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In order to assess nutritional adequacy, valid estimates of nutrient intake are required. Specifically, the EURopean micronutrient RECommen-

dations Aligned (EURRECA) Network of Excellence needs clear guidelines for assessing the validity of reported micronutrient intakes and

n-3 fatty acid (FA) intakes. The aim of the present study was to review the validity of methods used to measure the usual n-3 FA intake of a

population. A systematic literature search was conducted for studies validating the methodology used for measuring the dietary intake of n-3

FA. The quality of the validation studies and the quality of the different dietary assessment methods were assessed using scoring systems

developed by EURRECA. Fourteen papers, describing twenty studies, were identified for inclusion. According to the score system developed

by EURRECA, all the studies were ranked as average, except two that were ranked as poor. The correlation coefficients between FA in subcu-

taneous fat and dietary intake of n-3 FA from four FFQ, one weighed record and one 24-h recall ranged between 0·40 and 0·60. Correlations

between intake of n-3 FA from five FFQ, one dietary history and three weighed records and blood lipids were similar to the ones observed

for subcutaneous fat. The summarised quality of the n-3 FA estimates derived from the FFQ was judged as good or acceptable according to

the EURRECA scoring system. The literature describes subcutaneous fat as the best reference method, and the studies where this was used

had moderate correlation coefficients and no dietary intake method was superior to any other.

Omega 3 fatty acids: Dietary assessment methods

Nutritional epidemiological research has to deal with
measurement errors and inter- and intra-individual variabi-
lity, which are specific for each micronutrient. Public
health decisions must rely on valid and precise estimates
of micronutrient intake. There is a need to reach a consen-
sus about the best available methods for assessing micro-
nutrient intake at the population level. The European
project EURopean micronutrient RECommendations Aligned
(EURRECA) reviews all literature in regard to validation
of methods used to assess intake of micronutrients and n-3
FA. In this review of literature, dietary methods used to
assess intake of n-3 FA are presented. The effect of dietary
fats on health and disease has been of interest for many
decades. The various health benefits of consuming the
long-chain n-3 PUFA (LC n-3 PUFA), particularly eicosa-
pentaenoic acid EPA and docosahexaenoic acid (DHA),
have been reported widely(1). The LC n-3 PUFA are
obtained predominantly from fish, seafood, meat and
eggs(1) and in recent years from enriched food products
such as bread, milk, margarine and eggs(1). The aim of

the present paper was to review the validity of methods
used to measure the usual n-3 FA intake of a population.

Methods of this review

A systematic literature search was performed in December 2007
and March 2008. The literature search was conducted in
Medline OvidSP and EMBASE using the following terms:
‘fatty acids’; ‘assessment’; ‘correlat*’; ‘diet’; ‘energy’; ‘fish’;
‘history’; ‘marine’; ‘nutrient’; ‘oil’; ‘omega’; ‘omega-3’; ‘ques-
tionnaire*’; ‘recall’; ‘record’; ‘studies’; ‘validat’; ‘validation’
including MeSH-terms. In total, 5572 articles were selected
using Medline Ovid SP, while 1314 were identified from
EMBASE. A new search was conducted after new guidelines
from EURRECA using the search terms: ‘validity’ or ‘validation
study’ or ‘reproducibility’ or ‘replication study’ or ‘correlation
coefficient’ or ‘correlational study’ or ‘validity’/syn or ‘vali-
dation study’/syn or ‘reproducibility’/syn or ‘replication
study’/syn or ‘correlation coefficient’/syn or ‘correlational
study’/syn, in addition to those included of n-3 FA. The search
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was rerun in EMBASE, however, no further articles were
included from this search.

