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ABSTRACT
Objective To determine reference ranges of 
circulating long- chain (LC) omega-3 fatty acids: 
eicosapentaenoic acid (EPA), docosapentaenoic acid 
(DPA) and docosahexaenoic acid (DHA) in a nationally 
representative population of Americans. To provide context, 
serum concentrations of LC omega-3 were compared 
with concentrations associated with consuming the 
recommended amount of EPA and DHA by the Dietary 
Guidelines for Americans (DGA) and the Omega-3 Index 
(EPA+DHA).
Design Cross- sectional population- based study.
Setting The National Health and Nutrition Examination 
Survey 2011–2012 cycle.
Participants Participants with fatty acids measured in 
serum: 945 children, age 3–19 years, and 1316 adults, 
age 20 and older.
Main measure Serum EPA, DPA, DHA and sum of LC 
omega-3 fatty acids expressed as per cent of total fatty 
acids.
Results Among children, mean (SE) serum concentrations 
of EPA, DHA and omega- 3s were 0.28% (0.01), 1.07% 
(0.02) and 1.75% (0.03). Among adults, mean (SE) of EPA, 
DHA and omega- 3s were 0.61% (0.02), 1.38% (0.05) and 
2.43% (0.08), all of which were significantly higher than 
corresponding serum fatty acid concentrations in children 
(p<0.001). Despite recommendations for higher intake, 
pregnant and/or breastfeeding women had mean (SE) EPA, 
DHA and LC omega-3 concentrations of 0.34% (0.07), 
1.52% (0.08) and 2.18% (0.15), which were comparable to 
women of childbearing age; p=0.17, p=0.10 and p=0.73. 
Over 95% of children and 68% of adults had LC omega-3 
concentrations below those associated with the DGA 
recommendation. Approximately 89% of adults had an 
Omega-3 Index in the high cardiovascular risk category.
Conclusions Contemporary reference ranges for 
circulating LC omega- 3s are critical for setting public 
health recommendations. Our findings show the need 
for continued emphasis on regular consumption of LC 
omega- 3s among Americans, particularly considering the 
importance of LC omega- 3s in cardiovascular health, brain 
health and development throughout life.

BACKGROUND
Consumption of seafood rich in long- chain 
(LC) omega-3 polyunsaturated fatty acids 
(omega-3 PUFAs), from seafood and dietary 

supplements, is recommended as part of a 
healthy diet.1 2 A large body of evidence has 
shown that dietary patterns, including high 
consumption of LC omega-3 PUFAs eicos-
apentaenoic acid (EPA) and docosahexaenoic 
acid (DHA), both from diet and supplemen-
tation, are associated with decreased risk of 
cardiovascular disease,3 type 2 diabetes,4 5 
lower overall mortality6 and lower blood pres-
sure.7 8 Strong evidence also supports a posi-
tive relationship between maternal dietary 
intake of EPA and DHA and neurodevelop-
ment among infants.9 10 Further research also 
supports the role of EPA and DHA in neuro-
psychological health, such that EPA and DHA 
supplementation is considered as a part of 
integrative therapies for depressive disorder 
by the American Psychiatric Association.11

The most recent Dietary Guidelines for 
Americans (DGA 2010–2015 and 2015–2020) 
recommends that individuals two and older 
consume 8 ounces per week of a variety of 
seafood to provide approximately 250 mg 
of EPA and DHA per day.2 Consuming 
this amount is associated with reduced 
cardiac death in those with and without pre- 
existing cardiovascular disease.2 Similarly, 

Strengths and limitations of this study

 ► This study is one of the few to provide reference 
range data on circulating LC omega-3 fatty acids, 
a biomarker of LC omega-3 nutritional status using 
data that are representative of the children (three 
and older) and adults in the US population.

 ► Strengths of the study include the study design that 
allows inference to the general population in the US, 
inclusion of multiple life stages (children, adoles-
cents, adults, seniors and pregnant or breastfeeding 
women) and serum biomarker measurement of LC 
omega-3 fatty acid intake.

