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ABSTRACT

This paper examines the process and evidence used to create the Dietary Reference Intake 
(DRI) of alpha-linolenic acid (ALA) and eicosapentaenoic acid (EPA) + docosahexaenoic 
acid (DHA) for Koreans. ALA (18:3n3) is an essential fatty acid, and EPA and DHA are 
known to have beneficial effects on cardiovascular disease risk and reduction of triglyceride 
levels. Various international organizations have suggested dietary recommendations for n-3 
polyunsaturated fatty acids (PUFAs), including ALA, EPA, and DHA. A DRI for Koreans was 
established for the first time in 2020, specifically for the adequate intake (AI) of ALA and EPA 
+ DHA. This recommendation was based on the average intake of ALA and EPA + DHA from 
the Korea National Health and Nutrition Examination Survey 2013–2017. For Korean infants, 
the AI of ALA and DHA was based on the fatty acid composition of maternal milk. Estimated 
average requirement and a tolerable upper intake level have not been set for n-3 PUFA due 
to insufficient evidence. In addition, the intake level of n-3 PUFA for prevention of chronic 
disease has also not been determined. Future studies and randomized controlled trials are 
required to establish the UL and to define the level for disease prevention.

Keywords: Alpha-linolenic acid; docosahexaenoic acid; Dietary Reference Intake; 
eicosapentaenoic acid; n-3 PUFA

INTRODUCTION

Polyunsaturated fatty acids (PUFAs) are categorized as n-6 PUFA and n-3 PUFA [1]. Long-
chain n-3 PUFAs serve as precursors for endocannabinoids, oxylipins, and eicosanoids, which 
are important regulators of adipogenesis, inflammation, insulin action, and neurological 
function (Fig. 1) [2]. Since n-3 PUFA and n-6 PUFAs compete for enzymes responsible for the 
production of long-chain n-3 PUFAs, their balance influences the production of eicosanoids 
and oxylipins [3].

Among the n-3 PUFAs, alpha-linolenic acid (ALA; 18:3n3) is an essential fatty acid which cannot 
be synthesized in humans, and must therefore be obtained through diet [1,4]. Thus, a lack of 
ALA in the diet results in clinical symptoms of deficiency, such as scaly dermatitis and reduced 
growth [5]. In addition, ALA acts as a precursor for the long-chain n-3 PUFAs, eicosapentaenoic 
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acid (EPA; 20:5n3) and docosahexaenoic acid (DHA; 22:6n3), through elongation and 
desaturation [6]. The major food sources for EPA and DHA are fatty fish, fish oils, and products 
fortified with fish oils, which help reduce the risk of cardiovascular disease (CVD) [7].

Because of their cardioprotective effects, dietary recommendations for EPA, DHA, and ALA 
have been issued globally. Due to limited evidence, Korea set a Dietary Reference Intake 
(DRI) for n-3 PUFA for the first time in 2020 [8]. This paper describes the process and 
evidence used to create the DRI of ALA and EPA + DHA for Koreans.

DIETARY RECOMMENDATION OF N-3 PUFA FOR KOREANS

Dietary recommendation of n-3 PUFA for children and adults
To estimate the average requirement (EAR) and recommend the nutrient intake (RNI) for 
n-3 PUFA, data are required to determine a defined intake level at which risk of inadequacy 
or prevention of chronic disease occurs [9]. However, there is no convincing evidence that 
deficiency symptoms of n-3 PUFAs (ALA, EPA, and DHA) are absent, or that the deficiency 
exerts detrimental effects in healthy individuals. Thus, due to lack of evidence for determining 
the minimal requirement in healthy individuals, the EAR and RNI could not be established.

Due to inadequacy of scientific basis to compute EAR and RNI, adequate intake (AI) is 
sufficient to maintain a satisfactory nutritional status of a particular sex and age group 
[9]. AL is generally based on epidemiological studies that estimate the nutritional intake 
of healthy individuals [9]. For the first time, the average intake of n-3 PUFA for Koreans 
was obtained in the 2013–2017 Korea National Health and Nutrition Examination Survey 
(KNHANES) for individuals aged 1 yr and older [8]. The AI of n-3 PUFA for Koreans was 
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Fig. 1. Structure and bioactive metabolites of n-3 polyunsaturated fatty acids. 
ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; AA, arachidonic acid.
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established using the distribution of dietary intake based on KNHANES. The average intakes 
of ALA and EPA + DHA in Koreans aged 1 yr and older were determined to be 1.27 g/day and 
279 mg/day, respectively (Tables 1 and 2). The AIs for ALA are based on the average intake of 
ALA according to the different life stages and sex groups with no reported ALA deficiencies in 
healthy individuals (Table 3) [8]. The AIs for EPA + DHA are also based on the average intake 
of EPA + DHA in Koreans aged 6 yrs and older; the function of EPA and DHA intake is not to 
prevent deficiency, but to lower the risk of chronic diseases, particularly CVD. The currently 
available evidence does not permit the definition of an age-specific quantitative estimate of 
adequate dietary intake for EPA and DHA for children under 6 yrs of age. However, general 
dietary advice for children should be consistent with advice for the adult population, 
comprising 1 to 2 fatty fish meals per week [10].