To find the articles included in this review, the following
exclusion criteria were used: (1) articles assessing exclusively
macronutrients and/or energy; (2) studies describing the con-
tent of nutrients in foods, additives or contaminants; (3)
studies in diseased or institutionalised persons exclusively;
(4) articles presenting reference values for food consumption,
nutrient intake, biochemical markers and anthropometric
measurements; (5) articles establishing associations between
food consumption, nutrient intake, biological variables, bio-
chemical markers and anthropometric measurements; (6)
studies relating diseases to food consumption or nutrient
intake; (7) intervention studies and other therapeutic studies
with nutrients or drugs related to the metabolism of these
nutrients; (8) calibration studies focusing only on statistical
methods; (9) studies evaluating the physiological effects of
foods, nutrients and in relation to their genetic determinants;
(10) studies in animals, written in other languages rather
than English, Spanish, French, Italian, Portuguese and those
without abstract in Pubmed. After reading the title or abstract
of all these (n 6886) articles, thirty-seven articles were left.
The literature lists in the selected papers were checked and
more articles were included. Last, we asked other experts to
suggest relevant papers. Two papers were identified after con-
sulting others (EURRECA). In total, fourteen articles were
included in the results, including twenty studies (sixteen vali-
dation studies and four calibration studies).

Methods used in the included studies

Validated dietary methods

Tables 1 and 2 show descriptive information of the selected
articles for this analysis. In the fourteen articles included in
the review, eleven different FFQ had been validated (some
articles present validation of more than one instrument)(1 – 9).
All the FFQ were designed to capture the usual diet, however,
the time period covered ranged from the habitual diet over the
last 3 months(9) or the last 12 months(6). Some questionnaires
specifically asked only about n-3 FA rich food(1), while others
covered the whole diet with 102–200 food items included
in the questionnaire(2,4 – 6,7,8,10). A dietary history question-
naire had been validated in one study(11). Weighed records
had been validated in four studies(8,12 – 14) and 24-h recalls in
one study(10).

Applied reference methods

Adipose tissue biopsy (subcutaneous fat). Adipose tissue FA
were determined using chromatography and calculating the
area under the curve for each of the FA. All the studies
using FA in tissue reported the same procedure with only
slight modifications(2,4,10,12).

Serum or plasma lipids. After extraction and isolation, the
serum/plasma phospholipids were quantified by GLC after
methylation(3,7,8,11,13,14). Some expressed the serum phospho-
lipids as mg FA/l serum(3), while most used percent of total
FA methyl esters(4,5,11,13) or both(7). For detailed descriptions,
refer to each particular study. T
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Table 2. Crude and adjusted correlations for dietary methods v. reference methods in the fourteen studies included in this review

Author n
Dietary method

which was validated Reference method Crude Energy adjusted

Hunter et al. (2) 118 FFQ 1 Subcutaneous fat EPA: 0·43*† EPA: 0·47†
Hunter et al. (2) 118 FFQ 2 Subcutaneous fat EPA: 0·48*† EPA: 0·47†
Andersen et al. (4) 119 FFQ Subcutaneous fat ALA: 0·42*†

EPA: 0·52*†
DPA: 0·39*†
DHA; 0·49*†

Knutsen et al. (10) 49‡/72 FFQ Adipose tissue (buttock) ALA: 0·29§/0,49k

Marckmann et al. (12) 24 3 £ 7-d weighed
food records

Subcutaneous fat EPA 0·40{
DHA 0·66†{

Knutsen et al. (10) 49‡/72 Eight different
24-h recall

Adipose tissue (buttock) ALA: 0·51/0·41k
EPA: 0·19/20·04k
DHA: 0·32/0·05k

ALA: 0·68†/0·62†k**
EPA: 0·23/20·05k**
DHA: 0·54†/0·06k**

Sullivan et al. (1) 53 FFQ Erythrocyte FA Total n-3 PUFA: 0·50*§
EPA: 0·40*§
DPA: 0·05*
DHA: 0·39*§

Sullivan et al. (1) 53 FFQ Plasma FA Total LC n-3 PUFA: 0·54*§
EPA: 0·54*§
DPA: 0·09*
DHA: 0·48*§

Hodge et al. (7) 4439 FFQ Plasma
phospholipid FA

Total n-3 §§: 0·31*
ALA: 0·07*
EPA: 0·18*
DHA: 0·4*

Total n-3: 0·57*††
ALA: 0·24*††
EPA: 0·40*††
DHA: 0·78*††

McNaughton et al. (8) 43 FFQ Plasma
phospholipid FA

Total n-3 0·38*§
ALA: 0·00*
EPA: 0·21*
DPA: 20·05*
DHA: 0·32*§

Hjartåker et al. (3) 234 FFQ Serum
phospholipid FA

EPA: 0·58*‡†
DHA: 0·53*‡†

Andersen et al. (4) 135 FFQ Serum FA ALA: 0·28*†
EPA: 0·51*†
DPA: 0·38*†
DHA; 0·52*†

