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Abstract 1 
The long-chain n-3 fatty acids eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) 2 

play a crucial role in health, but previous National Health and Nutrition Examination Survey 3 

(NHANES) analyses have shown that EPA and DHA intake in the United States is far below 4 

recommendations (~250-500 mg/d EPA+DHA). Less is known about docosapentaenoic acid 5 

(DPA), the metabolic intermediate of EPA and DHA; however, evidence suggests DPA may be 6 

an important contributor to long-chain n-3 fatty acid intake and impart unique benefits. We used 7 

NHANES 2003-2014 data (n = 45,347) to assess DPA intake and plasma concentrations, as 8 

well as the relationship between intake and plasma concentrations of EPA, DPA, and DHA. 9 

Mean DPA intake was 22.3 ± 0.8 mg/d from 2013-2014, and increased significantly over time (p 10 

< 0.001), with the lowest values from 2003-2004 (16.2 ± 1.2 mg/d). DPA intake was higher in 11 

adults (20-55 y) and seniors (55+ y) compared to younger individuals. In regression analyses, 12 

DPA intake was a significant predictor of plasma EPA (β = 138.5; p < 0.001) and DHA (β = 13 

318.9; p < 0.001). Plasma DPA was predicted by EPA and DHA intake (β = 13.15; p = 0.001 14 

and β = 7.4; p = 0.002), but not dietary DPA (p = 0.3). This indicates that DPA intake is not a 15 

good marker of plasma DPA status (or vice versa), and further research is needed to 16 

understand factors that affect the interconversion of EPA and DPA. These findings have 17 

implications for future long-chain omega-3 fatty acids dietary recommendations.    18 
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Introduction 19 

Long-chain n-3 fatty acids play a crucial biological role in health [1]. Regular intake of 20 

fish/seafood (providing ~250-500 mg/d of eicosapentaenoic acid [EPA] and docosahexaenoic 21 

acid [DHA]) is recommended by the American Heart Association (AHA) [2, 3], Academy of 22 

Nutrition and Dietetics [4], and in the 2015-2020 Dietary Guidelines for Americans (DGA)[5] to 23 

promote health and reduce the risk of cardiovascular disease (CVD) in the general population. 24 

Much less is known about docosapentaenoic acid (DPA), the metabolic intermediate of EPA 25 

and DHA. However, existing evidence suggests that DPA may also contribute to the health 26 

benefits attributed to EPA and DHA [6-8]. Based on these potential health benefits, it is 27 

important to assess the usual DPA intake of the US population compared to habitual EPA and 28 

DHA intakes.  29 

The majority of the population in the United States (US) consumes far less than the 30 

recommended amount of EPA and DHA [9-12].  For instance, an analysis of National Health 31 

and Nutrition Examination Survey (NHANES) data (2003-2008) found that in US adults the 32 

mean intake of EPA and DHA from foods was 20 mg/d and 60 mg/d, and 40 mg/d and 70 mg/d 33 

when accounting for foods plus supplements [9]. We previously reported that the mean total n-3 34 

fatty acid intake (including EPA, DHA, and EPA-equivalents accounting for potential conversion 35 

of alpha-linolenic acid and stearidonic acid) was 170 mg/d (NHANES 2003-2008) [10]. Even 36 

when accounting for the potential endogenous, albeit limited, conversion of shorter chain plant-37 

based n-3 fatty acids, over 90% of the study population (n = 24,621) consumed less than the 38 

recommended ~500 mg/d [10]. A recent analysis that included the most current NHANES cycles 39 

(2003-2014) also found similarly inadequate EPA and DHA intake [13].   40 

Much less is known about DPA consumption. A small number of studies in Australia [14-41 

16], France [17], the UK [18], Japan [19, 20], Norway [21], the Netherlands [22], and Belgium 42 

[23] have reported estimated mean DPA intake, with values ranging from 10 – 106 mg/d. These 43 
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analyses indicate that DPA may contribute an appreciable proportion of total long-chain n-3 fatty 44 

acid intake, depending on the population. For instance, in an analysis of the Australian 1995 45 

National Nutrition Survey (n = 13,858) median DPA intake (40 mg/d and 60 mg/d for women 46 

and men, respectively) accounted for 29% of the mean total long-chain n-3 fatty acid intake [14, 47 

24]. With regard to the US, DPA intake has been reported as part of What We Eat in America 48 

