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Background and Objectives: PUFAs play critical roles in the development of nonalcoholic fatty liver disease 
(NAFLD). This study examined the associations between dietary n-3 and n-6 PUFA intake and NAFLD risk in a 
US population. Methods and Study Design: Data from the National Health and Nutrition Examination Survey 
(NHANES) 2007–2014 was used in this cross-sectional study. Data on dietary n-3 and n-6 PUFAs were extracted 
through two 24-h dietary recall interviews, and the dietary n-3 and n-6 PUFA intakes were adjusted by weight. 
NAFLD was defined based on the US fatty liver index (FLI) value ≥30. Multivariable logistic regression models 
and restricted cubic spline models were applied to investigate the associations between dietary n-3 and n-6 PUFA 
intakes and NAFLD risk. Results: Dietary n-3 and n-6 PUFA intakes were inversely associated with NAFLD risk. 
The multivariable-adjusted OR (95% CI) of NAFLD for the highest versus lowest quartile of dietary n-3 and n-6 
PUFA intakes was 0.24 (0.17–0.35) and 0.18 (0.13–0.26), respectively. In stratified analyses by sex and age, the 
negative associations between dietary n-3 and n-6 PUFA intakes and NAFLD risk were significant in men, wom-
en, and individuals younger and older than 45 years. Dose–response analyses indicated that NAFLD risk was as-
sociated with dietary n-3 and n-6 PUFA intakes in a nonlinear manner. Conclusions: Dietary n-3 and n-6 PUFA 
intakes were inversely associated with NAFLD risk in US adults. 
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INTRODUCTION 
Nonalcoholic fatty liver disease (NAFLD) is the conse-
quence of excessive lipid infiltration in the liver without 
significant alcohol intake. NAFLD includes simple stea-
tosis and nonalcoholic steatohepatitis (NASH), which 
may progress to liver cirrhosis and hepatocellular carci-
noma.1 NAFLD is a multisystem disease2,3 and can in-
crease the risk of some chronic diseases, such as cardio-
vascular disease, type 2 diabetes mellitus, and chronic 
kidney disease.4,5 It does not have any widely accepted 
medical treatment,6 and therefore, lifestyle modifications 
such as dietary changes are critical to prevent its devel-
opment. 

Although the pathophysiology of NAFLD is compli-
cated, oxidative stress, metabolic disorders, and inflam-
mation play key roles in its progression.7 PUFAs, which 
are commonly classified as omega-3 (n-3) and omega-6 
(n-6) with the first of the double bonds, respectively, 
starting from the third and sixth carbon atom in the cis 
configuration,8 can affect lipid metabolism, inflammatory 
processes, and oxidative stress.8,9 Limited observational 
studies on associations between dietary n-3 and n-6 
PUFA intake and NAFLD risk have revealed inconsistent 
results. Two cross-sectional studies conducted in Israeli 
and Chinese populations observed a negative association 
between dietary n-3 PUFA intake and NAFLD,10,11 but a  

 
 
Japanese cross-sectional study reported no significant 
difference in dietary n-3 PUFA intake between NAFLD 
and healthy participants.12 A case–control study by Cor-
tez-Pinto et al. reported that n-6 PUFA intake in patients 
with NASH was higher than in controls,13 but another 
case–control study involving Asian Indians revealed no 
significant difference in dietary n-6 PUFA intake between 
controls and patients with NAFLD.14 

In the past decades, the prevalence of NAFLD in the 
US has significantly increased from 20% to 31.9%,15 
leading to an increase in NAFLD-related diseases16 and 
liver deaths.17 Moreover, no study has investigated the 
associations between dietary PUFA intake and NAFLD in 
the US general population, along with the dose–response 
relationship. Therefore, this cross-sectional study investi-
gated the associations of dietary n-3 and n-6 PUFA intake 
with NAFLD in US adults using data from the National  
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Health and Nutrition Examination Survey (NHANES) 
from 2007 to 2014. 
 
METHODS 
Data source and study population 
The NHANES, a successive survey every 2 years, adopt-
ed a stratified multistage probabilistic sampling design to 
select a representative sample of the civilian noninstitu-
tionalized US population. The National Center for Health 
Statistics Research Ethics Review Board approved the 
NHANES protocol, and informed consent was obtained 
from every participant. 

This cross-sectional study used publicly available data 
from NHANES 2007–2008, 2009–2010, 2011–2012, and 
2013–2014. The 2007–2014 NHANES data included 
40,617 individuals, and 23,482 individuals aged ≥20 
years were included. The individuals with missing infor-
mation required to calculate the US fatty liver index (FLI) 
(race/ethnicity, age, waist circumference, gamma-
glutamyl transferase level, insulin level, and glucose level) 
(n=13,728); positive hepatitis surface B antigen and hepa-
titis C antibody (n=200); missing or elevated alcohol in-
take (≥10 g/day for women or 20 g/day for men) 
(n=1988); pregnancy (n=90); unreliable 24-h recall data 
(n=775); and missing weight data (n=8) were excluded. 
Finally, 6693 individuals (3140 men and 3553 women) 
were included in this study (Figure 1). 
 
 

Dietary n-3 and n-6 PUFA intakes 
The information of dietary n-3 and n-6 PUFA intakes was 
obtained from two 24-h dietary recall interviews. One 
was collected in person in the mobile examination center, 
and the other was collected by telephone 3–10 days later. 
Linolenic acid includes primarily alpha-linolenic acid (n-
3) and lesser amounts of gamma-linolenic acid (n-6); be-
cause NHANES did not include a detailed classification 
of linolenic acid, it was categorized into n-3 PUFAs.18 As 
a result, in this study, n-3 PUFAs included linolenic acid 
(18:3), stearidonic acid (18:4), eicosapentaenoic acid 
(20:5), clupanodonic acid (22:5), and docosahexaenoic 
acid (22:6), and n-6 PUFAs included linoleic acid (18:2) 
and arachidonic acid (20:4). The average daily dietary 
total n-3 and n-6 PUFAs were calculated if an individual 
completed two 24-h recalls; otherwise, the single dietary 
recall data were applied. Dietary n-3 and n-6 PUFAs were 
adjusted to the body weight and then divided into quar-
tiles. 
 
US FLI 
The definition of NAFLD is based on the US FLI19 be-
cause of the absence of ultrasound data for most 
NHANES survey cycles. Age, race/ethnicity, waist cir-
cumference, gamma-glutamyl transferase (GGT) level, 
insulin level, and glucose level were included in the FLI 
calculation. The US FLI has been validated and correlates 
well with the presence of NAFLD diagnosed through 
ultrasound in the multiethnic US general population (area 
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Figure 1. Flow chart of selecting eligible participants from NHANES 2007-2014. 
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under the receiver operating characteristic curve=0.80; 
95% CI=0.77–0.83).19 A US FLI ≥30 was considered to 
indicate NAFLD, as suggested by the authors. 
 