Sasaki et al. (11) 42/44‡‡ DHQ Serum
phospholipids FA

ALA: 20·1/0·26‡‡{
EPA: 0·64/0·61†‡‡{
DPA: 0·00/0·17‡‡{
DHA: 0·46/0·46‡‡{§
Marine origin:
n-3: 0·48/0·58†‡‡{

ALA: 20·22/0·36
EPA: 0·64/0·65
DPA: 0·07/0·20
DHA: 0·44§/0·59†
Marine origin
n-3: 0·51†/0·69†

McNaughton et al. (8) 43 Weighed records Plasma
phospholipid FA

Total n-3 PUFA: 0·33*§
ALA: 0·09*
EPA: 0·22*
DPA: 0·25*
DHA: 0·43*§

Kuriki et al. (14) 94 7-d weighed record Plasma FA Only adjusted presented ALA: 0·35§/0·19‡‡
EPA: 0·57§/0·60‡‡†
DHA: 0·57§/0·3‡‡†
Adjusted for age

and BMI

Kobayashi et al. (13) 87 7-d food weighed
record £ 4 and £ 2
(in one area)

Serum
phospholipids FA

Total n-3: 0·66†{
ALA: 0·07{
EPA: 0·75†{
DPA: 0·49†{
DHA: 0·50†{

Total n-3 0·76†{§§
ALA: 0·09{§§
EPA: 0·89†{§§
DPA: 0·54†{§§
DHA: 0·61†{§§

Tokudome et al. (5) 79 FFQ 28-d weighed food
records

Total n-3: 0·34/0·30kk
ALA: 0·48/0·44kk
EPA: 0·25/0·26kk
DHA: 0·26/0·29kk

Total n-3: 0·27/0·22kk{{
ALA: 0·32/0·27kk{{
EPA: 0·39/0·32kk{{
DHA: 0·43/0·31kk{{

Paalanen et al..(6) 294 FFQ 3-d weighed records Total LC n-3
FA: 0·35/0·20‡‡

N. C. Øverby et al.S58
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Weighed records. Weighed records, whose number of
recording days ranged from 3 to 28 d, were used as reference
method in four studies(5,6,8,9).

Classification and quality score system. The studies were
classified into three different types of studies according to the
reference method used: (1) the reference was a dietary assess-
ment method, and the reference method assessed an intake of
,7 d; (2) the reference was a dietary assessment method, and
the reference method assessed an intake of .7 d; (3) the refer-
ence method was a biomarker. The studies that were classified
into groups 1 and 2 were referred to as calibration studies,
while the studies classified into group 3 were considered as
a validation study.

To assess the quality of the different calibration/validation
studies, a quality score system was developed(15). The studies
were scored according to sample size, statistics used, data col-
lection, if seasonality was considered and whether sup-
plements were included or not, and a total quality score was
calculated. All the studies were ranked as average according
to this quality score system, apart from two studies(12,14) that
were ranked as poor. These two studies(12,14) were not
included in the further judgement of the quality of the dietary
assessment methods.

When judging the quality of the dietary assessment
methods, evaluations were done for the FFQ and the weighed
records separately. No consideration was given to 24-h
recalls(10) and diet history questionnaire(11) because there
was only one validation study on each of these methods. For
the quality rating of the dietary method, summarised crude
and adjusted correlation coefficients were calculated according
to which reference method was used and which FA was pre-
sented (Tables 3 and 4). The crude correlation coefficients
(Rcrude) were calculated by adding all specific correlation coef-
ficients from each study and then dividing by the number of
studies included. The adjusted correlation coefficient
(Radjusted) was calculated by several steps: first, for each
study the correlations between the intake of a specific FA

and the reference method were multiplied with the quality
score of the specific study. Then these figures were summar-
ised and divided by the total quality score (adding the specific
quality score of the included studies). The summarised
adjusted correlation for each FA according to the reference
method used was classified into poor (r , 0·30), acceptable
(r 0·30–0·50), good (r 0·51–0·70) and very good (r . 0·70)
and this is presented in Figs. 1 and 2.

