adjusted 0.82 (0.62, 1.04) 0.67 (0.50, 0.87) 0.72 (0.53, 0.93) 0.71 (0.52, 0.92) 0.383
MYV +BMI adjusted | 0.81 (0.62, 1.03) 0.66 (0.49, 0.84) 0.74 (0.55, 0.95) 0.69 (0.51, 0.89) 0.339
IL-6 (pg/mL)

Age-adjusted 0.95 (0.84, 1.07) 0.85 (0.75, 0.96) 0.91 (0.81, 1.03) 0.96 (0.85, 1.08) 0.673
MV-adjusted 0.97 (0.80, 1.15) 0.89 (0.73, 1.05) 0.94 (0.78, 1.12) 1.01 (0.84, 1.20) 0.493
MV +BMI adjusted | 0.97 (0.80, 1.15) 0.88 (0.73, 1.05) 0.95(0.78, 1.13) 1.00 (0.84, 1.19) 0.511
IL-8 (pg/mL)

Age-adjusted 11.87(10.18,13.90) | 11.11(9.56,12.96) | 10.32(8.88,12.01) | 10.69 (9.18,12.49) |0.291
MV-adjusted 10.81 (8.66, 13.58) | 10.57 (8.56, 13.14) | 10.34 (8.30,12.98) | 10.56 (8.46, 13.26) | 0.812
MV +BMI adjusted | 10.78 (8.66, 13.52) | 10.47 (8.49,12.98) | 10.48 (8.42,13.13) | 10.43(8.38,13.07) |0.780
TNF-a (pg/mL)

Age-adjusted 12.11 (10.88, 13.40) | 11.52(10.33, 12.76) | 12.26 (11.04, 13.54) | 11.23 (10.03, 12.48) | 0.463
MV-adjusted 12.29 (10.54, 14.18) | 12.12(10.45, 13.91) | 13.52 (11.67, 15.48) | 11.98 (10.24, 13.84) | 0.999
MV +BMI adjusted | 12.29 (10.53, 14.17) | 12.09 (10.42, 13.87) | 13.56 (11.72,15.53) | 11.93 (10.20, 13.80) | 0.988

Table 2. LS-means (95% ClIs) of plasma inflammatory markers according to the quartiles of SFA intake.

BMI, body mass index; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin;
LS-means, least-squares means; MV, multivariate; SFA, saturated fat; and TNE, tumor necrosis factor. *SFA
intake values were adjusted for total energy intake using the residual method. Age-adjusted: adjusted for

age at consent (years, continuous). MV-adjusted: adjusted for age at consent (years, continuous), center,
physical activity (MET-hours/week, quartiles), total energy intake (log-transformed, kcal/day, continuous),
education level (middle school or below, high school, and college or above), alcohol drinking status (non-
drinkers, current drinkers), smoking status (never smokers, ever smokers), menopausal status at diagnosis
(premenopausal, postmenopausal), dietary supplement use (no, yes), AJCC stage at diagnosis (I, II, and III),
time since surgery (0.5 to <2 years, 2 to <5 years, and > 5 years), radiotherapy use (no, yes), hormonal therapy
use (no, yes), and history of chronic disease (no, yes). MV + BMI adjusted: additionally adjusted for BMI (log-
transformed, kg/m?, continuous). A few participants did not have information on some inflammatory markers:
n=4 for inflammatory composite score, n=3 for adiponectin, IL-6, IL-8, and TNF-a, and n=1 for hs-CRP.

A4*8% These mechanisms suggest that both MUFA and PUFA may play crucial roles in regulating inflammation,
albeit through complex and sometimes opposing pathways.

We found that the differences in inflammatory marker levels across the quartiles of SFA intake were not
substantial. The absence of significant associations in our study may partly be due to the relatively lower SFA
consumption levels, which may have been insufficient to elicit a measurable effect on inflaimmation®. The
average SFA intake of the participants in this study was 11.4 g/d [5.76% of energy (%E)], which is lower than
those in Western populations. For example, in the US, the SFA intake was reported at 24.0 g/d (11.0%E)!,
in Denmark 30.4 g/d (13.8%E), in Italy 24.6 g/d (11.1%E), and in France 33.5 g/d (15.1%E)*2. Further, the
impact of SFA on inflammation may vary depending on their chain length, which is attributed to different
metabolic pathways in the body>***. Medium-chain SFA (C<12) is directly transported to the liver where it is
rapidly metabolized. However, long-chain SFA is integrated into chylomicrons in the bloodstream, leading to
the formation of chylomicron remnants that may contribute to the development of atherosclerotic plaques®.

