Nutr Res Pract. 2025 Feb;19(1):107-116
https://doi.org/10.4162/nrp.2025.19.1.107
pISSN 1976-1457-eISSN 2005-6168

Nutrition
[ ) Research and
Practice

Original Research

‘ '.) Check for updates ‘

G OPEN ACCESS

Association of dietary intake of total
fat and fatty acids with the Omega-3
Index: a cross-sectional analysis of
NHANES 2011-2012

Youri Jin @', Hwajin Hong (@ 2, Nathan L. Tintle ©® **, William S. Harris © %, and

Yongsoon Park @

'Department of Food and Nutrition Services, Hanyang University Seoul Hospital, Seoul 04763, Korea
’Department of Food and Nutrition, Hanyang University, Seoul 04763, Korea

3Fatty Acid Research Institute, Sioux Falls, SD 57106, USA

“Department of Population Health Nursing Science, College of Nursing, University of Illinois - Chicago,
Chicago, IL 60612, USA

*Department of Internal Medicine, Sanford School of Medicine, University of South Dakota, Sioux Falls, SD
57107, USA

Received: Oct 21, 2024
Revised: Dec 14, 2024
Accepted: Jan 2, 2025
Published online: Jan 15, 2025

fCorresponding Author:

Yongsoon Park

Department of Food and Nutrition, Hanyang
University, 222 Wangsimni-ro, Seongdong-gu,
Seoul 04763, Korea.

Tel. +82-2-2220-1205

Fax. +82-2-22992-1226

Email. yongsoon@hanyang.ac.kr

William S. Harris

Department of Internal Medicine, Sanford
School of Medicine, University of South
Dakota, 4801 N Career Ave, Sioux Falls, SD
57107, USA.

Tel. +1-605-271-6917

Email. wsh@faresinst.com

©2025 The Korean Nutrition Society and the
Korean Society of Community Nutrition

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

https://e-nrp.org

ABSTRACT

BACKGROUND/OBJECTIVES: The Omega-3 Index (O3I), which is the total eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) in erythrocytes as a percentage of total fatty
acids (FAs), is associated with fish intake. O3I also varies with body mass index, age, sex, and
dietary factors other than the intake of n-3 polyunsaturated fatty acids (PUFAs). This study
examined the relationship between the dietary intake of total fat and FA classes, and O3],
specifically regarding EPA+DHA intake.

SUBJECTS/METHODS: Data on dietary intake and serum FAs from 2,370 participants (1,192
males and 1,178 females) aged 18-79 yrs, collected during the 2011-2012 National Health
and Nutrition Examination Survey, were used in this study. The O31 was estimated from the
serum EPA+DHA content.

RESULTS: In the total population, O31 showed an inverse correlation with the intake of total
fat (r =-0.417), saturated FAs (SFAs; r = -0.423), and monounsaturated fatty acids (MUFAs; r
=-0.412) (P < 0.01). Similar relationships were observed among males. However, in females,
only SFA intake was correlated with O3I (r =-0.386, P < 0.05). In contrast, no correlation
was observed between n-6 PUFA intake and O31. Multivariable regression analysis also
showed that a 1% increment in energy provided by total fat, SFA, and MUFA corresponded
to reductions of 0.019, 0.055, and 0.035 units in O3], respectively (P < 0.01). Both SFA and
MUFA intakes mediated the negative relationship between total fat intake and O3I in the total
population and males. However, MUFA were not significant mediators in women.
CONCLUSION: The intakes of total fat, SFA, and MUFA negatively influenced O3],
independent of n-3 PUFA intake.
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INTRODUCTION

The Omega-3 Index (O3I) refers to the combined amount of eicosapentaenoic acid (EPA;
20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) in red blood cells (RBCs), represented
as a percentage of the total red blood cell (RBC) fatty acids (FAs) [1]. Optimal levels of O3I
(= 8%) exert protective effects against cardiovascular conditions [1]. The O31 is a convenient
and suitable biomarker of n-3 polyunsaturated fatty acid (PUFA) status since RBC has low
intra-individual variability over time and reflects long-term intake of n-3 PUFA, a-linolenic
acid (ALA), EPA, and DHA [2].

Fish, as the main dietary source of n-3 PUFAs, is a key factor influencing O3I [3]. O3l is also
inversely related to body mass index (BMI) [4] and age [5], and is higher in females than
males [6], possibly because of estrogen [7]. However, n-3 PUFA status can be influenced by
various dietary factors in addition to direct n-3 PUFA consumption [8]. Raatz et al. [9,10]
reported that participants consuming high-fat diets had reduced levels of EPA and DHA in
plasma phospholipids compared with those in participants consuming low-fat diets, despite
the higher intake of n-3 PUFA in the form of ALA in the high-fat diet group.