Covariates 
Demographic characteristics included age, sex, 
race/ethnicity (Mexican American, Other Hispanic, Non-
Hispanic White, Non-Hispanic Black, and Other race), 
and educational level (lower than high school, high 
school diploma, and higher than high school). Other co-
variates included smoking (smoking ≥100 cigarettes in 
life or not), vigorous recreational activity (Yes or No), 
hypertension status (Yes or No), diabetes status (Yes or 
No), total daily energy intake, total cholesterol (TC) lev-
els, triglyceride (TG) levels, and HDL levels. Hyperten-
sion was defined as mean systolic blood pressure ≥130 
mm Hg, mean diastolic blood pressure ≥80 mm Hg, tak-
ing prescribed medicine for hypertension, or self-reported 
hypertension diagnosis.20 Diabetes was defined as fasting 
plasma glucose level ≥7.1 mmol/L, 2-h plasma glucose 
level (OGTT) ≥11.1 mmol/L, taking anti-diabetes medi-
cation or insulin, or self-reported diabetes diagnosis.21,22 
 
Statistical analysis 
All statistical analyses were performed with Stata 15.0.23 
To conduct a nationally representative estimate, appropri-
ate sampling weights, primary sampling units, and strata 
information were considered in all analyses. In this study, 
four 2-year survey cycles of the continuous NHANES 
(2007–2008, 2009–2010, 2011–2012, and 2013–2014) 
were combined, and therefore, a new special 8-year die-
tary weight was calculated by taking one-quarter of the 2-
year dietary weights according to the NHANES analytical 
guidelines. 

Continuous variables are presented as mean ± standard 
deviation, and categorical variables are presented as fre-
quency (percentage). The Student’s t test and the chi-
square test were used to compare the differences in con-
tinuous and categorical variables, respectively, between 
NAFLD and non-NAFLD groups. All dietary PUFA in-
takes were categorized based on quartiles (quartile 1: 
<25th percentile, quartile 2: 25th–50th percentile, quartile 
3: 50th–75th percentile, quartile 4: ≥75th percentile), and 
quartile 1 was used as the reference category. Binary lo-
gistic regression analyses were used to examine the rela-
tionship between dietary PUFA intake and NAFLD. 
Model 1 was adjusted for age and sex. Model 2 was ad-
justed for age, sex, race, educational level, smoking status, 
vigorous recreational activity, hypertension, diabetes, 
daily total energy intake, TC, TG, and HDL. Next, strati-
fied analysis by sex and age was performed to evaluate 
the associations between dietary PUFA intake and 
NAFLD. ORs with 95% CIs were calculated using lo-
gistic regression analyses. To explore the dose–response 
relationship between dietary PUFA intake and NAFLD, a 
restricted cubic spline was used with three knots located 
at the 5th, 50th, and 95th percentiles of the exposure dis-
tribution in the fully adjusted model. A two-sided p<0.05 
indicated statistical significance. 
 
RESULTS 
Table 1 compares the baseline characteristics of partici- 

pants with or without NAFLD stratified by sex. Of the 
6693 participants, 46.9% were men. The prevalence of 
NAFLD was 35.1% (40.5% in men and 30.3% in women), 
with a significant difference in NAFLD prevalence for 
men among the four survey cycles. Moreover, a decreas-
ing trend in NAFLD prevalence (Supplementary figure 1) 
and increasing intake of PUFAs (Supplementary table 1) 
for men over the four survey cycles were observed. Com-
pared with the controls, the participants with NAFLD 
tended to be older; Mexican American; obese; more like-
ly to smoke ≥100 cigarettes in their life; have lower edu-
cational level, lower vigorous recreational activity, hyper-
tension, and diabetes; have higher waist circumference 
and higher levels of insulin, glucose, TG, and GGT; and 
have lower HDL levels and less dietary n-3 and n-6 
PUFA intake in both sexes. Men with NAFLD were more 
likely to have higher TC levels (all p<0.05). 

The weighted ORs (95% CI) of NAFLD based on quar-
tiles of dietary n-3 and n-6 PUFA intakes are presented in 
Table 2. In binary logistic regression analyses, the crude 
ORs (95% CI) of NAFLD suggested that dietary n-3 and 
n-6 PUFA intakes were inversely associated with NAFLD. 
Model 1 results were similar to the crude ORs (95% CIs). 
Model 2 results revealed that for the highest quartile ver-
sus the lowest quartile, the ORs (95% CI) of NAFLD 
were 0.24 (0.17–0.35) and 0.18 (0.13–0.26) for dietary n-
3 and n-6 PUFA intake, respectively. Moreover, signifi-
cant negative associations between dietary n-3 and n-6 
PUFA intakes and NAFLD were observed in all models 
for each survey cycle (Supplementary table 2). 

The associations of dietary n-3 and n-6 PUFA intake 
with NAFLD in stratified analyses by sex and age are 
presented in Tables 3 and 4, respectively. In both men 
and women, significant inverse relationships between n-3 
and n-6 PUFA intakes and NAFLD were found with or 
without adjustment for confounders. Similar results were 
also observed when participants were stratified by age 
(younger or older than 45 years). In model 2, for the 
highest versus lowest quartile, the OR (95% CI) of 
NAFLD was 0.19 (0.12–0.30) and 0.13 (0.07–0.23) for 
dietary n-3 and n-6 PUFA intake, respectively, for partic-
ipants younger than 45 years and 0.26 (0.17–0.39) and 
0.22 (0.14–0.33), respectively, for participants older than 
45 years. 

In the restricted cubic spline model, dietary n-3 PUFA 
intake was negatively associated with NAFLD risk in a 
nonlinear manner (p for nonlinearity = 0.088). NAFLD 
risk decreased with an increased intake of dietary n-3 
PUFAs, reaching a plateau at 30 mg/kg/day (OR: 0.20; 
95% CI: 0.13–0.30) (Figure 2). A nonlinear inverse asso-
ciation was noted between dietary n-6 PUFA intake and 
NAFLD risk (p for nonlinearity=0.161), and NAFLD risk 
did not decrease significantly beyond 220 mg/kg/day (OR: 
0.20; 95% CI: 0.13–0.29) (Figure 3). 
 
