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Short Communication

The biomarker-based validity of a brief-type diet history
questionnaire for estimating eicosapentaenoic acid and
docosahexaenoic acid intakes in pregnant Japanese
women
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Objectives: Maternal docosahexaenoic acid (DHA) intakes is important for brain development in fetuses. Accu-
rate assessment of EPA and DHA intakes is required in clinical settings to identify women with deficiency of
these nutrients and provide an appropriate intervention for them. We examined the validity and reproducibility of
a brief-type self-administered diet history questionnaire (BDHQ) for evaluating EPA and DHA intakes of preg-
nant Japanese women, to establish an easily administered dietary assessment tool. Methods: A total of 105 wom-
en in the second trimester and 102 women in the third trimester were studied at a university hospital in Tokyo,
between November 2010 and February 2012. The reference values for the validation study were plasma concen-
trations of EPA and DHA. For the reproducibility study, 54 women completed the BDHQ twice, within a 4-week
period in the second trimester. Results: Energy-adjusted intakes of EPA, DHA, and EPA+DHA were significant-
ly associated with the corresponding plasma concentrations (r;=0.354, r,=0.305, and r,=0.327 in the second tri-
mester; 1,=0.391, r;=0.316, and r,=0.358 in the third trimester, respectively). Intraclass correlation coefficients for
the two-time BDHQ were 0.543 (EPA), 0.611 (DHA), and 0.581 (EPA+DHA). In the Bland-Altman plots, the in-
takes of EPA, DHA, and EPA+DHA in the two-time BDHQ showed that the values for most participants were in
the accepted range of agreement. Conclusions: BDHQ has an acceptable validity level for assessing EPA and
DHA intakes among Japanese women in the second and third trimesters.
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INTRODUCTION
The human brain is highly enriched in the long chain

A self-administered diet history questionnaire (DHQ),
which contains questions regarding 150 food and bever-

omega 3 fatty acid, docosahexaenoic acid (DHA) which
accumulates during fetal and postnatal development.'
Another long chain omega 3 fatty acid, eicosapentaenoic
acid (EPA) together with DHA have been implicated in
reducing the severity of depression in mothers.” Therefore,
these fatty acids have been the focus of recent research.
Intake of sufficient amounts of EPA and DHA is benefi-
cial for maintaining appropriate blood concentration since
a major part of EPA and DHA is sourced from foods.
However, insufficient intakes of EPA and DHA in most
pregnant Japanese women have been previously shown.**
At present, clinical assessment of EPA and DHA intakes
in routine pregnancy medical checkups is not conducted
in many general hospitals in Japan. This is because die-
tary assessments conducted by dietitians are expensive
and time consuming, and an easily administered dietary
assessment tool has not been established yet.

age items, was developed in Japan to assess dietary intake
over the previous month.” This DHQ has accepted validi-
ty and reproducibility with regard to EPA and DHA in-
takes among pregnant women without pregnancy-
associated nausea.” However, it is difficult to use this
questionnaire as an assessment tool in clinical settings as
it is highly time consuming. To address this problem, a
brief-type self-administered diet history questionnaire
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(BDHQ) was developed as a short version of the DHQ; ¢
this questionnaire takes only 10-15 minutes to answer. In
non-pregnant Japanese adults, the nutrient intake esti-
mates from the BDHQ show relatively high correlation
coefficients with those from a reference method.” How-
ever, for the BDHQ to be applied to pregnant women, a
separate validation study of the BDHQ specific to preg-
nancy is needed because most pregnant women are likely
to make a conscious change of their dietary habits for
themselves and their babies, and their dietary intake
would be affected by pregnancy-associated physical con-
ditions such as nausea and temporary change in appetite
and preference.’

The aim of the present study was to evaluate the rela-
tive validity of the BDHQ for estimating EPA and DHA
intakes in pregnant Japanese women by comparing these
with their corresponding plasma concentrations. We also
compared EPA and DHA intakes estimated from two-
time BDHQ to assess its reproducibility. If the BDHQ is
utilizable during pregnancy, it might facilitate routine
nutritional assessment in clinical settings of Japan.

