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Abstract

Objective: Fish consumption influences a number of health outcomes. Few
studies have directly compared dietary assessment methods to determine the best
approach to estimating intakes of fish and its component nutrients, including
DHA, and toxicants, including methylmercury. Our objective was to compare
three methods of assessing fish intake.

Design: We assessed 30 d fish intake using three approaches: () a single question
on total fish consumption; (i) a brief comprehensive FFQ that included four
questions about fish; and (i) a focused FFQ with thirty-six questions about
different finfish and shellfish.

Setting: Obstetrics practices in Boston, MA, USA.

Subjects: Fifty-nine pregnant women who consumed =2 monthly fish servings.

Results: Estimated intakes of fish, DHA and Hg were lowest with the one-question
screener and highest with the thirty-six-item fish questionnaire. Estimated intake
of DHA with the thirty-six-item questionnaire was 4-4-fold higher (97 v. 22 mg/d),
and intake of Hg was 3-8-fold higher (1-6 v. 0-42pg/d), compared with the
one-question screener. Plasma DHA concentration was correlated with fish intake

assessed with the one-question screener (Spearman r=0-27, P=0-04), but . Keywords
not with the four-item FFQ (= 0-08, P=0-54) or the thirty-six-item fish ques- Dietary ussessT)iHK
tionnaire (= 0-01, P= 0-93). In contrast, blood and hair Hg concentrations were Fish
similarly correlated with fish and Hg intakes regardless of the assessment method FFQ
(r=0-35 to 0-52). Mercury
Conclusions: A longer questionnaire provides no advantage over shorter ques- Nutrition
tionnaires in ranking intakes of fish, DHA and Hg compared with biomarkers, but n-3 Fatty acid
estimates of absolute intakes can vary by as much as fourfold across methods. Pregnancy

Recent studies have examined potential influences of
dietary fish consumption for human health outcomes
including pregnancy complications, child neurodevelop-
ment and adult cardiovascular and neurological dis-
eases™”. Most attention has focused on the role of fish as
the primary route of exposure to methylmercury and also
as the primary dietary source of the essential long-chain
n-3 (omega-3) PUFA including DHA"?. Earlier studies
tended to examine associations of either Hg or 7-3 PUFA
exposure with health outcomes of interest (e.g. refer-
ences 3 and 4), but with this harm-only or benefit-only
approach it can be difficult to understand the net effect
of fish intake. More recently, consensus has grown that
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studies should include information on diet as well as
biomarkers of nutrients and toxicants to characterize best
the overall health effects of fish consumption®™? and
provide balanced public health guidance.

Estimating fish consumption accurately is important to
determining the proportion of women who are meeting
current guidelines for intake of DHA (>200 mg/d)'"
Hg (<0-1 pg/kg body weight per d)*# during pregnancy.
Investigators have applied many different methods of
assessing fish intake, including direct observation, food
records, 24h recalls and focused or comprehensive

and

FFQ. Additionally, instruments have included different
numbers of questions about fish intake, ranging from a
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single dichotomous measure to several dozen questions
about individual fish dishes or species"®>'®. Shorter
questionnaires confer less participant burden, but concern
exists that these brief questionnaires may be less valid
for assessing nutrient and contaminant intakes.

While studies often provide information regarding
validation of the method used, few have directly com-
pared methods to determine the approach best suited to
estimating intakes of fish and its component toxicants
and nutrients. Furthermore, these studies have focused
on associations of fish intake with either toxicants or
nutrients, but not both simultaneously>192”

At the baseline visit of a pilot randomized trial to pro-
mote healthful fish intake in pregnancy", we assessed
dietary fish intake using three approaches: (i) a single
screening question; (ii) an FFQ with four questions about
fish; and (iii) a detailed questionnaire with thirty-six
questions about different finfish and shellfish. Upon initial
review of our baseline data, we noted substantial differ-
ences in the estimates of fish, DHA and Hg intakes
ascertained using these three methods. Therefore, we
undertook analyses to compare these dietary assessment
methods and validate each against biomarkers of Hg and
1n-3 PUFA. We hypothesized that estimates of intake from
the longer, more detailed instrument would be more
strongly associated with biomarker concentrations.