(WWEIA) since NHANES 1999-2000, with 10 mg/d reported for 1999-2000 (n = 8,604) and 20 49 

mg/d for each of the subsequent cycles in men and women 2 years and older [25-32]. However, 50 

these reports have been limited to mean intakes rather than deciles, and to our knowledge, no 51 

comprehensive analysis of DPA intake over this period has been published, particularly for 52 

specific age, sex, and race/ethnicity subgroups. Additionally, little is known about the 53 

relationship between dietary DPA intake and plasma concentrations of EPA, DPA, and DHA.   54 

The objective of the current analysis was to provide an updated and comprehensive 55 

assessment of DPA intake in the US using data from NHANES 2003-2014, as well as to 56 

compare this to EPA and DHA intake using the most recent data. Long-chain n-3 fatty acid 57 

intake (EPA, DPA, DHA, EPA+DHA, and EPA+DPA+DHA) from foods was analyzed for the 58 

total US population, and by age, sex, and race/ethnicity subgroups. We also evaluated the 59 

relationship between self-reported dietary intake and plasma concentrations of each fatty acid.  60 

Methods 61 

Six cycles of the National Health and Nutritional Examination Survey (NHANES; 2003-62 

2004, 2005-2006, 2007-2008, 2009-2010, 2011-2012, and 2013-2014) were used for the 63 

analysis. NHANES is a cross-sectional survey conducted by the National Center for Health 64 

Statistics (NCHS), under the Centers for Disease Control and Prevention, using a complex 65 

multistage probability sample that is designed to be representative of the national civilian US 66 

population [33].  Sampling weights were adjusted to account for multiple cycles. Males and 67 

females aged 1 year or older were included. Adult men with kilocalorie intakes per day <800 or 68 
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>8000 were excluded. Similarly, adult women with kilocalorie intakes per day <600 or >6000 69 

were excluded. Daily intake of eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), and 70 

docosahexaenoic acid (DHA) were calculated for the total US population and the following age 71 

groups: infants (1 – 5 years [y]), children (6 – 11 y), adolescents (12 – 19 y), adults (20- 55 y) 72 

and seniors (55+ y). Intake of n-3 fatty acids was reported as mg/d per 1000 kcal in order to 73 

account for differences in caloric intake according to age. Each of the age groups were also 74 

analyzed by sex. Intakes were also analyzed based on the following race/ethnicity groups: 75 

Mexican Americans, Hispanics, Non-Hispanic whites, Non-Hispanic blacks, and Other (including 76 

multi-racial). The combined sample included 45,347 individuals. 77 

As part of the “What We Eat in America” (WWEIA) component of the NHANES 78 

examination, trained dietary interviewers collected detailed information on all foods and 79 

beverages consumed by respondents in the previous 24-hour time period (midnight to 80 

midnight).  A second dietary recall was administered by telephone 3 to 10 days after the first 81 

dietary interview, but not on the same day of the week as the first interview. Average EPA, DPA, 82 

and DHA was calculated based on these two dietary interviews. If an individual did not complete 83 

the second dietary interview, data from only the first dietary interview was used. Using these 84 

averages, EPA + DHA and EPA + DPA + DHA were then calculated. The sum of EPA + DHA 85 

was considered missing only if both EPA and DHA were missing. Similarly, the sum EPA + DHA 86 

+ DPA was considered missing only if values for all three fatty acids were missing.  87 

Participants were also asked if they had taken a dietary supplement in the past 30 days, 88 

how long they had been taking it, how many days it was taken in the past 30 days, the amount 89 

that was taken on those days, and the reason(s) that they were taking it. Label information such 90 

as supplement name, manufacturer and/or distributor, serving size, form of serving size, and 91 

ingredients were recorded for each supplement reported by participants. For each supplement, 92 

the amount of EPA and DHA provided was obtained from the supplement label. When the EPA 93 

and DHA content was not specified on the supplement label, the EPA and DHA content was 94 
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imputed based on the proportion of EPA and DHA in the n-3 fatty acid-containing ingredient 95 

(i.e., 18% EPA and 12% DHA per 1 g of fish oil; 8% EPA and 10% DHA per 1 g of cod liver oil; 96 

and 8% EPA and 12% DHA per 1 g of salmon oil). Supplements containing fish oil, cod liver oil, 97 

salmon oil, krill oil, and DHA-only preparations were included in this analysis.   98 

Fatty acid concentrations were measured in a subset of NHANES 2003-2004 plasma 99 

samples (n = 1,845). Plasma samples were collected from adults ≥ 20 years of age following an 100 