Material and Methods

Participants

This validation study was conducted at a university hospi-
tal in Tokyo between November 2010 and March 2012.
Healthy Japanese women with single pregnancies were
surveyed at 19-23 weeks of gestation and 35-36 weeks of
gestation. The women at 19-23 weeks of gestation were
recruited for this validation study at their routine antena-
tal medical checkups during their second trimester. The
women at 35-36 weeks of gestation were recruited when
they were at 19-23 weeks of gestation to participate in our
other longitudinal study. To avoid participants’ burden,
patients with hypertension, diabetes, or psychiatric disor-
der were excluded. In addition, women aged <20 years,
those with poor reading ability in Japanese, and those
who took supplements including EPA and DHA were
also excluded.

To identify the accurate week of pregnancy gestation,
all participants underwent ultrasonography at 8-12 weeks
of gestation. All participants were provided with detailed
information about the study protocol, and each gave writ-
ten informed consent. The research ethics committee of
the Graduate School of Medicine at the University of To-
kyo approved the study procedures (No. 3197).

Participants answered questionnaires, including the
BDHQ, while waiting for a medical checkup at 19-23
weeks of gestation or 35-36 weeks of gestation. Non-
fasting blood samples were drawn during the routine
blood tests of normal pregnancy-related health examina-
tion. Participants answered questionnaires either on the
same day as their blood sample collection or within a 7-
day period after the sample collection.

To assess the reproducibility of the BDHQ, pregnant
women at 15-19 weeks of gestation were recruited be-
tween November 2010 and March 2011. These partici-
pants completed the BDHQ twice during their second
trimester, once at recruitment and again, 4 weeks later.

Diet history questionnaire
The BDHQ, a short version of the DHQ, was designed to

assess dietary intake over a month.® The DHQ is a 22-
page semi-quantitative questionnaire that assesses dietary
intake on the basis of the reported consumption frequency
and portion size of 150 food and beverage items. The
questionnaire takes 30-40 minutes to answer. In contrast,
the BDHQ is a 4-page fixed-portion questionnaire that
assesses dietary intake on the basis of the reported con-
sumption frequency of 58 different food and beverage
items. It takes only 10-15 minutes to answer. Most food
and beverage items were selected from the food list of the
DHQ as these items are commonly consumed in Japan.
Standard portion sizes for women were derived from the
primary data provided by the National Nutrition Survey
of Japan and various recipe books for Japanese dishes.®
The BDHQ includes questions regarding not only fre-
quency of consumption of the selected foods, but also the
usual cooking methods and general dietary behavior.

The EPA and DHA intakes were calculated from the
six options for fish consumption: “squid, octopus, shrimp,
and clam,” “small fish with bones,” “dried fish and salted
fish,” “canned tuna,” “oily fish,” and “lean fish.” The
seven frequency responses to each item listed ranged
from “more than twice per day” to “almost never.” Esti-
mates for energy, EPA, and DHA intakes were based on
the Japanese Standard of Food Composition Tables.” We
calculated energy-adjusted intakes of EPA, DHA, and
EPA plus DHA by the density method, as using energy-
adjusted values of nutrients is recommended in epidemio-
logical studies to reduce intra-individual measurement
errors.

We excluded participants who reported an extremely
unrealistic energy intake from the analysis (i.e., a reported
energy intake of less than half the energy requirement for
the lowest physical activity category or more than 1.5
times the energy requirement for moderate physical activ-
ity, according to the “Dietary Reference Intakes for Japa-
nese”).'*"!

In a previous study with non-pregnant Japanese women,
the correlation coefficients between energy-adjusted in-
takes from the BDHQ and the corresponding serum phos-
pholipid concentrations were r=0.33 for EPA, r=0.27 for
DHA, and r=0.31 for EPA plus DHA, respectively.'?

Biological markers

Within 8 hours of collection, blood samples were centri-
fuged for 10 minutes at 3,000 rpm to separate plasma.
The plasma samples were stored at —80°C until analysis.
The samples were measured within 6 months of collec-
tion. EPA and DHA concentrations were assayed using
gas chromatography. The reference values for plasma
EPA and DHA concentrations are 11.6-107.2 ug/mL and
48.6-152.4 ng/mL, respectively. Assays were conducted
at the Mitsubishi Kagaku Bio-Chemical Laboratories,
Tokyo, Japan.