Materials and methods

Study design
The present paper reports a cross-sectional analysis of
data collected at entry into a pilot randomized controlled
trial to promote consumption of low-Hg, high-DHA fish
in pregnancy®” (registered on clinicaltrials.gov as
NCT01126762).

Participants and procedures
In April to October 2010 we recruited women residing in
the greater Boston, MA area using advertisements posted
in local obstetrics practices, newspapers, parenting list-
servs and other locations likely to be frequented by
pregnant women (e.g. playgrounds, toy stores).
Interested women contacted us via telephone or email.
A research assistant interviewed respondents via tele-
phone to describe the study in detail, screen for eligibility
and collect demographic information. Eligibility criteria
for the randomized controlled trial (and also for the cur-
rent analysis) included age =18 years, singleton preg-
nancy, gestational age at enrolment <23 weeks and plans
to stay in the Boston area through delivery. Because we
were interested in targeting women with low fish con-
sumption for the parent randomized controlled trial,
whose goal was to increase intake of DHA from fish, we
included only women who reported consuming fish up to
two times per month, but who had no contraindications

https://doi.org/10.1017/51368980013001985 Published online by Cambridge University Press

E Oken et al.

to fish consumption such as allergy or self-restrictions
such as vegetarian diet. So that potential participants were
not aware of the study’s particular focus on fish, the
screening questionnaire also queried other components
of diet including intake of fruits and vegetables, dairy,
nuts and meat.

Of 288 respondents, 215 did not meet inclusion criteria,
most often because they reported consuming fish more
than twice per month (7 155, 72%) or were already at
least 23 weeks’ gestation (7 34, 16%). Only four women
declined participation, and another eight subsequently
became ineligible (by failing to schedule the baseline
study visit before 23 weeks’ gestation, having a mis-
carriage or learning of a twin gestation), leaving sixty-one
eligible participants.

At the baseline study visit, which we conducted in our
research offices in Boston or at the participants’ home or
office (mean 2-3 weeks after the screener was adminis-
tered), the research assistant obtained written informed
consent and administered an interview to collect infor-
mation on pregnancy history, health, sociodemographic
characteristics and diet. We also collected blood via
venepuncture for Hg and fatty acid analysis. We were
unable to obtain blood at baseline from two women
despite two attempts, and therefore include fifty-nine
women in the current analysis.

We queried the type, brand and frequency of all sup-
plements taken. We obtained blood via phlebotomy. We
then randomized women to a 12-week intervention to
promote consumption of low-Hg, high-DHA fish or
dietary advice not focused on fish. At the completion of
the baseline visit, we provided women with a $US 25 gift
card and a fabric shopping bag with the study logo. At a
follow-up visit 12 weeks after recruitment, we obtained
a full-length sample of hair from the occipital scalp.

The study was conducted according to the guidelines
described in the Declaration of Helsinki and all proce-
dures involving human subjects were approved by the
Harvard Pilgrim Health Care Human Subjects Committee.
All participants provided written informed consent.

Dietary measures
We assessed fish consumption in three ways. First, on the
screening telephone call the research assistant asked
women ‘During the past month, how many times have
you eaten the following foods?” and then separately
queried intake of vegetables, luncheon meats, nuts and
‘fish, including shellfish — please also include any canned
tuna, breaded fish products or shrimp’. We then asked
about food allergies, any other food restrictions (‘for
example, for religious or other reasons’), whether women
were vegetarian or vegan, and whether they would ever
eat fish (among other listed foods).

Second, at the baseline in-person study visit, we
queried diet using PrimeScreen, a brief FFQ that has been

comprehensively validated in non-pregnant adults®?,
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that includes twenty-one questions on diet during the
past 30 d, including four questions on intake of ‘canned
tuna fish’, ‘dark meat fish, for example mackerel, salmon,
sardines, bluefish or swordfish’, ‘other fish, for example
cod, haddock or halibut’ and ‘shrimp, lobster, scallops or
clams as a main dish’. Six response categories ranged
from ‘never’ to ‘nearly daily or daily’. These questions are
similar to those used in a longer semi-quantitative FFQ
(SFFQ) that has been extensively validated in pregnant
and non-pregnant adults and that we and others have
used to examine associations of dietary fish and long-
chain 7-3 PUFA intakes with a large number of health
outcomes (e.g. references 6, 7, 23-27). Differences are
that PrimeScreen is shorter (21 ». >100 questions) and
does not include a serving size of the food consumed.
Also we used a different time referent, i.e. 1 month v.
the 3 months or 1 year typically used in studies with the
full-length SFFQ.