8 hour overnight fast. Fatty acid concentrations were quantified using a modified version of the 101 

method described by Lagerstedt et al. [34]. In brief, a 100 µL plasma sample was spiked with a 102 

100 µL mixture of 11 internal standards (fatty acids labeled with stable isotopes) to account for 103 

recovery. Esterified fatty acids were hydrolyzed from lipids (e.g., triglycerides, phospholipids, 104 

and cholesteryl esters) using sequential treatment with acid then base. Following base 105 

hydrolysis, samples were re-acidified and total fatty acids were hexane-extracted from the 106 

matrix along with internal standards. Extracts were derivatized with pentafluorobenzyl bromide 107 

in the presence of triethylamine to form pentafluorobenzyl (PFB) esters and were reconstituted 108 

in hexane. PFB-fatty acid derivatives were injected onto a capillary gas chromatographic column 109 

to resolve individual cis-fatty acids of interest from other matrix constituents. Analytes were 110 

detected using electron capture negative-ion mass spectrometry. For each fatty acid, recovery 111 

was estimated and results were adjusted using the most appropriate isotopically-labeled internal 112 

standard. 113 

Statistical Analysis 114 

All statistical analyses were performed using SAS (version 9.4; SAS Institute, Cary, NC). 115 

Descriptive statistics and regression analyses were computed using SURVEYFREQ, 116 

SURVEYMEANS, and SURVEYREG, which account for complex survey design and sampling 117 

weight. The Rao-Scott chi-square test was used to assess the association between categorical 118 

variables. Continuous variables were compared using a regression model (SURVEYREG). For 119 

all tests, α was set at 0.05. 120 
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Results 121 

The demographic characteristics of the NHANES participants included in the present analysis 122 

are provided in Table 1.  123 

 

DPA intake in the US population 124 

The mean intake of EPA, DPA, DHA), EPA + DHA, and EPA + DPA + DHA is shown in Figure 125 

1. The values for EPA and DHA intake are reproduced from Thompson et al. [13] in order to 126 

compare those values to mean DPA intake. Mean DPA intake (19.0 ± 0.3 mg/d) was lower than 127 

that of EPA (32.6 ± 1.0 mg/d) and DHA (64.4 ± 1.5 mg/d). Even when accounting for DPA 128 

intake, total long-chain n-3 fatty acid intake (EPA+DPA+DHA; 106 ± 2.7 mg/d) was less than 129 

half the estimated amount provided by consuming 8 oz/wk of fish/seafood (~250-500 mg/d). 130 

Deciles of DPA intake for the total participant population and the subgroups of sex, age, and 131 

race/ethnicity are presented in Table 2. 132 

 

Changes in n-3 fatty acid intake over time  133 

Intake of EPA, DPA, DHA, EPA+DHA, and EPA+DPA+DHA changed significantly over the 11 134 

year period of data collection (main effect of time, p < 0.01; Figure 2). DPA intake increased 135 

significantly in later NHANES cycles, with the lowest mean intake observed during the 2003-136 

2004 cycle (16.2 ± 1.2 mg/d). During the 2013-2014 cycle, mean intake increased significantly 137 

to 22.3 ± 0.8 mg/d (p < 0.0001). Conversely, EPA intake decreased significantly from 2003-2008 138 

to 2011-2014 (p ≤ 0.04), and mean DHA intake decreased from 2005-2006 to 2011-2014 (p < 139 

0.01). In the most recent NHANES cycle (2013-2014), mean DPA intake was 22.3 ± 0.8 mg/d, 140 

whereas mean EPA and DHA intakes were 25.9 ± 1.6 mg/d and 56.2 ± 3.6 mg/d, respectively.  141 
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DPA intake by age, sex, and race/ethnicity 142 

DPA intake was significantly higher in men compared to women when intake was reported as 143 

mg/d (mean = 22.1 ± 0.4 mg/d vs. 16.1 ± 0.4 mg/d; p < 0.001), but this relationship was no 144 

longer present when DPA intake was adjusted for kcal intake. When interpreted as mg/d of fatty 145 

acid consumed per 1000 kcal, there was no significant difference between men and women for 146 

either DPA intake (p = 0.9) or total intake of EPA+DPA+DHA (p = 0.1). However, DPA intake 147 

was significantly different according to race/ethnicity and age (Table 3). With regard to 148 

ethnicities, mean DPA intake was highest in the “Other” category (including Asian and multi-149 

racial; 24.5 ± 1.4 mg/d), followed by African Americans (24.2 ± 0.7 mg/d). Regardless of sex, 150 

higher DPA intake was observed in adults (20-55 y) and seniors (55+ y) when compared to 151 

younger age groups, even when total caloric intake was accounted for.  152 

 

