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Abstract

This study aimed to evaluate the validity and reproducibility of a semi-quantitative food frequency questionnaire
(FFQ) to estimate nutrient intake among Portuguese pregnant women. A sample of 101 pregnant women
completed a 3-day food diary (FD) in each pregnancy trimester (reference method) and an interviewer-
administered FFQ in the immediate post-partum period. Ranking women according to their usual intake showed
that, on average, 65% were classified into the same *1 quintile and 2.4% into opposite quintiles by the two
methods. Energy-adjusted and de-attenuated correlation coefficients ranged from 0.20 (protein) to 0.58 (ribo-
flavin). Similar results were obtained when the FFQ was compared to each trimester-specific FD. To assess the
FFQ reproducibility, 70 women in their third pregnancy trimester were interviewed twice within a 2-week
interval. The level of agreement was high, with =75% of the participants being classified into the same *1
quintile by the two administrations for 13 of the 15 nutrients examined. A review of the published literature
revealed that this is the first FFQ to take the whole pregnancy as its reference time window. Our findings showed
that a single administration of this FFQ in the immediate post-partum period is a valid tool to rank Portuguese
pregnant women according to their intakes.
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Maternal diet during the periconceptional period and
during pregnancy influences birth outcomes (Lind
1984; Simmer et al. 1987; Martinez-Frias & Salvador
1990; Olsen et al. 1990; Czeizel & Dudas 1992; Wynn
et al. 1994; Kuehl & Loffredo 2005; Pitkin 2007). The
role of folate and vitamin A in the occurrence of
congenital defects is well established (Martinez-Frias
& Salvador 1990; Czeizel & Dudas 1992; Kuehl &
Loffredo 2005; Pitkin 2007). The siege of Leningrad
(in 1941-1943) and the Dutch famine (in the winter of
1944-1945) showed that severe maternal protein and
energy restriction results in birthweight reduction,

especially if the restriction occurs during the third
trimester of pregnancy (Lind 1984). Levels of intake
of vitamins, minerals (Simmer et al. 1987; Wynn et al.
1994) and n-3 fatty acids (Olsen et al. 1990) may influ-
ence birthweight even when energy and protein
intakes are adequate. Both extremes of birthweight
are associated with increased neonatal morbidity
and mortality (Ashdown-Lambert 2005), and higher
morbidity in adult life (Barker & Martyn 1992;
Phillips 1998; Barker 1999; Barker et al. 2002).
Identification of associations between maternal
diet and health outcomes in the offspring requires a
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valid tool to accurately measure diet during preg-
nancy (Fawzi eral. 2004). A single dietary intake
evaluation with a food frequency questionnaire
(FFQ) is the most commonly used tool to measure
diet in large epidemiological studies (Willett &
Lenart 1998), including those conducted among preg-
nant women (Suitor et al. 1989; Brown et al. 1996;
Robinson et al. 1996; De Vriese et al. 2001; Erkkola
et al. 2001; Fawzi et al. 2004; Baer et al. 2005). Diet
often changes throughout pregnancy in response to
mood and appetite alterations, myths and beliefs, and
complications such as nausea and vomiting (Quinlan
& Hill 2003; Pinheiro & Seabra 2008). This large intra-
individual variability in intake makes it more difficult
for a single FFQ to accurately estimate usual intake.
Thus, it is crucial that any FFQ for use among preg-
nant women is validated in this specific population
even if its validity in adult non-pregnant populations
has already been demonstrated. A semi-quantitative
FFQ to rank Portuguese adult non-pregnant subjects
according to their usual dietary intake has been devel-
oped and validated (Lopes et al. 2007), but its perfor-
mance among pregnant women has never been
evaluated. To assess the value of this FFQ in future
investigations of the potential role of maternal diet
during pregnancy on health outcomes in the offspring,
we examined its reproducibility and relative validity
[measured against multiple food diaries (FDs)]
among pregnant women.

Validation study

Materials and methods
Subjects and study design

This study was nested within a population-based
cohort of 8654 babies born in the maternity clinics of
the five public hospitals in Porto, Portugal. Almost all
mothers were recruited at the time of the delivery, but
a subsample was followed up throughout pregnancy.
This study is based in this subgroup (Pinto et al. 2009).

