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Association between serum fatty acid composition and innate 
immune markers in healthy adults
Eunyu Cho and Yongsoon Park§
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BACKGROUND/OBJECTIVES: Supplementation with n-3 polyunsaturated fatty acids (PUFAs) has been shown to generally decrease 
levels of innate immune markers and inflammatory cytokines, but the specific associations between blood levels of PUFAs 
and those of innate immune markers have not been investigated. Thus, the present study was conducted to test the hypothesis 
that innate immune markers as well as cytokines are negatively associated with n-3 PUFAs but positively associated with n-6 
PUFAs in healthy adults. 
MATERIALS/METHODS: One hundred sixty-five healthy Korean adults aged 25-70 years old were included in this cross-sectional 
study. 
RESULTS: Serum levels of n-3 PUFAs, such as 18:3n3, 20:5n3, 22:5n3, and 22:6n3 were negatively correlated with eosinophil 
and basophil counts and TNF-α, IFN-γ, IL-4, and IL-10 levels. Multivariate analysis also showed that serum levels of n-3 PUFAs 
were negatively associated with monocyte, eosinophil, and basophil counts and TNF-α, IFN-γ, IL-4, and IL-12 levels. Additionally, 
the ratio of 20:4n6 to 20:5n3 was positively correlated with eosinophil counts and associated with TNF-α, IFN-γ, and IL-4 levels. 
However, NK cell activity was not associated with serum fatty acid composition. 
CONCLUSIONS: Innate immune markers such as eosinophil, monocyte, and basophil counts were inversely associated with 
serum levels of n-3 PUFAs, but were positively associated with the 20:4n6/20:5n3 ratio in this population.
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INTRODUCTION8)

Innate responses involve phagocytic cells (neutrophils, 
monocytes, and macrophages), cells that secrete inflammatory 
mediators (basophils and eosinophils), and natural killer (NK) 
cells, while acquired responses involve proliferation of antigen- 
specific B and T cells [1]. Both the innate and the acquired 
immune system use cytokines as messengers both within each 
system and between the two systems in the regulation of 
immune responses [2].

Changes in membrane phospholipid fatty acid composition 
influence immune cell functions in a variety of ways, such as 
alterations in the physical properties of membranes and the 
patterns of lipid mediators produced, as well as exerting effects 
on cell signaling pathways [3]. Epidemiologic studies have 
shown that inflammatory cytokines are positively associated 
with blood levels of n-6 polyunsaturated fatty acids (PUFAs) and 
saturated fatty acids (SFA), but are negatively associated with 
n-3 PUFAs [4-6]. Consistently, clinical trials have found that n-3 
PUFA supplementation decreases levels of cytokines such as 
interleukin (IL)-β, tumor necrosis factor (TNF)-α, and C-reactive 
protein in healthy adults [7,8]. 

Although the majority of studies have focused on the associa-
tion of cytokines with fatty acid composition [9], a few clinical 
trials have shown that supplementation with docosahexaenoic 
acid (DHA; 22:6n3) and eicosapentaenoic acid (EPA; 20:5n3) 
decreases NK cell activity [7,10] and neutrophil counts in healthy 
adults [11] and patients with hyperlipidemia [12]. However, 
there has yet to be a study investigating the association 
between innate immune markers and blood levels of fatty acids. 
Therefore, the present study undertook to test the hypothesis 
that innate immune markers as well as cytokines are negatively 
associated with n-3 PUFAs, but positively associated with n-6 
PUFAs, in healthy adults.

MATERIALS AND METHODS

Participants
One hundred sixty-five healthy Korean adults aged 25-70 

years old were recruited through poster and newspaper adver-
tisements from September 2012 to September 2013. Participants 
were excluded if they were pregnant or lactating; had any 
infectious disease; had chronic diseases such as cardiovascular 
disease, diabetes mellitus, kidney disease, thyroid disease, or 
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Male (n=100) Female (n=65) P-value†

