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N-3 and N-6 Fatty Acid Intakes and Depressive Symptoms in
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Background: This study sought to investigate the association between n-3 and n-6 fatty acid intakes and de-
pressive symptoms in Korean female adults.

Methods: Subjects comprised 8,204 Korean female adults, aged over 19 years, who participated in the National
Health and Nutrition Examination Survey from 2014-2018. Subjects were classified according to their Patient
Health Questionnaire-9 scores into a low depressive symptoms (LDS) group and a high depressive symptoms
(HDS) group. Nutrient intake was evaluated using dietary data obtained through a one-day 24-hour recall.
Results: Compared with the LDS group, the HDS group was associated with lower education levels, household
incomes, and employment rates. The HDS group had lower intakes of n-3 and n-6 fatty acids than the LDS
group. The highest quartile of adjusted total n-3 intakes had a decreased odds ratio of depressive symptoms
(95% confidence interval [Cl], 0.35-0.90) in those aged 65 years over. The prevalence of depressive symptoms
decreased in the highest quartile of adjusted arachidonic acid intake (95% ClI, 0.33-0.93) in those aged 41-64
years. The n-6:n-3 ratio was not associated with depressive symptoms.

Conclusions: From the results of this study, it was found that the intake of n-3 fatty acids and arachidonic acid
were significantly associated with depressive symptoms. These findings can be used to aid the development of
dietary guidelines for the improvement of public health.
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Table 1. General characteristics of the subjects according to
depressive symptoms

Variable (nig 68; 2) (?21275;) P
Number of subjects 7,632 (93.30) 572 (6.70)
Agey
19-40 2,176 (35.23) 160 (37.71)  <0.001
41-64 3,581 (47.18) 206 (35.86)
>65 1,875 (17.59) 206 (26.43)
Household income
level
Low 1,444 (1550) 230 (34.37)  <0.001
Mid-low 1,883 (24.33) 145 (34.94)
Mid-high 2,088 (28.78) 120 (24.12)
High 2217 (31.39)  77(16.57)

Education level

Elementary school 1,910 (18.49) 233 (31.75)  <0.001

Middle school 765 (9.12) 72 (11.76)
High school 2,403 (35.51) 145 (30.33)
College or above 2,554 (38.87) 122 (26.16)

Employment status
Employed 3,953 (53.02)

3,679 (46.98)

210(39.69)  <0.001
Non-employed 362 (60.61)
Family type

914 (8.93)

6,718 (91.07)

136 (17.42)  <0.001
436 (82.58)

Living alone
Living with partners

Marital status

Married 6,661 (91.83) 476 (76.79)  0.019
Unmarried 971 (18.17) 96 (23.71)

Smoking status
Yes 308 (4.71) 79 (16.49)  <0.001
No 7,324 (95.29) 493 (83.51)

Alcohol drinking
status
Yes 3,124 (45.09) 216 (43.36) 0.517
No 4,508 (54.91) 356 (56.64)

Physical activity
Yes 2,943 (40.69)  175(31.97)  <0.001
No 4,689 (59.31) 397 (68.03)

Values are presented as number (%).

Abbreviations: HDS, high depressive symptoms; LDS, low depres-
sive symptoms.

“Patient Health Questionnaire-9 (PHQ-9) <10.

"PHQ-9 >10.

“Calculated by chi-square test.
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Table 2. Total fatty acid intake of subjects according to depressive symptoms

19-40 years 41-64 years >65 years
Variable LDS HDS P LDS HDS p LDS HDS s
(n=2,176) (n=160) (n=3,581) (n=206) (n=1,875) (n=206)
Energy, kcal 1,799.49+£0.98 1,890.68+0.13 0.269 1,726.24+0.99 1,656.48+0.33 0.171 1,492.21+0.48 1,321.22+0.48 <0.001
Total fat”, g 48.29+0.77  51.58+0.93 0.871 37.50+0.47  32.45+0.98 0.040 23.51+0.49  18.21+0.22 0.056
MUFA, g 15.43+0.27  16.01£0.96 0.575 11.88+0.16 ~ 10.09+0.69 0.036 6.66+0.18 5.06+.0.39 0.009
PUFA, g 11.79+0.21  12.82+0.94 0.657 10.23+0.15 8.24+0.53 0.001 7.05£0.16 5.38+0.41 0.145
n-3FA, g 1.54+0.03 1.66+0.17  0.839 1.72+0.03 1.56+0.23 0.672 1.34+0.04 0.98+0.11 0.165
ALA, g 1.25+0.03 1.37+0.02 0.447 1.34+0.03 1.21+£0.02 0.505 1.09+0.04 0.78+0.07 <0.001
EPA, mg 83.49+0.51  77.79+0.21 0.653 110.69+0.25 102.72+0.71 0.676 77.99£0.13  60.06+0.54 0.413
DPA, mg 22.58+0.23  22.00+0.92 0.851 24.17£0.29  30.35+0.00 0.636 15.78+0.08  10.66+0.58 0.170
DHA, mg 171.91£0.05 159.52+0.57 0.897 213.55+0.03  192.89+0.11 0.661 139.21+£0.07  119.43+0.23 0.702
n-6 FA, g 10.23+0.19  11.12+0.80 0.668 8.51+0.13 6.67+0.37 <0.001 5.71£0.14 4.42+0.34 0.210
Linoleic acid, g 9.77+0.18 10.67+0.08 0.261 8.11+0.01 6.49+0.04 <0.001 5.52+0.01 4.33+0.34 <0.001
y-Linoleic 24.52+0.54 25.95+£0.60 0.873 12.96+0.66 6.29+0.12 0.014 10.85+0.90 1.75+£0.55 0.002
acid, mg
Ara'cjlidonic 64.09+0.26  60.08+0.71 0.574 49.04+0.45  39.25+0.76 0.046 27.25+0.89  22.20+0.30 0.189
acid, mg