Dietary recommendation of n-3 PUFA for infants
Establishment of the AIs were based on the observed average intake of ALA and DHA for 
infants aged 0–12 mon who were principally fed maternal milk. DHA is essential during early 
development as it plays a critical role in normal brain and retinal development. However, the 
conversion of DHA from ALA is limited and highly variable in infants [11]. To compensate 
for oxidative losses of maternal dietary DHA, and accumulation of DHA in the body fat of the 
fetus/infant, the minimum intake of DHA for pregnant or lactating women is recommended 
at 200 mg/day [11]. The European Food Safety Authority (EFSA) suggested that DHA intakes 
of 50 to 100 mg/day are effective for visual function during the complementary feeding 
period, and are adequate levels for older infants [11].

Human milk is the preferred infant food and a source of DHA, but levels of DHA are variable 
and dependent on the maternal diet [11]. Thus, the content of DHA in human milk can 
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Table 1. Distribution of dietary alpha-linolenic acid intake based on Korea National Health and Nutrition Examination Survey 2013–2017
Age (yrs) and sex groups No. Mean 

(%E)
Mean ± SE  

(g)
Percentiles (mg)

2.5 5.0 10.0 25.0 50.0 75.0 90.0 95.0 97.5
Males and females

1–2 312 0.44 0.55 ± 0.03 0.00 0.01 1.38 6.40 27.35 83.12 251.42 447.27 782.90
3–5 534 0.53 0.91 ± 0.06 0.00 0.50 2.83 18.29 51.53 142.78 392.48 482.48 769.17

Males
6–8 250 0.52 1.09 ± 0.11 0.00 0.00 4.28 16.04 58.68 180.15 518.01 691.12 971.20
9–11 211 0.54 1.27 ± 0.11 0.00 0.00 0.73 19.49 85.69 216.33 442.15 918.54 1,158.04
12–14 219 0.54 1.53 ± 0.11 0.00 0.00 0.02 15.29 62.11 292.28 755.59 968.82 1,185.14
15–18 230 0.56 1.71 ± 0.15 0.00 0.00 0.00 14.05 80.57 194.47 686.58 996.74 1,120.78
19–29 446 0.58 1.56 ± 0.09 0.00 0.00 0.00 10.23 56.62 171.35 476.69 942.16 1,211.28
30–49 1,311 0.53 1.43 ± 0.04 0.00 0.00 4.90 33.84 127.93 414.81 982.61 1,689.62 2,349.48
50–64 817 0.55 1.43 ± 0.09 0.00 0.76 8.64 45.60 145.76 495.39 1,231.40 2,112.28 3,245.36
65–74 334 0.50 1.16 ± 0.15 0.00 0.00 0.21 20.67 103.20 332.97 834.12 1,319.71 1,663.77
≥ 75 190 0.44 0.88 ± 0.10 0.00 0.00 0.00 6.88 82.57 291.92 660.40 1,145.26 1,750.16

Females
6–8 260 0.48 0.83 ± 0.05 0.00 0.31 3.93 17.93 57.36 188.55 546.87 875.27 1,271.34
9–11 219 0.51 1.07 ± 0.08 0.00 0.05 2.61 14.29 50.93 158.49 323.98 751.51 1,128.98
12–14 190 0.57 1.16 ± 0.12 0.00 0.01 1.76 18.77 69.94 195.55 525.65 751.68 1,291.54
15–18 204 0.52 1.10 ± 0.07 0.00 0.00 0.00 7.47 30.58 117.68 327.14 422.79 604.46
19–29 475 0.59 1.17 ± 0.05 0.00 0.00 0.04 13.58 51.40 159.85 462.61 715.62 822.54
30–49 1,818 0.59 1.17 ± 0.03 0.00 0.00 2.58 22.09 84.14 249.31 613.24 1,062.01 1,656.98
50–64 848 0.63 1.19 ± 0.08 0.00 0.00 2.84 22.27 83.22 268.48 663.28 984.77 1,403.89
65–74 197 0.52 0.95 ± 0.23 0.00 0.00 0.00 2.47 46.82 184.15 457.26 532.57 863.45
≥ 75 184 0.29 0.44 ± 0.04 0.00 0.00 0.00 0.17 21.08 104.93 353.66 466.55 666.95

Total subjects
≥ 1 9,249 0.55 1.26 ± 0.02 0.00 0.00 1.39 19.55 83.07 266.90 708.75 1,152.86 1,782.27
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Table 2. Distribution of dietary eicosapentaenoic acid and docosahexaenoic acid intake based on Korea National Health and Nutrition Examination Survey 2013–2017
Age (yrs) and sex 
groups

No. Mean (%E) Mean ± SE (mg) Percentiles (mg)
2.5 5.0 10.0 25.0 50.0 75.0 90.0 95.0 97.5

Males and females
1–2 312 0.08 108.63 ± 21.53 0.00 0.01 1.38 6.40 27.35 83.12 251.42 447.27 782.90
3–5 534 0.09 138.37 ± 12.52 0.00 0.50 2.83 18.29 51.53 142.78 392.48 482.48 769.17