Dietary intake and plasma fatty acid concentrations 153 

Mean plasma concentration of EPA, DPA, and DHA was 50.7 ± 1.7 µmol/L, 44.2 ± 0.7 µmol/L, 154 

and 138.5 ± 4.0 µmol/L, respectively. Regression analyses demonstrated that plasma 155 

concentrations of EPA and DHA were predicted by the dietary intake of those fatty acids (Table 156 

4; p < 0.001). In contrast, DPA intake was a significant predictor of plasma EPA (β = 139; p < 157 

0.001) and DHA (β = 318.93; p < 0.001), but not plasma DPA (p = 0.3). Plasma DPA was 158 

predicted only by EPA and DHA intake (β = 13.15; p = 0.001 and β = 7.4; p = 0.002). There was 159 

no significant relationship between the dietary intake of EPA, DPA, or DHA and the plasma 160 

concentration of arachidonic acid (p ≥ 0.2). The plasma concentrations of all three n-3 fatty 161 

acids (EPA, DPA, and DHA) were significantly correlated with one another (p < 0.0001; data not 162 

shown). 163 
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Discussion 164 

This analysis of NHANES 2003-2014 data demonstrates that the average DPA intake in 165 

the US is very low, as is that of EPA and DHA. Even when accounting for DPA intake, the total 166 

daily long-chain n-3 fatty acid intake (defined as EPA + DPA + DHA) of the majority of the US 167 

population is well below the ~250-500 mg/d amount estimated to be provided by the amount of 168 

fish/seafood consumption recommended by the AHA [2] and the 2015-2020 DGA [5]. Similar to 169 

previous findings for EPA and DHA in this population [13], DPA intake was lower in women and 170 

younger age groups (< 19 y), even when adjusting for differences in caloric needs between age 171 

groups. This pattern of DPA intake was also found in Norway [21] and similar trends have been 172 

reported for EPA and DHA [9, 10, 13]. These differences may have implications for dietary 173 

recommendations and should be further explored. Notably, DPA intake significantly increased 174 

over time while EPA and DHA intake significantly declined. Consistent with existing evidence, 175 

strong correlations were observed between dietary intake of EPA and DHA, and corresponding 176 

plasma concentrations of these fatty acids. However, DPA plasma concentrations were 177 

correlated only with EPA and DHA intake, not DPA intake.  178 

Our findings about habitual DPA intake in the US may have important implications given 179 

emerging evidence regarding the bioactive role and potential health effects of DPA [6, 8].  In 180 

previous observational studies, plasma DPA has been inversely associated with total mortality 181 

[35], nonfatal myocardial infarction [36], and incident CVD in some ethnic groups [37]. Lower 182 

serum concentrations of DPA and DPA + DHA have also been associated with greater risk of 183 

myocardial infarction [38] and acute coronary events [39], respectively. Furthermore, inverse 184 

associations have been found for DPA and intermediate CVD risk factors, such as the 185 

inflammatory marker C-reactive protein [7, 40, 41]. Pre-clinical evidence suggests that DPA 186 

supplementation may have beneficial effects on triglycerides similar to those of EPA and DHA 187 

[6, 42]. Additionally, an inverse association between red blood cell (RBC) DPA and triglyceride 188 
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concentrations has been documented [7, 43]. Seal oil—a relatively rich source of DPA—has 189 

also been shown to reduce triglycerides in some populations [44]. Clinical DPA supplementation 190 

studies are needed to clarify these potential biological effects, but existing evidence suggests 191 

that the very low DPA intake (19 ± 0.3 mg/d) found in our analysis may have important 192 

implications for health.  193 

Relationships between dietary intake and plasma concentrations of EPA, DPA, and DHA 194 

may provide insights into the metabolism of DPA and its potential health effects. In this analysis, 195 

plasma EPA and DHA concentrations were both significantly predicted by the dietary intake of 196 

these fatty acids, which is consistent with the strong correlation between dietary intake and 197 

plasma concentrations found for EPA and DHA in prior studies [45, 46]. Conversely, plasma 198 