Similar to human studies, male and ovariectomized female rats fed high-fat diets showed
decreased levels of EPA and DHA in hepatic phospholipids and RBCs compared with those fed
low-fat diets, despite a consistent intake of n-3 PUFA. A high-fat diet impaired the conversion
of ALA to EPA and DHA by suppressing the expression of delta-6 desaturase (D6D), elongase
of very-long-chain fatty acids 2 (ELOVL2), and ELOVLS [11,12]. Furthermore, the levels of

EPA and DHA in the milk of female rats fed saturated fatty acid (SFA)-rich diets were reduced
compared with those fed diets with a lower SFA content, while maintaining a constant intake
of ALA [13]. Male rats fed a high SFA diet also had lower levels of EPA and DHA in hepatic
triacylglycerols and phospholipids than those fed a low SFA diet; however, adding more ALA
to the latter diet reversed this effect [14]. Again, a higher intake of SFA reduced the conversion
of ALA to EPA and DHA by downregulating the expression of D6D, D5D, ELOVL2, and ELOVL5
[13,15]. However, to the best of our knowledge, the extent to which differences in the intake
of other (non-EPA/DHA) fats can affect the O3I in humans is unknown. Thus, the aim of this
study was to determine the association between the consumption of total fat and each FA
class (SFAs, monounsaturated fatty acids [MUFAs], and n-6 PUFAs), and O3], in a nationally
representative, cross-sectional survey from the United States (US).

SUBJECTS AND METHODS

Study population

This study utilized publicly available data from the 2011-2012 National Health and Nutrition
Examination Survey (NHANES), which represents the US national population. The NHANES
is structured to evaluate the nutritional status and health of Americans using a complex
multistep probability sampling design [16]. The NHANES adhered to the ethical guidelines
established by the Declaration of Helsinki, and all human subject procedures were approved
by the National Center for Health Statistics Research Ethics Review Board (protocol #201117)
and the Institutional Review Board of Hanyang University (HYUIRB-2021108-006). Among
the 9,338 participants aged 18-79 yrs who completed the dietary survey, 2,573 had their serum
FA level measured. As 203 participants had incomplete dietary data, 2,370 participants were
included in the final analysis.
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Dietary assessment

The dietary recall interviews were conducted in person in a private room at the NHANES
Mobile Examination Center. Using one-day dietary recall data, dietary intakes of energy,
total fat, SFA, MUFA, n-6 PUFA, EPA+DHA, and ALA were obtained, and the daily intake was
calculated based on the US Department of Agriculture Dietary Research Food and Nutrition
Database for Dietary Studies [17]. We further calculated the percentage of energy from the
total fat and each FA using the following formula:

Fat or FA (g) x 9 (kcal/g)

x 100
Total Energy (Kcal)

The estimated 03I

Fasting serum samples were obtained and stored at ~70°C. Serum FA content was analyzed
using gas chromatography-mass spectrometry according to the Centers for Disease

Control and Prevention (CDC) in the Laboratory Procedure Manual. Detailed procedures

are documented in the CDC’s Manual of Laboratory Procedures. Serum levels of EPA+DHA
were converted from molar (mmol/L) to mass units (mg/dL), FAs were calculated, and then
converted into a weight percentage of total FAs. Finally, the serum EPA+DHA weight % (x) was
converted to RBC EPA+DHA content (y, i.e., estimated O3I) using the following equation [18]:

y =0.0384 X In(x) + 0.1957 (* = 0.80)

Statistical analysis

Statistical analyses, including complex sample survey data analysis following NHANES
guidelines, were performed using both R version 4.1.2 and SPSS version 26.0 (IBM Corp.,
Armonk, NY, USA). The sample weights obtained from NHANES were used to calculate

an unbiased estimate of the mean and frequency representatives of the population [19].
Continuous variables were shown as mean + SE of the mean and compared using Student’s
t-test. Frequencies and weighted percentages were used to represent categorical variables, and
comparisons were conducted using the y? test. Pearson’s correlation coefficient was used to
confirm the association between dietary fat intake and O31. Multiple linear regression analysis
was used to estimate the adjusted relationship between O3I and dietary fat intake, considering
dietary fat intake as a continuous exposure variable [20]. We also classified dietary fat intake
into quartiles, using the lowest intake quartile as the reference group, and adjusted for
covariates during the assessment of the relationship between dietary fat intake and O3I.

The covariates were sex, age, BMI, and dietary EPA and DHA (for sex-stratified analysis,

sex was not included as a covariate). In multivariable models, covariates with P < 0.20 were
selected as potentially confounding factors and included in the adjusted model [21].