Validation study

All pregnant women who attended their first ante-
natal visit at Maternidade Julio Dinis or Hospital S.
Jodo were invited to participate if they reported a
gestational age below 13 weeks. The invitations for
this subsample were made consecutively between 1
December 2004 and 31 December 2005. Those who
agreed to participate were interviewed in each trim-
ester of pregnancy and in the immediate post-partum
period (i.e. 24 to 72 h after delivery) (Fig. 1). Assum-
ing a true correlation coefficient of about 0.60
between the levels of dietary intake estimated by the
FDs and those estimated by the FFQ, 80% power and
5% significance level, a sample of about 100 women
would be required to ensure that the lower limit of
the 95% confidence interval of the observed correla-
tion coefficient was at least 0.40 (Willett & Lenart
1998).

Fig. I. Flow chart illustrating the design of
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the validation and reproducibility studies.

2 weeks n=T0

Reproducibility study

Key messages

FFQ, food frequency questionnaire, applied in
the immediate post-partum; FD, average of
three 3-day food diaries, one in each trim-
ester of pregnancy.

* The FFQ is a reproducible and valid tool to rank Portuguese women according to their dietary intake.

¢ A single administration of the FFQ around the time of delivery was able to capture dietary intake throughout
the whole pregnancy among Portuguese pregnant women.

* The performance of the FFQ was not modified by the presence of nausea and/ or vomiting, daily number of

meals and weekly weight gain.
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A total of 430 pregnant women agreed to take part
in the study (participation rate 96.2%), 300 at Mater-
nidade Juilio Dinis and 130 at Hospital S. Jodo, com-
pleting a total of 248 FDs in the first, 196 in the second
and 167 in the third trimesters of the pregnancy. Forty-
eight (11.2%) pregnant women were subsequently
excluded because of misreporting of gestational age
(as assessed by ultrasound examination) and 31
(7.2%) because of miscarriage, fetal death, stillbirth or
very preterm delivery (gestational age <32 weeks). A
further 250 (58.1%) were also excluded because they
did not provide all the necessary dietary data. Thus, the
final sample of the validation study was composed of
the 101 participants who provided a 3-day FD in each
trimester of pregnancy and also completed the FFQ
in the immediate post-partum period.

Reproducibility study

Reproducibility was tested in a different sample of
pregnant women followed at Hospital S. Jodo and
enrolled in the study during their third trimester ante-
natal visits. The first FFQ administration was sched-
uled for the visit taking place around the 36th to 37th
gestational weeks and the second administration for
the following visit two weeks later (Fig. 1). In both
FFQ administrations, women were asked to recall
their usual dietary intake during the whole pregnancy
up to that time. Assuming that the true underlying
level of reliability between the two FFQ administra-
tions is >0.70, 80% power and 5% significance level, a
sample size of 70 would be required to detect a mini-
mally acceptable level of reliability of 0.50 and
smaller sample sizes to detect levels of reliability
higher than this (Walter et al. 1998).

A total of 148 women completed the first FFQ, but
76 delivered before the scheduled second appoint-
ment and one refused to complete the second FFQ.
Thus, 71 women completed the reproducibility study.
One woman was subsequently excluded from the
analysis because of unreliable dietary reporting [self-
reported energy intake higher than three SDs above
the sample mean].

Approval for these two studies was obtained from
all relevant institutional and ethics committees. All
participants provided written informed consent.

Data collection

Data were collected by trained interviewers using a
structured questionnaire. In each trimester of preg-
nancy, information was obtained on demographic
and lifestyle variables, including alcohol intake and
smoking habits, medical history and health status.
Educational level was recorded as number of com-
pleted schooling years and categorized as =6, 7-9,
10-12 and >12 years. Height and weight were mea-
sured at each follow-up visit. Pre-pregnancy body
mass index (BMI) was estimated from self-reported
pre-pregnancy weight and height measured at the
first visit. Women were classified according to the
World Health Organization as being underweight
(BMI < 18.5 kg m?), normal weight (BMI=18.5-
24.9 kg m?), overweight (BMI =25.0-29.9 kg m~) or
obese (BMI > 30.0 kg m™2) (WHO 1995).