DPA was significantly related to the dietary intake of EPA and DHA, but not DPA. Similar results 199 

were found in the Nurses’ Health Study [47] and a study of men in Japan [19]. However, in two 200 

additional studies, dietary and plasma DPA levels were found to have a significant correlation in 201 

female participants [19, 48], which may suggest a potential sex-related difference in these 202 

associations. Because previous evidence has shown that DPA is metabolically active [6, 8], the 203 

lack of association between dietary and plasma DPA may indicate that DPA is metabolized to 204 

other compounds following consumption. For instance, DPA can be metabolized into a distinct 205 

family of specialized pro-resolving mediators [49-52], which could deplete plasma DPA 206 

concentrations. DPA may also serve as a biologic pool for EPA, as DPA supplementation has 207 

been shown to increase EPA concentrations in both cell-based [53] and clinical studies [54]. In 208 

the one clinical DPA supplementation study that has been conducted, DPA supplementation (8 209 

g/d for 7 days) significantly increased the proportion of both DPA and EPA in plasma 210 

phospholipids and triglyceride fractions [54]; however, it should be noted that this is a much 211 

larger amount of DPA than is consumed by the general population and may result in different 212 

blood concentrations than typical dietary intake levels. Additionally, supplementation with EPA 213 

(and EPA+DHA) increases RBC and plasma DPA concentrations [44, 55-59], indicating 214 
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potential inter-convertibility between EPA and DPA. It has been suggested that plasma EPA is a 215 

more readily available source of n-3 fatty acids than 22-carbon fatty acids, which that may be 216 

preferentially stored in specific tissue compartments [36, 56, 60]. If plasma EPA that is 217 

expended on cellular functions can be replenished with DPA, the health implications of this 218 

warrant further study. Additional DPA supplementation studies are needed to assess the 219 

potential relationship between dietary intake and blood concentrations, as well as aid in the 220 

interpretation and clinical significance of any such correlations.   221 

Compared to previous WWEIA reports of DPA intake, our results provide a more 222 

comprehensive assessment of DPA intake over a 12-year period, and analysis of changes in 223 

intake patterns over time. In NHANES 1999-2000, mean DPA intake was 10 ± 0.1 mg/d [25], 224 

whereas we found that the average daily intake from 2003-2014 was 19 ± 0.3 mg/d . Within the 225 

2003-2014 time period, DPA intake was significantly higher during 2009-2014 compared to 226 

2003-2008 (p ≤ 0.02). This is particularly notable given that EPA and DHA intakes significantly 227 

decreased over the aforementioned time periods. This may be due in part to the different food 228 

sources of EPA/DHA versus DPA. For instance, although fish/fish oil is the primary source of 229 

EPA and DHA, it provides relatively little DPA (~2-5% by weight [61]). DPA is found in greater 230 

concentrations amounts in red meat (e.g., beef and lamb) [24]. In Australia, Howe et al. found 231 

that while the primary food sources of EPA and DHA were fish/seafood products, the primary 232 

contributor to DPA intake was meat, poultry, and game (at 73%) [14]. We did not assess 233 

changes in the intake of these food categories, but it is possible that the changes in EPA, DPA, 234 

and DHA intake found in our analysis may reflect changes in food consumption patterns.  235 

Analyses of DPA intake in other countries demonstrate distinct variations in intake and 236 

provide valuable comparisons for our findings regarding US intake. Similarly low DPA intakes 237 

were found in the Netherlands (10 mg/d) [22], Belgium (25.3 mg/d)  [23], the UK (37.1 mg/d) 238 

[18], Canada (40 mg/d for men and 30 mg/d for women) [48] and one study in Japan (10 mg/d) 239 

[20]. However, it should be noted that much higher n-3 fatty acid intakes are typically found in 240 
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Japanese populations, which is consistent with the highest DPA intake (106 mg/d for men and 241 

85 mg/d for women) reported by Kuriki et al. [19]. Higher intakes were also reported in France 242 

(75 mg/d for men and 56 mg/d for women) [17], Norway (70 mg/d) [21], and Australia (71 mg/d) 243 

[14]. In Japan, France, and Norway, this may be due to a higher intake of oily fish (and thus 244 

higher EPA and DHA, as well). Higher DPA intake in Australia has been attributed to the 245 

consumption of meat, poultry, and game—which accounted for 73% of DPA intake and 43% of 246 

total long-chain n-3 fatty acid intake [14]. Although meat consumption is higher in the US than 247 