To test whether the relationship between total fat intake and O3 was mediated by a specific
class of FAs, excluding EPA+DHA, the Sobel test was conducted after adjusting for sex, age,
and BMI (excluding sex in the sex-stratified analyses) [22]. The Sobel test was conducted to
assess the significance of the mediator, and test how the relationship between total fat intake
(independent variable) and O3I (dependent variable) was altered by introducing a potential
mediator (SFA, MUFA, and n-6 PUFA) into the model.

https://doi.org/10.4162/nrp.2025.19.1.107 109



Dietary fat and Omega-3 Index in NHANES

Nutrition
[ ) Research and
Practice

https://e-nrp.org

RESULTS

Characteristics of participants

Males were younger, consumed more energy, had a lower percentage of total energy from
ALA, and a lower O3I compared with those of females (Table 1). The difference in BMI
between males and females was not statistically significant; however, obesity was higher in
females than that in males. The intake of total fat, SEA, MUFA, n-6 PUFA, and EPA+DHA as a
percentage of total energy was not significantly different between males and females.

Associations between dietary fat and FA intake, and the 03I

O3I was inversely correlated with the intake of total fat, SFA, and MUFA, but positively
correlated with ALA and EPA+DHA intake, following adjustment for potential confounders
(Table 2). When comparing the results by sex, findings from males mirrored those of the

Table 1. Characteristics of participants

Characteristics Total (n = 2,370) Male (n = 1,192) Female (n=1,178)  P-value?
Age (yrs) 47+0.38 46+ 0.38 47 +0.54 0.030
BMI (kg/m?) 98.65 = 0.14 98.19+ 0.17 929.11 = 0.22 0.444

<18.5 3.38(0.14) 2.43 (0.16) 4.33(0.21) 0.004

18.5-24.9 30.04 (0.06) 29.87 (0.09) 30.22 (0.09)

25-29.9 31.18 (0.05) 35.82 (0.07) 96.49 (0.08)

> 30 31.40(0.19) 31.88(0.15) 38.96 (0.28)
Energy (kcal/day) 2,136.19 = 20.19 2,430.13 + 30.03 1,838.74 = 24.03 <0.001
Total fat (% of energy)? 32.69+0.18 32.42 + 0.24 32.96 + 0.27 0.329
SFA (% of energy)? 10.43 £ 0.08 10.30+0.11 10.57 £ 0.12 0.282
MUFA (% of energy)® 11.66 + 0.07 11.71+0.11 11.61+0.11 0.365
n-6 PUFA (% of energy)? 6.97 = 0.06 6.81+0.08 7.14 + 0.09 0.108
EPA+DHA (% of energy)® 0.050 + 0.003 0.048 = 0.004 0.051 + 0.004 0.800
ALA (% of energy)? 0.74 +0.01 0.71+0.01 0.76 = 0.01 0.001
Omega-3 Index (%)* 4.63 + 0.03 4.40 + 0.05 4.86 + 0.05 < 0.001

Data are presented as % (SE) or mean + SE, with unweighted sample sizes provided for the total and subgroup
analyses. A complex sample design was employed and a weighted analysis was performed.
BMI, body mass index; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty
acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid; ALA, a-linolenic acid.
Yp-value was determined through an independent t-test for continuous variables and a * test for categorical

variables.

?)(Total Fat x 9 kcal)/Energy x 100.

9(Fatty Acid x 9 kcal)/Energy x 100.
Y0mega-3 Index, a sum of EPA and DHA in red blood cells.

Table 2. Correlation between dietary intake of total fat and fatty acids with the Omega-3 Index”

Dietary intakes

Total (n = 2,370)

Male (n = 1,192)

Female (n = 1,178)

r? ro r ro r? rd
Total fat (% of energy)® -0.105""  -0.417"" -0.161"  -0.430" -0.063 -0.381
SFA (% of energy)? -0.145""  -0.423™" -0.195""  -0.436"" -0.118" -0.386"
MUFA (% of energy)? -0.095" -0.412" -0.130" -0.422" -0.055 -0.379
n-6 PUFA (% of energy)® -0.001 -0.405 -0.045 -0.404 -0.032 -0.378
ALA (% of energy)? 0.089" 0.408" 0.095" 0.406 0.055 0.378
EPA+DHA (% of energy)® 0.253™" 0.400™" 0.255™" 0.399™" 0.259"™" 0.367"""

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid; ALA, a-linolenic
acid; EPA, eicosapentaenoic acid; DHA, docosahexaenoic acid.

YA complex sample design was employed, and a weighted analysis was conducted.

2Unadjusted Pearson’s correlation coefficient (r).

Jpearson’s correlation coefficient (r) was adjusted for age, sex, BMI, dietary EPA, and DHA in the total population;
adjusted for age, BMI, dietary EPA, and DHA in males and females; and excluded for dietary EPA and DHA in
EPA+DHA.

9(Total Fat x 9 kcal)/Energy x 100.