Third, also at the baseline visit, we administered a fish-
focused FFQ that queried intake of twenty-five specified
types of finfish and eleven types of shellfish/bivalves.
We based our instrument on a thirty-two-item one used in
the National Health and Nutrition Examination Survey
(NHANES)®!?® that has been found to correlate with
Hg levels (r=0-54 for the association between quantity
of fish and shellfish eaten and blood total Hg), but
was not compared with blood fatty acid levels"'*. We
included an additional four fish types likely to be con-
sumed in our geographic area, based on our preliminary
research®”. We asked women to report the number
of times they had eaten each of the thirty-six fish types
during the previous 30 d. In addition, because the
NHANES instrument did not obtain information on
serving size'”| we also asked women to report the
number of ounces per serving of each type for which they
reported any consumption. We provided models for dif-
ferent servings sizes (e.g. 10z, 30z) to help women with
their estimations. We asked women who had reported
consumption of canned tuna whether they had eaten
white, chunk light or both.

Estimation of dietary DHA and Hg intakes

We estimated daily intake of DHA from supplements
based upon the dose and frequency of consumption.
If the woman provided information on the brand of
supplement but not the exact dose, we obtained DHA
concentration from the manufacturer. For women (7 5)
for whom we had information on DHA supplement
frequency but not dose or brand, we assigned the median
value of supplement DHA reported in the study popula-
tion (200 mg/dose). For each of the three methods of
dietary assessment, we calculated daily intake of DHA
(mg/d) from fish and from fish + supplements, and Hg
from fish (ug/d), as detailed below. We also calculated
intake of each per kg body weight per day, using self-
reported pre-pregnancy weight.
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For the thirty-six-item fish questionnaire, we estimated
concentration of DHA in each fish type using the US
Department of Agriculture’s nutrient database®” and total
Hg in the fish using data provided by the Food and Drug
Administration®” ] or from a publication by Groth®? for
fish types not included in the Food and Drug Adminis-
tration report. We multiplied the number of servings by
the reported serving size for each fish type and summed
intake across all fish consumed.

For the four PrimeScreen questions on fish, we iden-
tified weights for the different fish types included in each
of the groups using the thirty-six-item questionnaire
results. For example, ‘dark meat fish’ was 20 % anchovies,
1% mackerel, 64% salmon, 14 % sardines and 1% trout.
We assumed a 113 g (402) serving size for each of the
four groups, based on the response categories used in the
parent SFFQ from which we derived our instrument®*3%
For each serving, we assigned concentrations of DHA
(460 mg for canned tuna, 1406 mg for dark fish, 313 mg
for other fish and 232 mg for shellfish) and Hg (25-8 pg
for canned tuna, 2-2 pg for dark fish, 4-8 pg for other fish
and 2-4 pg for shellfish). As a secondary approach, we
also assigned DHA concentrations to each of the four fish
groups based on older reference data used by other
studies that assessed diet with a similar FFQ'7%>3>.

Finally, we used a similar approach to weight each of
the four fish categories and thereby estimate intakes of
DHA and Hg using the single question on fish intake
administered at the screening telephone call. Based on
responses to the PrimeScreen, we assigned proportions of
33 % canned tuna, 20 % dark meat fish, 22 % other fish and
259% shellfish to each fish serving, similar to what has
been done in other studies®”.

Bioassays

We refrigerated all blood samples immediately after col-
lection, and processed and stored them at —80°C within
24h. We collected and stored whole blood in trace
element-free tubes for Hg assay. We stored hair tied at the
proximal end in paper envelopes at room temperature.
We measured Hg in the proximal 3cm of hair, which
reflects Hg deposited approximately 30-120 d prior to
collection (the most recent 30 d growth remains below
the scalp). Hair is a recommended biomarker for esti-
mating the methylmercury dose received by the off-
spring’s brain®®, and hair Hg is strongly associated with
both maternal blood and cord blood organic Hg®”. Since
we collected hair at the follow-up visit (~ 12 weeks or
84d after the baseline dietary assessment), the hair Hg
content should have overlapped with the baseline dietary
assessment. We measured total Hg in whole blood and
hair using the Direct Mercury Analyzer 80 (Milestone Inc.,
Monroe, CT, USA). Using standard samples, the relative
standard deviation was 6-2% for blood (interlaboratory
study programme INSPQ, Laboratoire de Toxicologie,
Quebec, Canada) and 2:4% for hair (homogenized
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powdered hair; Institute of Geophysical and Geochemical
Exploration, Langfang, China). We detected Hg con-
centrations as low as 0-3 pg/g with a minimum sample
weight of 0-2g.

