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Abstract

Objective: To validate a new food-frequency questionnaire (FFQ) for measuring the
intake of fruit, vegetables and tea reported by women participating in the Norwegian
Mother and Child Cohort Study (MoBa).
Design: Intake of fruits, vegetables and tea estimated by the FFQ was compared with
urinary flavonoid excretion, plasma carotenoid concentration and intake measured
by a 4-day weighed food diary (FD). The triangular method was applied to calculate
FFQ validity coefficients using two independent biomarkers.
Setting and subjects: One hundred and nineteen women participating in MoBa.
Results: The FFQ estimate of fruit intake was significantly correlated with urine
phloretin (r ¼ 0.33), citrus fruit/juice with urine hesperetin (r ¼ 0.44), cooked
vegetables with plasma a-carotene (r ¼ 0.37), and tea with urine kaempferol
(r ¼ 0.41) (P , 0.01 for all). On average, 60% of the participants fell into the same or
adjacent quintiles when classified by FFQ and biomarkers. Significant correlations
between the FFQ and FD were found for fruit (r ¼ 0.39), vegetables (r ¼ 0.34), juices
(r ¼ 0.50) and tea (r ¼ 0.53). The FFQ validity coefficient was 0.65 for citrus fruit/juice
and 0.59 for cooked vegetables as calculated by the triangular method.
Conclusions: The validation study shows that the MoBa FFQ can be used to estimate
fruit, juice, vegetable and tea intake in pregnant Norwegian women, and to rank
individuals within the distribution.
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There is increasing evidence that maternal nutrition before

and during pregnancy influences the course of pregnancy,

foetal development and the child’s health in adult life1–5.

Thus, it is important to determine maternal exposure to

healthy and toxic substances in food, and large cohort

studies are carried out to investigate the effects of diet on

pregnant women and their children. However, dietary

intake is notoriously difficult to measure because of recall

errors, misreporting and the difficulty of assessing portion

sizes6. A food-frequency questionnaire (FFQ) is the

preferred method in most population studies because

administration is easy, intake can be assessed over a long

time period and the cost is low7. Every FFQ has to be

validated to get an expression of the degree to which it is

an accurate measure in the target population before the

outcome variables can be checked against dietary intake.

A validation study should preferably include biological

markers (biomarkers) of dietary intake in addition to a

dietary reference method as no true external reference

measurement of dietary intake exists6,8. With two

independent reference methods in addition to the FFQ,

the triangular method is applicable9.

Since no FFQ had been designed or validated for

pregnant women in Norway, a new questionnaire was

specially developed to be used for assessing diet during

the first four months of pregnancy, when the foetus is most

vulnerable3,5.

Flavonoids are found in fruit and vegetables, and their

presence in urine reflects short-term intake10,11. The

urinary flavonoid concentration has only been used as a

measure in a few studies, but these have shown a clear

dose–response relationship with fruit and vegetable

intake12,13. The plasma level of several carotenoids rises

with increasing intake of carotenoid-rich foods14–17, but

no studies have yet been done on this relationship in

pregnant women. Carotenoids are generally found in the

same food groups as flavonoids, but have a different

distribution, and reflect intake over a longer time span
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than urinary flavonoids do18,19. Correlations between

estimated intake and biomarkers are generally weaker

than correlations between two dietary methods because

biomarkers will be influenced by factors unrelated to

intake, such as individual differences in absorption,

metabolism and distribution20.

In the present study, the method of triads was used to

calculate validity coefficients (VCs) using FFQ estimates

for fruit and vegetable intakes and two independent

biomarkers, 24-hour urine flavonoid excretion and plasma

carotenoid concentration. This approach calculates the

correlation between the FFQ measure and the ‘true’ but

not known intake. To our knowledge, no previous studies

have applied two independent biomarkers for calculation

of triangular VCs for fruit and vegetable intake.