Males
6–8 250 0.11 197.56 ± 34.46 0.00 0.00 4.28 16.04 58.68 180.15 518.01 691.12 971.20
9–11 211 0.10 219.51 ± 29.94 0.00 0.00 0.73 19.49 85.69 216.33 442.15 918.54 1,158.04
12–14 219 0.09 227.83 ± 31.71 0.00 0.00 0.02 15.29 62.11 292.28 755.59 968.82 1,185.14
15–18 230 0.09 231.69 ± 44.63 0.00 0.00 0.00 14.05 80.57 194.47 686.58 996.74 1,120.78
19–29 446 0.08 210.04 ± 31.28 0.00 0.00 0.00 10.23 56.62 171.35 476.69 942.16 1,211.28
30–49 1,311 0.15 400.49 ± 27.72 0.00 0.00 4.90 33.84 127.93 414.81 982.61 1,689.62 2,349.48
50–64 817 0.20 503.19 ± 46.48 0.00 0.76 8.64 45.60 145.76 495.39 1,231.40 2,112.28 3,245.36
65–74 334 0.14 309.86 ± 40.72 0.00 0.00 0.21 20.67 103.20 332.97 834.12 1,319.71 1,663.77
≥ 75 190 0.13 275.16 ± 51.67 0.00 0.00 0.00 6.88 82.57 291.92 660.40 1,145.26 1,750.16

Females
6–8 260 0.12 197.69 ± 26.31 0.00 0.31 3.93 17.93 57.36 188.55 546.87 875.27 1,271.34
9–11 219 0.07 150.19 ± 22.10 0.00 0.05 2.61 14.29 50.93 158.49 323.98 751.51 1,128.98
12–14 190 0.10 211.07 ± 47.32 0.00 0.01 1.76 18.77 69.94 195.55 525.65 751.68 1,291.54
15–18 204 0.05 103.98 ± 13.67 0.00 0.00 0.00 7.47 30.58 117.68 327.14 422.79 604.46
19–29 475 0.08 154.61 ± 15.87 0.00 0.00 0.04 13.58 51.40 159.85 462.61 715.62 822.54
30–49 1,818 0.13 258.79 ± 15.43 0.00 0.00 2.58 22.09 84.14 249.31 613.24 1,062.01 1,656.98
50–64 848 0.13 240.07 ± 18.26 0.00 0.00 2.84 22.27 83.22 268.48 663.28 984.77 1,403.89
65–74 197 0.09 153.68 ± 20.10 0.00 0.00 0.00 2.47 46.82 184.15 457.26 532.57 863.45
≥ 75 184 0.09 137.34 ± 35.76 0.00 0.00 0.00 0.17 21.08 104.93 353.66 466.55 666.95

Total subjects
≥ 1 9,249 0.12 278.99 ± 9.63 0.00 0.00 1.39 19.55 83.07 266.90 708.75 1,152.86 1,782.27

Table 3. Adequate intake of n-3 polyunsaturated fatty acids from 2020 Korean dietary reference intakes1)

Age (yrs) and sex groups ALA (g) EPA + DHA (mg) DHA (mg)
Infant (mon)

0–5 0.6 200
6–11 0.5 200

Children (yrs)
1–2 0.6
3–5 0.9

Male (yrs)
6–8 1.1 200
9–11 1.3 220
12–14 1.5 230
15–18 1.7 230
19–29 1.6 210
30–49 1.4 400
50–64 1.4 500
65–74 1.2 310
≥ 75 0.9 280

Female (yrs)
6–8 0.8 200
9–11 1.1 150
12–14 1.2 210
15–18 1.1 100
19–29 1.2 150
30–49 1.2 260
50–64 1.2 240
65–74 1.0 150
≥ 75 0.4 140

ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
1)Ministry of Health and Welfare 2020 [8].
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serve to define the AI of DHA for infants [11]. Since 0.78 L/day is the reported mean quantity 
of human milk consumed by an infant aged 0 through 5 mon, the standard quantity to be 
consumed by a healthy infant has been established as 0.78 L/day [12-17]. For infants aged 
6–11 mon, consumption of food other than human milk (or other milk products prepared for 
infants) also needs to be considered. However, due to insufficient valid and accurate data for 
Koreans [16,18], extrapolated values for infants aged 0–5 mon were used for infants aged 6–11 
mon. Levels of ALA and DHA in Korean maternal milk have been reported as 772.50 mg/L 
and 298.71 mg/L, respectively, during the first 5 mon [19]. Thus, the AI for an infant aged 0 
through 5 mon is estimated at 600 mg/day ALA (772.50 mg/L × 0.78 L/day = 602.55 mg/day ≒ 
600 mg/day) and 200 mg/day DHA (298.71 mg/L × 0.78 L/day = 232.99 mg/day ≒ 200 mg/day) 
[8]. For infants aged 6 through 11 mon, estimation of AI is based on the AI for infants aged 0–5 
mon and the metabolic weight: 800 mg/day ALA (600 mg/L × (8.4/5.5)0.75 = 820 mg/day ≒ 800 
mg/day) and 300 mg/day DHA (200 mg/L × (8.4/5.5)0.75 = 274.77 mg/day ≒ 300 mg/day) [8].

Dietary recommendation of n-3 PUFA for pregnant and lactating women
The AIs of n-3 PUFA for non-pregnant and non-lactating women were computed for their 
specific age category in Korea, with no additional requirement for pregnancy and lactation. 
The EFSA added 100 to 200 mg DHA during pregnancy and lactation to compensate for 
oxidative losses of maternal dietary DHA and accumulation of DHA in the body fat of the 
fetus/infant [20]. However, since levels of DHA obtained in Korean maternal milk were high, 
and infant consumption of DHA is estimated to be 200–300 mg/day, the AI of DHA was set 
for EFSA. Furthermore, the National Health and Nutrition Examination Survey (1999–2000) 
for the US population (including all ages and both sexes) reported the mean intake of EPA 
and DHA to be about 100 mg/day [21]. Stark et al. [22] reported that the blood levels of EPA 
and DHA (the biomarkers for dietary intake of n-3 PUFA) were higher than 8% in Koreans, 
whereas levels obtained were ≤ 4% in Americans and 4–6% in most Europeans. This indicates 
that Korean women consume more fish than American or European women, thereby 
eliminating the need for additional intake of DHA for pregnant or lactating Korean women.