We centrifuged whole blood collected in lithium
heparin tubes at 2000 rpm (650g) at 4°C for 10 min and
stored plasma for fatty acid assay. Fatty acids were
extracted and quantified in a single run using GLC on a
fused silica capillary cis/trans column (SP2560; Supelco
Inc., Belefonte, PA, USA)P®. Peak retention times from
forty peaks and area percentage of total fatty acids were
identified by injecting standards (NuCheck Prep, Elysium,
MN, USA) and using Agilent Technologies ChemStation
A-08:03 software for analysis. With this method, the
minimum reliable normalized percentage area was 0-05 %
and the within-run CV for DHA was 41 %.

Data analysis
We calculated means and distributions for continuous
variables and proportions for categorical values. Because
all measures of fish and DHA intake were not normally
distributed, we determined Spearman correlation coeffi-
cients of the dietary intake estimates with each other and
with biomarkers of DHA and Hg. To evaluate discrepancies
in intakes of DHA and Hg from fish between the four-item
and thirty-six-item questionnaires, we used Bland-Altman
plots®”.

We performed all analyses using the statistical software
package SAS version 9-3.

Results

Among the fifty-nine women included in the present
analysis, mean age was 30-2 (sp 5-8) years, mean gesta-
tional age at recruitment was 17-1 (sp 3-8) weeks and
mean pre-pregnancy BMI was 25-6 (sp 6-0) kg/m?* The
study population was of diverse income, race/ethnicity
and educational attainment (Table 1). In Table 2 we
report intakes of fish for all of the consumption questions
we asked, i.e. the one-question screener, the four-item
PrimeScreen and the thirty-six-item fish questionnaire. We
also report the concentrations of DHA and Hg we used
for each question. The four individual fish types with
the highest mean monthly intake on the thirty-six-item
fish questionnaire were tuna, breaded fish, salmon and
shrimp (Table 2). One woman reported consuming shark,
which pregnant women are advised to avoid entirely
during pregnancy™”, and one reported consuming
mackerel, which may be either high or relatively low in
Hg, depending on the type and origin**4",

Mean estimated intakes of fish, DHA and Hg were
lowest with the one-question screener and highest with
the thirty-six-item fish questionnaire (Table 3). For
example, estimated intake of DHA with the thirty-six-item
fish questionnaire was 4-4-fold higher (97 v. 22mg/d),
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Table 1 Baseline characteristics of participants: fifty-nine pregnant
women enrolled in the Food for Thought Study, Boston, MA, USA,
April-October 2010

Characteristic Meanorn spor %
Age (years)* 30-2 5-8
Gestational age at baseline visit (weeks)* 171 3-8
Pre-pregnancy BMI (kg/m?)* 256 6-0
Marital status
Married 34 58
Single 14 24
Single, living with partner 11 19
Nulliparous 17 29
Race/ethnicity
White 28 47
Black 9 15
Asian 6 10
Hispanic 3 5
More than one race 13 22
Employment
Working full time 22 37
Working part time 8 14
Student/stay at home/not working 17 29
Looking for work 12 20
Annual household income ($US)
<40 000 22 37
40001-70000 13 22
70001-100000 10 17
100001-150000 6 10
=150001 6 10
Don’t know 2 3
Education
High school or less 8 14
Some college 17 29
College graduate 34 58
Smoking history
Smoked during pregnancy 7 12
Former smoker 11 19
Never smoker 41 69

*These data are presented as mean and standard deviation; all other data
are presented as number and percentage.

and intake of Hg was 3-8-fold higher (1-60 v. 042 pg/d),
compared with the one-question screener.