FFQ and FDs

Dietary intake was assessed using a semi-quantitative
FFQ developed and validated for the Portuguese
adult population (Lopes et al. 2007). The FFQ consists
of 86 food or food group items (Portuguese version
available at: http://higiene.med.up.pt/freq.php). Fre-
quency of consumption was recorded in nine pre-
specified categories from ‘never or less than once per
month’ to ‘six or more times per day’. Each food item
was allocated a pre-specified portion size. Usual
dietary intake of any given food was estimated by
multiplying its frequency of intake by its portion size
(in grams) and, if appropriate, by a seasonal variation
factor (i.e. equivalent to consumption during a
3-month period). FFQ was administered in the
immediate post-partum period to estimate the
dietary intake during the whole pregnancy.

Participants were also asked to complete three
3-day FDs, one in each trimester of pregnancy. Each
FD included two weekdays and one weekend day.
Women were given instructions on how to complete
the FDs and pictures of different portion sizes, and
asked to record every food or beverage consumed as
well as the time and place (e.g. home or outside
home) of their consumption. A trained nutritionist
checked all FDs for completeness and accuracy and
then coded them.
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Data from both the FFQ and the FDs were stored in
FOOD PROCESSOR software, version SQL 9.3.0 (ESHA
Research, Salem, OR, USA). A comprehensive and
detailed comparison between the nutritional compo-
sition of foods consumed in Portugal and that of foods
contained in the FOOD PROCESSOR was performed by a
group of nutritionists in our department to select the
most appropriate code for each food item. Further-
more, this nutritional database was supplemented with
data on the nutritional composition of Portuguese
foods and recipes obtained from national food compo-
sition databases (Ferreira & Graga 1985; Centro de
Seguranga Alimentar e Nutri¢ao 2006), and national
and international publications on the composition of
Portuguese foods (Amaral et al. 1993a,b; Batista &
Bandarra 1993; Aro et al. 1998a,b,c) as described in
Lopes et al. (2007). If the nutritional composition of a
dish was not available in any of the above sources, it
was estimated indirectly from its culinary recipe and
the nutritional composition of its ingredients. This
work was conducted as part of the initial development
and validation of our FFQ among (non-pregnant)
adults. A comprehensive code manual was then devel-
oped;only a few extra codes were added to the manual
during the present study.

Statistical methods

Independent-samples t-test or y*-test, as appropriate,
were used to compare the baseline characteristics of
the participants in the validation study with the char-
acteristics of those who were eligible but did not com-
plete all the necessary dietary evaluations, and with
the characteristics of those who took part in the reli-
ability study. Mean (with SD) of the absolute daily
nutrient intakes estimated by the two dietary
methods in the validation study, or by the two FFQ
administrations in the reliability study, were com-
pared using paired-samples ¢-test. The Kolmogorov—
Smirnov test was used to check normality and, if
necessary, an adequate Box—Cox transformation per-
formed. Pearson correlation coefficients were calcu-
lated to measure the strength of the linear association
between the FFQ estimates and the average of the
three 3-day FD estimates, or between the two FFQ
estimates. Although Spearman coefficients would

have been more appropriate, as the aim is to assess
the ability of the FFQ to accurately rank women in
terms of their nutrient intake, Pearson coefficients
were chosen to allow calculation of de-attenuated
coefficients. Nevertheless, the magnitude of the
Pearson coefficients was similar to the corresponding
Spearman ones. Adjustment for total energy intake
was performed using the residual method, in which
residuals were computed from a regression model of
the nutrient on total energy intake (Willett & Lenart
1998). To adjust for random within-person day-to-
day intake variation in FDs, de-attenuated Pearson
correlation coefficients were calculated according to

0.5
1+£ ,in
n

the following equation: r,,_,.\..i =T7.

observed
X

which A, is the ratio of the within- and between-
person variances for x, and n, is the number of
replicates for the x variable (Willett & Lenart 1998).
In this study, n is equal to the number of completed
FDs (i.e.n=9).

Ranking agreement between the FFQ and the FDs,
or between the two FFQ administrations, was quan-
tified as the percentage of subjects who were catego-
rized by the two methods, or administrations, in the
same (complete agreement), the same and adjacent
(fair agreement), and opposite nutrient quintiles
(extreme disagreement). Additionally, Bland-Altman
plots (Bland & Altman 1986) were examined sepa-
rately for each nutrient.

Statistical analyses were performed using SPSS
package, version 14.0 (SPSS Inc., Chicago, IL, USA),
and R software, version 2.6.0 (R Foundation for
Statistical Computing, Vienna, Austria).