Age (yrs)  29.80 ± 7.85  35.45 ± 11.04 0.001

Weight (kg)  72.70 ± 9.84  56.11 ± 9.66 < 0.001

Height (cm) 174.61 ± 4.91 159.72 ± 5.21 < 0.001

BMI (kg/m2)  23.83 ± 2.99  21.95 ± 3.37 < 0.001

Smoking, n (%) 34 (34.0)  0 (0.0) < 0.001

Drinking, n (%) 54 (54.0) 31 (47.7) 0.148

Exercise, n (%) 79 (79.0) 34 (52.3) 0.001

WBC count (×103 cell/μL)   5.95 ± 1.22   5.39 ± 1.21 0.776

Total cholesterol (mmol/L)   4.91 ± 1.00   5.06 ± 0.85 0.332

Total protein (g/dL)   7.55 ± 0.41   7.41 ± 0.46 0.046

Fasting blood glucose (mmol/L)   5.12 ± 0.85   5.08 ± 0.81 0.774

GOT (IU/L)  26.21 ± 19.92  19.62 ± 6.01 0.002

GPT (IU/L)  27.52 ± 22.07  13.42 ± 8.85 < 0.001

Values are means ± standard deviation or number of participants (percentage 
distribution), as appropriate. BMI, body mass index; GOT, glutamic oxaloacetic 
transaminase; GPT, glutamic pyruvic transaminase; exercise, ≥ twice a week. 
†P-values were analyzed by independent t-test and Chi-square test.

Table 1. Characteristics of male and female participants

psychiatric disorders; or had taken any medication or supple-
ments regularly during the last 3 months. Additionally, participants 
were excluded if their white blood cell counts were > 8,000 
cells/μL, creatinine level was ≥ 2 times the upper limit of normal, 
or glutamic oxaloacetic transaminase (GOT) and glutamic 
pyruvic transaminase (GPT) levels were ≥ 3 times the upper 
limit of normal. 

This study was approved by the Institutional Review Board 
of Hanyang University Hospital (HYUH 2012-05-008) and Hanyang 
University (HYI-13-048-2) and was performed in accordance with 
the Declaration of Helsinki. Written informed consents were 
obtained from all participants. This study was also registered 
with the Clinical Research Information Service as KCT0000536 
and KCT0000832. 

Anthropometric and clinical measurement
Participants were interviewed to collect sociodemographic 

data. Height was measured using a stadiometer and weight was 
measured using an InBody 720 scale (Biospace Corporation, 
Seoul, Korea). Blood samples were collected after 8 h of 
overnight fasting, and aliquots of serum were stored at -80°C. 
Blood chemistry analysis of serum for glucose, total protein, 
total cholesterol, GOT, and GPT levels was performed using a 
Hitachi 7150 automated analyzer (Hitachi Ltd, Tokyo Japan) at 
the Korea Biomedical Laboratory. 

GC analysis
Fatty acid composition was measured as previously reported 

[13]. Briefly, serum was methylated with boron trifluoride 
methanol (Sigma-Aldrich, St. Louis, MO, USA) at 100°C for 10 
min. Fatty acid methyl esters were extracted with hexane and 
analyzed by gas chromatography (Shimadzu 2010, Kyoto, Japan) 
using an SP2560 capillary column (100 m × 0.25 mm I.D., 0.2 
μm film thickness, Supelco, Bellefonte, PA, USA). Fatty acids 
were identified by comparison with a standard mixture 
(GLC-727; Nu-Check Prep, Elysian, MN, USA). The coefficient of 
variation of a quality control sample was 2.7%.

Assessment of immunological status
Serum concentrations of the cytokines TNF-α, interferon-γ 

(IFN-γ), IL-2, IL-4, IL-10, and IL-12 were measured using Bio-Plex 
cytokine assay kits and analyzed with Bio-Plex Manager 6.1 
software (Bio-Rad Lab., Hercules, CA, USA). Hematology analysis 
of segmented neutrophil, monocyte, eosinophil, and basophil 
counts were measured using a Coulter STKS hemocytometer 
(Beckman Coulter Inc., Fullerton, CA, USA) at the Korea 
Biomedical Laboratory.

To measure NK cell activity, peripheral blood mononuclear 
cells (PBMCs) were prepared by density gradient separation. The 
viability of the cell pellet suspended in phosphate-buffered 
saline was determined using trypan blue staining. NK cell 
activity was measured with non-radioactive cytotoxicity assay 
kits (Promega Inc., Madison, WI, USA). PBMCs (effector cells) 
were seeded in 96-well plates with K562 cells (target cell; Korean 
Cell Line Bank, Seoul, Korea). The ratio of effector cells to target 
cells was 10:1, and each sample was prepared in triplicate. The 
plates were incubated for 4 hours at 37°C in 5% CO2 as per 
the manufacturer’s instructions. Absorbance was read at 490 

nm using a microplate reader (Bio-Rad Laboratories, Hercules, 
CA, USA), and the percentage of cytotoxicity was computed accor-
ding to the following formula: % Cytotoxicity = ((experimental 
- effector spontaneous - target spontaneous)/(target maximum 
- target spontaneous)) × 100.