The Bland-Altman plot for intake of DHA showed that
most of the mean differences were positive, i.e. DHA intake
was consistently higher when reported via the thirty-six-
item questionnaire . the four-item instrument (Fig. 1).
Differences increased with greater mean DHA intake.
For Hg, however, the mean difference was substantially
closer to zero, suggesting that women both under- and
overestimated their Hg intake on the thirty-six-item ques-
tionnaire relative to the four-item questionnaire (Fig. 2).

By design, none of the women reported consuming >2
monthly fish servings on the screener, whereas twenty-
seven (46 %) of the same women reported >2 monthly
servings on the PrimeScreen and forty-nine (83 %) on the
thirty-six-item questionnaire. Accordingly, the proportion
of women who consumed the recommended 200mg
DHA/d from combined foods and supplements varied
by dietary assessment method: one-question screener
0%, four-question PrimeScreen 27 %, thirty-six-item fish
questionnaire 36 %. Correlations between pairs of dietary
assessment methods for total fish intake were highest for
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Table 2 Frequency of consumption of fish (including finfish and shellfish) assessed by three methods of dietary assessment, and the concentrations of DHA and mercury assigned to each type,
among fifty-nine pregnant women enrolled in the Food for Thought Study, Boston, MA, USA, April-October 2010

Amount consumed Frequency of intake
per serving (9)* (servings/month)*
No. of women Mean intake among DHA Hg
Types of fish reporting any intake Mean Range Mean Range all women (g/month)  (mg/100g fish)  (ng/g fish)
One-question screener
Total fish consumption by screener 41 113t - 1-6 1-2 126 497 0-092
Four-question PrimeScreen FFQ
Canned tuna fish 28 113t - 2:4 1-12 126 406 0-228
Dark meat fish 23 113t - 2:5 1-24 111 1240 0-020
Other fish 24 113t - 1-6 14 72 276 0-042
Shrimp & other shellfish 25 113t - 2:4 1-12 117 204 0-021
Total fish consumption by PrimeScreen FFQ 48 - - 4-6 1-36 426 - -
Thirty-six-item fish FFQ
Finfish
Anchovies 5 68 28-170 4-8 1-14 19 1292 0-017
Breaded fish products 16 136 57-227 2-2 1-4 77 303 0-021
Bass 3 122 85-170 1-7 1-2 11 458 0-152
Catfish 2 85 - 15 1-2 0 69 0-025
Cod 8 85 57-170 2:0 1-4 25 154 0-011
Flatfish 1 170 - 20 6 132 0-056
Haddock 10 156 85-199 14 1-3 38 109 0-055
Herring 0 - - - - 0 1105 0-084
Mackerel 1 57 - 20 - 2 699 0-050
Perch 1 85 - 1-0 - 1 186 0-121
Pike 0 - - - - 0 85 0-056
Pollock 0 - - - - 0 451 0-031
Porgy 1 170 - 1-0 - 6 273 0-137
Salmon 19 108 28-256 2:0 1-6 72 1457 0-022
Salt cod/bacalao 6 130 57-341 2:0 14 29 423 0-095
Sardines 6 91 28-142 25 1-5 25 509 0-013
Sea bass 0 - - - - 0 556 0-354
Shark 1 85 - 1-0 - 1 431 0-979
Swordfish 0 - - - - 0 772 0-995
Trout 1 57 - 1-0 - 1 677 0-071
Walleye 0 - - - - 0 288 0-065
Whitefish 2 57 - 1-0 - 2 1206 0-089
Other types of fish 7 111 28-170 1-1 1-2 14 130 0-013
Unknown type of fish 2 71 57-85 1-0 - 2 130 0-013
Tuna 27 139 28-227 1-6 1-4 106
Tuna, canned light - - - - - - 223 0-128
Tuna, canned white - - - - - - 629 0-350
Shellfish
Clams 17 111 28-341 1-4 1-3 51 146 0-009
Crab 5 74 28-85 1-6 1-2 11 093 0-065
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. ™ o0 the FFQ with the thirty-six-item questionnaire (Spearman
2558888 r=0-79, P<0-0001), modest for the FFQ with the
eecoocoo screener (0-51, P<0-0001) and lowest for the screener
with the thirty-six-item questionnaire (= 0-37, P=0-004).