 ► Limitations of the study include the lack of informa-
tion on long- term LC omega-3 fatty acid intake, and 
possible shifts in diet and LC omega-3 status since 
the time of measurement in 2011–2012.
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the American Heart Association has recommended 
consuming 1–2 seafood meals per week to reduce the 
risk of congestive heart failure, coronary heart disease, 
ischaemic stroke and sudden cardiac death.12 Women 
who are pregnant or breastfeeding are encouraged to 
consume up to 12 ounces per week to obtain enough 
omega-3 in their diet to support infant health, ensuring 
they consume at least 300 mg/day EPA+DHA, of which 
≥200 mg/day should be DHA specifically.2 13

Despite the health benefits of omega- 3s, data from 
the National Health and Nutrition Examination Survey 
(NHANES) clearly shows that dietary intake of omega- 3s 
in Americans is low and consistently well below the DGA 
recommendation across all age groups, gender and race/
ethnicity.2 14–16 In 2015, the DGA Committee reviewed 
data from What We Eat in America/NHANES and 
found 90% of Americans were below the recommended 
intake of 250 mg DHA+EPA.2 Furthermore, an analysis 
of LC omega-3 dietary intake from NHANES 2003–2014 
reported that younger individuals and women may be 
particularly at risk: the mean EPA+DHA intake for chil-
dren 1–5 years was just 23.1 mg/1000 kcal, which is below 
the DGA recommendation for EPA+DHA.17 A further 
study of NHANES 2001–2014 reported that more than 
95% of women of childbearing age did not meet the DGA 
recommendations for EPA+DHA.14

Collectively, the dietary intake data from NHANES 
as well as other populations18 19 provide compelling 
evidence of gaps in LC omega-3 intake. However, dietary 
intake is limited by measurement error.20 Use of error- 
prone dietary assessment tools can lead to spurious find-
ings, contributes to heterogeneity in evidence on diet 
and health and has led some to be critical of self- reported 
dietary data being used to inform public health recom-
mendations.21 Biomarkers of dietary intake (ie, circu-
lating omega- 3s) may provide more accurate information 
on LC omega-3 status and may also confirm findings from 
studies of dietary intake. Accurate reference range data 
for fatty acids are critical for identifying at- risk popula-
tions and setting appropriate public health recommen-
dations. However, reference data on fatty acids in large, 
representative populations are scarce. The last data of 
this kind in the USA were from NHANES 2003–2004 in 
adults only. Therefore, the aim of this study was to provide 
contemporary reference ranges for LC omega-3 fatty 
acids in the US across all life stages using the most recent 
serum fatty acid data (2011–2012) available in NHANES. 
An additional objective was to determine the proportion 
of the US population with serum LC omega-3 fatty acid 
concentrations below concentrations equivalent to DGA 
intake recommendations and below concentrations asso-
ciated with cardioprotection.

MATERIALS AND METHODS
This study uses the NHANES 2011–2012 public- use data 
files. NHANES is designed to assess the nutritional status 
and health of children and adults in the USA, using a 

complex multistage probability sampling design that is 
representative of the national civilian population in the 
USA.22 Fatty acids were measured in serum with the goal 
of obtaining US reference ranges for most circulating 
fatty acids in a subsample of participants. The subsample 
was selected to be a nationally representative sample. 
Participants were chosen at random from all participants, 
age 3–11 who attended mobile examinations and fasting 
participants aged 12 and older who were examined in the 
morning session. Of the 5643 participants in the subsa-
mple, 397 participants did not have a lab specimen. Fatty 
acids were measured using modified methods of Lager-
stedt et al.23 Briefly, total fatty acids were hexane extracted 
along with an internal standard solution for fatty acid 
recovery. The extract was derivatised to form pentaflu-
orobenzyl esters and injected onto a capillary gas chro-
matograph column. A total of 30 dietary fatty acids were 
quantitated. The lower limit of detection for EPA, DHA 
and docosapentaenoic acid (DPA) was 0.79 µmol/L, 1.84 
µmol/L and 0.24 µmol/L, respectively. Fatty acids were 
expressed as a percent of total fatty acids (respective fatty 
acid/sum of 30 fatty acids measured) in this analysis to 
facilitate comparison with other studies, which predomi-
nately report fatty acids as a relative percent.24–26 Missing 
data (not including those with values below the limit of 
detection) for a given fatty acid ranged from a low of 
N=1222 (EPA) to 1861 (eicosatrienoic acid). As relative 
fatty acids require a common denominator of total fatty 
acids, individuals who were missing data for any fatty acid 
were excluded (N=2983), which resulted in an overall 
sample of 2261 participants: 945 children, age 3–19 and 
1316 adults, age 20 and older.