Australia, the higher DPA intake in Australia is likely due in part to the predominance of grass-248 

fed beef, which contains a greater proportion of DPA [14, 62] compared to grain-fed beef in the 249 

US. However, red meat may provide an alternative means of increasing DPA intake in the US 250 

given the consistently low intake of oily fish by the majority of the US population [9]. Numerous 251 

barriers may prevent individuals from following recommendations to regularly consume oily fish, 252 

including: personal preferences (e.g., ethical or environmental concerns, aversion to eating 253 

fish), unfamiliarity with seafood preparation and cooking methods, cost and/or availability in the 254 

local food environment, food allergies, a vegetarian or vegan dietary pattern, concerns about 255 

depleting fish stocks, and a perceived risk of pollutants. Red meat (e.g., beef and lamb) is the 256 

richest terrestrial source of DPA and is consumed more frequently than oily fish in the US. This 257 

may offer a potential means of increasing DPA intake in the US, but it should be noted that 258 

DPA-rich grass-fed beef [62, 63] may not be widely available and/or is more costly in the US. 259 

The potential benefits of increasing DPA intake via the consumption of red meat should be 260 

weighed with the negative impacts of consuming higher-than-recommended quantities. Current 261 

recommendations outlined by the US Department of Agriculture (USDA) Dietary Guidelines for 262 

Americans advise that red meat consumption should not exceed 26 oz-equivalents/wk and that 263 

saturated fat intake remain below 10% of total daily caloric intake [5].   264 

Taken together, our results provide a key assessment of US DPA intake relative to that 265 

of EPA and DHA, along with potential insights regarding the relationship between dietary intake 266 
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and plasma concentrations of EPA, DPA, and DHA. Similar to EPA and DHA intake, the general 267 

US population consumes very little DPA. However, DPA intake significantly increased during the 268 

2009-2014 period, whereas EPA and DHA intake significantly decreased. DPA intake differed 269 

significantly according to age and race/ethnicity in this study population. Additional analyses are 270 

needed to establish whether specific population subgroups may be more likely to have low 271 

intakes. Clinical supplementation studies are needed, but there is increasing evidence to 272 

suggest that DPA is a bioactive n-3 fatty acid with both independent and shared effects with 273 

EPA and DHA on health outcomes. In conjunction with previous findings, the relationships 274 

between dietary intake and plasma concentrations of EPA, DPA, and DHA in our analysis 275 

provide insight into the metabolism of DPA and potential inter-conversion of these fatty acids. 276 

Additional research is needed to further characterize DPA intake in the US and clarify potential 277 

implications for health outcomes.  278 

 

Strengths and Limitations 279 

This assessment was conducted using a large, representative sample of the US 280 

population and provides the first comprehensive assessment of DPA intake in the US. 281 

Furthermore, we analyzed changes in n-3 consumption patterns over time using 12 years of 282 

NHANES data. Age, sex, and race/ethnicity subgroups were also analyzed, but patterns of 283 

intake in these subgroups may vary in different populations/countries. The 24-hour dietary recall 284 

method is considered sufficient for accurately measuring mean dietary intake on the population 285 

level as it produces less systematic error and is less likely to alter eating behavior (compared to 286 

a Food Frequency Questionnaire), is less burdensome, relies only on short-term memory, and 287 

can overcome random error associated with day-to-day fluctuations in intake if days of the week 288 

are evenly represented in the data [64]. However, 24-hour recalls are not a reliable indicator of 289 

an individual’s habitual dietary intake (may miss days of fish consumption) and may be prone to 290 

self-reporting bias (e.g., underreporting intake). Additionally, Howe et al. found substantial 291 
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underreporting of the DPA content of foods in Australia prior to using an updated fatty acid 292 

composition database [14, 16]. Thus, the minimal DPA content in current USDA food 293 

composition tables may reflect similarly imprecise fatty acid data or true differences in the n-3 294 

fatty acid content of foods, such as grass-fed versus grain-fed beef [14]. However, if DPA intake 295 

is being underreported due to imprecise fatty acid databases, it is unlikely that the magnitude of 296 

this difference would substantially alter our primary finding that DPA intake (and total long-chain 297 

n-3 fatty acid intake) in the US remains far below recommended values. NHANES does not 298 

differentiate between the n-3 and n-6 forms of DPA; however, n-6 DPA content is much lower in 299 

most tissues [6] and likely would not alter our findings if the DPA values reported in WWEIA 300 

include both the n-3 and n-6 forms. Plasma fatty acid concentrations were only available from 301 

one NHANES cycle (2003-2004) and additional analyses are needed to confirm the 302 

relationships between dietary intake and plasma fatty acid concentrations observed in this 303 

sample.  304 
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Figure 1. Mean daily intake eicosapentaenoic acid (EPA), docosapentaenoic acid (DPA), 

docosahexaenoic acid (DHA), EPA + DHA, and EPA + DPA + DHA in the total NHANES 

population (n = 45,347). Values are means with standards errors represented by vertical bars. 