This is the first study, to our knowledge, to examine the associations between SFA, MUFA, or PUFA intake and
various inflammatory markers in Korean breast cancer survivors. Our study incorporates multiple inflammatory
biomarkers, including adiponectin, hs-CRP, IL-6, IL-8, and TNF-a, and offers a comprehensive evaluation of
inflammatory status by generating an inflammatory composite score that accounts for the interrelated nature of
these biomarkers. This methodology provides more nuanced insights and enhances the clinical relevance of the
findings compared to previous research. However, this study encompasses several limitations. Firstly, as a cross-
sectional design, it is limited in clearly establishing a causal relationship between fat intake and inflammatory
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Quartiles of MUFA intake, g/d*
LS-means (95% CIs) | Q1 Q2 Q3 Q4 p for trend
No. of participants 104 105 106 104
Inflammatory composite score
Age-adjusted 0.45 (-0.10, 1.00) 0.09 (-0.45, 0.63) -0.33(-0.87,0.20) | -0.17 (-0.72,0.37) | 0.077
MV-adjusted 0.71 (-0.06, 1.48) 0.38 (-0.42, 1.18) 0.08 (-0.72,0.87) | 0.24 (-0.58, 1.06) 0.196
MV +BMI adjusted | 0.68 (-0.05, 1.42) 0.34 (-0.42, 1.10) -0.01 (-0.77,0.75) | 0.29 (-0.50, 1.07) 0.238
Adiponectin (ug/mL)
Age-adjusted 8.74(7.70,9.91) 9.80 (8.65, 11.08) 9.15(8.08,10.34) | 10.97 (9.70,12.39) | 0.025
MV-adjusted 8.34(6.95, 9.96) 9.48 (7.87, 11.38) 8.63 (7.16,10.37) | 10.38 (8.60, 12.50) | 0.042
MYV +BMI adjusted | 8.38 (7.04, 9.96) 9.55(7.98, 11.39) 8.78 (7.33,10.48) | 10.27 (8.56,12.28) | 0.052
hs-CRP (mg/L)
Age-adjusted 0.67 (0.54, 0.81) 0.67 (0.55, 0.81) 0.59 (0.47,0.71) 0.52 (0.41, 0.64) 0.060
MV-adjusted 0.80 (0.61, 1.01) 0.77 (0.58, 0.99) 0.66 (0.48,0.87) | 0.61 (0.43,0.82) 0.032
MYV +BMI adjusted | 0.79 (0.61, 0.99) 0.77 (0.58, 0.97) 0.65 (0.47, 0.84) 0.62 (0.45, 0.82) 0.040
IL-6 (pg/mL)
Age-adjusted 0.97 (0.86, 1.09) 0.90 (0.79, 1.01) 0.87 (0.76,0.98) | 0.95 (0.84, 1.06) 0.762
MV-adjusted 0.99 (0.83, 1.17) 0.92 (0.76, 1.09) 0.89 (0.73, 1.06) 0.99 (0.82, 1.17) 0.931
MV +BMI adjusted | 0.99 (0.83, 1.16) 0.91 (0.75, 1.09) 0.88 (0.72, 1.05) 0.99 (0.82, 1.17) 0.989
IL-8 (pg/mL)
Age-adjusted 11.35(9.74,13.29) | 11.41(9.80, 13.33) | 10.32(8.90, 12.01) | 10.88 (9.36, 12.70) | 0.547
MV-adjusted 10.46 (8.47,12.99) | 11.04 (8.86,13.87) | 10.26 (8.26,12.83) | 10.61 (8.49, 13.37) | 0.955
MV +BMI adjusted | 10.42 (8.46, 12.92) | 10.99 (8.84,13.77) | 10.14 (8.18,12.65) | 10.69 (8.56,13.44) | 0.977
TNF-a (pg/mL)
Age-adjusted 12.41 (11.17,13.71) | 11.77 (10.57, 13.02) | 10.50 (9.38, 11.68) | 12.52 (11.29, 13.81) | 0.855
MV-adjusted 12.72 (11.01, 14.54) | 12.31(10.57, 14.18) | 11.44 (9.76, 13.24) | 13.37 (11.52, 15.35) | 0.608
MV +BMI adjusted | 12.71 (11.00, 14.53) | 12.30 (10.55, 14.16) | 11.40 (9.73,13.20) | 13.40 (11.54, 15.38) | 0.586