Plasma DHA concentration was correlated with fish
et eoo intake assessed with the one-question screener (Spearman
AREIZZ | r=0-27, P=0-04), but not with the four-question
PrimeScreen (»=0-08, P=0-54) or thirty-six-item fish
questionnaire (7= 0-01, P=0-93). Correlations of plasma
DHA with DHA intake from fish were somewhat stronger
(Table 3), and even more so among the subset of women
who did not report consuming any DHA supplements
(data not shown) or when supplement intake was also
included in DHA intake estimates (Table 3). The ‘dark
meat fish’ question was the single PrimeScreen question
most strongly correlated with plasma DHA (r=0-22,
P=0-10) and salmon was the individual fish type most
strongly correlated with plasma DHA (r= 0-24, P=0-07).

In contrast to the plasma DHA results, blood and hair
Hg concentrations were correlated (7= 0-35 to 0-52) with
fish intake and estimated Hg intake from fish regardless of
the method of dietary assessment (Table 3). The shellfish
question was the PrimeScreen question most strongly
correlated with blood Hg (r=0-48, P=0-0001), and
clams (r=0-41, P =0-001) and lobster (0-32, P=0-01)
were the individual fish types most strongly correlated
with blood Hg. Blood and hair Hg levels were strongly
correlated with each other (= 0-81, P<0-0001), but less
so with plasma DHA (r=0-16, P=0-24 and r= 0-20,
P=0-26, respectively).

Intake of DHA from supplements was correlated with
plasma DHA (r=0-29, P=0-03), but not with Hg con-
centration in blood (r=—0-15, P=0-26) or hair
(r=—0-01, P=0-96). When we used intakes of DHA and
Hg per kg body weight per day instead of absolute intake,
correlations with all biomarkers were similar (data not
shown). Estimated DHA intake from the four PrimeScreen
questions was lower (47 mg/d) when we used a pub-
lished algorithm based on fish landing data‘®>> to assign
DHA concentrations to each of the four questions, instead
of the weights based on responses to the thirty-six-item
questionnaire in this population (69 mg/d), but the cor-
relation with plasma DHA was identical (= 0-14, P= 0-30).

Hg
(/g fish)
0-031
0-033

DHA
(mg/100 g fish)
451

Mean intake among
all women (g/month)
682

Range
1-4
-2
-2
1-2
1-4
1-2
0-32

Frequency of intake
(servings/month)*

1-6
8
2
-0
3
7
3

1
1

1

1

1
1.
67

Mean

Range
28-170
28-398
57-170
28-341
28-341
28-256

Amount consumed
per serving (g)*
6

147

136
28

119

119
96

Mean

VOOV ~AN O WO
— A

No. of women
reporting any intake
54

tFor the one-question screener and four-question FFQ we assumed a 1139 (4 0z) serving size.
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Table 3 Correlations of blood levels of DHA and mercury at baseline, and hair mercury at 12-week follow-up, with dietary intake of fish,
DHA and mercury among fifty-nine pregnant women enrolled in the Food for Thought Study, Boston, MA, USA, April-October 2010

Plasma DHA Blood Hg Hair Hg
Method of assessment Mean SD r Pvalue r P value r  Pvalue
Supplement questionnaire
DHA from supplements (mg/d, all 59 participants) 70 113 029 003 -0-15 026 —0-01 096
DHA from supplements (mg/d, 18 participants taking supplements) 228 74 0-27 0-28 0-14 0-59 0-00 0-99

One-question screener
Fish intake (servings/week)
DHA from fish (mg/d)
Hg intake (n.g/d)
Four-question PrimeScreen FFQ
Fish intake (servings/week)
DHA from fish (mg/d)
DHA from fish + supplements (mg/d)
Hg intake (ng/d)
Thirty-six-item fish FFQ
Fish intake (servings/week)
Fish intake (4 0z (113g) servings/week)
DHA from fish (mg/d)
DHA from fish + supplements (mg/d)
Hg intake (n.g/d)
Biomarkers
Plasma DHA (% of total fatty acids)
Whole blood Hg (n.g/l)

0-28 021 027 004 0-38
22 17 0-27 0-04 0-38
0-42 032 027 0-04 0-38

0-003 0-43 0-001
0-003 0-43 0-001
0-003 0-43 0-001

0-9 1-4 0-08 0-54 0-52 <0-0001 0-44 0-0008
69 186 0-14 0-29 0-39 0-002 0-42 0-001
138 205 0-33 0-01 0-08 0-44 0-21 0-13