General questionnaires and data processing

We collected demographic and lifestyle information in-
cluding age, gestational age, smoking status, and supple-
ment use with a self-administered questionnaire. Partici-
pants were also asked if they had pregnancy-associated
nausea in the previous month. Pre-pregnancy body mass
index (BMI) was calculated from self-reported
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pre-pregnancy weight and height. The BMI was classified
according to World Health Organization criteria: under-
weight (BMI <18.5 kg/m*), normal weight (BMI=18.5—
24.9 kg/m?), and overweight or obese (BMI >25.0 kg/m?).

Statistical analyses

We assumed the level of validity between the estimated
intakes provided via the BDHQ and the corresponding
plasma concentrations, with 80% power and a 5% signifi-
cance level. A sample size of more than 85 was required
to detect a minimally acceptable level of r=0.30." Asso-
ciations between intakes and plasma concentrations of
EPA, DHA, and EPA plus DHA were analyzed using
Spearman’s rank correlation coefficient.

We calculated the intraclass correlation coefficients
(ICCs) of EPA, DHA, and EPA plus DHA intakes esti-
mated from the two-time BDHQ. The calculations were
performed after log-transformation of the intake data be-
cause of the right-skewed distribution. Bland-Altman
plots were used to illustrate the difference between the
two-time BDHQ against the mean intakes of EPA, DHA,
and EPA plus DHA by the two-time BDHQ. The upper
and lower lines represented the upper and lower 95% lim-
its of agreement (mean difference£1.96 SD).

Statistical analyses were conducted using Statistical
Package for Social Sciences for Windows, version 15.0
(SPSS Japan Inc.). All statistical tests were two-tailed.
Values of p<0.05 were considered statistically significant.

Table 1. Characteristics of participants

RESULTS

Validation study

Of the 147 women recruited for the validation study in
the second trimester, 131 (89.1%) provided written in-
formed consent. We excluded 26 women for the follow-
ing reasons: 9 had missing data; 9 had insufficient blood
collection; 2 had a severely under-reported energy intake,
and 6 took DHA supplements. Our final analysis was
therefore conducted using data from 105 healthy pregnant
women in the second trimester (71.4%). Of the 140 wom-
en who met the inclusion criteria for the validation study
of the third trimester, 38 women were excluded for the
following reasons; 12 had missing data; 13 had insuffi-
cient blood collection; 5 had a severely under-reported
energy intake, and 8 took DHA supplements. Our analy-
sis in the third trimester was conducted using data ob-
tained from 102 healthy pregnant women (72.8%).

Table 1 shows the characteristics of the participants.
The mean age was 34.7 years in the second and third tri-
mesters. Twenty-nine participants (27.6%) in the second
trimester and 38 (37.2%) in the third trimester reported
having pregnancy-associated nausea. The median (inter-
quartile range) daily intakes of EPA and DHA were 165
(101-262) mg/day and 297 (195-452) mg/day in the sec-
ond trimester and 174 (121-252) mg/day and 316 (227-
432) mg/day in the third trimester, respectively. Sixty-two
participants (59.0%) in the second trimester and 53
(51.2%) in the third trimester had EPA plus DHA intake

Validation study

Second trimester

Reproducibility

Third trimester study (n=54)

(n=105) (n=102)

Age (years), mean (SD) 34.7 (4.1) 34,7 (4.4) 34.6 (3.6)
Parity: Primigravida, n (%) 71 (68) 55 (54) 35 (65)
Education, n (%)

High school 7 (7) 10 (10) 6 (11)
Junior or technical college 44 (42) 41 (40) 19 (35)
College or university 54 (51) 51 (50) 29 (54)
Household income (Japanese yen/year), n (%)

<5,000,000 12 (11) 19 (19) 9 (17)
5,000,000 - 9,000,000 52 (50) 43 (42) 27 (50)
>9,000,000 41 (39) 40 (39) 18 (33)
Height (cm), mean (SD) 159 (5.0) 160 (5.4) 160 (5.5)
Pre-pregnancy BMI (kg/mz), mean (SD) 20.3 (2.6) 20.9 (2.7) 20.5 (2.7)
BMI <18.5, n (%) 31 (30) 11 (11) 12 (22)
BMI=18.5-24.9, n (%) 67 (64) 81 (79) 38 (70)
BMI >25.0, n (%) 7 (7) 10 (10) 4 (7)
Regular smoker during pregnancy, n (%) 0 (0) 303) 0 (0)
Having pregnancy-associated nausea, n (%) 29 (28) 38 (37) 12 (22)
Gestational age (weeks), mean (SD) 20.1 (1.0) 35.3 (0.5)
Gestational age at 1st survey (weeks), mean (SD) 16.1 (1.4)
Gestational age at 2nd survey, (weeks), mean (SD) 20.5 (1.2)