Table 3. LS-means (95% ClIs) of plasma inflammatory markers according to the quartiles of MUFA intake.
BMI, body mass index; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin; LS-
means, least-squares means; MUFA, monounsaturated fat; MV, multivariate; and TNE tumor necrosis factor.
aMUFA intake values were adjusted for total energy intake using the residual method. Age-adjusted: adjusted
for age at consent (years, continuous). MV-adjusted: adjusted for age at consent (years, continuous), center,
physical activity (MET-hours/week, quartiles), total energy intake (log-transformed, kcal/day, continuous),
education level (middle school or below, high school, and college or above), alcohol drinking status (non-
drinkers, current drinkers), smoking status (never smokers, ever smokers), menopausal status at diagnosis
(premenopausal, postmenopausal), dietary supplement use (no, yes), AJCC stage at diagnosis (I, II, and III),
time since surgery (0.5 to <2 years, 2 to <5 years, and > 5 years), radiotherapy use (no, yes), hormonal therapy
use (no, yes), and history of chronic disease (no, yes). MV + BMI adjusted: additionally adjusted for BMI (log-
transformed, kg/m?, continuous). A few participants did not have information on some inflammatory markers:
n=4 for inflammatory composite score, n=3 for adiponectin, IL-6, IL-8, and TNF-a, and n=1 for hs-CRP.

markers. Secondly, due to the nature of the study design, there is a possibility that residual or unmeasured
confounding may exist. Thirdly, the potential for misclassification exists in the estimation of fat intake. However,
it is anticipated that these errors may be non-differential. Fourthly, despite the nationwide recruitment of
participants in this study, the relatively small sample size and the hospital-based nature of the sample present
limitations that may impede the generalizability of our findings to all breast cancer survivors in Korea. Fifthly,
our study did not include a detailed analysis of specific fatty acids, including butyric acid, lauric acid, omega-3,
omega-6, and arachidonic acid, partly because of the absence of detailed fatty acid intake information. Moreover,
self-reported BMI and physical activity data may have some measurement errors. However, self-reported BMI
has been demonstrated to generally correspond closely with actual measurements and is deemed reliable
when direct measurement is not feasible>>~>’. Additionally, self-reported physical activity is widely recognized
for its positive effects on biological changes and chronic diseases such as cardiovascular disease, cancer, and
diabetes®®*, with our previous research demonstrating significant correlations between physical activity levels
and validated health-related quality of life (HRQOL) measures®. Finally, we used both DRs and FFQs in this
study, but the differing characteristics of these two methods should be considered when interpreting the results.
However, considering that previous studies have shown a generally acceptable level of agreement between the
two methods®, and that additional analyses in our study revealed that the associations between specific types of
dietary fat intake and inflammatory composite score remained consistent regardless of the dietary assessment
methods used, the impact of this difference on our findings is likely to be limited.
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Quartiles of PUFA intake, g/d*
LS-means (95% CIs) | Q1 Q2 Q3 Q4 p for trend
No. of participants 104 105 106 104
Inflammatory composite score
Age-adjusted 0.56 (0.01, 1.10) 0.05 (-0.49, 0.59) -0.28 (-0.82,0.26) | -0.29 (-0.83,0.25) | 0.020
MV-adjusted 0.81 (0.04, 1.57) 0.34 (-0.44, 1.11) 0.04 (-0.78, 0.86) 0.03 (-0.80, 0.85) 0.036
MV +BMI adjusted | 0.64 (-0.09, 1.37) 0.29 (-0.46, 1.03) 0.12 (-0.66, 0.91) 0.15 (-0.64, 0.94) 0.173
Adiponectin (ug/mL)
Age-adjusted 8.60 (7.57,9.74) 9.29 (8.20, 10.50) 10.22 (9.04,11.53) | 10.51(9.29,11.88) | 0.014
MV-adjusted 8.22 (6.86, 9.82) 9.08 (7.56, 10.87) 9.66 (7.99, 11.65) 10.06 (8.30, 12.16) | 0.023
MV +BMI adjusted | 8.49 (7.13, 10.08) 9.16 (7.68, 10.90) 9.49 (7.89, 11.37) 9.80 (8.13,11.78) 0.103
hs-CRP (mg/L)
Age-adjusted 0.79 (0.65, 0.93) 0.66 (0.54, 0.79) 0.58 (0.46, 0.70) 0.44 (0.33, 0.56)° <0.001
MV-adjusted 0.87 (0.68, 1.08) 0.74 (0.56, 0.94) 0.64 (0.46, 0.85) 0.53(0.36,0.72)> | <0.001
MYV +BMI adjusted | 0.83 (0.65, 1.03) 0.73 (0.56, 0.93) 0.66 (0.48, 0.86) 0.55 (0.38, 0.74)° 0.002
IL-6 (pg/mL)
Age-adjusted 1.00 (0.88, 1.12) 0.85 (0.75, 0.96) 0.89 (0.79, 1.00) 0.94 (0.83, 1.06) 0.577
MV-adjusted 1.00 (0.84, 1.17) 0.88 (0.73, 1.05) 0.92 (0.75, 1.10) 0.98 (0.81, 1.17) 0.902
MV +BMI adjusted | 0.99 (0.83, 1.16) 0.88 (0.73, 1.05) 0.93 (0.76, 1.10) 1.00 (0.82, 1.18) 0.838
IL-8 (pg/mL)
Age-adjusted 10.40 (8.94,12.14) | 11.29(9.71,13.19) | 10.68 (9.20, 12.44) | 11.57 (9.94,13.52) | 0.431
MV-adjusted 10.01 (8.13,12.39) | 11.18(9.02,13.96) | 10.36 (8.29, 13.04) | 10.98 (8.74,13.89) | 0.531
MV +BMI adjusted | 9.79 (7.97, 12.09) 11.11(8.98,13.84) | 10.49 (8.41,13.18) |11.18(8.91,14.13) | 0.305
TNF-a (pg/mL)
Age-adjusted 12.23 (11.00, 13.53) | 11.72 (10.52, 12.98) | 11.30 (10.13, 12.53) | 11.87 (10.66, 13.14) | 0.586
MV-adjusted 12.88 (11.17,14.71) | 12.19 (10.48, 14.01) | 12.02 (10.25,13.91) | 12.42 (10.60, 14.38) | 0.571
MV +BMI adjusted | 12.82 (11.11, 14.65) | 12.17 (10.47, 13.99) | 12.05 (10.28, 13.95) | 12.47 (10.64, 14.43) | 0.665