125 247 -0-05 0-70 0-46 0-0002 0-42 0-002

3-2 3-3 0-01 0-93 0-46
1-4 1-7 0-03 0-80 0-46

0-0002 0-35 0-009
0-0002 0-32 0-02

97 117 0-14 0-30 0-46 0-0002 0-34 0-01
166 154 0-30 0-03 0-18 0-17 0-21 0-13
1-6 2.2 -0-07 0-60 0-48 0-001 0-40 0-003

19 05 100 -
14 11 016 024 100 -
0-81 <0-0001

1-00 -

Hair Hg (ng/g, n 54) 0-29 028 026 0-06
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Fig. 1 Bland—-Altman plot comparing DHA intake assessed by the four-item and the thirty-six-item FFQ among fifty-nine pregnant
women enrolled in the Food for Thought Study, Boston, MA, USA, April-October 2010

question on total fish intake and a comprehensive FFQ
with questions on sixteen different fish species to 1948
women living in coastal areas of Sweden. Fish con-
sumption assessed by the FFQ was about twice as high as
that assessed by the single question (8:2 ». 4-0 times/
month), but both were similarly correlated with hair Hg
(r=0-75 for both). Among twenty-seven adults in New
Hampshire, Rees et al*” examined associations of toe-
nail Hg concentration with three methods of dietary

https://doi.org/10.1017/51368980013001985 Published online by Cambridge University Press

assessment: a 3 d food diary focused on fish; an SFFQ
with four fish questions; and a detailed fish consumption
questionnaire. Total fish consumption from the four SFFQ
questions was the measure most strongly associated with
Hg (Spearman r= 0-48), whereas the other two dietary
assessment methods were poorly correlated (= 0-20 and
r=0-16) with toenail Hg. However, in contrast to our
findings, they observed higher fish intake assessed by
the SFFQ compared with the detailed questionnaire
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Fig. 2 Bland—-Altman plot comparing mercury intake assessed by the four-item and the thirty-six-item FFQ among fifty-nine

pregnant women enrolled in the Food for Thought Study, Boston,

(1:9 v. 1-2 servings/week)'”. The reason for this dis-
crepancy is not clear. Neither study estimated fatty acid
intake, or measured fatty acid biomarkers.

Among 135 Danish women assessed in the 30th week
of pregnancy, Olsen et al*” found that intake of marine
n-3 fatty acids estimated by three simple marine FFQ
was comparable with intake estimated by an elaborate
semi-quantitative dietary method involving an interview,
based on correlations with erythrocyte -3 fatty acid
concentrations. However, that study did not estimate
Hg intake or measure Hg levels, and did not compare
absolute intakes of fish or fatty acids assessed with
the different methods. In addition those results may
not be generalizable to a US population, as fish intake
patterns differ in Denmark v. the USA.

It is not surprising that we found somewhat higher
correlations of dietary estimates with biomarkers of Hg
compared with biomarkers of DHA. Fish is essentially the
only dietary source for methylmercury intake, although
exposure to inorganic Hg commonly occurs from dental
amalgams'"*?. In contrast, while fish is the predominant
food source for n-3 PUFA, other food sources include
eggs and poultry” | and also supplements as in the cur-
rent study. Also, shorter-chain 7-3 PUFA can be elongated
and desaturated to form DHA, which can be incorporated
into prostaglandins and other eicosanoids. Therefore
blood levels may reflect synthesis and metabolism as
well as intake™®. Furthermore, plasma fatty acid con-
centrations may be influenced by recently consumed
meals. Others have suggested that levels of environ-
mental contaminants, especially Hg, are in fact a better
biomarker for fish intake than levels of the long-chain
‘marine’ 7-3 fatty acids"®.
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Concentration of DHA in erythrocytes or adipose tissue
may better reflect longer-term intake of fish or 7-3 PUFA
compared with plasma“?. However, since the time referent
for all dietary methods used in our study was 30 d, and in
the parent trial we assessed change in intake over 12 weeks
in response to the experimental intervention, we thought it
appropriate to use plasma, a biomarker of shorter-term
exposure. In other studies, correlations of dietary fish and
DHA intake with erythrocyte levels of 7-3 PUFA were in the
range of 0-3-0-4%% similar to what we observed for
correlations of plasma DHA concentration with the screener
and for DHA from fish plus supplements using the other
two methods.