The aim of the present study was to validate the ability

of the FFQ to measure the intake of fruit, vegetables and

tea reported by pregnant women using biomarkers and a

food diary (FD) as reference methods.

Materials and methods

The Norwegian Mother and Child Cohort study

This study is a subproject in MoBa, the Norwegian Mother

and Child Cohort Study21. In brief, MoBa is a pregnancy

cohort that in the period 1999–2005 has included.60 000

pregnancies, and that aims to include 100 000 by the end

of 2007. Pregnant women are recruited to the study by

postal invitation after they have signed up for the routine

ultrasound examination in their local hospital. Participants

are asked to provide biological samples and to complete

questionnaires covering a wide range of information up to

the age of 7 years for the child. The cohort database is

linked to the Medical Birth Registry of Norway and other

national health registries.

Food-frequency questionnaire

The MoBa FFQ22 was mailed to all participants at

gestational weeks 12–15. It is a semi-quantitative

questionnaire designed to capture dietary habits and

intake of dietary supplements during the first four months

of pregnancy. The FFQ included 33 questions related to

the use of vegetables, three related to intake of potatoes

and two related to intake of legumes. The FFQ included 20

questions related to fruit, three questions related to juice

and three questions related to the intake of tea. For each

food item, the frequency of use was reported by selecting

one out of eight to 10 frequencies ranging from never to

several times monthly, weekly or daily. Global questions

are asked regarding hot meals, fruit and vegetables, and

were used for scaling to adjust estimation. When portion

sizes were not given in the questionnaire, consumption

frequencies were converted into food amounts by the use

of standard Norwegian portion sizes for women. The

questionnaires were optically read and, for nutrient

calculations, FoodCalc23 and the Norwegian food compo-

sition table24 were used.

Validation study subjects and design

Eligible, healthy pregnant women in MoBa assigned to

Bærum Hospital (Norway) were invited to participate in a

validation study when they came for routine ultrasound

examination at 17–18weeks of gestation. Exclusion criteria

were hyperemesis and anorexia. Before inclusion, subjects

had tohave completed theMoBaFFQ.The inclusionperiod

lasted from 15 January 2003 to 1 February 2004.

The women participating in the validation study were

asked to keep a 4-day weighed FD and to provide one 24-

hour urine collection and a blood sample. They were

given detailed information and the materials for data

collection at a meeting with the project coordinator in

groups of five to 10. Data on weight, height and age were

provided in the FD. Length of education and pre-

pregnancy smoking status in validation study subjects

were computed from questionnaire no. 1 in MoBa.

Of 120 subjects included, one dropped out due to

illness. The average time interval between completion of

the FFQ and participation in the study was 24 days

(standard deviation (SD) 12 days). The study protocol was

approved by the regional ethics committee of Southern

Norway, and informed written consent was obtained from

all participants in the validation study.

Four-day weighed food diary

Participants were asked to weigh and record all food,

beverages and food supplements consumed during three

consecutive weekdays and one weekend day. Each

participant was given an FD and a digital balance (Philips

Essence HR 2389 with a precision of ^1 g), and asked to

continue with their normal food intake. Upon collection,

each FD was checked for completeness of description by a

nutritionist (A.L.B.).

Food supplements

Food supplement intake was recorded in both the FFQ

and the FD. Because food supplements influence

biomarker levels in blood and urine, participants using

supplements containing carotenoids or flavonoids were

identified. Food supplements were not included in the

dietary intake estimates.

Twenty-four-hour urine collection

Each participant collected one 24-hour urine sample at the

end of the FD period, although urine was not collected at

weekends. Participants were provided with one 2.5 and

two 1.0 l bottles and a funnel for urine collection. Aliquots

of 50 and 20ml (1M) of HCl, respectively, had been added

to the 2.5 and 1.0 l bottles. The participants were asked to

add pre-weighed vials of 1000 and 400mg ascorbic acid to

the 2.5 and 1.0 l bottles, respectively, before use, and

instructed to keep the bottles in a cool place. All urine
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bottles from one participant were pooled and the samples

stored within 8 h of the 24-hour collection. Urine samples

for flavonoid analysis were adjusted to pH , 4 and stored

at 2708C until analysis.