DISCUSSION 
This study explored the associations between dietary 
PUFA intake and NAFLD risk. After adjustment for mul-
tiple potential confounders, dietary n-3 and n-6 PUFA 
intakes were inversely related to NAFLD risk in general 
US adults. When stratified by sex and age, similar find-
ings were found in men, women, and individuals younger 
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Table 1. Baseline characteristics of the participants by NAFLD, US adults aged ≥20 years, NHANES 2007-2014 
 

Characteristics NAFLD (total) p value NAFLD (men) p value NAFLD (women) p value No Yes No Yes No Yes 
Participants 4244 (64.9%) 2449 (35.1%)  1830 (59.5%) 1310 (40.5%)  2414 (69.7%) 1139 (30.3%)  
Survey cycle   0.322   0.007   0.470 
 2007-2008 1063 (65.5 %) 630 (34.5%)  455 (57.4%) 345 (42.6%)  608 (72.8%) 285 (27.2%)  
 2009-2010 1091 (62.8%) 734 (37.2%)  431 (54.1%) 402 (45.9%)  660 (70.2%) 332 (29.8%)  
 2011-2012 1006 (64.3%) 543 (35.7%)  464 (61.2%) 283 (38.9%)  542 (67.1%) 260 (32.9%)  
 2013-2014 1084 (67.1%) 542 (32.9%)  480 (65.3%) 280 (34.7%)  604 (68.6%) 262 (31.4%)  
Race/Ethnicity (n, %)   <0.001   <0.001   <0.001 
 Mexican American 494 (49.5%) 558 (50.5%)  210 (43.8%) 287 (56.2%)  284 (55.3%) 271 (44.7%)  
 Other Hispanic 446 (64.2%) 295 (35.8%)  177 (61.5%) 145 (38.5%)  269 (66.5%) 150 (33.5%)  
 Non-Hispanic White 1872 (63.9%) 1169 (36.1%)  814 (58.1%) 663 (41.9%)  1058 (69.1%) 506 (30.9%)  
 Non-Hispanic Black 949 (79.3%) 272 (20.7%)  409 (79.6%) 123 (20.4%)  540 (79.0%) 149 (21.00%)  
 Other Race 483 (75.3%) 155 (24.7%)  220 (69.7%) 92 (30.3%)  263 (80.4%) 63 (19.6%)  
BMI group (n, %)   <0.001   <0.001   <0.001 
 Under weight (<18.5) 98 (98.8%) 2 (1.20%)  28 (98.1%) 1 (1.90%)  70 (99.1%) 1 (0.90%)  
 Normal (18.5-24.9) 1628 (94.8%) 104 (5.20%)  723 (92.3%) 65 (7.70%)  905 (96.7%) 39 (3.30%)  
 Overweight (25-29.9) 1596 (74.6%) 635 (25.4%)  803 (69.5%) 414 (30.5%)  793 (80.7%) 221 (19.3%)  
 Obese (≥30) 916 (34.0%) 1704 (64.0%)  271 (25.2%) 828 (74.8%)  645 (41.00%) 876 (59.0%)  
Educational level (n, %)   <0.001   <0.001   <0.001 
 <high school 349 (48.7%) 398 (51.3%)  162 (43.8%) 195 (56.2%)  187 (53.6%) 203 (46.4%)  
 High school 565 (57.9%) 410 (42.1%)  247 (56.9%) 207 (43.1%)  318 (58.7%) 203 (41.3%)  
 >high school 3330 (67.1%) 1641 (32.9%)  1421 (61.2%) 908 (38.8%)  1909 (72.4%) 733 (27.6%)  
Smoke status (n, %)   <0.001   0.0003   0.010 
 Yes 1605 (59.9%) 1145 (40.1%)  866 (54.8%) 718 (45.2%)  739 (66.3%) 427 (33.7%)  
 No 2637 (68.3%) 1304 (31.7%)  963 (63.8%) 592 (36.2%)  1674 (71.4%) 712 (28.6%)  
Vigorous recreational activity (n, %)   <0.001   <0.001   <0.001 
 Yes 1054 (81.5%) 274 (18.5%)  594 (77.2%) 196 (22.8%)  460 (87.8%) 78 (12.2%)  
 No 3190 (59.9%) 2175 (40.1%)  1236 (52.3%) 1114 (47.7%)  1954 (65.7%) 1061 (34.3%)  
Hypertension (n, %)   <0.001   <0.001   <0.001 
 Yes 1591 (50.6%) 1504 (49.4%)  726 (46.9%) 799 (53.1%)  865 (54.1%) 705 (45.9%)  
 No 2653 (75.2%) 945 (24.8%)  1104 (69.3%) 511 (30.7%)  1549 (80.1%) 434 (19.9%)  
Diabetes (n, %)   <0.001   <0.001   <0.001 
 Yes 471 (31.5%) 888 (68.5%)  223 (30.5%) 453 (69.5%)  248 (32.5%) 435 (67.5%)  
 No 3773 (71.1%) 1561 (28.9%)  1607 (65.2%) 857 (34.8%)  2166 (76.2%) 704 (23.8%)  
Age (years) 46.5 (16.9) 52.3 (16.3) <0.001 45.2 (16.7) 51.6 (16.0) <0.001 47.6 (16.9) 53.2 (16.6) <0.001 
Waist circumference (cm) 92.2 (11.8) 114 (14.8) <0.001 94.5 (10.8) 114 (14.3) <0.001 90.5 (12.2) 113 (15.5) <0.001 
BMI (kg m-2) 26.4 (4.80) 34.3 (7.00) <0.001 26.2 (3.80) 32.9 (6.10) <0.001 26.6 (5.40) 36.0 (7.70) <0.001 
Insulin (pmol L-1) 49.3 (24.3) 144 (144) <0.001 47.2 (23.2) 145 (179) 0..004 50.8 (25.0) 142 (86.0) <0.001 
Glucose, Plasma (mg dL-1) 98.8 (20.9) 120 (42.5) <0.001 102 (24.1) 119 (41.4) <0.001 96.5 (17.8) 121 (43.8) <0.001 
 
BMI: body mass index; TC: total cholesterol; TG: triglycerides; LDL: low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol; GGT: gamma glutamyl transferase; PUFA: polyunsaturated fatty 
acid.  
Data are presented as mean ± standard deviation (SD) for continuous variables or participants (percentage) for categorical variables.  
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Table 1. Baseline characteristics of the participants by NAFLD, US adults aged ≥20 years, NHANES 2007-2014 (cont.) 
 