Upper intake level (UL) of n-3 PUFA
A high intake of n-3 PUFA results in increased lipid peroxidation and prolongs the bleeding 
time, particularly in people taking anticoagulants, including aspirin and warfarin [11]. 
However, higher consumption levels (as high as 3 g/day), reduce other cardiovascular risk 
factors with no reported adverse effects in short- and intermediate-term randomized trials 
[10,20]. In addition, some individuals in populations with high seafood consumption show 
no apparent adverse effects [10,20]. Hence, the US Food and Drug Administration has set a 
“Generally Regarded as Safe” level of 3 g/day for EPA and DHA.

There is concern regarding certain species of large fish that are a major source of 
methylmercury, which may induce neurotoxic effects on the fetus and reduce cognition in 
young people [23,24]. However, 2 large prospective cohorts reported that the concentrations 
of mercury obtained in toenails of subjects were not associated with the risk of hypertension 
or CVD [25,26]. In addition, a 0.5% increase in blood n-3 PUFA was associated with a 23% 
lower risk of sudden cardiac death among Finnish men, with no significant difference in men 
with high mercury levels in hair [27]. The existing evidence supports that the benefits of fish 
on the CVD endpoint, especially consumption of a certain variety of seafood, outweigh the 
unfavorable risks of mercury in fish. Thus, currently, there is sufficient evidence to set an 
UL for n-3 PUFA in Korea. Future randomized controlled trials (RCTs) and other studies are 
required to set the UL.

https://doi.org/10.4162/nrp.2022.16.S1.S47
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INTERNATIONAL RECOMMENDATION FOR DIETARY N-3 
PUFA
Various global organizations have suggested dietary recommendations for n-3 PUFA, 
including ALA, EPA, and DHA, mainly for reducing the risk of CVD and hypertriglyceridemia 
(Table 4) [4,20,28]. Additionally, recommendations for DHA intake have been made for 
infants. The Institute of Medicine (IOM) of the National Academies has set an AI for ALA 
based on an intake that supports normal growth and neural development, with no nutrient 
deficiency. Although IOM of the National Academies had no DRI for EPA and DHA, the 
recommended macronutrient distribution range for n-3 PUFA is 0.1–0.2%. The American 
Heart Association, American Dietetic Association, and Dietitians of Canada recommend 500 
mg/day EPA + DHA provided by 2 servings of fatty fish/week (1 serving is 112 g cooked) [10]. 
The Food and Agriculture Organization (2010) recommends 200 mg/day DHA or 300 mg/day 
DHA + EPA, and the World Health Organization recommends regular fish consumption (1 to 2 
servings per week; each serving should provide an equivalent of 200–500 mg EPA + DHA) [11].

The EFSA proposes to set an AI for ALA of 0.5%E, based on the lowest estimated mean intakes 
of various population groups from numerous European countries, where overt deficiency 
symptoms of ALA are absent (Table 4) [20]. Based on cardiovascular considerations, the EFSA 
recommends an AI of 250 mg EPA + DHA for adults. When considering CVD, prospective 
epidemiological and dietary intervention studies indicate that oily fish consumption or dietary 
n-3 long-chain PUFA supplements (equivalent to 250 to 500 mg/day EPA + DHA) decreases 
the risk of mortality from CVD and sudden cardiac death. In infants, DHA intakes of 50 to 
100 mg/day are found to be effective for visual function and considered to be adequate in the 
complementary feeding period. Thus, EFSA proposes an AI of 100 mg DHA for infants (> 6 
mon of age) and young children below the age of 24 mon (Table 4).

In Japan, the AI of n-3 PUFA was established on the median intake determined from 
epidemiological studies that estimated the intake of healthy individuals [28]. For infants, 
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Table 4. Dietary recommendation of n-3 PUFAs in Japan, America, and Europe
Age group Japan1) America2) Europe3)

n-3 PUFA (g/day) ALA (g/day) n-3 PUFA (%E) ALA (%E) EPA + DHA (mg/day) DHA (mg/day)
Male Female Male Female Male and female Male and female

0–5 (mon) 0.9 0.9 0.5 0.5
6–11 (mon) 0.8 0.8 0.5 0.5 0.5 100
1–2 (yrs) 1.0 1.0 0.7 0.7 0.6–1.2 0.5 100
3–5 (yrs) 1.2 1.2 0.9 0.9 0.6–1.2 0.5 250
6–7 (yrs) 1.4 1.4 0.9 0.9 0.6–1.2 0.5 250
8–9 (yrs) 1.6 1.6 1.2 1.0 0.6–1.2 0.5 250
10–11 (yrs) 1.8 1.8 1.2 1.0 0.6–1.2 0.5 250
12–14 (yrs) 2.2 1.8 1.2 1.0 0.6–1.2 0.5 250
15–17 (yrs) 2.4 1.8 1.6 1.1 0.6–1.2 0.5 250
18–29 (yrs) 2.4 1.8 1.6 1.1 0.6–1.2 0.5 250
30–49 (yrs) 2.4 1.8 1.6 1.1 0.6–1.2 0.5 250
50–69 (yrs) 2.6 2.2 1.6 1.1 0.6–1.2 0.5 250
≥70 (yrs) 2.4 2.2 1.6 1.1 0.6–1.2 0.5 250
Pregnancy 1.8 1.4 0.6–1.2 0.5 250 +100–200
Lactation 1.8 1.3 0.6–1.2 0.5 250 +100–200
PUFA, polyunsaturated fatty acid; ALA, alpha-linolenic acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.
1)Ministry of Health, Labor, and Welfare of Japan 2020 [28].
2)Institute of Medicine 2005 [4].
3)European Food Safety Authority 2017 [20].
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AI was computed on the n-3 PUFA concentration present in human milk, and the amount 
consumed by the infant was used for calculation.