9(Fatty Acid x 9 kcal)/Energy x 100.

“P<0.05; ""P<0.01; ""P < 0.001.
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total population, whereas among females, only the intake of SFA and EPA+DHA exhibited a
statistically significant relationship with O3I (inverse and direct, respectively). The intake of
n-6 PUFA showed no significant correlation with O3I.

In a multiple linear regression analysis with quartiles of dietary total fat and FAs as
independent variables, adjusted for covariates, the O3I differences between participants in the
highest and lowest quartiles were —0.50% for total fat, —0.57% for SFA, —0.44% for MUFA,
and 0.73% for EPA+DHA. In an adjusted multiple linear regression analysis of dietary fat and
FA intake as continuous variables on O3I, a 1% increment in energy provided by total fat, SFA,
and MUFA predicted decreases of 0.02%, 0.06%, and 0.04% in O3], respectively (Table 3).
Conversely, a 1% increase in the percentage of energy from EPA+DHA predicted an increase
of 3.4 units in the O3I. In females, O3I was inversely associated with SFA intake and positively
associated with EPA+DHA, but not with the intake of total fat and MUFA. The association
between n-6 PUFA intake and O3] was weak and nonsignificant.

Mediating effect of FAs

We further conducted a mediation analysis to determine whether FAs (other than
EPA+DHA) mediated the association between total fat intake and O3I. Mediation analysis
indicated that the association between total fat and O3I was significantly and negatively
mediated by both SFA and MUFA, with a smaller effect observed for n-6 PUFA (Fig. 1).

The mediating effects of SFA and MUFA differed by sex, with a significant negative indirect
effect of SFA observed in both males and females, whereas MUFA showed a significant
negative indirect effect only in males.

DISCUSSION

The present study demonstrated that the intake of total fat, SFA, and MUFA was inversely
associated with O3I (when EPA+DHA intake was constant). Unsurprisingly, EPA and DHA
intake were directly related to O3I. Based on the mediation analysis from the Sobel test, the
negative effect of total fat intake on O3I can be attributed primarily to the intake of SFA and
MUFA, with n-6 PUFAs having only a minor effect. When comparing the results by sex, only
SFA mediated the effect of total fat on O31 in females.

Previous studies have suggested a similar pattern in the association between total fat and
SFA intake and O3l in several countries [23-25]. The intake of n-3 PUFA (> 550 mg/day) was
similar in Korea, Japan [26], and Spain [27]; however, O3I was higher in Korea (11.3%) than
that in Japan (8.9%) [23] and Spain (7.1%) [27]. Consistent with our hypothesis, the Japanese
and Spanish cohorts consumed a greater percentage of energy as total fat and SFA than those
of Koreans (i.e., 25% and 38.5% vs. 21%; and 8.4% and 12% vs. 5.9%, respectively) [24].
Another observation suggests that a general relationship exists between Belgium and South
Africa. The intake of n-3 PUFA was higher in Belgium (200249 mg/day) than that in South
Africa (< 50 mg/day) [26]; however, O3I (4%) was similar [23]. This similarity may be due to
the fact that the intake of total fat and SFA was higher in Belgium (37% and 15.4% of energy)
than that in South Africa (27% and 8.6% of energy) [24,25]. In a previous study [28], dietary
EPA+DHA, which has been considered the primary determinant of O31 [3,28-30], explained
only 12% of the variability in O3I in a multivariable model including other FAs. This suggests
that total fat and SFA intake may also play a role in influence O3I.
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(a) B: 0.219**
(S.E.: 0.009)

n-6 PUFA (% Energy)

Z=-1.090

(b) B: -0.079***
(S.E.: 0.019)

(b) B: -0.056**
(S.E.: 0.018)

The Omega-3 Index

b) B: -0.024
(S.E.: 0.022)

©

(c) Z: -1.655*

(a) B: 0.326***

SFA (% Energy)

(S.E.: 0.012)

Z=-2.560**

(a) B: 0.375***

Fat (% Energy) (S.E.1 0.009)

MUFA (% Energy)

(a) B: 0.218**%

Z=-0.750

(S.E.: 0.011)

n-6 PUFA (% Energy)

Z=-0.764

(b) B: -0.036**
(S.E.: 0.014)

(b) B: -0.015
(S.E.: 0.020)

The Omega-3 Index

(b) B: -0.013
(S.E.: 0.017)

(c) Z: -1.086

Fig. 1. Mediation effects of mediating variable (SFA, MUFA, and n-6 PUFA) intake on the association between

https://e-nrp.org

fat intake (independent variable) and the Omega-3 Index (dependent variable) by Sobel tests adjusting factors.
(A) Total population, (B) male, and (C) female; (a) path: effect of fat intake on SFA, MUFA, and n-6 PUFA intake;
(b) path: effect of SFA, MUFA and n-6 PUFA intake on the Omega-3 Index; (c) path: indirect effect in total; Z: For
statistically significant indirect effects in each variable.

SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

"P<0.05; P <0.01; ""P < 0.001.

In addition to total dietary fat and SFA, dietary MUFA were inversely associated with O3I in

this study. Dietary MUFA can come from both plant-based and animal-based sources, with
animal sources (e.g., red meats and dairy products) also contributing particularly to SFA intake
[31]. According to NHANES 2005-2006 data, chicken and processed meats ranked among the
top 3 food sources of oleic acid (18:1), the major MUFA in the US diet [32]. Moreover, animal-
based MUFA intake was highly correlated with SFA intake in 2 large prospective studies of

US males and females [33], supporting similar relationships between SFA and MUFA intake
and O3I, as shown in this study. In a previous study by Sala-Vila et al. [28] in a Mediterranean
population with a higher intake of MUFA, primarily from olive oil, no specific associations
were found with individual FAs, except for EPA+DHA and O3I. The MUFA intake in Spain is
approximately 20.5% [28], as opposed to approximately 11.7% in the US [28]. This suggests
that the inverse relationship between MUFA intake and O31 in the US may, in part, reflect a
spillover effect from meat-derived SFAs and not be due to MUFAs themselves. In addition, we
observed a slightly weaker association between MUFA intake and O3I in females compared
with that in males. Another study, using NHANES 2007-2008 data, reported that US females
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had a relatively higher energy intake from oil and nuts, the main contributors to plant-based

MUFA, than males [34]. Consequently, the variations in dietary intake across food categories
by sex could, in part, explain the small sex differences in the associations between the intake
of MUFA and O31 observed in this study.

It is well known that n-3 and n-6 PUFAs are metabolized by the same enzymes, and a surplus
of one may significantly impair the conversion of the other into longer-chain or oxygenated
metabolites [35]. However, there has been controversy regarding the effect of consumption
of n-6 PUFA, predominantly linoleic acid (80-90%) [26], on the reduction of O3I [28,30].
We found a weaker association between n-6 PUFA intake and O3I. The conversion of ALA

to EPA and DHA is insufficient, therefore, consumption of EPA+DHA-rich foods and
supplements is directly related to O3I [37]. Additionally, 18-carbon species (linoleic acid;
18:2n-6, ALA; 18:3n-3) have different physiological properties from those of 20- or 22-carbon
species (arachidonic acid; 20:4n-6, EPA; 20:5n-3, DHA; 22:6n-3) [38]. Owing to the imprecise
and nonspecific nature of the n-6/n-3 PUFA ratio [39], the use the arachidonic acid/EPA

ratio has been proposed, which distinguishes one PUFA from each class [40]. Further
research is warranted to explore the interactions between each member of the n-6 PUFA
family with different carbon species and O3I in a population with relatively high linoleic acid
consumption.

A key strength of this study was the use of data from a formal US-wide survey that has been
validated and includes both dietary and blood biomarker results. However, there were some
limitations. First, a 1-day diet recall may not properly capture overall dietary patterns, as

it reflects intake on a single day rather than providing a comprehensive representation of
habitual dietary intake. Second, O3I in this study was calculated from serum FA composition
and was not directly measured. Third, although various confounding factors were adjusted,
some residual confounding factors remained. Finally, a cause-and-effect relationship
between total fat, SFA, and MUFA intakes and O3I could not be determined because of the
cross-sectional design of the present study. In conclusion, the present study found that the
intake of total fat, especially SFA and MUFA, might negatively influence the levels of O31
independent of EPA+DHA intake, and that this effect could differ by sex. These findings
indicate that reducing the dietary fat or SFA content increases EPA+DHA levels in the body,
potentially explaining the health benefits of a low-fat diet. Further studies and clinical trials
are needed to investigate whether these observations can be confirmed in other populations
with different fat intake ranges.

REFERENCES

1. Harris WS, Von Schacky C. The Omega-3 Index: a new risk factor for death from coronary heart disease?
Prev Med 2004;39:212-20. PUBMED | CROSSREF

2. Cao], Schwichtenberg KA, Hanson NQ, Tsai MY. Incorporation and clearance of omega-3 fatty acids in
erythrocyte membranes and plasma phospholipids. Clin Chem 2006;52:2265-72. PUBMED | CROSSREF

3. Jackson KH, Polreis JM, Tintle NL, Kris-Etherton PM, Harris WS. Association of reported fish intake and
supplementation status with the Omega-3 Index. Prostaglandins Leukot Essent Fatty Acids 2019;142:4-10.
PUBMED | CROSSREF