Statistical analysis
All data were analyzed using SPSS 18.0 (SPSS, Inc., Chicago, 

IL, USA). An independent t-test was used to compare means 
of normally distributed data. Nominal variables between groups 
were evaluated using the Chi-square test and Fisher’s exact test, 
and the number of participants and percentage distribution 
were indicated. The relationships between serum fatty acid 
composition and immune markers were analyzed using partial 
correlation analysis after adjusting for age, sex, and BMI. 
Multivariate analysis of variance of general linear models was 
also conducted to identify the effects of serum fatty acid 
composition on immune markers after adjusting for age, sex, 
and BMI. A P-value < 0.05 was considered statistically significant.

RESULTS

Characteristics of participants
Males in this study were younger; had higher weight, height, 

BMI, NK cell activity, and blood levels of protein, GOT and GPT; 
and smoked and exercised more than females (Table 1). There 
were no significant differences in drinking status, white blood 
cell counts, or blood levels of cholesterol and glucose.

Correlation between immune markers and serum fatty acid 
composition

Basophil counts were negatively correlated with 18:3n3, but 
not with other fatty acids (Table 2). Eosinophil counts were 
negatively correlated with 20:5n3, 22:5n3, and 22:6n3 levels, but 
were positively correlated with the 20:4n6/20:5n3 ratio. There 
were no significant correlations between fatty acid composition 
and NK cell activity, or neutrophil or monocyte counts. Serum 
levels of TNF-α were positively correlated with 16:0, 20:3n6, 
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Natural 
killer cell

Neutrophil Monocyte Basophil Eosinophil

14:0 0.017 0.071 -0.110 -0.037 0.080

16:0 -0.069 0.014 -0.006 0.031 -0.017

18:0 0.005 0.042 0.049 0.028 0.121

16:1n7 -0.057 0.044 -0.004 -0.087 0.050

18:1n9 -0.041 -0.114 -0.027 -0.040 -0.033

18:2n6 0.066 -0.004 0.054 0.065 0.091

18:3n6 0.050 0.044 -0.101 0.019 0.080

20:3n6 -0.027 0.100 -0.102 -0.138 -0.013

20:4n6 0.014 0.057 0.032 0.009 0.035

22:4n6 -0.034 0.043 -0.110 -0.034 0.029

18:3n3 0.069 -0.085 -0.141 -0.176* 0.050

20:5n3 -0.066 0.116 -0.104 -0.109 -0.240**

22:5n3 -0.026 0.062 -0.054 -0.095 -0.154*

22:6n3 0.030 0.065 -0.003 -0.031 -0.191*

20:4n6/20:5n3 0.069 -0.095 0.125 0.023 0.245**

18:1t -0.010 -0.053 0.086 0.149 0.091

18:2t -0.139 -0.128 0.131 0.087 0.071
† Partial correlation coefficient after adjustment for age, sex, body mass index, 
smoking, and exercise. * P < 0.05, ** P < 0.01, *** P < 0.001.

Table 2. Correlation coefficients between innate immune markers and serum fatty
acid composition†