 

Figure 2. Change in n-3 fatty acid intake by NHANES data collection cycle, from 2003 to 2014. 

Values are means with standards errors represented by vertical bars.  



20 
 

Table 1. Characteristics of analyzed NHANES participants (n = 45,347)1 
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 n Mean (SE) 
Age (y) 45347 37.2 (0.3) 
Income ($1K per month) 42415 2.9 (0.04) 
Gender 

Male (%) 22056 48.5 
Female (%) 23291 51.5 

Race 
Mexican American (%) 9421 9.9 
Hispanic (%) 3627 5.0 
White (%) 18118 66.5 
Black (%) 10600 12.1 
Other (%) 3581 6.4 

Education 
< High School (%) 19047 32.2 
High School/GED (%) 6748 19.5 
> High School (%) 14025 48.3 

Pregnant 
Yes (%) 762 4.8 
No (%) 8381 92.1 
Do not know (%) 287 3.1 

Age group 
Infant (1-5) (%) 5495 6.9 
Child (6-11) (%) 5550 8.3 
Adolescent (12-19) (%) 8186 11.5 
Adult (20-55) (%) 15937 50.2 
Senior (56+) (%) 10179 23.1 
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Table 2. Deciles of DPA intake in the total US population and by sex, age, and race/ethnicity subgroups. 

 Mean Median Percentiles 
 10th 20th 30th 40th 50th 60th 70th 80th 90th 
Total population 19.0 ± 0.3 11.6 ± 0.2 0 ± 0.1 2.6 ± 0.2 5.6 ± 0.2 8.6 ± 0.2 11.6 ± 0.2 15.2 ± 0.2 19.6 ± 0.3 26.4 ± 0.4 40.1 ± 0.6 
Sex 

Women 9.5 ± 0.2 9.9 ± 0.2 0 ± 0.1 2.3 ± 0.2 4.9 ± 0.2 7.4 ± 0.2 9.9 ± 0.2 12.9 ± 0.2 16.5 ± 0.2 21.8 ± 0.4 33.5 ± 0.7 
Men 9.6 ± 0.2 14.1 ± 0.3 0 ± 0.1 3.1 ± 0.3 6.8 ± 0.3 10.3 ± 0.3 14.1 ± 0.3 18.2 ± 0.3 23.2 ± 0.3 31.3 ± 0.5 46.9 ± 1.1 

Race/ethnicity 
Mexican-American 9.4 ± 0.3 12.2 ± 0.4 0 ± 0.2 3.6 ± 0.5 6.3 ± 0.4 9.2 ± 0.4 12.2 ± 0.4 15.2 ± 0.5 19.9 ± 0.6 26.7 ± 0.8 39.2 ± 1.1 
Hispanic 11.4 ± 0.6 13.4 ± 0.5 1.0 ± 0.5 4.7 ± 0.5 7.5 ± 0.5 10.5 ± 0.5 13.4 ± 0.5 17.2 ± 0.5 21.7 ± 0.8 29.1 ± 1.2 45.5 ± 2.5 
Caucasian 8.6 ± 0.2 a 10.6 ± 0.3 0 ± 0.1 1.9 ± 0.3 4.8 ± 0.3 7.7 ± 0.3 10.6 ± 0.3 14.1 ± 0.3 18.1 ± 0.3 24.2 ± 0.5 37.1 ± 0.9 
African-American 11.6 ± 0.4 15.3 ± 0.4 0.8 ± 0.3 5.1 ± 0.3 8.4 ± 0.4 11.7 ± 0.3 15.3 ± 0.4 19.7 ± 0.4 24.9 ± 0.4 33.3 ± 0.6 49.4 ± 1.4 
Other 12.9 ± 0.6 13.9 ± 0.6 0.3 ± 0.1 3.7 ± 0.5 6.9 ± 0.5 10.4 ± 0.6 13.9 ± 0.6 18.4 ± 0.7 24.2 ± 1.1 33.3 ± 1.4 51.2 ± 2.5 