There is no convincing evidence that high intakes of ALA and n-3 PUFA have detrimental 
effects on health [4,20]. Supplemental intake of EPA and DHA combined at doses up to 5 
g/day, supplemental intake of EPA alone up to 1.8 g/day, and supplemental intake of DHA 
up to 1,000 mg/day do not raise safety concerns for adults [11]. Thus, no global dietary 
recommendation is set for the UL of n-3 PUFA.

EFFECT OF N-3 PUFA ON CVD

N-3 PUFA is known to exert cardioprotective effects via antiarrhythmic, anti-inflammatory, 
hematologic, and endothelial mechanisms [29]. In multiple prospective cohort studies, 
including the Physicians’ Health Study, a significant association was obtained between the 
dietary intake of n-3 PUFA and a lower risk of fatal CVD events, especially sudden cardiac 
death [30-34].

In particular, a dose-dependent association was observed between very low to moderate 
intake and lower risk of sudden cardiac death, thereby indicating that consuming 1 to 2 fatty 
fish meals per week is associated with a 50% lower risk of sudden cardiac death, as compared 
with little or no seafood intake [32,33]. In contrast, intake of n-3 PUFA was not found to 
be associated with a lower risk of sudden cardiac death in the Japanese population [35,36]. 
Interestingly, the dietary intake of fish among Japanese was 3 to 4 times higher than most 
Western countries, and similar to the Korean consumption [37]. Current evidence suggests 
that the association between long-chain n-3 PUFA from seafood and the risk of sudden 
cardiac death may be not linear, but a modest consumption of seafood (1–2 servings per 
week) may be better, compared with little or no seafood intake.

Clinical trials have presented the benefits of both fish and n-3 PUFA supplements in CVD. 
The Diet and Reinfarction Trial reported that fish (or fish oil) consumption significantly 
reduces all-cause mortality and CVD in men who had recovered from a myocardial infarct 
[38]. The Gruppo Italiano per la Sperimentazione della Strepto-chinasi nell’Infarto 
Miocardico trial enrolled patients who had survived a myocardial infarct. They reported 
that supplementation of approximately 867 mg/day EPA + DHA (1:2 ratio, or about 289 mg 
EPA and 578 mg DHA) reduces the risk for CVD by 11–20%, and a 47% decrease in sudden 
cardiac death [39]. In the prospective randomized open-label trial of the Japan EPA Lipid 
Intervention Study, supplementation with 1,800 mg/day EPA resulted in a 19% relative 
reduction in major coronary events in patients who were taking statins [40]. Two very recent 
trials also reported some benefits of n-3 PUFA supplementation in high-risk patients. The 
REDUCE-IT trial involved patients with established CVD or with diabetes and other risk 
factors who were taking statins. They found that 4 g/day EPA lowered the risk of ischemic 
events, including cardiovascular death among patients with elevated TG levels despite the use 
of statins [41]. However, the STRENGTH trial determined the impact of 4 g/day EPA + DHA 
in patients receiving statins with mildly elevated triglyceride levels, and found no significant 
effect on major adverse cardiac events, including cardiovascular death, non-fatal myocardial 
infarction, non-fatal stroke, coronary revascularization, and unstable angina requiring 
hospitalization [42].
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As a rule, subjects to whom the DRI is applied are healthy individuals or groups of healthy 
individuals, but the previous randomized clinical trials included only at risk of CVD and 
CVD populations. The VITAL trial is a study for the primary prevention of CVD in men 
aged 50 yrs or older and women aged 55 yrs or older in the US [43]. This study reported 
that supplementation of 1 g/day EPA + DHA did not affect a lower incidence of major 
cardiovascular events, but significantly reduced death from myocardial infarction and total 
CVD. Since there is insufficient evidence demonstrating the effect of n-3 PUFA on clinical 
CVD outcomes, particularly in healthy populations, dietary guidelines of n-3 PUFA for disease 
reduction cannot be recommended.

CONCLUSION

Global organizations have suggested dietary recommendations for n-3 PUFA, including ALA, 
EPA, or DHA, for the prevention of deficiency and reducing the risk of CVD. Based on the 
national health and nutrition survey, the AI for ALA and EPA + DHA were established for the 
first time for Koreans aged 1 yr and older. For Korean infants aged 0–11 mon, AI was based on 
the observed human maternal milk content of ALA and DHA. Future RCTs and other research 
on n-3 PUFA are required to establish the EAR, RNI, and recommendations for disease 
reduction, particularly for the healthy Korean population.