Values are presented as mean+standard deviation.

Abbreviations: ALA, a-linolenic acid; DHA, docosahexanoic acid; DPA, docosapetaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid;
HDS, high depressive symptoms; LDS, low depressive symptoms; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

Calculated by analysis covariance.
"Nutrients were adjustment for total energy intake.
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Table 3. Percent of energy from macronutrient and fatty acid intake according to depressive symptoms

19-40 years 41-64 years >65 years
Variable LDS HDS » LDS HDS p LDS HDS »
(n=2,176) (n=160) (n=3,581) (n=206) (n=1,875) (n=206)
% Carbohydrate ~ 60.45:028  59.74+0.93  0.662 65.7840.21  69.60+0.89 <0.001 73.13+028  75.34+0.83  0.034
% Protein 1521£0.11 1524044  0.980 14.66+0.08  13.08+0.28 <0.001 13.03+0.09  12.61+0.35  0.276
% Fat 24324023  25.01+0.80  0.625 19.55+0.17  17.3120.71  0.003 13.83+0.23  12.04x0.61  0.024
% MUFA 775009  7.82+¢032  0.941 6.16£0.06  5.34+0.26  0.004 4.07£0.08  3.29£0.20  0.002
% PUFA 5.96+0.07  6.08+027  0.849 531+0.05  4.43:0.21 <0.001 4124007  3.59£0.22  0.080
% n-3 FA 0.79+0.01  0.77+0.04  0.551 0.91+0.01  0.81+0.09  0.366 0.78+0.02  0.66+0.07  0.193
ALA 0.64+0.01  0.62+0.04 0.745 0.70+0.01  0.64£0.09  0.491 0.63+0.02  0.53+0.05 0.054
EPA 0.04+0.01  0.04+0.01  0.618 0.06+0.01  0.05+0.01  0.463 0.05+0.01  0.04x0.01  0.647
DPA 0.01+0.01  0.01+0.01 0571 0.01£0.01  0.01£0.01  0.886 0.01£0.01  0.01£0.01  0.371
DHA 0.09+0.01  0.08+0.01  0.442 0124001  0.10£0.02  0.285 0.08+0.01  0.08+0.01  0.899
% n-6 FA 5.16£0.07  5.29+024  0.764 440£0.04  3.61£0.15 <0.001 3341006  2.94:0.18  0.109
Linoleic acid 4924007  5.06£0.23  0.534 425+0.05  3.52+0.16 <0.001 3.24+0.06  2.88+0.18  0.062
y-Linoleicacid ~ 0.01#0.01  0.01x0.01  0.901 0.01£0.01  0.01£0.01  0.061 0.01£0.01  0.01+0.01  0.003
Arap(ilidonic 0.03+0.01  0.03+0.01 0.356 0.03£0.01  0.02+0.01  0.035 0.02+0.01  0.02+0.01  0.899
acl

Values are presented as mean+standard deviation.

Abbreviatons: ALA, a-linolenic acid; DHA, docosahexanoic acid; DPA, docosapetaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acid;
HDS, high depressive symptoms; LDS, low depressive symptoms; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.