Results

Details of the fourteen papers selected for inclusion are given
in Table 1. In the presented studies, the numbers of partici-
pants varied from 24 to 4439. The age distribution ranged
from 19 to 75 years, with mean ages from 30 to 40 years.
In total, eleven different FFQ and the weighed records in
four different settings (varying number of days and season)
and one 24-h dietary recall were validated against subcu-
taneous fat, serum or plasma FA or other dietary methods.

Subcutaneous fat

Four different FFQ were validated against subcutaneous
fat(2,4,10). The crude correlation coefficients varied from 0·39
to 0·66 for a-linolenic acid (ALA), EPA and DHA. All the
correlations were significant. Hunter et al. (2) validated two
FFQ against subcutaneous fat. When adjusting the corre-
lations, a slight increase was observed for one FFQ, while
no changes were observed for the other (Table 2). Only
Andersen et al. (4) presented quartile agreement between
intake of FA measured with FFQ compared with FA in adi-
pose tissue, and found that men who consumed FA in the
highest quartile had adipose tissue levels that were signifi-
cantly higher than men who consumed FA in the lowest or
next lowest quartile(4).

Table 2. Continued

Author n Dietary method
which was validated Reference method Crude Energy adjusted

McNaughton et al. (8) 43 FFQ Weighed records 2 d
every 2nd month for
12 months

Total n-3: 0·39*§
ALA: 0·45*§
EPA: 0·40*§
DPA: 0·50*§
DHA: 0·52*§

Sullivan et al. (9) 45 FFQ Weighed records 3 d Total n-3 PUFA: 0·75*†
EPA: 0·64
DPA: 0·62
DHA: 0·72

FA, fatty acids; ALA, a-linolenic acid; DHQ, diet history questionnaire; LC, long chain.
* Spearman correlation.
† Significant at P,0·001.
‡ Marine intake of n-3 FA.
§ Significant at P,0·05.
kNon-Hispanic blacks/non-Hispanic whites.
{Pearson correlation.
** Corrected after attenuation correction factor.
†† Corrected for the reliability coefficients of FFQ and phospholipids.
‡‡ Men/women.
§§ Deattenuated with the within-to-between person variance ratio for intake of FA.
kkPearson/Spearman correlations.
{{Deattenuated, energy adjusted and log-transformed.
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One study validated weighed records (3 £ 7 d) against
subcutaneous fat(12). Crude correlations were given for EPA
(r 0·4) and DHA (r 0·66), with only DHA being significant.

Knutsen et al. (10) validated eight different 24-h recalls of
intake of ALA, EPA and DHA against subcutaneous fat.
They found high adjusted correlations of 0·68/0·62 (men/
women) for ALA, while the correlations for EPA and DHA
were lower (Table 2).

Blood

Five different FFQ were validated against erythrocytes,
plasma or serum(1,3,4,7,8). Sullivan et al. (1) validated FA esti-
mated from a FFQ against both FA from erythrocytes and
from plasma(1). For intake of total n-3 PUFA, EPA and
DHA estimated from the FFQ, the correlation coefficients
were higher when validated against plasma FA compared
with erythrocytes (n-3 PUFA, 0·54 v. 0·50; EPA, 0·54 v.
0·40; DHA, 0·48 v. 0·39); however, all the correlations were

significant(1). Andersen et al. (4), Hjartåker et al. (3) and
Hodge et al. (7) reported significant correlations of approxi-
mately 0·50–0·60 between dietary intake of EPA and DHA
estimated from the FFQ and concentrations of EPA and
DHA in serum or plasma. McNaughton et al. (8) observed a
lower correlation coefficient of both EPA (r 0·21) and DHA
(r 0·32), but only the last was significant. Hjartåker et al. (3)

also presented relative weight of EPA and DHA in serum
phospholipids according to quartiles of fatty fish filet fre-
quency consumption and reported significant increases in
serum phospholipids with increasing quartile of fatty fish
filet measured with the FFQ(3).