Mean EPA, DHA and the sum of LC omega- 3s (EPA+D-
PA+DHA) were calculated for children and adults as 
well as by key life stages: early childhood (3–5 years), 
middle childhood (6–11 years), adolescents (12–19 
years), adults (20-55), seniors (>55) and women who 
were pregnant and/or breastfeeding. Pregnancy status 
was determined using the variable pregnancy status at 
examination (RIDEXPREG) from the demographics 
data and the variable pregnancy test (URXPREG) from 
the laboratory data. Breastfeeding status was determined 
from the reproductive health data (RHQ200). Women 
of childbearing age were defined as those 15–44 years of 
age, which corresponded to the age range of women who 
reported being pregnant and/or breastfeeding. Each 
life stage was also analysed by gender and race/ethnicity. 
Supplements containing fish oil, cod liver oil, salmon oil, 
krill oil and DHA were referred to in this analysis as ‘LC 
omega-3 supplements’ and were identified from partici-
pants report of dietary supplement use in the past 30 days.

Serum LC omega-3 fatty acids reflect short- term (weeks 
to months) intake of dietary fat.27 28 To provide additional 
public health context to findings, comparisons were 
made to fatty acid concentrations (LC omega- 3s=2.49%), 
previously identified as approximately equivalent to DGA 
dietary recommendations of 250 mg/day of EPA and 
DHA.29 30 Comparisons were also made to serum fatty 
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acid concentrations associated with cardioprotection. 
Virtanen et al31 reported lower risk of atrial fibrillation; 
a common cardiac arrhythmia among participants with 
serum DHA ≥2.85%. Reduced risk of mortality, sudden 
cardiac arrest and other adverse cardiac events have 
been consistently associated with higher red blood cell 
(RBC) concentrations of EPA+DHA, also known as the 
Omega-3 Index.32 To compare serum NHANES data with 
the Omega-3 Index, an equation relating the RBC- based 
metric with plasma EPA+DHA concentrations was applied 
to calculate risk categories for cardiovascular disease.33 34 
This equation was chosen based on previous evidence 
that the fatty acid composition of serum and plasma is 
similar.35 Application of the equation resulted in the 
following Omega-3 Index categories: low risk >6.23%, 
intermediate risk 3.11%–6.23% or high risk <3.11%.

The following covariates were used to characterise the 
sample population: age, gender, race/ethnicity (Non- 
Hispanic White, Hispanic/Mexican- American, Non- 
Hispanic Black, Asian and other/unknown), and for 
adults: poverty income ratio (PIR; low: 0–1.85, medium: 
>1.85–3.50 and high: >3.50), education (< high school, 
high school and > high school), current smoking status 
(yes/no) and body mass index (BMI).

Sample sizes in the text and tables are unweighted. 
However, estimates for means, proportions, SE and 95% 
CIs were weighted using sampling weights for the fatty 
acid subsample. Variance estimate was determined using 
the Taylor series linearisation approach. Differences 
between groups were determined by linear regression at 
p<0.05. Statistical analyses were performed using survey 
procedures in STATA software V.14.2 (StataCorp, College 
Station, Texas, USA).

Patient and public involvement
Patients and the public were not directly involved in the 
design, conduct, reporting or dissemination of this study.

RESULTS
Demographic characteristics
A total of 2261 participants were included (table 1), 
47.6% were men, 52.5% were women; 41.8% were 3–19 
years of age; 58.2% were 20 years of age and older; 16.5% 
were Mexican American or Hispanic, 65.2% were non- 
Hispanic white, 12.1% were non- Hispanic black and 
4.55% were Asian. With respect to education, 5.36% had 
education below high school, 11.2% had a high school 
education, 63.7% had some college or higher education 
and 19.7% had education in between (more than high 
school). Among adults, 20.2% were current smokers; 
9.90% had low PIR, 32.7% had medium PIR and 66.3% 
had high PIR. The mean (SE) BMI among adults was 28.7 
(0.34) kg/m2. LC omega-3 supplement use was low, with 
only 7.3% (N=166) in the overall population reporting 
use in the prior 30 days.