TNF-α IFN-γ IL-2 IL-4 IL-10 IL-12

14:0 -0.067 0.044 0.172* -0.059 -0.083 0.113

16:0 0.546*** 0.478*** 0.087 0.614*** 0.088 0.168*

18:0 0.081 0.030 -0.058 0.075 -0.104 -0.182*

16:1n7 0.156 0.154 0.066 0.217** 0.078 0.098

18:1n9 -0.135 -0.074 0.153 -0.101 -0.084 0.099

18:2n6 -0.127 -0.188* -0.150 -0.167* -0.111 -0.235**

18:3n6 0.080 0.148 -0.009 0.067 -0.049 -0.013

20:3n6 0.187* 0.216** 0.056 0.201* -0.017 0.046

20:4n6 0.120 0.124 0.117 0.108 0.160 0.175*

22:4n6 0.167* 0.076 -0.030 0.178* 0.083 -0.002

18:3n3 -0.085 -0.040 -0.057 -0.079 0.010 -0.041

20:5n3 -0.038 -0.014 -0.052 -0.063 0.236** 0.146

22:5n3 -0.112 -0.125 -0.008 -0.190* 0.235** 0.111

22:6n3 -0.294*** -0.200** -0.044 -0.327*** 0.157 0.081

20:4n6/20:5n3 0.120 0.103 0.116 0.152 -0.098 0.013

18:1t 0.219** 0.084 -0.125 0.218** -0.101 -0.068

18:2t 0.086 0.199* -0.004 0.113 -0.100 -0.069

TNF, tumor necrosis factor; IFN, interferon; IL, interleukin †Partial correlation 
coefficient after adjustment for age, sex, body mass index, smoking, and exercise. 
* P < 0.05, ** P < 0.01, *** P < 0.001.

Table 3. Correlation coefficients between cytokines and serum fatty acid 
composition†

Table 4. Multivariate analysis of the relationship between individual serum fatty acid content and immune markers

16:0 (tertiles), %† 20:4n6 (tertiles), %†

< 21.59 21.59-23.59 > 23.59 P trend†† < 6.12 6.12-7.11 > 7.11 P trend††

NK cell activity (%) 11.47 8.19 11.20 0.875 10.50 9.51 10.75 0.879

Monocyte (%) 6.51 6.50 6.56 0.868 6.47 6.62 6.47 0.997

Eosinophil (%) 2.61 2.67 2.44 0.492 2.43 2.87 2.42 0.945

Basophil (%) 0.88 0.94 1.00 0.287 0.96 0.87 1.00 0.721

TNF-α (pg/mL) 0.66a 20.18b 26.79c < 0.001 12.82 16.01 19.13 0.068

IFN-γ (pg/mL) 25.89a 42.26b 55.52c < 0.001 36.99 42.68 44.18 0.109

IL-4 (pg/mL) 0.08a 0.59b 0.78c < 0.001 0.41 0.50 0.55 0.112

IL-12 (pg/mL) 8.88a 29.24ab 48.25b 0.008 21.81 18.78 45.90 0.104

18:3n3 (tertiles), %† 20:5n3 (tertiles), %†

< 0.69 0.69-0.85 > 0.85 P trend†† < 0.70 0.70-1.03 > 1.03 P trend††

NK cell activity (%) 10.49 9.28 11.04 0.742 10.98 10.32 9.46 0.369

Monocyte (%) 6.69 6.67 6.20 0.083 6.76a 6.67ab 6.13b 0.027

Eosinophil (%) 2.85 2.41 2.47 0.117 2.92a 2.67b 2.13b 0.001

Basophil (%) 1.12a 0.83b 0.88ab 0.032 1.00 0.96 0.87 0.223

TNF-α (pg/mL) 13.03 20.55 14.30 0.713 19.66a 15.95ab 12.55b 0.040

IFN-γ (pg/mL) 38.93 48.95 35.74 0.468 44.91 41.55 37.61 0.106

IL-4 (pg/mL) 0.43 0.62 0.41 0.850 0.62a 0.46ab 0.38b 0.005

IL-12 (pg/mL) 33.54 21.59 21.38 0.418 35.46 15.30 36.65 0.936

22:4n6, and 18:1t levels, but were negatively correlated with 
22:6n3 levels (Table 3). Serum levels of IFN-γ were positively 
correlated with 16:0, 20:3n6, and 18:2t levels, but were 
negatively correlated with 18:2n6 and 22:6n3 levels. Serum 
levels of IL-2 were positively correlated with 14:0 levels, and 
levels of IL-10 were positively correlated with 20:5n3 and 22:5n3 
levels. Serum levels of IL-4 were positively correlated with 16:0, 
16:1n7, 20:3n6, 22:4n6, and 18:1t levels, but were negatively 
correlated with 18:2n6, 22:5n3, and 22:6n3 levels. Serum levels 
of IL-12 were positively correlated with 16:0 and 20:4n6 levels, 
but were negatively correlated with 18:0 and 18:2n6 levels.