Results

The baseline characteristics of the study subjects are
shown in Table 1. The mean age of the participants in
the validation study was 29.8 years (SD =4.9). The
median number of completed schooling years was 9
(interquartile range: 6, 12), and 92.1% of women were
married. Sixty per cent were at normal weight prior to
becoming pregnant. The current pregnancy was
planned for 66.3% of women, and 72.3% were nul-
liparous. About 10% of the participants reported
having ever smoked in each trimester of pregnancy.
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Table . Characteristics of the participants in the validation study
(n=101), Porto, Portugal, 2005-2006

Validation
study n (%)

Age (years) at entry into the study

=20 5(5.0)

21-30 52 (51.5)

31-40 44 (43.5)
Education (schooling years)

=6 28 (27.7)

7-9 31 (30.7)

10-12 30 (29.7)

>12 12 (11.9)
Pre-pregnancy BMI (kg m2)

<18.5 2 (2.0)

18.5-24.9 61 (60.4)

25.0-29.9 27 (26.7)

>30.0 11 (10.9)
Previous number of births

0 73 (72.3)

=1 28 (27.7)
Current pregnancy planned

Yes 67 (66.3)

No 34 (33.7)
Current marital status

Married 93 (92.1)

Not married 8(7.9)
Ever smoked during pregnancy

First trimester (Yes) 11 (10.9)

Second trimester (Yes) 10 (9.9)

Third trimester (Yes) 10 (9.9)
Ever consumed alcohol during pregnancy

First trimester (Yes) 8(7.9)

Second trimester (Yes) 9(8.9)

Third trimester (Yes) 16 (15.8)
Nausea or vomiting during pregnancy

First trimester (Yes) 50 (49.5)

Second trimester (Yes) 31 (30.7)

Third trimester (Yes) 17 (16.8)
Number of meals per day during pregnancy

=5 46 (45.5)

=6 55 (54.5)

Mean (SD) weekly weight gain during pregnancy* (kg)
Second trimester 0.48 (0.35)

Third trimester 0.60 (0.42)

*Data available for n = 80.

The proportion of women that reported having ever
consumed alcohol during the third trimester of preg-
nancy was twice the proportion in the first trimester
(15.8% vs. 7.9%). Compared with those who were
eligible but failed to provide complete dietary data
(n=250), the 101 participants in the validation study

were more likely to be older [mean (SD) age: 29.8
(4.9) vs. 28.7 (6.5) years, respectively, P <0.001],
married (92.1% vs. 84.0%, P = 0.043) and nulliparous
(72.3% vs. 542%, P=0.001). However, the two
groups had similar educational levels [mean (SD)
completed schooling years: 9.6 (3.5) vs. 9.2 (3.9),
P=0331].

The participants in the reproducibility study were
slightly younger than the participants in the valida-
tion study [27.7 (5.4) vs. 29.8 (4.9) years, respectively,
P =0.01], but were similar in relation to number of
completed schooling years [9.5 (3.9) vs.9.6 (3.5) years,
P =0.92], pre-pregnancy BMI [24.4 (3.4) vs.24.3 (4.0),
P =0.89] and marital status (proportion of married
91.4% vs.92.1%, P =0.88) (Table 1). The median ges-
tational ages at the time of the first and second FFQ
administrations were, respectively, 37 (range: 32-39)
and 39 (range: 34-41) weeks.

Validation study

Table 2 shows the mean daily intakes of total energy
and nutrients as assessed by the FFQ and the average
of the three 3-day FDs. The FFQ produced higher
mean estimates of absolute intake than the FDs,
except for riboflavin and folate, for which the two
methods produced rather similar estimates. The un-
adjusted correlation of absolute intake estimates
between the two dietary methods ranged from 0.29
(for vitamin E) to 0.55 (for riboflavin), with coeffi-
cients =0.40 for 10 of the 15 nutrients examined.
Adjustment for total energy and correction for
attenuation due to random within-person variation
improved the magnitude of most coefficients, with
values ranging from 0.20 (for protein) to 0.58 (for
riboflavin).

Cross-classification into quintiles of unadjusted
nutrient intake ranks showed that, on average, 29.1%
(range: 22.8% for vitamin C to 36.6% for folate) of
women were classified into the same quintile, and
64.9% (range: 54.5% for total fat to 75.2% for ribo-
flavin) into the same *1 quintile, by the FFQ and the
FDs. Extreme disagreement was very infrequent
(average =2.4%), being highest for protein (5.0%)
(Table 2).
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nancy. See legend of Fig. 2. FFQ, food frequency questionnaire, applied
in the immediate post-partum; FD, average of three 3-day food diaries,
one in each trimester of pregnancy.