Mean concentrations of omega-3 fatty acids
Mean serum concentrations of EPA, DHA and LC omega- 3s 
by age group are shown in table 2. Among children 3–19 

years, mean (SE) EPA, DHA and LC omega- 3s were 0.28% 
(0.01), 1.07% (0.02) and 1.75% (0.03), respectively. 
Among adults 20 and older, mean (SE) EPA, DHA and 
the sum of LC omega- 3s were 0.61% (0.02), 1.38% (0.05) 
and 2.43% (0.08), respectively. Concentrations of EPA, 
DHA and the sum of LC omega- 3s were all significantly 
lower (p<0.001) in children compared with adults. Mean 
(SE) concentrations of EPA, DHA and the sum of LC 
omega- 3s in early childhood were 0.26% (0.01), 1.01% 
(0.03), 1.65% (0.04); middle childhood: 0.29% (0.02), 

Table 1 Characteristics of study participants in the 
NHANES 2011–2012 fatty acid sample

Characteristics N (%)

Gender Male 1098 (47.6)

  Female 1163 (52.5)

Age group Children, 3–19 years 945 (41.8)

  Adults, 20 years+ 1316 (58.2)

  Early childhood, 
3–5 years

179 (2.40)

  Middle childhood, 
6–11 years

519 (6.52)

  Adolescents, 12–
19 years

247 (10.3)

  Adults, 20–55 years 818 (53.9)

  Seniors,>55 years 498 (26.9)

Race/ethnicity Mexican American/
Hispanic

605 (16.5)

  Non- Hispanic White 729 (65.2)

  Non- Hispanic Black 592 (12.1)

  Asian 265 (4.55)

  Other/unknown 70 (1.66)

Education adults <High school 121 (5.36)

  High school 182 (11.2)

  >High school 279 (19.7)

  Some college or above 734 (63.7)

Current smoking Yes 265 (20.2)

  No 1049 (79.8)

Poverty income ratio Low 0–1.85 20 (9.90)

  Medium >1.85–3.50 423 (32.7)

  High >3.50 712 (66.3)

BMI adults Mean, kg/m2 28.7 (0.34)

LC omega-3 
supplement use, N 
(%)

Yes 166 (7.30)

Sample sizes are unweighted, however, estimates for means, 
proportions and standard errors are weighted. Poverty to income 
ratio is defined as total family income relative to poverty guidelines. 
Long- chain (LC) omega-3 supplement use defined from self- 
reported supplement use (fish oil, cod liver oil, salmon oil, krill oil 
and DHA) in the prior 30 days.
BMI, body mass index; NHANES, National Health and Nutrition 
Examination Survey.
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1.09% (0.03), 1.78% (0.06) and adolescents: 0.29% 
(0.02), 1.08% (0.03) and 1.76% (0.04). Compared with 
adolescents, the sum of LC omega- 3s was lower in early 
childhood (p=0.03). Similarly, EPA and DHA tended to 
be lower in early childhood (p=0.06 and p=0.07). Mean 
(SE) concentrations of EPA, DHA and the sum of LC 
omega- 3s in adults 20–55 years old were 0.51% (0.02), 
1.29% (0.06), 2.23% (0.08), which were significantly lower 
than in seniors (all p<0.001): 0.79% (0.06), 1.56% (0.06), 
2.83% (1.00). The prevalence of LC omega-3 supplement 
use ranged from low use N=3 (1.21%) in adolescents to 
high use N=84 (16.9%) in seniors.

Mean serum concentrations of EPA, DHA and the sum 
of LC omega- 3s by life stage and gender are shown in 
online supplemental table 1 and by race/ethnicity among 
children and adults in online supplemental table 2. 
Among adults 20 and older, men had significantly lower 
serum concentrations of EPA (p=0.01), DHA (p<0.001) 
and the sum of LC omega- 3s (p<0.001) compared with 
women. When further examined by life stage, men consis-
tently had lower concentrations beginning with adoles-
cent men having significantly lower DHA concentrations 
than women (p=0.03). Additionally, men aged 20–55 and 
men >55 had significantly lower DHA and sum of LC 