Relationship between individual serum fatty acid content and 
immune markers

Serum levels of 18:3n3 were negatively associated with 
basophil counts, and 20:5n3 levels were negatively associated 
with monocyte and eosinophil counts and TNF-α and IL-4 levels 
(Table 4). Serum levels of 22:5n3 were negatively associated 
with eosinophil counts and TNF-α, IFN-γ, and IL-4 levels, and 
22:6n3 levels were negatively associated with TNF-α, IFN-γ, and 
IL-4 levels. The ratio of 20:4n6 to20:5n3 was positively associated 
with eosinophil counts and TNF-α, IFN-γ, and IL-4 levels. The 
serum level of 16:0 was positively associated with TNF-α, IFN-γ, 



Eunyu Cho and Yongsoon Park 185

Table 4. continued

22:5n3 (tertiles), %† 22:6n3 (tertiles), %†

< 0.53 0.53-0.69 > 0.69 P trend†† < 2.70 2.70-3.78 > 3.78 P trend††

NK cell activity (%) 11.04 9.31 10.43 0.714 10.69 10.60 9.45 0.461

Monocyte (%) 6.75 6.53 6.29 0.107 6.44 6.64 6.48 0.893

Eosinophil (%) 2.81a 2.66ab 2.25b 0.019 2.38a 2.55ab 2.35b 0.036

Basophil (%) 1.08 0.93 0.87 0.060 0.92 1.04 0.87 0.598

TNF-α (pg/mL) 20.66a 15.14ab 12.30b 0.015 22.64a 16.82a 8.60b < 0.001

IFN-γ (pg/mL) 46.01a 42.08ab 35.91b 0.024 51.49a 39.57b 32.99b < 0.001

IL-4 (pg/mL) 0.63a 0.49ab 0.35b 0.001 0.71a 0.46b 0.29c < 0.001

IL-12 (pg/mL) 23.15 30.44 33.14 0.504 35.37 27.86 23.55 0.429

20:4n6/20:5n3 (tertiles), %† 18:1t (tertiles), %†

< 6.11 6.11-9.02 > 9.02 P trend†† < 0.35 0.35-0.48 > 0.48 P trend††

NK cell activity (%) 8.94 11.84 9.92 0.558 10.11 10.06 10.58 0.780

Monocyte (%) 6.18 6.77 6.60 0.132 6.32 6.65 6.58 0.357

Eosinophil (%) 2.14a 2.81b 2.75b 0.009 2.62 2.46 2.64 0.929

Basophil (%) 0.86 0.94 1.02 0.155 0.82 0.98 1.02 0.071

TNF-α (pg/mL) 12.70a 12.96a 22.30b 0.005 10.28a 16.00ab 21.47b 0.001

IFN-γ (pg/mL) 37.02a 38.88ab 47.95b 0.014 37.72 41.44 44.64 0.126

IL-4 (pg/mL) 0.37a 0.43a 0.65b 0.001 0.34a 0.50ab 0.62b 0.001

IL-12 (pg/mL) 38.54 12.45 36.14 0.871 30.03 26.95 29.87 0.991

NK, natural killer; TNF, Tumor necrosis factor; IFN, interferon; IL, interleukin.
 † Values with different letters within a row are significantly different with P < 0.05. Mean values and statistics for the association of fatty acids with immune markers were 

adjusted for age, sex, body mass index, smoking, and exercise. 
†† P trend was determined by general linear model multivariate analysis.

IL-4, and IL-12 levels, and 18:1t levels were positively associated 
with TNF-α and IL-4 levels. However, 20:4n6 levels were not 
significantly associated with innate immune markers or with 
cytokine levels.

DISCUSSION

This is the first report to show that serum levels of the n-3 
PUFAs, 18:3n3, 20:5n3, 22:5n3, or 22:6n3 are negatively associated 
with innate immune makers such as eosinophil, basophil, and 
monocyte counts. Serum levels of n-3 PUFAs were also found 
to be negatively associated with TNF-α, IFN-γ, IL-4, and IL-10 
levels. Moreover, the ratio of 20:4n6 to 20:5n3 was found to 
be positively associated with eosinophil counts and with TNF-α, 
IFN-γ, and IL-4 levels [14].

It has been reported that a short-term (48 h) infusion of fish 
oil-based lipid emulsions significantly inhibits monocyte- 
endothelium adhesion, transendothelial monocyte migration, 
and monocyte generation of TNF-α and IL-1 in healthy adults 
[15]. It has also been reported that supplementation with n-3 
PUFAs decreases NK cell activity [7,10] and neutrophil counts 
in healthy adults [11] and patients with hyperlipidemia [12], and 
eosinophil counts in asthmatic children [16]. Epidemiologic 
studies have consistently reported that the risk of asthma is 
negatively associated with dietary intake of n-3 PUFAs in 
Americans and Canadians [17], and in Europeans [18]. During 
chronic allergic inflammatory states such as asthma, basophils 
produce IL-4 [19], but treatment with EPA and DHA suppresses 
production of basophilic IL-4 and IL-13 in leukemia cells [20].