Dietary intakes, median (interquartile range)
Energy (kcal/day)
EPA (mg/day)
(% of energy)
DHA (mg/day)
(% of energy)
EPA+DHA (mg/day)
(% of energy)
Plasma concentrations, median (interquartile range)
EPA (pg/mL)
DHA (ug/mL)

1,464 (1,279-1,694)
165 (101-262)
0.10 (0.07-0.15)
297 (195-452)
0.18 (0.13-0.26)
467 (298-726)
0.28 (0.20-0.41)

25 (16-35)
110 (93-130)

1,449 (1,270-1,752)

174 (121-252)

0.11 (0.08-0.15)

316 (227-432)

0.19 (0.15-0.26)

486 (346-704)

0.31 (0.23-0.42)

28 (17-43)
150 (121-186)

BMI: body mass index; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.
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Table 2. Dietary intakes estimated from the two-time BDHQ and the intraclass correlation coefficients (n=54)

1st BDHQ

2nd BDHQ 1st BDHQ + 2nd BDHQ intraclass

Median (interquartile range)

Median (interquartile range)

correlation coefficient

Energy (kcal/day) 1,515  (1,277-1,814)
EPA (mg/day)’ 182 (127-317)
DHA (mg/day)’ 323 (224-529)
EPA+DHA (mg/day)’ 507 (347-847)

1,490 (1,354-1,854) 0.705
197  (140-263) 0.543
359 (250-467) 0.611
558 (377-746) 0.581

BDHQ: brief-type self-administered diet history questionnaire; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.
"The intraclass correlation coefficients were calculated after log-transformation of the variables to achieve normal distribution.

of less than 500 mg/day.

The daily and energy-adjusted intakes of EPA, DHA,
and EPA plus DHA correlated positively with the corre-
sponding plasma concentrations (EPA; r=0.352 and
r=0.354, DHA; r~0.284 and r~0.305, EPA plus DHA;
r~0.318 and r~=0.327 in the second trimester, EPA;
1~0.432 and r~=0.391, DHA; r,~=0.292 and r=0.316, EPA
plus DHA; r=0.359 and r&=0.358 in the third trimester,
respectively). Even though participants with pregnancy-
associated nausea were excluded, the correlation coeffi-
cients of EPA, DHA, and EPA plus DHA did not show a
significant change.

Reproducibility study

Of the 62 women recruited for the reproducibility study,
56 (90.3%) provided written informed consent. We ex-
cluded 2 women from the analysis because they severely
under-reported their energy intake in the first BDHQ.
Therefore, the data for 54 participants (87.0%) were in-
cluded in the final analysis. Of the 54 women, 35 partici-
pated in both the validation study and reproducibility
study.

The ICCs between the intakes from the two-time
BDHQ were 0.543 for EPA, 0.611 for DHA, and 0.581
for EPA plus DHA (Table 2). The Bland-Altman plots of
each intake of EPA, DHA, and EPA plus DHA showed
good agreement between the two-time BDHQ among
most of participants (Figure 1).

DISCUSSION

The present study is the first to validate the use of an easi-
ly administered dietary assessment questionnaire for es-
timating EPA, DHA, and EPA plus DHA intakes among
pregnant Japanese women, which can be used in clinical
settings.