There are several limitations to the present study. All
women were pregnant and resided in the greater Boston,
MA area and thus the results may not be generalizable to
men or non-pregnant women or those living elsewhere.
However, the population was of diverse racial/ethnic and
socio-economic make-up. The small number of partici-
pants does not permit analysis by subgroup; however, in
previous work we did not find that fatty acid correlations
differed substantially by BMI or race/ethnicity®. By
design we limited recruitment to low fish consumers, i.e.
women who reported intake of =2 monthly fish servings
on the one-question screener, and therefore results may
not be generalizable to frequent fish consumers. Never-
theless, estimates of mean daily intake using the four-
question FFQ in our study were similar to those among
women of childbearing age in the nationally representa-
tive US NHANES for fish (15 2. 13g), DHA (68 v. 62 mg)
and Hg (13 v 1:2pu@™'™. The four individual fish
types (tuna, breaded fish, salmon and shrimp) with the
highest mean monthly intake on the thirty-six-item fish
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questionnaire are also the four most highly consumed
fish types in the USA®®. Also, mean blood Hg in our
population (1-4pg/D was similar to that in NHANES
(geometric mean 0-8ug/D'? and plasma DHA con-
centration (1-7 % of total fatty acids) was similar to that in
a large cohort of pregnant women also from Boston
(1-9% of total fatty acids)””. Therefore, despite the
inclusion restriction, our population had estimated fish
consumption that was similar to reference populations
not selected on the basis of fish intake.

The optimal method of assessing dietary fish intake
depends on the goal of the assessment. If the main pur-
pose is to rank individuals according to their intake of
fish, DHA or Hg, we find no evidence for an advantage of
more over fewer questions. To illustrate this point, a
recent publication found significant differences in levels
of Hg, lipids and inflammatory markers in children whose
fish consumption was characterized as yes v. no"®.
However, if the main purpose is to estimate actual intake
or intake above a given threshold, the answer is less clear,
in part because we did not administer a reference method
such as multiple-day 24 h recalls. It is possible that an
instrument containing more questions about a larger
number of fish types elicits a more accurate recall, or
alternatively that the many questions prompt over-
reporting of intake. Nevertheless, it is important to
recognize that the different methods yield such sub-
stantially different estimates — in this case, a more than
fourfold difference in mean DHA and Hg intakes between
the thirty-six-question and one-question versions — and a
difference of 83% v. 0% of women who reported eating
fish more than twice per month.

Analyses of NHANES data collected since 1999 have
used a 24h recall to generate nationally representative
estimates of daily intakes of fish, DHA and Hg"""'?. While
FFQ are generally more appropriate for ranking rather
than assessing absolute intake™, the similarity of both
estimated dietary intakes from the four FFQ questions
and biomarker concentrations in our study v. NHANES
suggests that a brief FFQ in a small sample provides
similar results to a 24h recall administered to a large
population. Collection and analysis of dietary recall data
is time-intensive and requires the expertise of a dietitian,
compared with FFQ which are brief, self-administered
and can be optically scanned>*®. However, as we did not
directly compare these two methods in the same popula-
tion, future work is needed to confirm the inference that an
FFQ can reasonably estimate absolute fish intake.

Conclusion

We found that a longer questionnaire provides no
advantage over shorter questionnaires in ranking intakes
of fish, DHA and Hg compared with biomarkers, but
estimates of absolute intakes can vary by as much as

https://doi.org/10.1017/51368980013001985 Published online by Cambridge University Press

1957

fourfold across methods. However, there still may be a
role for more detailed questionnaires to characterize the
relative contributions of different fish types to overall
intake. For example, prior studies that found beneficial
effects of maternal prenatal fish intake (assessed by FFQ)
for child neurodevelopment”” were criticized*®>® for
lacking detailed information about the types of fish con-
sumed, limiting the ability to provide advice to the public
based on the study findings. We recommend that brief
FFQ are the most appropriate instrument for estimating
relative and possibly absolute intakes of fish, DHA and
Hg. The inclusion of more detailed questions about types
and quantities of fish can inform generalization of study
results and contribute useful information to governmental
and other groups wishing to provide consumption advice
to the public.
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