omega-3 fatty acids than women of 20–55 (p=0.001 and 
p=0.01) and women >55 (p=0.03 and p=0.04). Race/
ethnicity differences between omega- 3s were similar 
among children and adults: relative to non- Hispanic 
white individuals, EPA was significantly lower in Mexican 
American/Hispanic individuals, DHA was significantly 
lower in non- Hispanic black individuals, and EPA, DHA 
and the sum of LC omega- 3s were all significantly higher 
among Asian individuals. Mean concentrations of EPA, 
DHA and LC omega- 3s are also shown in online supple-
mental table 3 by Institute of Medicine age categories 
to facilitate comparison with dietary recommendations. 
Reference concentrations of all 27 fatty acids additionally 
measured in the NHANES 2011–2012 cycle are shown in 
online supplemental table 4.

Mean (SE) serum concentrations of EPA, DHA and the 
sum of LC omega- 3s by pregnancy/breastfeeding status 
are shown in table 3. There was no statistical difference 
in the concentrations of EPA among pregnant/breast-
feeding women compared with among women of child-
bearing age (p=0.17). DHA and the sum of LC omega- 3s 
among pregnant/breastfeeding women who were not 
statistically different than those in women of childbearing 
age. LC omega-3 supplement use was reported by two 

Table 2 Mean serum LC omega-3 fatty acid concentrations (% of total fatty acids) by age group in NHANES 2011–2012

Age group Variable N Mean (SE) 95% CI P

Children* EPA 945 0.28 (0.01) 0.25 to 0.31 <0.001

3–19 years DHA 945 1.07 (0.02) 1.03 to 1.10 <0.001

Sum LC omega-3 945 1.75 (0.03) 1.68 to 1.83 <0.001

Adults EPA 1316 0.61 (0.02) 0.56 to 0.66 Ref

20 years+ DHA 1316 1.38 (0.05) 1.27 to 1.49 Ref

Sum LC omega-3 1316 2.43 (0.08) 2.28 to 2.59 Ref

Early childhood† EPA 179 0.26 (0.01) 0.24 to 0.27 0.06

3–5 years DHA 179 1.01 (0.03) 0.96 to 1.07 0.07

Sum LC omega-3 179 1.65 (0.04) 1.58 to 1.73 0.03

Middle childhood† EPA 519 0.29 (0.02) 0.24 to 0.34 0.99

6–11 years DHA 519 1.09 (0.03) 1.02 to 1.16 0.76

Sum LC omega-3 519 1.78 (0.06) 1.65 to 1.90 0.78

Adolescents EPA 247 0.29 (0.02) 0.25 to 0.32 Ref

12–19 years DHA 247 1.08 (0.03) 1.02 to 1.13 Ref

Sum LC omega-3 247 1.76 (0.04) 1.78 to 1.84 Ref

Adults‡ EPA 818 0.51 (0.02) 0.47 to 0.55 Ref

20–55 years DHA 818 1.29 (0.06) 1.18 to 1.41 Ref

Sum LC omega-3 818 2.23 (0.08) 2.08 to 2.39 Ref

Seniors EPA 498 0.79 (0.06) 0.67 to 0.92 <0.001

>55 years DHA 498 1.56 (0.06) 1.44 to 1.68 <0.001

Sum LC omega-3 498 2.83 (1.00) 2.62 to 3.04 <0.001

Comparisons are *children 3–19 years vs adults 20+years, †early childhood and middle childhood vs adolescents, and ‡adults vs seniors. 
Sum LC omega-3 represents EPA+DPA+DHA.
BMI, body mass index; DHA, docosapentaenoic acid; EPA, eicosapentaenoic acid; LC, long chain; NHANES, National Health and Nutrition 
Examination Survey.

https://dx.doi.org/10.1136/bmjopen-2020-043301
https://dx.doi.org/10.1136/bmjopen-2020-043301
https://dx.doi.org/10.1136/bmjopen-2020-043301
https://dx.doi.org/10.1136/bmjopen-2020-043301
https://dx.doi.org/10.1136/bmjopen-2020-043301


5Murphy RA, et al. BMJ Open 2021;11:e043301. doi:10.1136/bmjopen-2020-043301

Open access

(9.52%) pregnant/breastfeeding women compared with 
21 (6.03%) women of childbearing age.