Table 4. LS-means (95% ClIs) of plasma inflammatory markers according to the quartiles of PUFA intake.
BMI, body mass index; CI, confidence interval; hs-CRP, high-sensitivity C-reactive protein; IL, interleukin;
LS-means, least-squares means; MV, multivariate; PUFA, polyunsaturated fat; and TNE, tumor necrosis factor.
*PUFA intake values were adjusted for total energy intake using the residual method. PSignificantly different
from the lowest group (Scheffe test, p <0.05). Age-adjusted: adjusted for age at consent (years, continuous).
MV-adjusted: adjusted for age at consent (years, continuous), center, physical activity (MET-hours/week,
quartiles), total energy intake (log-transformed, kcal/day, continuous), education level (middle school or
below, high school, and college or above), alcohol drinking status (non-drinkers, current drinkers), smoking
status (never smokers, ever smokers), menopausal status at diagnosis (premenopausal, postmenopausal),
dietary supplement use (no, yes), AJCC stage at diagnosis (I, II, and III), time since surgery (0.5 to <2 years, 2
to <5 years, and 25 years), radiotherapy use (no, yes), hormonal therapy use (no, yes), and history of chronic
disease (no, yes). MV +BMI adjusted: additionally adjusted for BMI (log-transformed, kg/m?, continuous). A
few participants did not have information on some inflammatory markers: n=4 for inflammatory composite
score, n=3 for adiponectin, IL-6, IL-8, and TNF-q, and n=1 for hs-CRP.

The observed associations between MUFA and PUFA intake and inflammatory markers suggest important
implications for public health policy, clinical practice, and future research. Specifically, dietary recommendations
encouraging the intake of MUFA and PUFA in breast cancer survivors may contribute to the regulation of
inflammation and the improvement of long-term health outcomes, aligning with global trends that advocate for
the consumption of unsaturated fats to support cardiovascular health and inflammation regulation. In clinical
practice, healthcare providers may consider placing greater emphasis on the types of dietary fats consumed by
breast cancer survivors, particularly by recommending foods rich in MUFA and PUFA. However, due to the
inherent limitations of a cross-sectional study, caution should be exercised when interpreting these findings, as
causality cannot be inferred. Consequently, future research should aim to confirm these associations through
longitudinal or interventional studies, with a focus on specific fatty acids and their effects on inflammation, to
refine dietary guidelines.

Conclusions

In our study of Korean female breast cancer survivors, we examined the associations between the intake of
SFA, MUFA, or PUFA and plasma inflammatory markers. While no significant linear associations were found
between SFA intake and inflammatory markers, higher intake of MUFA or PUFA was associated with increased
levels of adiponectin and decreased levels of hs-CRP. Our study holds clinical significance by providing evidence-
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based information for developing dietary recommendations and intervention strategies tailored to breast cancer
survivors.

Data availability

The data for this study cannot be made publicly available because the study is still ongoing, and participants were
not informed during the consent process that their information would be stored in a publicly accessible database.
However, the data used in this study can be made available upon reasonable request to the corresponding author.
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