Bland-Altman diagrams were plotted for all nutri-
ents examined, and the discrepancies between the
two methods were equally likely in either direction.
The exception was total energy for which the differ-
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Fig. 3. Bland-Altman plot between the food frequency questionnaire
and the food diary estimates of total fat intake during the whole
pregnancy. See legend of Fig.2. FFQ, food frequency questionnaire,
applied in the immediate post-partum; FD, average of three 3-day food
diaries, one in each trimester of pregnancy.
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See legend of Fig. 2. FFQ, food frequency questionnaire, applied in the
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ence in absolute intakes increased with increasing
average intake, with the FFQ producing systemati-
cally higher estimates than the FDs. These findings
are illustrated in Figs 2-5 for energy and selected
nutrients.

As a 3-day FD was completed in each pregnancy
trimester, it was possible to compare the post-partum
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FFQ with each trimester-specific FDs separately. The
crude Pearson correlation coefficients between the
FFQ and each one of the trimester-specific FDs
tended to be slightly lower, and with wider 95% con-
fidence intervals, than those between the FFQ and
the mean of the three 3-day FDs (Table 3).

Sensitivity analyses showed no evidence that the
FFQ-FD correlations for energy and other nutrients
differed significantly according to whether women
reported nausea and/or vomiting during pregnancy,
number of meals per day (=6 vs. <6 meals per day),
and average weekly weight gain between the first and
third trimesters (=0.5 kg vs. >0.5 kg).

Reproducibility study

There were no significant differences in the mean
nutrient intakes estimated by the two FFQ adminis-
trations (Table 4). Crude Pearson correlation coeffi-
cients ranged from 0.50 for protein to 0.69 for
carbohydrates, being =0.60 for six of the 15 nutrients
evaluated. Adjustment for total energy intake
reduced slightly the magnitude of these coefficients
(range: 0.19 for vitamin E and thiamine to 0.62 for
riboflavin).

On average, 35.5% (range: 27.1% for energy and
protein to 44.3% for folate) women were classified in
the same quintile. The percentage of participants clas-
sified in the same or adjacent quintiles was higher
than 75% for 13 of the 15 nutrients examined.
Extreme disagreement was lower than 5% for all
nutrients analysed (Table 4).

Discussion

There has been an increasing interest in researching
the association between maternal diet during preg-
nancy and birth outcomes (Fowles 2004; Giroux et al.
2006). The FFQ is the most frequently used tool
in such investigations. However, few studies have
attempted to assess the performance of this tool
among pregnant women. A review of studies pub-
lished in English, French, Spanish or Portuguese and
indexed in PubMed resulted in the identification of
15 original papers, the large majority published after
2000 (Table 5).

Validation study

We reported here findings from the first FFQ valida-
tion study to have been conducted among Portuguese
pregnant women. The FFQ estimates of nutrient
intakes observed in our study were higher than those
obtained by the FDs; these findings are consistent
with those reported by other studies conducted
among pregnant (Suitor ef al. 1989; Robinson et al.
1996; Erkkola et al. 2001; Brantsaeter et al. 2008) and
non-pregnant (Cade et al. 2002) women. The FFQ
overestimation of intakes is not a major problem in
studies aimed at identifying diet—disease associations,
provided the ranking of individuals by intake levels is
valid (Robinson et al. 1996; Shatenstein et al. 2005). A
possible explanation for the overestimation of intakes
is the difficulty in comparing the portion size offered
as standard with the portion that is actually con-
sumed. However, a previous investigation among
non-pregnant adults showed that the use of this FFQ,
together with photographs depicting a range of
portion sizes, did not perform better than simply using
average portions sizes (Paiva et al. 2004).

The unadjusted correlation coefficients between
the two methods ranged from 0.29 for vitamin E to
0.55 for riboflavin, and were =0.40 for 10 of the 15
nutrients assessed. The magnitude of these un-
adjusted correlation coefficients is similar to that
reported by the only two previous validation studies
among pregnant women, which, like this study, exam-
ined a large range of nutrients using non-weighed
FDs as the reference method (Robinson et al. 1996;
Erkkola efal. 2001) (Table5). Energy adjustment
and correction for random within-person variation
tend to increase the magnitude of the correlation co-
efficients (Erkkola et al. 2001; Mouratidou et al. 2006;
Brantsaeter et al. 2008). In our study, the increases
in magnitude with these adjustments were modest
and restricted to the micronutrients.