One dietary history questionnaire was also validated
against serum FA and high crude and adjusted correlations
were reported for intake of EPA (r 0·64) for men(11).
This questionnaire was self-administered and was somewhat
similar to a FFQ.

Three studies have validated weighed records (all with
seven or more days) against serum or plasma FA(8,13,14).

Table 3. Summary quality rating of the FFQ assessing different n-3
fatty acid intake according to reference method: short-term or long-term
dietary instruments or biomarkers (Rcrude and Radjusted* values)

FFQ n Rcrude Radjusted Classification

Biomarkers (reference method)
Total n-3 fatty acids 4 0·43 0·42 Acceptable
DHA 7 0·44 0·45 Acceptable
DPA 5 0·17 0·19 Poor
EPA 9 0·42 0·43 Acceptable
ALA 5 0·25 0·22 Poor

Long term (reference method .7 d)
Total n-3 fatty acids 2 0·36 0·36 Acceptable
DHA 2 0·40 0·40 Acceptable
DPA 1 0·52 0·52 Good
EPA 2 0·33 0·33 Acceptable
ALA 2 0·46 0·46 Acceptable

Short term (reference method ,7 d)
Total n-3 fatty acids 1 0·75 0·75 Very good
DHA 1 0·72 0·72 Very good
DPA 1 0·62 0·62 Good
EPA 1 0·64 0·64 Good

DPA, docosapentaenoic acid; ALA, a-linolenic acid.
*Radjusted: correlations between intake and the reference method were multiplied

with the quality score of the specific study. These figures were then totalled and
divided by the total quality score (sum of the specific quality score of the included
studies).

Table 4. Summary quality rating of the weighed records that assess
different n-3 fatty acid intake according to biomarkers (Rcrude and
Radjusted* values)

Weighed records n Rcrude Radjusted Classification

Biomarkers (reference method)
Total n-3 fatty acids 2 0·50 0·50 Acceptable
DHA 2 0·47 0·47 Good
DPA 2 0·17 0·19 Poor
EPA 2 0·69 0·69 Good
ALA 2 0·08 0·08 Poor

DPA, docosapentaenoic acid; ALA, a-linolenic acid.
*Radjusted: correlations between intake and the reference method were multiplied

with the quality score of the specific study. These figures were then totalled and
divided by the total quality score (sum of the specific quality score of the included
studies).

Fig. 1. Summary quality rating of the FFQ that assess different n-3 fatty

acids intake according to reference method: short-term or long-term dietary

instruments or biomarkers. B, Poor ,0·30; B, acceptable 0·30–0·50;

, good 0·51–0·70; A, very good .0·70. Correlation coefficient is adjusted

by study’ quality score.

Fig. 2. Summary quality rating of the weighed records that assess different

n-3 fatty acids intake according to biomarkers. B, Poor ,0·30; B, acceptable

0·30–0·50; , good 0·51–0·70. Correlation coefficient is adjusted by study’

quality score.
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Kobayashi et al. (13) presented a very high correlation co-
efficient for EPA, crude: r 0·75 and adjusted: r 0·89 and
also good correlations for DHA and total n-3 FA from
weighed records validated against serum FA. Kuriki
et al. (14) obtained adjusted correlations for dietary intake of
EPA measured with weighed records against plasma concen-
tration of EPA (r 0·57) and for DHA (r 0·57), while
McNaughton showed a correlation of 0·43 for DHA measured
with weighed records validated against DHA concentration
in plasma(8). All the three studies presented low correlations
for ALA(8,13,14).

Weighed records

Four FFQ were validated against weighed food records(5,6,8,9).
Tokudome et al. (5) and Paalanen et al. (6) showed non-signifi-
cant correlation coefficients between dietary intake of total n-3
FA from the two methods(5,6), while Sullivan et al. (9) obtained
significant correlations varying from 0·64 to 0·75 for total n-3
FA, EPA and DHA(9). McNaughton et al. (8) also presented
significant correlations (total n-3 FA, r 0·39; EPA, r 0·40;
DHA, r 0·52)(8), although somewhat lower than those
observed by Sullivan et al. (9).