Characteristics NAFLD (total) p value NAFLD (men) p value NAFLD (women) p value No Yes No Yes No Yes 
Participants 4244 (64.9%) 2449 (35.1%)  1830 (59.5%) 1310 (40.5%)  2414 (69.7%) 1139 (30.3%)  
TC (mg dL-1) 192 (40.3) 195 (42.2) 0.065 186 (37.7) 192 (42.4) 0.016 197 (41.6) 199 (41.6) 0.226 
TG (mg dL-1) 104 (78.4) 176 (121) <0.001 109 (96.1) 183 (134) <0.001 100 (61.6) 168 (103) <0.001 
LDL (mg dL-1) 115 (34.4) 116 (36.3) 0.289 114 (33.7) 115 (36.2) 0.621 116 (34.9) 118 (36.3) 0.198 
HDL (mg dL-1) 56.2 (14.7) 45.4 (11.7) <0.001 50.2 (12.8) 42.0 (9.8) <0.001 60.7 (14.5) 49.4 (12.4) <0.001 
GGT (U L-1) 19.0 (14.0) 37.1 (38.1) <0.001 21.4 (15.0) 37.3 (33.2) <0.001 17.1 (12.9) 36.7 (43.2) <0.001 
Daily total energy intake (kcal d-1) 2008 (767) 2049 (804) 0.103 2369 (817) 2311 (840) 0.124 1736 (600) 1740 (622) 0.894 
Total adjusted n-3 PUFA intake (mg kg-1 day-1) 24.3 (15.2) 18.4 (10.10) <0.001 25.8 (16.3) 19.2 (11.00) <0.001 23.2 (14.1) 17.5 (10.9) <0.001 
Total adjusted n-6 PUFA intake (mg kg-1 day-1) 216 (118) 168 (92.6) <0.001 230 (123) 178 (94.9) <0.001 205 (114) 157 (88.3) <0.001 
 
BMI: body mass index; TC: total cholesterol; TG: triglycerides; LDL: low density lipoprotein cholesterol; HDL: high density lipoprotein cholesterol; GGT: gamma glutamyl transferase; PUFA: polyunsaturated fatty 
acid.  
Data are presented as mean±standard deviation (SD) for continuous variables or participants (percentage) for categorical variables.  
 
 
Table 2. Weighted ORs and 95% CIs for NAFLD according to the quartiles of adjusted dietary n-3, n-6 PUFA intakes 
 

NAFLD Crude Model 1 Model2 
OR (95% CI) OR (95% CI) OR (95% CI) 

Adjusted n-3 (mg kg-1 day-1)    
 <12.8 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 12.8 to <19.1 0.88 (0.73-1.06) 0.84 (0.70-1.01) 0.76 (0.59-0.99)* 
 19.1 to <27.9 0.53 (0.44-0.63)** 0.50 (0.41-0.60)** 0.43 (0.33-0.55)** 
 ≥27.9 0.32 (0.26-0.39)** 0.30 (0.24-0.37)** 0.24 (0.17-0.35)** 
Adjusted n-6 (mg kg-1 day-1)    
 <121.3 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 121.3 to <178.2 0.84 (0.72-0.98)* 0.81 (0.69-0.94)** 0.73 (0.58-0.91)** 
 178.2 to <250.4 0.50 (0.42-0.60)** 0.48 (0.40-0.58)** 0.38 (0.29-0.50)** 
 ≥250.4 0.31 (0.26-0.37)** 0.30 (0.25-0.35)** 0.18 (0.13-0.26)** 
 
CI: confidence interval; OR: odds ratio. Model 1 adjusted for age and sex. Model 2 adjusted for age: sex: race/ethnicity: educational level: smoking status: vigorous recreational activity: hypertension: diabetes: daily 
total energy intake: total cholesterol: triglycerides and high density lipoprotein cholesterol.  
The lowest quartile of adjusted dietary n-3: n-6 PUFA intakes separately was used as the reference group. Results are survey-weighted.  
*p<0.05; **p<0.01.  
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or older than 45 years. A nonlinear negative association 
between dietary n-3 and n-6 PUFA intakes and NAFLD 
risk was also found. Furthermore, NAFLD prevalence 

exhibited a decreasing trend for men across the four sur-
vey cycles, perhaps partly because of the increasing 
PUFA intake by men. However, the number of survey 

Table 3. Weighted ORs and 95% CIs for NAFLD according to the quartiles of adjusted dietary n-3, n-6 PUFA in-
takes, stratified by sex 
 

NAFLD Crude Model 1 Model2 
OR (95% CI) OR (95% CI) OR (95% CI) 

Men    
 Adjusted n-3 (mg kg-1 day-1)    
 <13.7 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 13.7 to <20.2 0.75 (0.58-0.98)* 0.76 (0.59-0.99)* 0.69 (0.47-0.99)* 
 20.2 to <29.0 0.50 (0.38-0.65)** 0.50 (0.38-0.66)** 0.42 (0.29-0.59)** 
 ≥29.0 0.27 (0.20-0.37)** 0.28 (0.20-0.38)** 0.20 (0.14-0.29)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <129 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 129 to <190 0.73 (0.58-0.91)** 0.75 (0.60-0.94)* 0.60 (0.46-0.78)** 
 190 to <259 0.47 (0.35-0.62)** 0.48 (0.36-0.64)** 0.32 (0.22-0.45)** 
 ≥259 0.28 (0.21-0.37)** 0.30 (0.22-0.39)** 0.17 (0.11-0.16)** 
Women    
 Adjusted n-3 (mg kg-1 day-1)    
 <12.2 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 12.2 to <18.3 0.89 (0.66-1.19) 0.86 (0.65-1.13) 0.82 (0.57-1.18) 
 18.3 to <27.0 0.52 (0.39-0.70)** 0.52 (0.39-0.69)** 0.46 (0.33-0.65)** 
 ≥27.0 0.30 (0.23-0.40)** 0.30 (0.23-0.40)** 0.26 (0.16-0.42)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <113 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 113 to <171 0.85 (0.67-1.07) 0.83 (0.67-1.03) 0.75 (0.55-1.03) 
 171 to <240 0.52 (0.41-0.66)** 0.53 (0.42-0.67)** 0.47 (0.35-0.65)** 
 ≥240 0.29 (0.22-0.38)** 0.30 (0.22-0.39)** 0.18 (0.11-0.29)** 
 
OR: odds ratio; CI: confidence interval.  
Model 1 adjusted for age. Model 2 adjusted for age, race/ethnicity, educational level, smoking status, vigorous recreational activity, hy-
pertension, diabetes, daily total energy intake, total cholesterol, triglycerides and high density lipoprotein cholesterol. The lowest quartile 
of adjusted dietary n-3, n-6 PUFA intakes separately was used as the reference group. Results are survey-weighted.  
*p<0.05; **p<0.01. 
 