4. Howe PR, Buckley JD, Murphy KJ, Pettman T, Milte C, Coates AM. Relationship between erythrocyte
omega-3 content and obesity is gender dependent. Nutrients 2014;6:1850-60. PUBMED | CROSSREF

5. Wagner A, Simon C, Morio B, Dallongeville J, Ruidavets JB, Haas B, Laillet B, Cottel D, Ferrieres J,
Arveiler D. Omega-3 Index levels and associated factors in a middle-aged French population: the MONA
LISA-NUT study. Eur J Clin Nutr 2015;69:436-41. PUBMED | CROSSREF

https://e-nrp.org https://doi.org/10.4162/nrp.2025.19.1.107 14


http://www.ncbi.nlm.nih.gov/pubmed/15208005
https://doi.org/10.1016/j.ypmed.2004.02.030
http://www.ncbi.nlm.nih.gov/pubmed/17053155
https://doi.org/10.1373/clinchem.2006.072322
http://www.ncbi.nlm.nih.gov/pubmed/30773210
https://doi.org/10.1016/j.plefa.2019.01.002
http://www.ncbi.nlm.nih.gov/pubmed/24803096
https://doi.org/10.3390/nu6051850
http://www.ncbi.nlm.nih.gov/pubmed/25335443
https://doi.org/10.1038/ejcn.2014.219

Dietary fat and Omega-3 Index in NHANES

Nutrition
[ ) Research and
Practice

https://e-nrp.org

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Childs CE. Sex hormones and n-3 fatty acid metabolism. Proc Nutr Soc 2020;79:219-24. PUBMED |
CROSSREF

Zhang M, Li CC, Li F, Li H, Liu XJ, Loor JJ, Kang XT, Sun GR. Estrogen promotes hepatic synthesis of
long-chain polyunsaturated fatty acids by regulating ELOVLS at post-transcriptional level in laying hens.
Int ] Mol Sci 2017;18:1405. PUBMED | CROSSREF

Simopoulos AP. An increase in the omega-6/omega-3 fatty acid ratio increases the risk for obesity.
Nutrients 2016;8:128. PUBMED | CROSSREF

Raatz SK, Bibus D, Thomas W, Kris-Etherton P. Total fat intake modifies plasma fatty acid composition in
humans. J Nutr 2001;131:231-4. PUBMED | CROSSREF

Raatz SK, Young LR, Picklo MJ Sr, Sauter ER, Qin W, Kurzer MS. Total dietary fat and fatty acid content
modifies plasma phospholipid fatty acids, desaturase activity indices, and urinary prostaglandin E in
women. Nutr Res 2012;32:1-7. PUBMED | CROSSREF

Kim D, Choi JE, Park Y. Low-linoleic acid diet and oestrogen enhance the conversion of a-linolenic acid
into DHA through modification of conversion enzymes and transcription factors. Br ] Nutr 2019;121:137-45.
PUBMED | CROSSREF

Valenzuela R, Barrera C, Espinosa A, Llanos P, Orellana P, Videla LA. Reduction in the desaturation
capacity of the liver in mice subjected to high fat diet: relation to LCPUFA depletion in liver and
extrahepatic tissues. Prostaglandins Leukot Essent Fatty Acids 2015;98:7-14. PUBMED | CROSSREF

Walker RE, Parkhomenko V, Ying Y, Urrutia N, Harvatine KJ. Dietary SFAs and omega-6 fatty acids alter
incorporation of omega-3 fatty acids into milk fat of lactating CD-1 mice and tissues of offspring. ] Nutr
2021;151:1834-43. PUBMED | CROSSREF

Hanke D, Zahradka P, Mohankumar SK, Clark JL, Taylor CG. A diet high in o-linolenic acid and
monounsaturated fatty acids attenuates hepatic steatosis and alters hepatic phospholipid fatty acid
profile in diet-induced obese rats. Prostaglandins Leukot Essent Fatty Acids 2013;89:391-401. PUBMED |
CROSSREF

Picklo MJ, Murphy EJ. A high-fat, high-oleic diet, but not a high-fat, saturated diet, reduces hepatic alpha-
linolenic acid and eicosapentaenoic acid content in mice. Lipids 2016;51:537-47.  PUBMED | CROSSREF

Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National health and nutrition examination survey:
sample design, 2011-2014. Vital Health Stat 2 2014:1-33. PUBMED

U.S. Department of Agriculture Agricultural Research Service. USDA food and nutrient database for
dietary studies [Internet]. Beltsville (MD): USDA Agricultural Research Service; 2024 [cited 2024
December 12]. Available from: https://www.ars.usda.gov/northeast-area/beltsville-md-bhnrc/beltsville-
human-nutrition-research-center/food-surveys-research-group/docs/fndds.