It is conceivable that the completion of the three
FDs prior to the FFQ administration might have
increased the participants’ attention to their diet,
thus, improving the ability of the FFQ to rank women
according to their intake. This problem is unavoid-
able in studies conducted among pregnant women
aimed at assessing usual intake throughout the whole

© 2009 Blackwell Publishing Ltd Maternal and Child Nutrition (2010), 6, pp. 105—119
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Table 4. Reproducibility study: absolute daily nutrient intakes as estimated by the two separate administrations of the food frequency questionnaire
(FFQ); Pearson correlation coefficients and level of agreement (n=70)

FFQ 17 FFQ 2 P-values* Pearson correlation Agreement in Agreement in the Extreme
Mean (SD) Mean (SD) coefficients the same same or adjacent  disagreement
m quintile (%)  quintile (%) (%)
adjusted
Energy (kcal) 2502 (727) 2431 (681) 032 0.64 271 757 14
Protein (g) 111.9 (30.9) 109.7 (27.9) 0.54 0.50 0.55 27.1 80.0 0.0
Carbohydrates (g)  328.5 (102.0) 311.2 (102.8)  0.08 0.69 0.53 38.6 84.3 0.0
Total fat (g) 86.6 (29.9) 86.7 (29.1) 0.96 0.56 0.44 37.1 81.4 1.4
SFA (g) 29.9 (11.9) 29.7 (10.4) 0.87 0.57 0.36 40.0 77.1 0.0
Vitamin A (ug) 19108 (1148.7) 1971.8 (1290.1) 0.67 0.63 0.58 314 743 0.0
Vitamin E (mg) 9.6 (3.9) 9.5(4.2) 0.84 0.58 0.19 357 75.7 1.4
Vitamin C (mg) 169.4 (99.4) 160.3 (94.9) 043 051 0.44 343 786 43
Thiamin (mg) 2.0 (0.6) 2.0 (0.6) 0.58 0.57 0.41 357 81.4 43
Riboflavin (mg) 2.8 (1.0) 2.8 (0.9) 0.58 0.60 0.62 37.1 78.6 1.4
Vitamin By, (1g) 9.6 (5.5) 10.0 (5.9) 0.46 0.54 0.61 28.6 68.6 1.4
Folate (ug) 343.7 (147.1) 343.4 (164.5)  0.98 0.66 0.57 443 81.4 0.0
Calcium (mg) 14495 (5985) 13927 (572.4)  0.39 0.57 0.56 37.1 77.1 1.4
Magnesium (mg) 372.5 (120.1) 358.9 (110.9) 0.28 0.59 0.48 37.1 78.6 1.4
Tron (mg) 16.3 (5.6) 160(55) 059 0.60 0.50 414 80.0 29

*P-values calculated using the paired-sample t-test; ‘First application of the FFQ; *Second application of the FFQ.

pregnancy. However, the skills required to complete
FDs are different from those required to complete an
FFQ, and so their errors are likely to be uncorrelated.

Although a common approach, the use of correla-
tion coefficients is controversial in validation studies
(Bland & Altman 1986). We reported them mainly to
allow comparison with other published studies. Level
of agreement, as assessed by cross-classification into
quantiles of their intake ranks and Bland-Altman
diagrams, is a more appropriate measure of the per-
formance of the FFQ relative to the FDs. These two
approaches were used in our analysis and we obtained
a satisfactory level of agreement in intake ranking
between the two dietary methods, with higher per-
centages of women being classified into the same or
adjacent quintiles by the FFQ and the FDs for most
nutrients, and very few being incorrectly classified
into opposite quintiles. The Bland-Altman diagrams
showed no evidence of bias for any of the 15 nutrients
examined, except for energy, where there was some
evidence that the FFQ overestimated intake com-
pared with the FDs and that this overestimation
increased with increasing average intake. Bland-
Altman plots and cross-classification into quantiles

have been reported in previous validations among
pregnant women (Robinson et al. 1996; Erkkola et al.
2001; Baer etal. 2005; Mouratidou eral. 2006;
Brantsaeter ef al. 2008), but it is difficult to compare
the findings from such analyses across different
studies. The Bland-Altman diagrams only allow a
graphical interpretation, and cross-classification is
hampered by the use of different quantiles. Three
studies cross-classified their nutrient intake estimates
according to quintiles of their distributions (Erkkola
et al. 2001; Mouratidou et al. 2006; Brantsaeter et al.
2008),but only one (Erkkola ez al. 2001) provided data
for foods. Of the remaining two studies, levels of com-
plete agreement were very similar to those reported
here in one study (Brantsaeter et al. 2008) but much
higher in the other (Mouratidou et al. 2006) with 50%
or more of its study subjects being classified in the
same quintile by the two methods for most nutrients.