 
Table 4. Weighted ORs and 95% CIs for NAFLD according to the quartiles of adjusted dietary n-3, n-6 PUFA in-
takes, stratified by age 
 

NAFLD Crude Model 1 Model2 
OR (95% CI) OR (95% CI) OR (95% CI) 

<45years    
 Adjusted n-3 (mg kg-1 day-1)    
 <13.2 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 13.2 to <19.7 0.88 (0.69-1.14) 0.85 (0.66-1.10) 0.68 (0.49-0.94)* 
 19.7 to <28.6 0.54 (0.41-0.71)** 0.51 (0.39-0.67)** 0.40 (0.28-0.55)** 
 ≥28.6 0.31 (0.22-0.44)** 0.29 (0.20-0.41)** 0.19 (0.12-0.30)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <126 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 126 to <185 0.83 (0.65-1.08) 0.79 (0.62-1.02) 0.59 (0.44-0.80)** 
 185 to <262 0.55 (0.42-0.72)** 0.51 (0.39-0.67)** 0.33 (0.22-0.48)** 
 ≥262 0.31 (0.23-0.42)** 0.29 (0.21-0.39)** 0.13 (0.07-0.23)** 
≥ 45 years    
 Adjusted n-3 (mg kg-1 day-1)    
 <12.6 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 12.6 to <18.7 0.82 (0.63-1.07) 0.80 (0.60-1.06) 0.78 (0.56-1.08) 
 18.7 to <27.5 0.51 (0.41-0.63)** 0.48 (0.38-0.59)** 0.45 (0.32-0.62)** 
 ≥27.5 0.31 (0.24-0.40)** 0.29 (0.22-0.37)** 0.26 (0.17-0.39)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <119 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 119 to <173 0.75 (0.60-0.93)* 0.71 (0.57-0.89)** 0.67 (0.51-0.88)** 
 173 to <242 0.50 (0.40-0.63)** 0.47 (0.38-0.59)** 0.42 (0.31-0.56)** 
 ≥242 0.30 (0.23-0.40)** 0.28 (0.21-0.36)** 0.22 (0.14-0.33)** 
 
OR: odds ratio; CI: confidence interval.  
Model 1 adjusted for sex. Model 2 adjusted for sex, race/ethnicity, educational level, smoking status, vigorous recreational activity, hy-
pertension, diabetes, daily total energy intake, total cholesterol, triglycerides and high density lipoprotein cholesterol. The lowest quartile 
of adjusted dietary n-3, n-6 PUFA intakes separately was used as the reference group. Results are survey-weighted.  
*p<0.05; **p<0.01.  
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cycles is limited, and more cycles should be analyzed to 
explore the exact correlations. 

Several studies have investigated the associations be-
tween n-3 PUFA intake and NAFLD risk. Similar to the 
results of this present study, Israeli and Chinese cross-
sectional studies concluded that dietary n-3 PUFA intake 
was inversely associated with NAFLD.10,11 By contrast, a 
Japanese cross-sectional study observed no significant 
association between the two,12 likely due to the high in-
take of fish rich in n-3 PUFAs in the general Japanese 
population. In addition, several randomized controlled 
trials (RCTs) and meta-analyses of RCTs have suggested 
a protective role of n-3 PUFA supplementation on 
NAFLD by, for example, reducing liver fat24 or decreas-
ing alanine aminotransferase (ALT), TC, and TG levels 

and increasing HDL levels.25 The weighted mean dosages 
of n-3 PUFA supplementation applied in these RCTs 
(4622 and 3551 mg/day) were much higher than the rec-
ommended dietary intake (500 mg/day).26 Based on the 
key roles of hepatic lipid metabolism, insulin sensitivity, 
oxidative stress, and inflammation in NAFLD pathophys-
iology, some mechanisms underlying the inverse relation-
ship between n-3 PUFAs and NAFLD have been suggest-
ed.27-29 First, n-3 PUFAs have beneficial effects on lipid 
metabolism, inflammation, and oxidative stress by acti-
vating the peroxisome proliferator-activated receptor 
(PPARα), which regulates many metabolic processes.9 In 
addition, the two main components of n-3 PUFAs—
eicosatetraenoic acid and docosahexaenoic acid—also 
have beneficial effects on inflammation and oxidative 

 
 

Figure 2. Dose-response relationship between dietary n-3 PUFA intake and NAFLD. The association was adjusted for age, sex, 
race/ethnicity, educational level, smoking status, vigorous recreational activity, hypertension, diabetes, daily total energy intake, total cho-
lesterol, triglycerides and high density lipoprotein cholesterol. The solid line and dashed line represent the estimated ORs and the corre-
sponding 95% confidence intervals, respectively. OR: odds ratio. 
 
 

 
 

Figure 3. Dose-response relationship between dietary n-6 PUFA intake and NAFLD. The association was adjusted for age, sex, 
race/ethnicity, educational level, smoking status, vigorous recreational activity, hypertension, diabetes, daily total energy intake, total cho-
lesterol, triglycerides and high density lipoprotein cholesterol. The solid line and dashed line represent the estimated ORs and the corre-
sponding 95% confidence intervals, respectively. OR: odds ratio. 
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stress.30 Moreover, n-3 PUFAs can improve insulin re-
sistance by upregulating the genes involved in insulin 
sensitivity (PPARγ), insulin receptor signaling (IRS-
1/IRS-2), and glucose transport (GLUT-2/GLUT-4).31 

Few studies have investigated the associations of die-
tary n-6 PUFA intake with NAFLD. In the present study, 
n-6 PUFA intake was inversely associated with NAFLD 
risk. One RCT concluded that dietary n-6 PUFAs could 
reduce liver fat, even when participants gained weight 
and adipose mass.32 By contrast, a case–control study of 
147 participants revealed no significant difference in die-
tary n-6 PUFA intake between controls and patients with 
NAFLD in Asian Indians.14 Although original studies on 
the associations of dietary n-6 PUFA intake with NAFLD 
are limited, some reviews have indicated that increased 
dietary n-6 PUFA intake may increase NAFLD risk.33,34 
To date, the roles of dietary n-6 PUFA intake on NAFLD 
remain poorly established. Linoleic acid, the major die-
tary n-6 PUFAs,26 has positive effects on blood lipids, 
and n-6 PUFA intake may reduce inflammation and in-
crease insulin sensitivity,32,35,36 which may partly explain 
the inverse correlation between dietary n-6 PUFA intake 
and NAFLD. Nevertheless, further studies are required to 
clarify the precise mechanisms underlying this associa-
tion. 

All the aforementioned studies on the associations be-
tween dietary PUFAs and NAFLD in populations with 
different ethnicities and dietary backgrounds are tabulated 
in Supplementary Table 3. In addition, Supplementary 
Table 4 presents the food pattern and sources of n-3 and 
n-6 PUFAs in the American diet. 