Determination of enterolactone and flavonoids in

urine

Urine concentrations of enterolactone, two isoflavonoids

and nine flavonoids were determined by liquid chroma-

tography–mass spectrometry at the Department of

Toxicology and Risk Assessment, Danish Institute for

Food and Veterinary Research, according to established

methods12.

Blood sampling

Blood samples were taken at the time of recruitment.

Plasma was obtained by centrifugation of heparinised

blood within 2 h of venepuncture and stored at 2708C

until analysis.

Determination of carotenoids in plasma

Plasma concentrations of carotenoids were determined by

high-performance liquid chromatography at Vitas AS,

Norway according to the method described by Brevik et al.

except that the column dimensions were 2.1mm £ 150mm,

the particle size 3mm, the mobile phase flow was

0.3mlmin21 and the injection volume was 25ml25.

Statistical analysis

While plasma carotenoidswere normally distributed, intake

of most foods and food groups was not normally

distributed, norwas urinary excretion of flavonoids. Dietary

intake is presented as medians, 5th and 95th percentiles.

Spearman correlations were calculated for biomarkers and

intake of various food groups, urine and plasma

biomarkers, and the two dietary methods. The Mann–

Whitney U-test was used to test for possible differences

between biomarker-supplement and non-biomarker-sup-

plement users, smokers and non-smokers, different

education levels and participants with and without nausea.

Correlations with biomarkers were calculated for all

participants (n ¼ 119) and after exclusion of participants

taking food supplements containing flavonoids (n ¼ 20)

or carotenoids (n ¼ 13). The ability of the FFQ and FD to

classify pregnant women correctly into quintiles according

to intake of fruit, vegetables and tea was checked against

the selected biomarkers, and Fisher’s exact test was used

to compare the proportion of subjects classified correctly

by the two dietary methods.

The VCs for intake assessed by the FFQ in relation to the

‘true’ but not known intake (VCFFQ-T) were calculated

according to the method of triads advocated by Ocké and

Kaaks9. The equation VCFFQ–T ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
r1r2=r3

p
was used,

where r1 is the correlation between FFQ (or FD) and

biomarker 1 (flavonoids), r2 the correlation between FFQ

(or FD) and biomarker 2 (carotenoids), and r3 the

correlation between the two biomarkers. VCs were also

calculated, with r1 and r2 representing the two dietary

assessments and r3 a biomarker. The method of triads

assumes linear correlation between the ‘true intake’ and

each of the measures and independence of random errors

between the three types of dietary intake measures.

The three types of measures (a dietary assessment, urine

flavonoids and plasma carotenoids) were sufficiently

independent for it to be assumed a priori that random

errors were not correlated, while this assumption might

not be true when two dietary assessment methods and one

biomarker are used. Variables for triangular VC calculation

were selected to represent major fruit and vegetable

groups, and additionally the urine and plasma biomarkers

had to be mutually correlated.

To obtain 95% confidence intervals (CIs) for the VCs, we

used the percentile bootstrap method9. This method is

carried out by resampling the observed data with

replacement. From resampled data, we then calculate

bootstrap VCs. The resampling is repeated 1000 times and

the 95% CI is then given as the interval from the 2.5

percentile to the 97.5 percentile of the bootstrap VCs.

A problem with the triad formula is that VCs may

become larger than 1, often referred to as the Heywood

case9. Since VCs are estimates of the correlation between

the true values and measurements (intake), this does not

make sense. A second problem is that the VCs cannot be

calculated when a correlation between measurements is

negative (due to the square root in the triad formula). Such

problems did not occur for the actual estimates in our data.