Tokudome et al. (5) demonstrated the percentage difference
of FA intake estimated from 28 d of weighed records and a
FFQ. For total n-3 PUFA the average difference was 5 %,
for ALA 26 %, and for EPA 22 % and DHA 18 %, the last
two being significantly different(5). Paalanen et al. (6) pre-
sented the difference in the mean intakes measured with the
FFQ and the food records, and found that n-3 PUFA in the
FFQ were 149 and 188 % of what was observed with food
records for men and women, respectively(6). McNaughton
et al. (8) presented the agreements between the weighed food
records and the FFQ. For total intake of long-chain FA,
there was an exact agreement of 42 %. For EPA and DHA
the agreement was 42 and 51 %, respectively(8). Sullivan
et al. (9) presented quintile agreement between the FFQ and
the food records based on n-3 PUFA intakes, and found that
49 % were classified into the same quintile(9).

In Tables 3 and 4, the crude and adjusted correlation coeffi-
cients are calculated for the FFQ and the weighed records
according to the EURRECA scoring system. In addition to
the four studies already excluded from this quality rating
(the two studies ranked as poor, one study with a 24-h recall
and one study with a diet history questionnaire), two studies
had to be excluded because originally only adjusted corre-
lations were presented(6,14). The results from Tables 3 and 4
are depicted in Figs. 1 and 2. The adjusted correlations
between dietary intake of each FA and the FA from the refer-
ence method are presented according to reference method. For
each reference method, the summarised adjusted correlations
(Radjusted) for each FA were classified into poor, acceptable,
good or very good (see Method). The numbers of studies in
which the summarised crude and adjusted correlation were
based on differ according to the reference method category.
Figure 1 shows that the FFQ gave acceptable estimates for
total n-3 FA, EPA and DHA when using biomarkers as the
reference method. When using more than 7 d of records as
the reference method the same results were observed. Using
less than 7 d of records as the reference method the total
intake of total n-3 FA, EPA and DHA was rated as very

good and good, however, this only included one study.
Figure 2 shows that weighed records gave acceptable esti-
mates of total n-3 FA while estimates for DHA and EPA
were qualified as good.

Discussion

In this review, sixteen validation studies and four calibration
studies from fourteen papers were described. The newly
developed EURRECA scoring system was used to evaluate
the quality of the validation studies and the quality of the
estimates from dietary assessment methods.

In a validation study, the reference method used should
be as accurate as possible(4). A validation study is also
called a relative validation/calibration study, when one dietary
method is compared to another dietary method, most often
FFQ v. several days of food records. The limitations with
this approach are the considerable individual day-to-day vari-
ation, which reduces the possibility of obtaining a true
measure of usual intake with few recording days, as well as
reporting bias since both self-administered dietary assessment
questionnaires and dietary records are based on self-report-
ing(4). FFQ often report an overestimated intake of energy
and nutrients(6), while food records often underreport energy
intake and nutrients(16,17). An alternative to relative vali-
dations is biomarkers, whose primary advantage is that
these measurements are objective and that the sources of
errors for a biomarker and a dietary assessment method are
independent(4). PUFA are largely exogenic, meaning that
there is no synthesis of PUFA in the body and that intake
in diet and supplements are the major source, making the cor-
relations with biomarkers easier(7,18). There are several
choices of a biomarker for the measurement of LC n-3
PUFA, and those presented in this review were FA in adipose
tissue, erythrocytes and plasma. Adipose tissue FA are gener-
ally considered the best source of assessing long-term FA
intake(10,18). Erythrocytes may be a useful marker as they
can provide an indication of the previous 120-d intake of
LC n-3 PUFA(1). Plasma FA reflect intake of FA over the
past few days or more(7).

Most of the included studies have presented the corre-
lations. The correlation coefficients obtained from the
validation studies can reflect the capability of the method to
rank individuals according to FA intake.