This study has several strengths. First, multiple years 
of data from a large and nationally representative sample 
were used, thus increasing the statistical power and relia-
bility of the results. Second, the inverse association be-
tween dietary PUFA intake and NAFLD remained statis-
tically significant even after adjustment for multiple po-
tential confounders. Third, the dose–response relation-
ships between dietary n-3 and n-6 PUFA intakes and 
NAFLD risk were assessed. 

However, this study also has some limitations. First, it 
was a cross-sectional study, thus precluding the determi-
nation of causality. Second, the dietary data were calcu-
lated using two 24-h recall interviews, and therefore, the 
influence of recall bias could not be avoided. Third, the 
possible confounding factors may not have been adjusted 
completely. Fourth, NHANES data do not provide a de-
tailed classification of linolenic acid; it was categorized 
under n-3 PUFAs, which might influence the results. 
Fifth, NAFLD was defined based on the US FLI, which is 
adequate but not the perfect proxy for NAFLD diagnosis 
using liver biopsy or other invasive methods. Finally, the 
use of US FLI precluded adjustment for potential critical 
covariates, including markers of insulin sensitivity and 
body composition. 

In conclusion, dietary n-3 and n-6 PUFA intakes were 
inversely associated with NAFLD risk in US adults. 
These findings add to the limited data on the association 
between dietary PUFA intake and NAFLD. Further stud-
ies must verify these findings and investigate the underly-
ing mechanisms. 
 

ACKNOWLEDGEMENTS 
The authors thank all of the people who participated in this 
study. 
 
AUTHOR DISCLOSURES 
Conflict of interest: None. 

This study was supported by the Natural Science Foundation 
of China [No. 81703206, No. 81973015] and Science and Tech-
nology Program of Qingdao [No. 19-6-1-52-nsh, No. 19-6-1-5-
nsh]. 
 
REFERENCES 
1. Shifflet A, Wu GY. Non-alcoholic steatohepatitis: an 

overview. J Formos Med Assoc. 2009;108:4-12. doi: 10. 
1186/s12916-017-0806-8. 

2. Chacko KR, Reinus J. Extrahepatic complications of 
nonalcoholic fatty liver disease. Clin Liver Dis. 2016;20: 
387-401. doi: 10.1016/j.cid.2015.10.004. 

3. Byrne CD, Targher G. NAFLD: a multisystem disease. J 
Hepatol. 2015;62:S47-64. doi: 10.1016/j.jhep.2014.12.012. 

4. Musso G, Gambino R, Tabibian JH, Ekstedt M, Kechagias S, 
Hamaguchi M et al. Association of non-alcoholic fatty liver 
disease with chronic kidney disease: a systematic review and 
meta-analysis. PLoS Med. 2015;11:e1001680. doi: 10.1371/ 
journal.pmed.10011680. 

5. Musso G, Gambino R, Cassader M, Pagano G. Meta-
analysis: natural history of non-alcoholic fatty liver disease 
(NAFLD) and diagnostic accuracy of non-invasive tests for 
liver disease severity. Ann Med. 2011;43:617-49. doi: 10. 
3109/07853890.2010.518623. 

6. Popov VB, Lim JK. Treatment of nonalcoholic fatty liver 
disease: the role of medical, surgical, and endoscopic weight 
loss. J Clin Transl Hepatol. 2015;3:230-8. doi: 10.14218/ 
JCTH.2015.00019. 

7. Van De Wier B, Koek GH, Bast, Haenen GR. The potential 
of flavonoids in the treatment of non-alcoholic fatty liver 
disease. Crit Rev Food Sci Nutr. 2017;57:834-55. doi: 10. 
1080/10408398.2014.952399. 

8. Schmitz G, Ecker J. The opposing effects of n-3 and n-6 
fatty acids. Prog Lipid Res. 2008;47:147-55. doi: 10.1016/j. 
plipres.2007.12.004. 

9. Echeverría F, Ortiz M, Valenzuela R, Videla LA. Long-
chain polyunsaturated fatty acids regulation of PPARs, 
signaling: Relationship to tissue development and aging. 
Prostaglandins Leukot Essent Fatty Acids. 2016;114:28-34. 
doi: 10.1016/j.plefa.2016.10.001. 

10. Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, 
Blendis L, Halpern Z et al. Long term nutritional intake and 
the risk for non-alcoholic fatty liver disease (NAFLD): a 
population based study. J Hepatol. 2007;47:711-7. doi: 10. 
1016/j.jhep.2007.06.020. 

11. Chen ZY, Liu M, Jing LP, Xiao ML, Dong HL, Chen GD et 
al. Erythrocyte membrane n-3 polyunsaturated fatty acids 
are inversely associated with the presence and progression 
of nonalcoholic fatty liver disease in Chinese adults: a 
prospective study. Eur J Nutr. 2020;59:941-51. doi: 10. 
1007//s00394-019-01953-2. 

12. Oya J, Nakagami T, Sasaki S, Jimba S, Murakami K, 
Kasahara T et al. Intake of n-3 polyunsaturated fatty acids 
and non-alcoholic fatty liver disease: a cross-sectional study 
in Japanese men and women. Eur J Clin Nutr. 2010;64: 
1179-1185. doi: 10.1038/ejcn.2010.139. 

13. Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC, 
Camilo ME. How different is the dietary pattern in non-
alcoholic steatohepatitis patients? Clin Nutr. 2006;25:816-23. 
doi: 10.1016/j.clnu.2006.01.027. 



                                                           Dietary PUFA intakes associated with NAFLD                                                       95                                                             

14. Vernekar M, Singhal R, Joshi K, Amarapurkar D. Variation 
in the plasma levels of polyunsaturated fatty acids in control 
vis-a-vis nonalcoholic fatty liver disease subjects and its 
possible association with gut microbiome. Metab Syndr 
Relat Disord. 2018;16:329-35. doi: 10.1089/met.2018.0008. 

15. Younossi ZM, Stepanova M, Younossi Y, Golabi P, Mishra 
A, Rafiq N et al. Epidemiology of chronic liver diseases in 
the USA in the past three decades. Gut. 2020;69:564-8. doi: 
10.1136/gutjnl-2019-318813. 

16. Younossi ZM, Tampi R, Priyadarshini M, Nader F, 
Younossi IM, Racila A. Burden of illness and economic 
model for patients with nonalcoholic steatohepatitis in the 
United States. Hepatology. 2019;69:564-72. doi: 10.1002/ 
hep.30254. 