Harris WS, Jackson KH, Carlson H, Hoem N, Dominguez TE, Burri L. Derivation of the Omega-3 Index from
EPA and DHA analysis of dried blood spots from dogs and cats. Vet Sci 2022;10:13. PUBMED | CROSSREF

Saylor J, Friedmann E, Lee HJ. Navigating complex sample analysis using national survey data. Nurs Res
2012;61:2317. PUBMED | CROSSREF

Montgomery DC, Peck EA, Vining GG. Introduction to Linear Regression Analysis. Hoboken (NJ): John
Wiley & Sons; 2021.

Greenland S, Pearce N. Statistical foundations for model-based adjustments. Annu Rev Public Health
2015;36:89-108. PUBMED | CROSSREF

Sobel ME. Asymptotic confidence intervals for indirect effects in structural equation models. Sociol
Methodol 1982;13:290-312. CROSSREF

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

Harika RK, Eilander A, Alssema M, Osendarp SJ, Zock PL. Intake of fatty acids in general populations
worldwide does not meet dietary recommendations to prevent coronary heart disease: a systematic
review of data from 40 countries. Ann Nutr Metab 2013;63:229-38. PUBMED | CROSSREF

Eilander A, Harika RK, Zock PL. Intake and sources of dietary fatty acids in Europe: are current
population intakes of fats aligned with dietary recommendations? Eur J Lipid Sci Technol 2015;117:1370-7.
PUBMED | CROSSREF

Micha R, Khatibzadeh S, Shi P, Fahimi S, Lim S, Andrews KG, Engell RE, Powles ], Ezzati M, Mozaffarian
D, et al. Global, regional, and national consumption levels of dietary fats and oils in 1990 and 2010: a
systematic analysis including 266 country-specific nutrition surveys. BMJ 2014;348:g2272.  PUBMED |
CROSSREF

https://doi.org/10.4162/nrp.2025.19.1.107 115


http://www.ncbi.nlm.nih.gov/pubmed/31416488
https://doi.org/10.1017/S0029665119001071
http://www.ncbi.nlm.nih.gov/pubmed/28665359
https://doi.org/10.3390/ijms18071405
http://www.ncbi.nlm.nih.gov/pubmed/26950145
https://doi.org/10.3390/nu8030128
http://www.ncbi.nlm.nih.gov/pubmed/11160538
https://doi.org/10.1093/jn/131.2.231
http://www.ncbi.nlm.nih.gov/pubmed/22260857
https://doi.org/10.1016/j.nutres.2011.12.006
http://www.ncbi.nlm.nih.gov/pubmed/30507367
https://doi.org/10.1017/S0007114518003252
http://www.ncbi.nlm.nih.gov/pubmed/25910408
https://doi.org/10.1016/j.plefa.2015.04.002
http://www.ncbi.nlm.nih.gov/pubmed/33982073
https://doi.org/10.1093/jn/nxab094
http://www.ncbi.nlm.nih.gov/pubmed/24140006
https://doi.org/10.1016/j.plefa.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/26694605
https://doi.org/10.1007/s11745-015-4106-9
http://www.ncbi.nlm.nih.gov/pubmed/25569458
http://www.ncbi.nlm.nih.gov/pubmed/36669014
https://doi.org/10.3390/vetsci10010013
http://www.ncbi.nlm.nih.gov/pubmed/22551998
https://doi.org/10.1097/NNR.0b013e3182533403
http://www.ncbi.nlm.nih.gov/pubmed/25785886
https://doi.org/10.1146/annurev-publhealth-031914-122559
https://doi.org/10.2307/270723
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/24192557
https://doi.org/10.1159/000355437
http://www.ncbi.nlm.nih.gov/pubmed/26877707
https://doi.org/10.1002/ejlt.201400513
http://www.ncbi.nlm.nih.gov/pubmed/24736206
https://doi.org/10.1136/bmj.g2272

Dietary fat and Omega-3 Index in NHANES

Nutrition
[ ) Research and
Practice

https://e-nrp.org

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

Schuchardt JP, Cerrato M, Ceseri M, DeFina LF, Delgado GE, Gellert S, Hahn A, Howard BV, Kadota

A, Kleber ME, et al. Red blood cell fatty acid patterns from 7 countries: focus on the Omega-3 Index.
Prostaglandins Leukot Essent Fatty Acids 2022;179:102418. PUBMED | CROSSREF

Sala-Vila A, Harris WS, Cofan M, Pérez-Heras AM, Pint6 X, Lamuela-Raventos RM, Covas MI, Estruch R,
Ros E. Determinants of the Omega-3 Index in a Mediterranean population at increased risk for CHD. Br]
Nutr 2011;106:425-31. PUBMED | CROSSREF