The prevalence of individuals with concentrations 
below those approximately equivalent to the DGA recom-
mendations is shown in table 4 by gender and life stage. 
Overall, 95.5% of children and 68.3% of adults age 20 
years and older had LC omega-3 concentrations below 
2.49%, corresponding to intake of LC omega-3 recom-
mended by the DGA. The prevalence of those below the 
DGA recommendations ranged from 97.5% of women in 
early childhood to 52.3% of women seniors. Early child-
hood (age 3–5 years), middle childhood (age 6–11 years 
and adolescents (age 12–19 years), had the largest prev-
alence of low LC omega-3 concentrations, with 97.4%, 
94.8% and 95.5% of the population in these age groups 
below LC omega-3 concentrations (<2.49%) recom-
mended by the DGA, respectively. Figure 1 depicts the 
prevalence of participants with serum DHA and Omega-3 
Index in previously established risk categories.31 33 The 
vast majority of adults had DHA concentrations below 
that associated with lower risk of atrial fibrillation 
(2.85%): 97% of all adults, 98% of men and 96.2% of 
women. Among all adults, 88.7% of the population had 
an Omega-3 Index in the high cardiovascular risk cate-
gory, 10.4% of the adults were in the intermediate risk 
category and just 1.0% of the adults were in the low risk 
category. The prevalence of those with an Omega-3 Index 
in the low cardiovascular risk category ranged from a low 
of 0.34% of adult men to a high of 3.08% among senior 
women (online supplemental table 5).

DISCUSSION
This study is one of the few to provide information on refer-
ence concentrations of serum LC omega-3 (a biomarker 
of omega-3 nutritional status) in a large, nationally repre-
sentative sample of Americans from early childhood into 
later life. This is critical for providing benchmarking data 
on omega-3 status and tracking progress (or lack thereof) 
towards guidance from expert committees to increase 
intake and for the general public to consume 8 ounces 
per week of a variety of seafood, providing approximately 
250 mg of EPA and DHA per day.1 2 The mean EPA and 
DHA serum concentrations of 0.28% and 1.07% in chil-
dren (3–19 years), and 0.61% and 1.38% in adults (20 
years+), reflects the persistently low consumption of 
seafood and omega- 3s. Using estimates of LC omega-3 
concentrations approximately equivalent to the DGA 
dietary intake recommendations for EPA and DHA, 
nearly all children in the study, and over 68% of adults 
had serum LC omega-3 concentrations below those asso-
ciated with US Dietary recommendations for LC omega-3 
consumption. When further examined by life stage and 
demographics, several potentially vulnerable populations 
emerged that may warrant targeted promotion of EPA and 
DHA consumption; specifically early childhood (ages 3–5 
years), adult men, Mexican American/Hispanic individ-
uals and non- Hispanic black individuals tended to have 
particularly low serum concentrations of LC omega-3 
fatty acids. Pregnant and/or breastfeeding women also 
appear to be a population of concern as LC omega-3 fatty 
acid concentrations were similar to women of comparable 

Table 4 Prevalence, N (%) of EPA+DHA fatty acid concentrations <2.49%, which is approximately equivalent to DGA dietary 
recommendations for EPA and DHA intake by gender and age group in NHANES 2011–2012

Children, 3–19 years
Adults, 20 
years+ Early childhood Middle childhood Adolescents Adults Seniors

<2.49% EPA+DHA

All 880 (95.5) 856 (68.3) 168 (97.4) 488 (94.8) 224 (95.5) 593 (76.0) 263 (52.9)

Male 429 (96.6) 445 (72.4) 85 (97.3) 239 (94.7) 105 (97.6) 313 (80.7) 132 (53.7)

Female 451 (94.5) 411 (64.6) 83 (97.5) 249 (94.9) 119 (93.6) 280 (71.4) 131 (52.3)

DGA, Dietary Guidelines for Americans; DHA, docosapentaenoic acid; EPA, eicosapentaenoic acid; NHANES, National Health and Nutrition 
Examination Survey.