During inflammatory conditions, innate immune cells such as 
eosinophils, basophils, and neutrophils release cytokines such 
as ILs, TNF-α, or IFN-γ [21]. Epidemiologic studies have shown 

that plasma levels [22,23] and dietary intake [24,25] of n-3 PUFAs 
are negatively associated with TNF-α, IL-6, C-reactive protein 
(CRP), and IFN-γ levels in healthy adults. Clinical trials have 
consistently shown that supplementation with n-3 PUFAs or 
DHA significantly reduces IL-2 levels in women [26] and TNF-α 
levels in men [7], respectively.

Consistent with our results, previous studies found that 
pro-inflammatory cytokine levels are positively correlated with 
blood levels of 20:4n6, but are inversely correlated with 18:2n6 
levels [4,27]. Unlike EPA, membrane 20:4n6 is a pro-inflammatory 
eicosanoid that increases pro-inflammatory cytokine levels [28]. 
In addition, treatment with 20:4n6 increases the expression of 
inflammatory cytokines such as IL-1α and TNF-α in human 
osteoblasts [29]. Dietary intake of fish results in EPA replacing 
20:4n6 in cell membranes and leads to decreased formation 
of 20:4n6-derived eicosanoids, such as prostaglandin E2 and 
leukotriene B4 [30]. Although 18:2n6 is partly converted into 
20:4n6 through desaturation and elongation, 18:2n6 itself is 
essential for cell growth and signaling [31]. Plasma levels of 
18:2n6 were inversely associated with levels of IFN-γ and CRP 
in healthy adults [4]. In the Nurses’ Health Study and Health 
Professionals Follow-up study, intake of 18:2n6 was negatively 
associated with levels of soluble TNF receptor 1 and 2, sugges-
ting that 18:2n6 did not inhibit the anti-inflammatory actions 
of n-3 PUFAs, but was rather associated with anti-inflammatory 
activity [32,33].

The present study also showed that pro-inflammatory 
cytokines are positively correlated with serum levels of 14:0 and 
16:0, and are negatively correlated with serum levels of 18:0. 
Perreault et al. [4] consistently found that plasma levels of 14:0 
and 16:0 were positively associated, but 18:0 was negatively 
associated, with CRP and IFN-γ in healthy Canadians. Dietary 
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intake of SFAs such as 14:0 and 16:0 was shown to activate 
Toll-like receptors (TLRs) -2 and -4, which activated NFκB and 
increased expression of IL-6 and TNF-α, while the longer-chain 
SFA, 18:0, was shown not to do so [34]. Additionally, serum 
levels of the trans fatty acid, 18:1t, were positively associated 
with TNF-α and IL-4 levels in the present study. In cross-sectional 
studies [35,36] and a clinical trial [37], blood levels or intake 
of trans fatty acids were positively associated with levels of 
inflammatory cytokines such as CRP, TNF-α, and IL-6. Accumu-
lation of trans fatty acids in endothelial cell membranes resulted 
in altered hyper-adhesiveness to blood leukocytes and increased 
release of cytokines [38]. Serum levels of 16:1n7 were also 
positively correlated with IL-4 levels in the present study. 
Although the dietary intake and blood levels of 16:1n7 were 
negligible, a previous study consistently found that erythrocyte 
levels of 16:1n7 were positively correlated with CRP levels [39]. 

This study has a few limitations. First, the cross-sectional study 
design does not establish a cause-effect relationship between 
blood fatty acid profile and immune markers. Second, a number 
of potential confounders were adjusted for in the statistical 
analysis; however, there is the possibility that there are other 
factors present that affect immune markers. Finally, fatty acid 
composition was measured in serum, but not in immune cells. 

The present study suggests that innate immune markers such 
as eosinophil, monocyte, and basophil counts are inversely 
associated with serum levels of n-3 PUFAs in Korean adults. A 
clinical trial is necessary to determine whether consumption of 
n-3 PUFAs modulates the innate immune system.
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