*Calculated by analysis covariance.
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Table 4. The ORs (95% Cls) for depression by adjusted dietary n-3 fatty acids

. 19-40 years 41-64 years >65 years
Variable
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2

Total fatty acid intake’,

mg/kcal/day

Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Q2 0.92 (0.53-1.60) 0.80 (0.46-1.37) 0.65 (0.42-1.01)  0.71 (0.44-1.14) 0.67 (0.43-1.03)  0.80 (0.51-1.26)

Q3 0.90 (0.54-1.49) 0.77 (0.46-1.29) 0.62 (0.39-0.99) 0.82 (0.51-1.32) 0.61 (0.38-0.99) 0.82 (0.50-1.35)

Q4 0.92 (0.55-1.54)  0.94 (0.55-1.60) 0.58 (0.36-0.93)  0.68 (0.41-1.12) 0.42 (0.26-0.67)  0.56 (0.35-0.90)

P for trend 0.740 0.774 0.026 0.168 0.001 0.032
ALA intake®, mg/kcal/day

Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Q2
Q3
Q4
P for trend
EPA intake", mg/kcal/day
Q1
Q2
Q3
Q4
P for trend
DPA intake®, mg/kcal/day
Q1
Q2
Q3
Q4
P for trend
DHA intake®, mg/kcal/day
Q1
Q2
Q3
Q4

P for trend

1.09 (0.66-1.81)

1.21 (0.69-2.09)

1.08 (0.64-1.82)
0.710

1.00 (Ref.)
0.88 (0.53-1.47)
1.01 (0.62-1.62)
0.69 (0.40-1.19)

0.553

1.00 (Ref.)
1.12 (0.68-1.84)
0.77 (0.45-1.32)
0.96 (0.58-1.58)

0.613

1.00 (Ref.)
0.77 (0.45-1.31)
0.85 (0.49-1.45)
0.78 (0.47-1.30)

0.454

1.10 (0.66-1.83)

1.02 (0.59-1.78)

1.10 (0.65-1.86)
0.803

1.00 (Ref.)
0.96 (0.57-1.63)
1.04 (0.61-1.77)
0.73 (0.41-1.29)

0.596

1.00 (Ref.)
1.12 (0.66-1.92)
0.75 (0.43-1.29)
0.97 (0.58-1.61)

0.543

1.00 (Ref.)
0.74 (0.42-1.28)
0.81 (0.46-1.43)
0.82 (0.48-1.39)

0.588

0.64 (0.40-1.02)

0.61 (0.38-0.98)

0.53 (0.34-0.82)
0.006

1.00 (Ref.)
0.82 (0.52-1.30)
0.81 (0.51-1.28)
0.78 (0.49-1.24)

0.702

1.00 (Ref.)
0.67 (0.43-1.06)
0.62 (0.38-1.01)
0.44 (0.27-0.71)

0.001

1.00 (Ref.)
0.75 (0.49-1.15)
0.62 (0.40-0.96)
0.51 (0.32-0.82)

0.003

0.73 (0.44-1.20)

0.76 (0.47-1.24)

0.62 (0.39-0.99)
0.057

1.00 (Ref.)
0.95 (0.59-1.53)
0.93 (0.58-1.49)
0.87 (0.53-1.41)

0.602

1.00 (Ref.)
0.79 (0.48-1.28)
0.76 (0.45-1.27)
0.55 (0.33-0.93)

0.037

1.00 (Ref.)
0.90 (0.58-1.41)
0.76 (0.47-1.20)
0.64 (0.39-1.05)

0.069

0.68 (0.43-1.09)

0.91 (0.58-1.42)

0.46 (0.30-0.71)
0.004

1.00 (Ref.)
0.51 (0.34-0.77)
0.73 (0.46-1.15)
0.39 (0.23-0.65)

0.008

1.00 (Ref.)
0.60 (0.41-0.88)
0.72 (0.44-1.19)
0.44 (0.25-0.75)

0.015

1.00 (Ref.)
0.45 (0.29-0.71)
0.62 (0.41-0.94)
0.38 (0.23-0.61)

0.002

0.85 (0.52-1.39)

1.14 (0.73-1.78)

0.63 (0.41-0.96)
0.127

1.00 (Ref.)
0.57 (0.38-0.87)
0.82 (0.49-1.37)
0.53 (0.32-0.88)

0.064

1.00 (Ref.)
0.71 (0.48-1.05)
0.99 (0.59-1.65)
0.64 (0.37-1.12)

0.225

1.00 (Ref.)
0.49 (0.31-0.77)
0.81 (0.51-1.29)
0.51 (0.31-0.85)

0.005

Model 1: unadjusted model; model 2: adjusted for household income level, education level, marital status, smoking status, alcohol drinking sta-

tus, and physical activity.

Abbreviations: ALA, a-linolenic acid; CI, confidence interval; DHA, docosahexanoic acid; DPA, docosapetaenoic acid; EPA, eicosapentae-
noic acid; OR, odds ratio; Ref., reference.