Subcutaneous fat

FA estimated from four different FFQ(2,4,10), one weighed
record(12) and one recall(10) were validated against subcu-
taneous fat, which the literature describes as the best reference
method. The correlation coefficients observed in all the studies
were in the range 0·40–0·66 for ALA, EPA and DHA. Of the
studies using subcutaneous fat as the reference, the study by
Marckmann et al. (12) was ranked with a low quality score,
while the others were ranked with average scores. Marckmann
et al. (12) had a low score due to a small number of study
participants. In summary, none of the dietary methods vali-
dated against subcutaneous fat and presented here seem to
be superior than the others in relation to ranking the dietary
intake of n-3 PUFA.
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Blood

Dietary intake of n-3 PUFA estimated from five different
FFQ(1,3,4,7,8), one diet history questionnaire(11) and three
weighed record studies(8,13,14) was validated against FA in
serum, plasma or erythrocytes. Both FA in plasma, erythro-
cytes and serum are found to be good biomarkers of LC n-3
PUFA(1,3). The correlation coefficients observed between the
intake of FA measured by most FFQ(1,3,4), the diet history
questionnaire(1), one of the weighed records(14) v. FA in
blood parameters were at the same level (r 0·40–0·60). The
best correlation was observed in the study by Kobayashi
et al. (13) comparing the dietary intake of FA from weighed
records with FA in serum phospholipids (EPA, r 0·89). How-
ever, there was no clear tendency among the three studies
comparing FA from weighed records with FA in
blood(8,13,14) showing that this was the best way to measure
intake of n-3 FA.

All the studies validated against blood samples were quali-
fied as average except the one by Kuriki et al., which was
classified as poor. Most correlation coefficients from the
studies comparing dietary intake with FA in blood parameters
were in the same range as the ones observed for FA in adipose
tissue (r 0·40–0·60). There was one study with a lower corre-
lation(8) and one with a correlation higher than this range(13).
For ALA most studies presented low correlations between
dietary intake and blood parameters.

The estimation of summarised crude correlations and
adjusted correlations for all the validation studies of FFQ
using biomarkers as the reference method indicates that the
FFQ give acceptable values for total n-3 FA, EPA and
DHA. The summarised crude and adjusted correlations for
the two studies validating weighed records against biomarkers
indicate acceptable estimates for total n-3 FA, while the esti-
mates for EPA and DHA were good. As expected, the weighed
records seem to be superior to the FFQ in reference to estimat-
ing intake of EPA and DHA. However, it is important to
remember that only two studies were included for the weighed
records (Fig. 2), therefore it is difficult to reach strong
conclusions.

Weighed record

Four FFQ were validated against weighed food records(5,6,8,9).
All the studies were ranked as average according to the quality
score. The studies indicated that the FFQ overreported an
average intake of n-3 FA compared with weighed records.
Two of the studies presented a relatively good classification
and good correlation between the two dietary assessment
methods(8,9). Biomarkers were more accurate to rank indivi-
duals than different dietary methods. One limitation with
food records is that subjects are prone to underestimate
their food intake when they keep food records(16), and
that the true food consumption of n-3 FA most likely lies
somewhere between the weighed records and the FFQ
(see earlier Discussion).

The aim of this review was to evaluate the validity of
methods used to measure the usual n-3 FA intake of a popu-
lation. According to the systematic review, none of the dietary
assessment methods used to assess n-3 FA seem to be superior
to another. Most studies presented the correlation coefficients

ranging from 0·40 to 0·60. By using the summarised weighed
correlations suggested by EURRECA, it was indicated that the
quality of total n-3 FA, EPA and DHA intake estimated from
the FFQ was acceptable.

This review confirmed the view that the FFQ to assess n-3
FA should not be validated against another dietary method,
and that validation studies of dietary methods for measuring
intakes of n-3 FA could be improved.
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3. Hjartåker A, Lund E & Bjerve KS (1997) Serum phospholipid

fatty acid composition and habitual intake of marine foods

registered by a semi-quantitative food frequency questionnaire.

Eur J Clin Nutr 51, 736–742.

4. Andersen LF, Solvoll K, Johansson LR, et al. (1999) Evaluation

of a food frequency questionnaire with weighed records, fatty

acids, and alpha-tocopherol in adipose tissue and serum. Am J

Epidemiol 150, 75–87.