The results revealed a positive correlation between dai-
ly and energy-adjusted intakes and plasma concentrations
of EPA, DHA, and EPA plus DHA. In dietary validation
studies, correlation coefficients >0.50 are considered as
close correlation, 0.30-0.50 as acceptable, and <0.30 as
poor.'* Accordingly, the BDHQ had an acceptable validi-
ty level for daily intakes of EPA and EPA plus DHA, and
energy-adjusted intakes of EPA, DHA, and EPA plus
DHA. However, the correlation coefficient of the daily
DHA intake was slightly lower than the acceptable level.
A similar result was found in the validation study of the
DHQ for pregnant women.’ One reason for this could be
a selective transfer of DHA, through the placenta from
the mother to the fetus, for fetal brain development.'
Such a placental nutrient transport might have attenuated
the correlation between intakes and biomarkers.'® Addi-

tionally, the low correlation coefficients might have been
affected by the physiological hemodilution occurring dur-
ing pregnancy and small variations in fish consumption
among young Japanese women.'” Considering these pos-
sible effects on the present results, we believe that the
BDHQ had an acceptable level of validity for assessing
daily DHA intakes in the pregnancy period.

The validation study of the DHQ, which is the original
version of the BDHQ, showed the validity of EPA and
DHA only among the pregnant women without nausea.’
Nausea and vomiting during pregnancy often affect food
craving and aversion.” Changing food selections due to
nausea may cause a perception gap in food consumption.
However, the present study showed similar results of the
correlation coefficients even though the women with nau-
sea were excluded. The impact of nausea on the nutrition
status depends on the type and degree of nausea symp-
tom.'"® Although the present study indicated that the
BDHQ is applicable regardless of the possibility of nau-
sea, a careful interpretation of the dietary intakes of the
women with nausea is required for appropriate interpreta-
tion of the results.

The ICCs for EPA, DHA, and EPA plus DHA exceed-
ed 0.50. Correlation coefficients in the reproducibility
study of the dietary assessment questionnaire were con-
sidered good in the range of 0.50-0.70." Additionally, the
Bland-Altman plots also showed agreement of the EPA
and DHA intakes in the two-time BDHQ among most
participants. Both results indicated the BDHQ had good
reproducibility of EPA, DHA, and EPA plus DHA in-
takes. The dietary habits in the pregnancy period are like-
ly to change because of the physical condition, especially
pregnancy-associated nausea.’ Therefore, we implement-
ed the reproducibility study in the second trimester, when
the dietary intakes would be relatively stable due to a
reduction of nausea and vomiting in most pregnant wom-
en.”’ In addition, the 4-week interval might be an appro-
priate period to assess measurement error of the dietary
questionnaire, rather than to measure changes in the
women’s dietary habits according to gestational progres-
sion.

Mean energy intakes of our participants were much
lower than the estimated energy requirement (1,950-2,250
kcal/day in the second trimester and 2,150-2,450 kcal/day
in the third trimester).”' We presumed that this was partly
due to under-reporting of dietary intakes, because women
are likely to underreport their intakes.”>** More than half
of the participants took less than 500 mg/day of EPA plus
DHA, although Ministry of Health, Labour and Welfare
of Japan recommends more than 1,000 mg/day.”’ Even
taking into consideration the under-reporting of dietary
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intakes, the EPA plus DHA intakes of our participants
were low. From the viewpoint of fetal brain development
and prevention of maternal depression, pregnant women
are recommended to take adequate consumption of fish,
especially smaller fish including salmon and sardine,
which contains relatively low amounts of methylmercury.
Healthcare providers would need to provide an accurate
nutritional guidance for pregnant women, especially those
with low intake of EPA and DHA, to take sufficient
amount of EPA and DHA.

600

The current study had three limitations. First,
participant characteristics may have been biased because
the research was conducted at an urban-based university
hospital. Second, we did not use erythrocyte levels of
EPA and DHA, which reflect long-term intake. However,
we believe that plasma is a reasonable biomarker because
the correlations between the plasma levels and
erythrocyte levels of EPA and DHA are strong.”* Third,
we could not conduct a validation study in the first
trimester because dietary research is difficult due to
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Figure 1. Bland-Altman plot comparing dietary intake estimated from the two-time BDHQ. BDHQ: brief-type self-administered diet
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severe pregnancy-associated nausea and vomiting.

This study confirmed that the BDHQ has acceptable
validity for assessing daily and energy-adjusted intakes of
EPA, DHA, and EPA plus DHA among pregnant Japa-
nese women in the second and third trimesters. The
BDHQ would be useful for identifying pregnant women
with deficiencies of these intakes in clinical settings and
providing them with individual advice based on the as-
sessment.
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