Age groups 
Infant (1-5 y) 5.3 ± 0.1 4.8 ± 0.2 0 ± 0.1 0.4 ± 0.1 1.8 ± 0.2 3.2 ± 0.2 4.8 ± 0.2 6.7 ± 0.3 8.6 ± 0.2 11.7 ± 0.4 16.9 ± 0.4 
Child (6-11 y) 6.4 ± 0.1 8.3 ± 0.3 0 ± 0.1 1.1 ± 0.3 3.6 ± 0.3 5.8 ± 0.3 8.3 ± 0.3 10.7 ± 0.3 13.6 ± 0.4 17.6 ± 0.4 25.7 ± 0.8 
Adolescent (12-19 y) 7.7 ± 0.2 10.5 ± 0.3 0 ± 0.1 2.0 ± 0.3 4.9 ± 0.3 7.7 ± 0.3 10.5 ± 0.3 13.6 ± 0.4 17.2 ± 0.4 22.5 ± 0.5 33.3 ± 0.8 
Adult (20-55 y) 10.4 ± 0.2 14.1 ± 0.3 0 ± 0.1 3.9 ± 0.3 7.3 ± 0.2 10.5 ± 0.3 14.1 ± 0.3 18.0 ± 0.3 22.9 ± 0.3 30.9 ± 0.6 46.6 ± 1.1 
Senior (55+ y) 11.0 ± 0.3 11.8 ± 0.3 0 ± 0.1 2.9 ± 0.3 6.0 ± 0.3 8.9 ± 0.3 11.8 ± 0.3 15.4 ± 0.4 19.4 ± 0.4 26.4 ± 0.6 41.7 ± 1.5 
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Table 3. Average intake of DPA and EPA+DPA+DHA by sex, race/ethnicity, and age group.1, 2 

 DPA EPA+DPA+DHA 
Sex   

Female 9.5 ± 0.2 60.3 ± 1.8 
Male 9.6 ± 0.2 57.4 ± 1.5 

Race/ethnicity3   
Mexican-American 9.4 ± 0.3 a 53.1 ± 2.2 a 
Hispanic 11.4 ± 0.6 a 67.9 ± 5.3 a 
Caucasian 8.6 ± 0.2 a 53.5 ± 1.4 a 
African-American 11.6 ± 0.4 b 70.5 ± 3.0 b 
Other 12.9 ± 0.6 b 95.1 ± 6.5 b 

Age group3   
Infant (1-5 y) 5.3 ± 0.1 a 28.4 ± 1.1 a 
Child (6-11 y) 6.4 ± 0.1 a,b 32.3 ± 1.5 a,b 
Adolescent (12-19 y) 7.7 ± 0.2 b 37.4 ± 1.5 b 
Adult (20-55 y) 10.4 ± 0.2 c 63.7 ± 1.7 c 
Senior (55+ y) 11.0 ± 0.3 c 77.6 ± 2.8 c 

1Different letters within the column indicate a significant difference between groups. 
2Reported as mg of fatty acid intake per 1000 kcal per day to adjust for differences in caloric 
needs among age groups. 
3p<0.001 for main effect of categorical variable on intake of DPA and EPA+DHA+DPA.  
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Table 4. Relationship between plasma fatty acid concentrations and self-reported dietary intake 

 β Coefficient (SE) R-Square P-value 
Plasma EPA (µmol/L)    

Dietary EPA (mg/d) 114 ± 26 8.9% <0.001 
Dietary DPA (mg/d) 139 ± 63 2.3% <0.001 
Dietary DHA (mg/d) 60 ± 19 6.8% <0.001 

Plasma DPA (µmol/L)    
Dietary EPA (mg/d) 13 ± 5 0.7% 0.001 
Dietary DPA (mg/d) 9 ± 8 0.1% 0.3 
Dietary DHA (mg/d) 7 ± 4 0.6% 0.002 

Plasma DHA (µmol/L)    
Dietary EPA (mg/d) 212 ± 31 8.6% <0.001 
Dietary DPA (mg/d) 319 ± 104 3.4% <0.001 
Dietary DHA (mg/d) 122 ± 27 7.6% <0.001 

Plasma arachidonic acid (µmol/L)    
Dietary EPA (mg/d) 76 ± 54 0.1% 0.2 
Dietary DPA (mg/d) 66 ± 101 0.1% 0.6 
Dietary DHA (mg/d) 36 ± 24 0.1% 0.3 

 