*Adjusted for energy intake.
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Table 5. The ORs (95% Cls) for depression by adjusted dietary n-6 fatty acids

. 19-40 years 41-64 years >65 years
Variable
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Total fatty acid intake’,
mg/kcal/day
Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 126 (0.72-2.21) 124 (0.72-2.15)  0.85 (0.54-1.35) 1.09 (0.66-1.83)  0.68 (0.43-1.06) 0.7 (0.48-1.22)
Q3 1.19 (0.67-2.14)  1.06 (0.61-1.87)  0.58 (0.37-0.91) 0.81 (0.49-1.35)  0.59 (0.35-0.97) 0.72 (0.43-1.20)
Q4 121 (0.68-2.13) 112 (0.63-1.98)  0.48(0.28-0.81) 0.66 (0.38-1.14)  0.65 (0.37-1.12)  0.92 (0.54-1.58)
P for trend 0.567 0.837 0.001 0.078 0.0289 0.388
Linoleic acid intake?,
mg/kcal/day
Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 1.18 (0.68-2.05) 1.08 (0.63-1.86)  0.77 (0.49-123) 0.98 (0.58-1.64)  0.61 (0.39-0.98) 0.83 (0.51-1.34)
Q3 1.06 (0.59-1.88)  0.94 (0.54-1.63)  0.65 (0.42-1.02) 0.89 (0.54-1.47)  0.54 (0.36-0.81) 0.75 (0.50-1.14)
Q4 122 (0.70-2.14)  1.07 (0.60-1.92)  0.48 (0.28-0.81) 0.64 (0.37-1.11)  0.52 (0.25-1.05) 0.86 (0.43-1.72)
P for trend 0.637 0.935 0.003 0.105 0.014 0.331
y-linoleic acid intake’,
mg/kcal/day
Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 0.94(0.53-1.68) 1.09 (0.60-1.98)  0.70 (0.44-1.09) 0.82 (0.51-1.32)  0.86 (0.53-1.38) 1.14 (0.69-1.89)
Q3 0.99 (0.59-1.68) 1.18 (0.67-2.08)  0.58 (0.38-0.89) 0.61 (0.40-0.93)  0.86 (0.55-1.33) 0.92 (0.58-1.46)
Q4 112 (0.68-1.82) 128 (0.72-2.12)  0.54 (0.33-0.86) 0.72 (0.44-1.18)  0.63 (0.38-1.02) 0.90 (0.55-1.47)
P for trend 0.627 0.305 0.006 0.096 0.099 0.607
Arachidonic acid intake®,
mg/kcal/day
Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 0.92 (0.55-1.55) 1.03 (0.60-1.79)  0.60 (0.38-0.95) 0.69 (0.43-1.12)  0.73 (0.13-4.11) 0.88 (0.15-5.05)
Q3 1.03 (0.62-1.69) 0.97 (0.57-1.65)  0.51(0.31-0.83) 0.64 (0.38-1.08)  0.54 (0.32-0.92) 0.59 (0.34-1.01)
Q4 0.94 (0.61-1.47) 0.94 (0.59-1.49)  0.48 (0.32-0.73) 0.63 (0.40-0.99)  0.86 (0.58-1.28) 1.12 (0.76-1.64)
P for trend 0.910 0.778 0.001 0.043 0.167 0.779

Model 1: unadjusted model; model 2: adjusted for household income level, education level, marital status, smoking status, alcohol drinking sta-

tus, and physical activity.

Abbreviations: CI, confidence interval; OR, odds ratio; Ref., reference.

*Adjusted for energy intake.

Table 6. The ORs (95% Cls) for depressive symptoms by n-6:n-3 ratio

. 19-40 years 41-64 years >65 years
Variable
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
n-6:n-3 ratio
Q1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
Q2 1.44 (0.87-2.40) 130 (0.76-221)  0.62 (0.38-1.04) 0.67 (0.40-1.14)  1.45(0.89-2.35) 1.38 (0.86-2.22)
Q3 140 (0.83-2.34) 1.16 (0.69-1.96)  0.71 (0.45-1.10) 0.75 (0.47-1.20)  1.35(0.82-2.15) 1.26 (0.76-2.08)
Q4 1.08 (0.60-1.99)  0.89 (0.49-1.63)  0.89 (0.57-1.40) 0.98 (0.61-1.59)  1.35(0.87-2.09) 1.28 (0.81-2.03)
P for trend 0.859 0.558 0.778 0.979 0.189 0.323

Model 1: unadjusted model; model 2: adjusted for household income level, education level, marital status, smoking status, alcohol drinking sta-

tus, and physical activity.

Abbreviations: CI, confidence interval; OR, odds ratio; Ref., reference.
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