17. Paik J, Henry L, Avila Ld, Younossi E, Racila A, Younossi 
ZM. Sa1612–mortality related to non-alcoholic fatty liver 
disease is increasing in the United States over the last 
decade. Gastroenterology. 2019;156:S-1253. doi: 10.1016/ 
s0016-5085(19)40135-2. 

18. Naqvi AZ, Davis RB, Mukamal KJ. Dietary fatty acids and 
peripheral artery disease in adults. Atherosclerosis. 2012; 
222:545-50. doi: 10.1016/j.atherosclerosis.2012.03.029. 

19. Ruhl CE, Everhart JE. Fatty liver indices in the multiethnic 
United States National Health and Nutrition Examination 
Survey. Aliment Pharmacol Ther. 2015;41:65-76. doi: 10. 
1111/apt.13012. 

20. Whelton PK, Carey RM, Aronow WS, Casey Jr DE, Collins 
KJ, Himmelfarb CD et al. 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/N
MA/PCNA Guideline for the Prevention, Detection, 
Evaluation, and Management of High Blood Pressure in 
Adults: Executive Summary: A Report of the American 
College of Cardiology/American Heart Association Task 
Force on Clinical Practice Guidelines. Hypertension. 2018; 
71:1269-324. doi: 10.1161/HYP.0000000000000066. 

21. Zykova SN, Storhaug HM, Toft I, Chadban SJ, Jenssen TG, 
White SL. Cross-sectional analysis of nutrition and serum 
uric acid in two Caucasian cohorts: the AusDiab Study and 
the Tromsø study. Nutr J. 2015;14:49. doi: 10.1186/s12937-
015-0032-1. 

22. Menke A, Casagrande S, Geiss L, Cowie CC. Prevalence of 
and trends in diabetes among adults in the United States, 
1988-2012. JAMA. 2015;314:1021-9. doi: 10.1001/jama. 
2015.10029. 

23. Stata [computer program]. Realease 15. college Station, TX: 
StataCorp LP; 2017. 

24. Parker HM, Johnson NA, Burdon CA, Cohn JS, O’Connor 
HT, George J. Omega-3 supplementation and non-alcoholic 
fatty liver disease: a systematic review and meta-analysis. J 
Hepatol. 2012;56:944-51. doi: 10.1016/j.jhep.2011.08.018. 

25. He XX, Wu XL, Chen RP, Chen C, Liu XG, Wu BJ et al. 
Effectiveness of omega-3 polyunsaturated fatty acids in non-
alcoholic fatty liver disease: a meta-analysis of randomized 
controlled trials. PLoS One. 2016;11:e0162368. doi: 10. 
1371/journal.pone.0162368. 

26. Kris-Etherton PM, Innis S, American Dietetic Assoication, 
Dietitians of Canada. Position of the American Dietetic 
Association and Dietitians of Canada: dietary fatty acids. J 
Am Diet Assoc. 2007;107:1599-611. doi: 10.1016/j.jada. 
2007.07.024. 

27. Jeyapal S, Kona SR, Mullapudi SV, Putcha UK, 
Gurumurthy P, Ibrahim A. Substitution of linoleic acid with 
alpha-linolenic acid or long chain n-3 polyunsaturated fatty 
acid prevents Western diet induced nonalcoholic 
steatohepatitis. Sci Rep. 2018;8:10953. doi: 10.1038/ 
s41598-018-29222-y. 

28. Shang TT, Liu L, Zhou J, Zhang MZ, Hu QL, Fang M et al. 
Protective effects of various ratios of DHA/EPA 
supplementation on high-fat diet-induced liver damage in 
mice. Lipids Health Dis. 2017;16:65. doi: 10.1186/s12944-
017-0461-2. 

29. Espinosa A, Valenzuela R, Gonzalez-Manan D, 
D’Espessailles A, Gormaz JG, Barrera C et al. Prevention of 
liver steatosis through fish oil supplementation: correlation 
of oxidative stress with insulin resistance and liver fatty acid 
content. Arch Latinoam Nutr. 2013;63:29-36. doi: 10.1186/ 
1479-5868-10-1. 

30. Monteiro J, Leslie M, Moghadasian MH, Arendt BM, Allard 
JP, Ma DW. The role of n-6 and n-3 polyunsaturated fatty 
acids in the manifestation of the metabolic syndrome in 
cardiovascular disease and non-alcoholic fatty liver disease. 
Food Funct. 2014;5:426-35. doi: 10.1039/c3fo60551e. 

31. González-Périz A, Horrillo R, Ferré N, Gronert K, Moreán-
Salvador E, Titos E et al. Obesity-induced insulin resistance 
and hepatic steatosis are alleviated by omega-3 fatty acids: a 
role for resolvins and protectins. FASEB J. 2009;23:1946-57. 
doi: 10.1096/fj.08-125674.  

32. Bjermo H, Iggman D, Kullberg J, Dahlman I, Johansson L, 
Persson L et al. Effects of n-6 PUFAs compared with SFAs 
on liver fat, lipoproteins, and inflammation in abdominal 
obesity: a randomized controlled trial. Am J Clin Nutr. 
2012;95:1003-12. doi: 10.3945/ajcn.111.030114. 

33. Patterson E, Wall R, Fitzgerald GF, Ross RP, Stanton C. 
Health implications of high dietary omega-6 polyunsaturated 
fatty acids. J Nutr Metab. 2012;2012:539426. doi: 10.1155/ 
2012/539426. 

34. Molendi-Coste O, Legry V, Leclercq IA. Dietary lipids and 
NAFLD: suggestions for improved nutrition. Acta 
Gastroenterol Belg. 2010;73:431-6. doi: 10.1007/s00261-
009-9569-9. 

35. Ferrucci L, Cherubini A, Bandinelli S, Bartali B, Corsi A, 
Lauretani F et al. Relationship of plasma polyunsaturated 
fatty acids to circulating inflammatory markers. J Clin 
Endocrinol Metab. 2006;91:439-46. doi: 10.1210/jc.2005-
1303. 

36. Franz MJ, Bantle JP, Beebe CA, Brunzell JD, Chiasson JL, 
Garg A et al. Nutrition principles and recommendations in 
diabetes. Diabetes Care. 2004;27:S36-46. doi: 10.2337/ 
diacare.27.2007.s36. 



96                                                         J Cui, L Li, L Ren, J Sun, H Zhao and Y Sun 

Supplementary table 1. Comparisons of dietary n-3, n-6 PUFA among four survey cycles in men 
 
Survey cycles 2007-2008 2009-2010 2011-2012 2013-2014 p value 
Dietary n-3 PUFA (mg kg-1day-1) 20.6 (13.4) 21.2 (12.7) 23.9 (13.8) 23.8 (15.5) <0.001 
Dietary n-6 PUFA (mg kg-1day-1) 189 (110) 189 (107) 210 (111) 207 (117) <0.001 
 
Data are presented as mean±standard deviation (SD) for continuous variables.  
 