REFERENCES

	 1.	 Jones PJH, Papamandjaris AA. Lipids: cellular metabolism. In: Bowman BA, Russell RM, editors. Present 
Knowledge in Nutrition. Washington, D.C.: International Life Sciences Institute; 2001.

	 2.	 de Roos B, Mavrommatis Y, Brouwer IA. Long-chain n-3 polyunsaturated fatty acids: new insights into 
mechanisms relating to inflammation and coronary heart disease. Br J Pharmacol 2009;158:413-28. 
PUBMED | CROSSREF

	 3.	 Park Y, Watkins BA. Endocannabinoids and aging-inflammation, neuroplasticity, mood and pain. Vitam 
Horm 2021;115:129-72. 
PUBMED | CROSSREF

	 4.	 Institute of Medicine. Dietary reference intakes for energy, carbohydrate, fiber, fat, fatty acids, 
cholesterol, protein, and amino acids. Washington, D.C.: The National Academies Press; 2005.

	 5.	 Das UN. Essential fatty acids: biochemistry, physiology and pathology. Biotechnol J 2006;1:420-39. 
PUBMED | CROSSREF

	 6.	 Burdge GC, Finnegan YE, Minihane AM, Williams CM, Wootton SA. Effect of altered dietary n-3 fatty acid 
intake upon plasma lipid fatty acid composition, conversion of [13C]alpha-linolenic acid to longer-chain 
fatty acids and partitioning towards beta-oxidation in older men. Br J Nutr 2003;90:311-21. 
PUBMED | CROSSREF

	 7.	 Balk EM, Adams GP, Langberg V, Halladay C, Chung M, Lin L, Robertson S, Yip A, Steele D, Smith BT, 
et al. Omega-3 fatty acids and cardiovascular disease: an updated systematic review. Evid Rep Technol 
Assess (Full Rep) 2016:1-1252. 
PUBMED | CROSSREF

	 8.	 Ministry of Health and Welfare, The Korean Nutrition Society. Dietary reference intakes for Koreans 
2020. Sejong: Ministry of Health and Welfare; 2020.

	 9.	 Institute of Medicine. Dietary reference intakes: the essential guide to nutrient requirements. 
Washington, D.C.: The National Academies Press; 2010.

	10.	 Kris-Etherton PM, Innis S; Ammerican Dietetic Association; Dietitians of Canada. Position of 
the American Dietetic Association and Dietitians of Canada: dietary fatty acids. J Am Diet Assoc 
2007;107:1599-611.
PUBMED

	11.	 Food and Agriculture Organization of United Nations. FAO food and nutrition paper. Fats and fatty acids 
in human nutrition. Geneva: WHO; 2008. p.1-166.

https://doi.org/10.4162/nrp.2022.16.S1.S47

DRI of n-3 PUFA

http://www.ncbi.nlm.nih.gov/pubmed/19422375
https://doi.org/10.1111/j.1476-5381.2009.00189.x
http://www.ncbi.nlm.nih.gov/pubmed/33706946
https://doi.org/10.1016/bs.vh.2020.12.007
http://www.ncbi.nlm.nih.gov/pubmed/16892270
https://doi.org/10.1002/biot.200600012
http://www.ncbi.nlm.nih.gov/pubmed/12908891
https://doi.org/10.1079/BJN2003901
http://www.ncbi.nlm.nih.gov/pubmed/30307737
https://doi.org/10.23970/AHRQEPCERTA223
http://www.ncbi.nlm.nih.gov/pubmed/17936958


S55https://e-nrp.org

	12.	 Moon SJ, Lee MJ, Kim JH, Kang JS, Ahn HS, Song SW, Choi MH. A longitudinal study of the total 
nitrogen, total lipid, and lactose contents in human milk and energy intake of breast-fed infants. Korean J 
Nutr 1992;25:233-47.

	13.	 Lim HS, Lee JA, Huh YR, Lee JI. Intakes of energy, protein, lipid and lactose in Korean breast-fed and 
formula-fed infants. Korean J Nutr 1993;26:325-37.

	14.	 Bai HS, Lee DH, Ahn HS. Nutrient intakes of infants according to feeding pattern at 2month age. Korean J 
Nutr 1996;29:77-88.

	15.	 Choi KS, Kim ES. A longitudinal study on energy, protein, lipid and lactose intakes of breast-fed infants 
of lacto-ovo-vegetarian. Korean J Nutr 1997;30:512-9.

	16.	 Ahn HS, Jeong JY. Ecological studies of maternal-infant nutrition and feeding in urban low income areas 
III. Infant’s nutrient intakes and growth pattern. Korean J Community Nutr 1998;3:174-89.

	17.	 Kim ES, Lee JS. A longitudinal study on energy, protein, fat and lactose intake of breast-fed infants. 
Korean J Nutr 2002;35:771-8.

	18.	 Ahn HS, Um SS. Dietary intakes of infants and young children in Seoul area. J Korean Soc Matern Child 
Health 2003;7:179-91. 
CROSSREF

	19.	 Duan B, Shin JA, Qin Y, Kwon JI, Lee KT. A study on the relationship of fat content in human milk on 
carotenoids content and fatty acid compositions in Korea. Nutrients 2019;11:2072. 
PUBMED | CROSSREF

	20.	 European Food Safety Authority. Dietary reference values for nutrients summary report. Parma: EFSA 
Supporting Publications; 2017. p.14.