Richardson CE, Krishnan S, Gray IJ, Keim NL, Newman JW. The Omega-3 Index response to an 8

week randomized intervention containing three fatty fish meals per week is influenced by adiposity in
overweight to obese women. Front Nutr 2022;9:810003. PUBMED | CROSSREF

Sands SA, Reid KJ, Windsor SL, Harris WS. The impact of age, body mass index, and fish intake on the
EPA and DHA content of human erythrocytes. Lipids 2005;40:343-7.  PUBMED | CROSSREF

Degirolamo C, Rudel LL. Dietary monounsaturated fatty acids appear not to provide cardioprotection.
Curr Atheroscler Rep 2010;12:391-6.  PUBMED | CROSSREF

National Cancer Institute. Identification of top food sources of various dietary components [Internet].
Bethesda (MD): National Cancer Institute; 2019 [cited 2024 March 23]. Available from: https://epi.grants.
cancer.gov/diet/foodsources.

Zong G, Li Y, Sampson L, Dougherty LW, Willett WC, Wanders AJ, Alssema M, Zock PL, Hu FB, Sun Q.
Monounsaturated fats from plant and animal sources in relation to risk of coronary heart disease among
US men and women. Am J Clin Nutr 2018;107:445-53. PUBMED | CROSSREF

Bezerra IN, Goldman J, Rhodes DG, Hoy MK, Moura Souza A, Chester DN, Martin CL, Sebastian RS,
AhujaJK, Sichieri R, et al. Difference in adult food group intake by sex and age groups comparing Brazil
and United States nationwide surveys. Nutr ] 2014;13:74. PUBMED | CROSSREF

Schmitz G, Ecker J. The opposing effects of n-3 and n-6 fatty acids. Prog Lipid Res 2008;47:147-55.
PUBMED | CROSSREF

Kris-Etherton P, Fleming J, Harris WS. The debate about n-6 polyunsaturated fatty acid recommendations
for cardiovascular health. ] Am Diet Assoc 2010;110:201-4. PUBMED | CROSSREF

Block RC, Harris WS, Pottala JV. Determinants of blood cell omega-3 fatty acid content. Open BiomarkJ
2008;1:1-6. PUBMED | CROSSREF

Harris WS. The omega-6/omega-3 ratio and cardiovascular disease risk: uses and abuses. Curr Atheroscler
Rep 2006;8:453-9. PUBMED | CROSSREF

Harris WS. The omega-6:0mega-3 ratio: a critical appraisal and possible successor. Prostaglandins Leukot
Essent Fatty Acids 2018;132:34-40. PUBMED | CROSSREF

Nelson JR, Raskin S. The eicosapentaenoic acid:arachidonic acid ratio and its clinical utility in
cardiovascular disease. Postgrad Med 2019;131:268-77. PUBMED | CROSSREF

https://doi.org/10.4162/nrp.2025.19.1.107 116


http://www.ncbi.nlm.nih.gov/pubmed/35366625
https://doi.org/10.1016/j.plefa.2022.102418
http://www.ncbi.nlm.nih.gov/pubmed/21450116
https://doi.org/10.1017/S0007114511000171
http://www.ncbi.nlm.nih.gov/pubmed/35187036
https://doi.org/10.3389/fnut.2022.810003
http://www.ncbi.nlm.nih.gov/pubmed/16028715
https://doi.org/10.1007/s11745-006-1392-2
http://www.ncbi.nlm.nih.gov/pubmed/20725810
https://doi.org/10.1007/s11883-010-0133-4
http://www.ncbi.nlm.nih.gov/pubmed/29566185
https://doi.org/10.1093/ajcn/nqx004
http://www.ncbi.nlm.nih.gov/pubmed/25047421
https://doi.org/10.1186/1475-2891-13-74
http://www.ncbi.nlm.nih.gov/pubmed/18198131
https://doi.org/10.1016/j.plipres.2007.12.004
http://www.ncbi.nlm.nih.gov/pubmed/20102846
https://doi.org/10.1016/j.jada.2009.12.006
http://www.ncbi.nlm.nih.gov/pubmed/19953197
https://doi.org/10.2174/1875318300801010001
http://www.ncbi.nlm.nih.gov/pubmed/17045070
https://doi.org/10.1007/s11883-006-0019-7
http://www.ncbi.nlm.nih.gov/pubmed/29599053
https://doi.org/10.1016/j.plefa.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/31063407
https://doi.org/10.1080/00325481.2019.1607414

	Association of dietary intake of total fat and fatty acids with the Omega-3 Index: a cross-sectional analysis of NHANES 2011–2012
	INTRODUCTION
	SUBJECTS AND METHODS
	Dietary assessment
	The estimated O3I
	Statistical analysis

	RESULTS
	Associations between dietary fat and FA intake, and the O3I
	Mediating effect of FAs

	DISCUSSION
	REFERENCES