Table 3 Mean serum LC omega-3 fatty acid concentrations (% of total fatty acids) in women who were pregnant/
breastfeeding (N=21) and women of childbearing age (N=319)

Fatty acid

Pregnant/breastfeeding

95% CI for mean

Women of childbearing age

95% CI for mean PMean (SE) Mean (SE)

EPA 0.34 (0.07) 0.19 to 0.49 0.47 (0.03) 0.39 to 0.53 0.17

DHA 1.52 (0.08) 1.35 to 1.68 1.37 (0.07) 1.21 to 1.52 0.10

Sum LC omega-3 2.18 (0.15) 1.87 to 2.49 2.24 (0.10) 2.02 to 2.46 0.73

Sample sizes are unweighted, however, estimates for means and SE are weighted. Women of childbearing age are those, age 15–44 years.
DPA, docosapentaenoic acid; EPA, eicosapentaenoic acid; LC, long chain.

https://dx.doi.org/10.1136/bmjopen-2020-043301
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age despite recommendations for higher EPA and DHA 
consumption to support infant development.2

Adults, particularly seniors, had the highest concentrations 
of serum EPA, DHA and sum of LC omega- 3s, although only 
around one quarter of adults, and approximately half of 
seniors, had concentrations corresponding to DGA consump-
tion recommendations. However, these concentrations are 
not adequate for cardioprotection; less than 2% of seniors 
had an Omega-3 Index in the low cardiovascular disease 
risk category. The notably higher serum concentrations of 
LC omega- 3s in seniors >55 relative to adults 20–55 years 
mirrors findings from previous studies of LC omega-3 dietary 
intake15 17 that report higher intake and also greater use of 
omega-3 supplementation among seniors. Currently, there is 
no established Adequate Intake (AI) for EPA or DHA; the 
AI for alpha- linolenic acid for men and women is the same 
for those age 14 and older.36 However, epidemiological and 
physiological evidence suggests that older adults have an 

increased LC omega-3 requirement due to the ageing body, 
including brain atrophy and cognitive ageing,37 38 mobility, 
bone health and sarcopenia.39–41 Despite LC omega-3 
concentrations being highest in seniors, the implications 
with respect to adequacy to support the normal physiological 
processes underlying healthy ageing are unclear.

Our findings suggest similar DHA and sum of LC omega-3 
fatty acids between women who were pregnant and/or breast-
feeding and women of reproductive age. Both groups have 
potential implications for maternal health as well as for fetal 
and infant development. Omega- 3s, specifically DHA, are 
important for fetal and infant neuron and retinal membrane 
development in late pregnancy and early life, essentially the 
first 1000 days of life.9 42 43 Omega-3 intake requirements in 
pregnancy have not been established, however, recommen-
dations from a number of international organisations have 
been put forth14 and public health messaging on the impor-
tance of LC omega- 3s intake in maternal health has been 
promoted in recent years.13 DHA demands during pregnancy 
are higher due to diversion to the fetus, especially in the last 
trimester as the nervous system is rapidly developing, as well 
as expanded maternal cell mass and general requirements of 
the placenta.44 Pregnant women can become low in DHA if 
dietary intakes do not compensate for increased demands. 
Public health messaging has encouraged women to increase 
LC omega-3 intake, especially DHA through a variety of 
sources (low- mercury fish, and DHA found in supplements 
and fortified foods).10 However, the prevalence of LC omega-3 
supplementation in pregnant/breastfeeding women was just 
9.5%. In addition, it was found that serum EPA tended to 
be lower among pregnant/breastfeeding women, although 
not statistically significant, possibly reflecting the small 
sample size. This may have relevance for maternal health 
as epidemiologic evidence suggests that LC omega- 3s plays 
a role in prevention and/or treatment of neuropsychiatric 
diseases.45 In recent years, a number of systematic reviews 
and meta- analyses have concluded that LC omega-3 supple-
mentation with a higher EPA to DHA ratio, with at least 1 g 
of EPA, in conjunction with antidepressive therapy, may be 
more beneficial than either monotherapy alone.46–48 Associ-
ations with postpartum depression specifically are unclear, 
but warrant further investigation considering the prevalence 
of postpartum depression.49 The estimates for pregnant and 
breastfeeding women, met analytic and reporting criteria for 
NHANES,22 but nonetheless, the sample size was small and 
caution is warranted for interpretation of the findings. The 
findings are, however, consistent with a study of EPA and 
DHA intake in NHANES, which have pooled the samples 
across several cycles and found EPA and DHA intake in preg-
nant women did not differ from nonpregnant women in 
terms of being generally inadequate.17