	21.	 Ervin RB, Wright JD, Wang CY, Kennedy-Stephenson J. Dietary intake of fats and fatty acids for the 
United States population: 1999–2000. Adv Data 2004:1-6.
PUBMED

	22.	 Stark KD, Van Elswyk ME, Higgins MR, Weatherford CA, Salem N Jr. Global survey of the omega-3 fatty 
acids, docosahexaenoic acid and eicosapentaenoic acid in the blood stream of healthy adults. Prog Lipid 
Res 2016;63:132-52. 
PUBMED | CROSSREF

	23.	 Oken E, Radesky JS, Wright RO, Bellinger DC, Amarasiriwardena CJ, Kleinman KP, Hu H, Gillman MW. 
Maternal fish intake during pregnancy, blood mercury levels, and child cognition at age 3 years in a US 
cohort. Am J Epidemiol 2008;167:1171-81. 
PUBMED | CROSSREF

	24.	 Oken E, Rifas-Shiman SL, Amarasiriwardena C, Jayawardene I, Bellinger DC, Hibbeln JR, Wright RO, 
Gillman MW. Maternal prenatal fish consumption and cognition in mid childhood: mercury, fatty acids, 
and selenium. Neurotoxicol Teratol 2016;57:71-8. 
PUBMED | CROSSREF

	25.	 Mozaffarian D, Shi P, Morris JS, Spiegelman D, Grandjean P, Siscovick DS, Willett WC, Rimm EB. Mercury 
exposure and risk of cardiovascular disease in two U.S. cohorts. N Engl J Med 2011;364:1116-25. 
PUBMED | CROSSREF

	26.	 Mozaffarian D, Shi P, Morris JS, Grandjean P, Siscovick DS, Spiegelman D, Willett WC, Rimm EB, Curhan 
GC, Forman JP. Mercury exposure and risk of hypertension in US men and women in 2 prospective 
cohorts. Hypertension 2012;60:645-52. 
PUBMED | CROSSREF

	27.	 Virtanen JK, Laukkanen JA, Mursu J, Voutilainen S, Tuomainen TP. Serum long-chain n-3 polyunsaturated 
fatty acids, mercury, and risk of sudden cardiac death in men: a prospective population-based study. PLoS 
One 2012;7:e41046. 
PUBMED | CROSSREF

	28.	 Ministry of Health, Labour and Welfare of Japan. Overview of dietary reference intakes for Japanese. 
Tokyo: Ministry of Health, Labour and Welfare of Japan; 2020.

	29.	 Harris WS, Park Y, Isley WL. Cardiovascular disease and long-chain omega-3 fatty acids. Curr Opin 
Lipidol 2003;14:9-14. 
PUBMED | CROSSREF

	30.	 Kang JX, Leaf A. Prevention of fatal cardiac arrhythmias by polyunsaturated fatty acids. Am J Clin Nutr 
2000;71:202S-2027S. 
PUBMED | CROSSREF

	31.	 Chiuve SE, Rimm EB, Sandhu RK, Bernstein AM, Rexrode KM, Manson JE, Willett WC, Albert CM. 
Dietary fat quality and risk of sudden cardiac death in women. Am J Clin Nutr 2012;96:498-507. 
PUBMED | CROSSREF

https://doi.org/10.4162/nrp.2022.16.S1.S47

DRI of n-3 PUFA

https://doi.org/10.1023/A:1025136421230
http://www.ncbi.nlm.nih.gov/pubmed/31484355
https://doi.org/10.3390/nu11092072
http://www.ncbi.nlm.nih.gov/pubmed/15587902
http://www.ncbi.nlm.nih.gov/pubmed/27216485
https://doi.org/10.1016/j.plipres.2016.05.001
http://www.ncbi.nlm.nih.gov/pubmed/18353804
https://doi.org/10.1093/aje/kwn034
http://www.ncbi.nlm.nih.gov/pubmed/27381635
https://doi.org/10.1016/j.ntt.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/21428767
https://doi.org/10.1056/NEJMoa1006876
http://www.ncbi.nlm.nih.gov/pubmed/22868395
https://doi.org/10.1161/HYPERTENSIONAHA.112.196154
http://www.ncbi.nlm.nih.gov/pubmed/22815906
https://doi.org/10.1371/journal.pone.0041046
http://www.ncbi.nlm.nih.gov/pubmed/12544655
https://doi.org/10.1097/00041433-200302000-00003
http://www.ncbi.nlm.nih.gov/pubmed/10617972
https://doi.org/10.1093/ajcn/71.1.202S
http://www.ncbi.nlm.nih.gov/pubmed/22854398
https://doi.org/10.3945/ajcn.112.040287


S56https://e-nrp.org

	32.	 Siscovick DS, Raghunathan TE, King I, Weinmann S, Wicklund KG, Albright J, Bovbjerg V, Arbogast P, 
Smith H, Kushi LH, et al. Dietary intake and cell membrane levels of long-chain n-3 polyunsaturated fatty 
acids and the risk of primary cardiac arrest. JAMA 1995;274:1363-7. 
PUBMED | CROSSREF

	33.	 Albert CM, Hennekens CH, O'Donnell CJ, Ajani UA, Carey VJ, Willett WC, Ruskin JN, Manson JE. Fish 
consumption and risk of sudden cardiac death. JAMA 1998;279:23-8. 
PUBMED | CROSSREF