 
Supplementary table 2. Weighted ORs and 95% CIs for NAFLD according to the quartiles of adjusted dietary n-3, 
n-6 PUFA intakes in each survey cycle 
 

NAFLD Crude Model 1 Model2 
OR (95% CI) OR (95% CI) OR (95% CI) 

2007-2008    
 Adjusted n-3 (mg kg-1 day-1)    
 <11.0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 11.0 to <16.5 0.81 (0.59-1.11) 0.78 (0.55-1.09) 0.74 (0.49-1.10) 
 16.5 to <24.7 0.68 (0.53-0.87)** 0.63 (0.49-0.82)** 0.53 (0.37-0.76)** 
 ≥24.7 0.40 (0.29-0.55)** 0.37 (0.25-0.56)** 0.30 (0.19-0.49)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <105 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 105 to <155 0.80 (0.60-1.07) 0.76 (0.57-1.00) 0.78 (0.51-1.18) 
 155 to <226 0.60 (0.49-0.73)** 0.58 (0.47-0.73)** 0.59 (0.42-0.84)** 
 ≥226 0.47 (0.35-0.63)** 0.43 (0.32-0.58)** 0.35 (0.18-0.66)** 
2009-2010    
 Adjusted n-3 (mg kg-1 day-1)    
 <11.8 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 11.8 to <17.5 0.84 (0.61-1.18) 0.73 (0.52-1.03) 0.69 (0.44-1.09) 
 17.5 to <25.8 0.66 (0.44-1.00) 0.59 (0.41-0.86)** 0.47 (0.31-0.72)** 
 ≥25.8 0.38 (0.25-0.57)** 0.33 (0.22-0.48)** 0.24 (0.14-0.41)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <110 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 110 to <162 0.80 (0.60-1.08) 0.70 (0.53-0.92)* 0.54 (0.36-0.80)** 

 162 to <230 0.55 (0.39-0.77)** 0.52 (0.38-0.72)** 0.35 (0.23-0.54)** 
 ≥230 0.34 (0.25-0.47)** 0.31 (0.23-0.42)** 0.17 (0.11-0.26)** 
2011-2012    
 Adjusted n-3 (mg kg-1 day-1)    
 <13.5 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 13.5 to <20.0 0.99 (0.67-1.45) 0.97 (0.67-1.40) 0.79 (0.41-1.50) 
 20.0 to <29.1 0.58 (0.37-0.91)* 0.58 (0.36-0.92)* 0.42 (0.23-0.76)** 
 ≥29.1 0.28 (0.17-0.48)** 0.28 (0.16-0.47)** 0.14 (0.05-0.40)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <122 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 122 to <181 0.82 (0.55-1.22) 0.79 (0.54-1.16) 0.66 (0.39-1.13) 
 181 to <253 0.56 (0.37-0.87)* 0.53 (0.33-0.83)** 0.35 (0.17-0.71)** 
 ≥253 0.29 (0.18-0.46)** 0.28 (0.18-0.44)** 0.13 (0.06-0.27)** 
2013-2014    
 Adjusted n-3 (mg kg-1 day-1)    
 <13.3 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 13.3 to <20.5 0.73 (0.57-0.94)* 0.71 (0.55-0.92)* 0.67 (0.45-1.00) 
 20.5 to <29.2 0.31 (0.21-0.46)** 0.30 (0.20-0.45)** 0.30 (0.15-0.62)** 
 ≥29.2 0.20 (0.12-0.32)** 0.19 (0.12-0.31)** 0.21 (0.09-0.51)** 
 Adjusted n-6 (mg kg-1 day-1)    
 <122 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.) 
 122 to <180 0.70 (0.47-1.05) 0.71 (0.48-1.06) 0.71 (0.38-1.35) 
 180 to <259 0.38 (0.24-0.60)** 0.38 (0.24-0.60)** 0.37 (0.16-0.85)* 
 ≥259 0.19 (0.12-0.30)** 0.19 (0.12-0.30)** 0.18 (0.06-0.56)** 
 
OR: odds ratio; CI: confidence interval.  
Model 1 adjusted for age and sex. Model 2 adjusted for age, sex, race/ethnicity, educational level, smoking status, vigorous recreational 
activity, hypertension, diabetes, daily total energy intake, total cholesterol, triglycerides and high density lipoprotein cholesterol. The low-
est quartile of adjusted dietary n-3, n-6 PUFA intakes separately was used as the reference group. Results are survey-weighted.  
*p<0.05; **p<0.01.  
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Supplementary table 3. A tabulated summary of other published work 
 
Authors, year Research type Population Background diet Findings 
Zelber-Sagi S et al., (2007)10 A cross-sectional 

study 
Israeli pop-
ulation 

Mediterranean 
diet 

NAFLD patients had a lower intake of 
fish rich in n-3 PUFA 

Chen ZY et al., (2020)11 A cross-sectional 
study 

Chinese 
population 

Plant-based diet Dietary n-3 PUFAs were inversely as-
sociated with NAFLD 

Oya J et al., (2010)12 A cross-sectional 
study 

Japanese 
population 

Japanese diet No significant difference in dietary n-3 
PUFAs intake between NAFLD and 
healthy subjects was found 

Vernekar M et al., (2018)14 A case-control 
study 

Asian Indi-
ans 

Plant-based diet No significant difference for dietary n-3 
and n-6 PUFAs intake between controls 
and NAFLD patients was observed 

Cortez-Pinto H et al., (2006)13 A case-control 
study 

Portuguese 
Population 

Mediterranean 
diet 

Intake of n-6 PUFAs in NASH patients 
was higher than in controls 

Bjermo H et al., (2012)32 A randomized 
controlled trial 

Swedish 
population 

Mediterranean 
diet 

Dietary n-6 PUFAs could reduce liver 
fat without weight loss  

 
 
Supplementary table 4. N-3, n-6 polyunsaturated fatty acids in the American diet.26 
 
Food patterns Polyunsaturated fatty acids Common food sources 

Animal-based diet n-3 fatty acids Flaxseed, canola oil, soybean oil, walnuts, fish oil, algae 
n-6 fatty acids Liquid vegetable oils, nuts, seeds, meat, poultry, fish, eggs 

 
 

 
 

Supplementary figure 1. Trends in the prevalence of NAFLD, NHANES 2007-2014.  
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Supplementary figure 2. Graphical abstract.  
 