5. Tokudome S, Imaeda N, Tokudome Y, et al. (2001) Relative

validity of a semi-quantitative food frequency questionnaire

versus 28 day weighed diet records in Japanese female dieti-

tians. Eur J Clin Nutr 55, 735–742.

6. Paalanen L, Mannisto S, Virtanen MJ, et al. (2006) Validity of a

food frequency questionnaire varied by age and body mass

index. J Clin Epidemiol 59, 994–1001.

7. Hodge AM, Simpson JA, Gibson RA, et al. (2007) Plasma phos-

pholipid fatty acid composition as a biomarker of habitual diet-

ary fat intake in an ethnically diverse cohort. Nutr Metab

Cardiovasc Dis 17, 415–426.

8. McNaughton SA, Hughes MC & Marks GC (2007) Validation

of a FFQ to estimate the intake of PUFA using plasma phospho-

lipid fatty acids and weighed foods records. Br J Nutr 97,

561–568.

9. Sullivan BL, Brown J, Williams PG, et al. (2008) Dietary vali-

dation of a new Australian food-frequency questionnaire that

estimates long-chain n-3 polyunsaturated fatty acids. Br J

Nutr 99, 660–666.

10. Knutsen SF, Fraser GE, Beeson WL, et al. (2003) Comparison

of adipose tissue fatty acids with dietary fatty acids as measured

by 24-hour recall and food frequency questionnaire in Black and

N. C. Øverby et al.S62

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . IP address: 79.157.169.189 , on 13 Aug 2020 at 17:21:40 , subject to the Cam

bridge Core term
s of use, available at https://w

w
w

.cam
bridge.org/core/term

s . https://doi.org/10.1017/S000711450999314X

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S000711450999314X


White Adventists: the Adventist Health Study. Ann Epidemiol

13, 119–127.

11. Sasaki S, Ushio F, Amano K, et al. (2000) Serum biomarker-based

validation of a self-administered diet history questionnaire for

Japanese subjects. J Nutr Sci Vitaminol (Tokyo) 46, 285–296.

12. Marckmann P, Lassen A, Haraldsdottir J, et al. (1995) Bio-

markers of habitual fish intake in adipose tissue. Am J Clin

Nutr 62, 956–959.

13. Kobayashi M, Sasaki S, Kawabata T, et al. (2001) Single

measurement of serum phospholipid fatty acid as a biomarker

of specific fatty acid intake in middle-aged Japanese men. Eur

J Clin Nutr 55, 643–650.

14. Kuriki K, Nagaya T, Tokudome Y, et al. (2003) Plasma concen-

trations of (n-3) highly unsaturated fatty acids are good

biomarkers of relative dietary fatty acid intakes: a cross-

sectional study. J Nutr 133, 3643–3650.

15. Serra-Majem L, Frost Andersen L, Henriquez-Sánchez P, et al.

(2009) Evaluating the quality of dietary intake validation

studies. Br J Nutr 102, Suppl. 1, S3–S9.

16. Livingstone MB, Prentice AM, Strain JJ, et al. (1990) Accuracy

of weighed dietary records in studies of diet and health. BMJ

300, 708–712.

17. Black AE, Goldberg GR, Jebb SA, et al. (1991) Critical evalu-

ation of energy intake data using fundamental principles of

energy physiology: 2. Evaluating the results of published

surveys. Eur J Clin Nutr 45, 583–599.

18. Arab L (2003) Biomarkers of fat and fatty acid intake. J Nutr

133, Suppl. 3, 925S–932S.

Dietary assessment methods on n-3 fatty acids S63

B
ri
ti
sh

Jo
u
rn
al

o
f
N
u
tr
it
io
n

D
ow

nloaded from
 https://w

w
w

.cam
bridge.org/core . IP address: 79.157.169.189 , on 13 Aug 2020 at 17:21:40 , subject to the Cam

bridge Core term
s of use, available at https://w

w
w

.cam
bridge.org/core/term

s . https://doi.org/10.1017/S000711450999314X

https://www.cambridge.org/core
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S000711450999314X