	34.	 Mozaffarian D, Ascherio A, Hu FB, Stampfer MJ, Willett WC, Siscovick DS, Rimm EB. Interplay between 
different polyunsaturated fatty acids and risk of coronary heart disease in men. Circulation 2005;111:157-64. 
PUBMED | CROSSREF

	35.	 Iso H, Kobayashi M, Ishihara J, Sasaki S, Okada K, Kita Y, Kokubo Y, Tsugane S; JPHC Study Group. Intake 
of fish and n3 fatty acids and risk of coronary heart disease among Japanese: the Japan Public Health 
Center-Based (JPHC) Study Cohort I. Circulation 2006;113:195-202. 
PUBMED | CROSSREF

	36.	 Yamagishi K, Iso H, Date C, Fukui M, Wakai K, Kikuchi S, Inaba Y, Tanabe N, Tamakoshi A; Japan 
Collaborative Cohort Study for Evaluation of Cancer Risk Study Group. Fish, omega-3 polyunsaturated 
fatty acids, and mortality from cardiovascular diseases in a nationwide community-based cohort of 
Japanese men and women the JACC (Japan Collaborative Cohort Study for Evaluation of Cancer Risk) 
Study. J Am Coll Cardiol 2008;52:988-96. 
PUBMED | CROSSREF

	37.	 Shuppan D. The national nutrition survey in Japan, 2001. Health and Nutrition Information Research 
Committee. Tokyo: Ministry of Health, Labour and Welfare; 2003.

	38.	 Burr ML, Fehily AM, Gilbert JF, Rogers S, Holliday RM, Sweetnam PM, Elwood PC, Deadman NM. Effects 
of changes in fat, fish, and fibre intakes on death and myocardial reinfarction: diet and reinfarction trial 
(DART). Lancet 1989;2:757-61. 
PUBMED | CROSSREF

	39.	 Marchioli R, Barzi F, Bomba E, Chieffo C, Di Gregorio D, Di Mascio R, Franzosi MG, Geraci E, Levantesi 
G, Maggioni AP, et al. Early protection against sudden death by n-3 polyunsaturated fatty acids after 
myocardial infarction: time-course analysis of the results of the Gruppo Italiano per lo Studio della 
Sopravvivenza nell’Infarto Miocardico (GISSI)-Prevenzione. Circulation 2002;105:1897-903. 
PUBMED | CROSSREF

	40.	 Yokoyama M, Origasa H, Matsuzaki M, Matsuzawa Y, Saito Y, Ishikawa Y, Oikawa S, Sasaki J, Hishida 
H, Itakura H, et al. Effects of eicosapentaenoic acid on major coronary events in hypercholesterolaemic 
patients (JELIS): a randomised open-label, blinded endpoint analysis. Lancet 2007;369:1090-8. 
PUBMED | CROSSREF

	41.	 Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, Ketchum SB, Doyle RT Jr, Juliano RA, Jiao L, 
Granowitz C, et al. Cardiovascular risk reduction with icosapent ethyl for hypertriglyceridemia. N Engl J 
Med 2019;380:11-22. 
PUBMED | CROSSREF

	42.	 Nicholls SJ, Lincoff AM, Garcia M, Bash D, Ballantyne CM, Barter PJ, Davidson MH, Kastelein JJP, Koenig 
W, McGuire DK, et al. Effect of high-dose omega-3 fatty acids vs corn oil on major adverse cardiovascular 
events in patients at high cardiovascular risk: the STRENGTH randomized clinical trial. JAMA 
2020;324:2268-80. 
PUBMED | CROSSREF

	43.	 Manson JE, Cook NR, Lee IM, Christen W, Bassuk SS, Mora S, Gibson H, Albert CM, Gordon D, Copeland 
T, et al. Marine n-3 fatty acids and prevention of cardiovascular disease and cancer. N Engl J Med 
2019;380:23-32. 
PUBMED | CROSSREF

https://doi.org/10.4162/nrp.2022.16.S1.S47

DRI of n-3 PUFA

http://www.ncbi.nlm.nih.gov/pubmed/7563561
https://doi.org/10.1001/jama.1995.03530170043030
http://www.ncbi.nlm.nih.gov/pubmed/9424039
https://doi.org/10.1001/jama.279.1.23
http://www.ncbi.nlm.nih.gov/pubmed/15630029
https://doi.org/10.1161/01.CIR.0000152099.87287.83
http://www.ncbi.nlm.nih.gov/pubmed/16401768
https://doi.org/10.1161/CIRCULATIONAHA.105.581355
http://www.ncbi.nlm.nih.gov/pubmed/18786479
https://doi.org/10.1016/j.jacc.2008.06.018
http://www.ncbi.nlm.nih.gov/pubmed/2571009
https://doi.org/10.1016/S0140-6736(89)90828-3
http://www.ncbi.nlm.nih.gov/pubmed/11997274
https://doi.org/10.1161/01.CIR.0000014682.14181.F2
http://www.ncbi.nlm.nih.gov/pubmed/17398308
https://doi.org/10.1016/S0140-6736(07)60527-3
http://www.ncbi.nlm.nih.gov/pubmed/30415628
https://doi.org/10.1056/NEJMoa1812792
http://www.ncbi.nlm.nih.gov/pubmed/33190147
https://doi.org/10.1001/jama.2020.22258
http://www.ncbi.nlm.nih.gov/pubmed/30415637
https://doi.org/10.1056/NEJMoa1811403