A strength of this study is the measurement of LC omega- 3s 
in serum rather than estimates from dietary intake, which 
minimises error from self- reporting. However, serum fatty 
acids represent short- term dietary consumption27 28 and 
the results may, therefore, not reflect longer term status. 
The large population allowed us to examine reference 
concentrations for multiple life stages and demographic 

Figure 1 Comparison to long- chain omega-3 
concentrations from prior studies were used to approximate 
(A) the prevalence of participants with omega-3 
concentrations equivalent to omega-3 dietary intake 
recommendations by the DGA,30 (B) the lower range of the 
tertiles of serum DHA associated with lower risk of atrial 
fibrillation31 and (3) cardiovascular risk categories defined by 
the Omega-3 Index.33 34 DHA,docosapentaenoic acid; DGA, 
Dietary Guidelines for Americans.
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categories which was weighted to be nationally representative 
of the USA, although sample sizes for some subgroups, for 
example, pregnant and breastfeeding women were limited 
as described above. The present study provides the most 
contemporaneous data in the US nationally representative 
population, but 8–9 years has elapsed between biospecimen 
collection and the present study since the NHANES serum 
fatty acid data only became publicly available in 2020. It is, 
therefore, possible that concentrations reported herein 
differ from those currently in the USA. Data on dietary intake 
of EPA and DHA in pregnant women and women of child-
bearing age in NHANES 2001–2014 suggest slight increases 
in intake across 2- year survey periods.14 Unfortunately, it is 
not possible to assess trends in circulating LC omega-3 fatty 
acids as NHANES infrequently collects circulating fatty acid 
data. Fatty acids were last measured in plasma collected in 
the 2003–2004 NHANES cycle, which captured a different 
number of fatty acids (24 vs 30 in 2011–2012) and was 
limited to individuals age 20 and older.29 The absence of stan-
dardised guidelines or definitions of adequate or optimal 
serum LC omega-3 concentrations to support overall health 
also precluded our ability to provide inferences from these 
results. Further limitations include that Omega-3 Index 
risk categories were determined from an equation relating 
concentrations in RBCs to plasma, which may introduce bias 
in our estimates and the cross- sectional nature of NHANES 
limits the ability to study possible causal relationships and 
their resultant physiological function. Finally, serum concen-
trations of LC omega-3 fatty acids predominately reflect 
exogenous dietary intake due to very limited conversion of 
short- chain omega-3 fatty acids to LC omega-3 fatty acids.50 
However, polymorphisms that affect desaturase enzymes that 
convert alpha- linolenic acid to LC omega- 3s may also influ-
ence circulating LC omega-3 concentrations. The presence 
(or absence) of such polymorphisms may confound differ-
ences in LC omega-3 between demographic groups.

Conclusions
In conclusion, this study provides reference ranges on serum 
LC omega-3 fatty acids, a biomarker of status, across all life 
stages in a nationally representative population, information 
that until now, was critically lacking. The findings demonstrate 
overall low serum concentrations of LC omega-3 fatty acids 
including both EPA and DHA and the sum of LC omega-3 
fatty acids across all life stages. This data are supported by 
findings from previous dietary intake analyses.14–16 Owing to 
the role of LC omega- 3s in brain development, there is partic-
ular need for public health strategies aimed at increasing LC 
omega-3 intake in children and women of childbearing age 
including those who are pregnant, breastfeeding or looking 
to become pregnant. Based on life stages, gender and 
demographic factors, we demonstrate that children, males, 
Mexican American/Hispanic and non- Hispanic Black indi-
viduals have lower EPA and/or DHA serum concentrations 
than adults, females and non- Hispanic white individuals, 
respectively. This further demonstrates the need for public 
health awareness and action. LC omega-3 fatty acids play a 
critically important role in many aspects of human health 

across the lifespan. Healthcare practitioners need to ensure 
their patients are consuming enough LC omega-3 fatty acids 
in their daily diet, and if they are not, they need to consider the 
role of supplementation for their patients to ensure nutrient 
gaps are being met. Furthermore, there is an increased need 
for guidance and education for healthcare practitioners to 
ensure they are prepared to make recommendations needed 
that include specific ways to increase EPA and DHA intake for 
the entire US population, with particular attention to vulner-
able populations.
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