Reproducibility study

Overall, the FFQ was shown to be a reliable tool
among Portuguese pregnant women. The literature
review showed that four of the 15 previously published
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studies presented data on the reproducibility of their
FFQs. In our study, unadjusted correlation coefficients
between the two FFQ ranged between 0.51 for vitamin
C and 0.69 for carbohydrates. In a Finnish study
(Erkkola eral. 2001), the coefficients were slightly
higher, being higher than 0.62 for all nutrients consid-
ered in our study. Suitor et al. (1989) described very
similar results, except for a stronger vitamin A corre-
lation. Some reproducibility studies reported higher
nutrient intake estimates with the first FFQ adminis-
tration (Suitor er al. 1989; Erkkola et al. 2001), but we
found no such differences in the present study. The
interval between the two FFQ administrations is
usually one month (Erkkola et al. 2001; Baer et al.
2005),longer than the 2-week period considered in the
present study to minimize answer memorization from
one administration to the other. But a North American
study among pregnant women also used a 2-week
interval (Suitor ef al. 1989). Memorization is unlikely
to have been a problem in the present study given the
large number of items included in the FFQ. Moreover,
as diet during pregnancy may not be as stable as among
non-pregnant women, a longer interval between the
FFQ administrations could reflect real changes in
dietary intake rather than measurement error.

FFQ validation studies require a large cooperation
from the subjects, and therefore, those who volunteer
and comply with the study may not be representative
of the general population (Cade et al. 2002), as they
may have different dietary patterns and are more
likely to provide more accurate responses (Cade et al.
2002). Our final validation sample differed slightly
from the eligible population in terms of age, marital
status and parity, but it had a similar educational level.
The latter is an important determinant of the accuracy
and completeness of self-reported dietary informa-
tion, particularly regarding the completion of FDs
(Cade et al. 2002). The cultural adequacy of our FFQ
was assured because it had been specifically designed,
and previously validated, in the adult non-pregnant
Portuguese population (Lopes et al. 2007). Although
the choice of the FFQ food items did not particularly
target nutrients of special relevance to pregnant
women, the findings show nevertheless that the FFQ
was able to rank appropriately pregnant women
according to their folate and iron intakes.

Literature review on the validation of the FFQ
among pregnant women

The literature review (Table 5) showed that our FFQ
was unique in several respects. It is the only one to
have been administered in the immediate post-
partum period and to have taken the whole preg-
nancy as its reference time window. The most widely
used reference time period in FFQ validation studies
among pregnant women was 1 month (Table5),
although many aimed to use the estimates obtained
from a short reference period as measures of usual
dietary intake throughout the whole pregnancy.
In theory, the dietary intake should increase
during pregnancy (Kaiser & Allen 2002). However,
common fluctuations in appetite, nausea and vomit-
ing, and other behaviours may affect this (Suitor
etal. 1989; Robinson et al. 1996). Thus, a specific
period of pregnancy may not be representative of
the whole gestation. Short-reference time periods
may be more appropriate to study acute exposures
or the effects of diet at a specific gestational period,
while longer periods are more appropriate to study
cumulative effects. Robinson ez al. (Robinson et al.
1996) considered the changes occurring in food
intakes between early and mid-pregnancy as poten-
tial attenuators of the strength of the associations in
their validation study. However, and similar to data
shown by Baer er al. (Baer et al. 2005), the trimester-
specific FDs in the present study provided no
evidence of any major dietary changes during preg-
nancy. Thus, a single FFQ was able to capture dietary
intake throughout the whole pregnancy among
Portuguese pregnant women, thus minimizing the
logistic challenges and compliance demands posed
by multiple assessments.

In summary, the findings from this study show
that a single administration of our FFQ is a valid
tool to accurately rank Portuguese pregnant women
in terms of their nutrient intakes throughout the
whole pregnancy.
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