However, it did occur for several bootstrap samples. The

same problem has been reported in many studies26–28 and

is due to the fairly crude estimation method. Generally,

one would prefer maximum likelihood estimation (MLE)29

for factor analysis models, which is the basis for the triad

estimates9. MLE always give VCs that can be interpreted as

correlations, taking values between 21 and þ1.

Furthermore, negative correlations between measure-

ments do not pose a problem. Also, when the method of

triads gives estimates that can all be interpreted as

correlations, these are equal to the MLEs. To obtain MLEs,

use of statistical software is required, but this is also

necessary for bootstrapping. Our bootstrap CIs were

subsequently based on MLE. We also calculated VCs and

corresponding bootstrap CIs from log-transformed

measurements rather than on ranks. Differences between

the methods were negligible.

We used the statistical program R30 for the MLE and

bootstrap procedure. All other analyses were performed

with SPSS, version 12 (SPSS Inc.).

Results

Subjects

The 119 participants in the validation study varied with

regard to age (mean: 31 years, range 23–44 years), weight
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(at time of FD: mean 70 kg, range 52–111 kg), weight prior

to pregnancy (mean 65 kg, range 47–116 kg) and height

(mean 1.68m, range 150–185m). Ninety-one subjects

(76%) reported having experienced nausea during the

present pregnancy, and 18 subjects (15%) reported nausea

still at the time of answering the FFQ. Eleven subjects (9%)

reported daily smoking and 13 subjects (11%) reported

occasional smoking prior to becoming pregnant. Ninety-

eight subjects (84%) had completed .12 years of

education.

Food intake

The values for intake of protein, carbohydrates, folate,

vitamin C, magnesium and fibre were significantly greater

estimated by the FFQ than by the FD, but those for total

energy, added sugar and fat were not significantly

different (Table 1). The intake of vegetable and most

fruit groups was significantly greater with the FFQ apart

from apples, where the intake was significantly greater

with the FD (Table 2).

Total intake of fruit, juice and vegetables was

significantly greater in non-smoking women (P ¼ 0.015)

than in smokers, and in women with .12 years of

education (P ¼ 0.010) than in women with #12 years of

education. The differences between groups were found

with both the FFQ and the FD.

Biomarkers

The median (5th and 95th percentile) excretion of the sum

of nine flavonoids in 24-hour urine was 1281mg (158,

10 343) in participants taking no flavonoid-containing

supplement (n ¼ 99) and 2336mg (364, 36 611) in

flavonoid-containing supplement users (n ¼ 20). The

quantitatively largest amounts of flavonoids excreted in

urinewere the citrus flavonoids hesperetin, naringenin and

eriodictyol, followed by phloretin, a flavonoid found in

apples. The flavonoids found in vegetables, tea and wine

(quercetin, kaempferol, isorhamnetin, tamarixetin and

apigenin) were excreted in much smaller amounts. The

isoflavonoids genistein and daidzein were identified along

with enterolactone, a lignan metabolite produced by the

intestinal microflora from indigestible plant substances.

Themedian excretionof isoflavonoids in 24-hour urinewas

59mg in non-flavonoid-containing supplement users and

118mg in flavonoid-containing supplement users, and that

of enterolactone was 389 and 455mg, respectively.

The mean concentration of the sum of six carotenoids in

plasma was 1.70mmol l21 (SD 0.50mmol l21) in partici-

pants taking no carotenoid-containing supplement

(n ¼ 106) and 2.10mmol l21 (SD 0.55mmol l21) in

carotenoid-containing supplement users (n ¼ 13). The

largest amounts of carotenoids were lycopene, found in

tomatoes, and b-carotene, a-carotene and lutein, found

primarily in roots and green vegetables. Zeaxanthin and b-

cryptoxanthin are colourful substances found in veg-

etables and fruits.

Statistically significant differences between non-bio-

marker-supplement users and biomarker-supplement

users were found for urine excretion of apigenin,

eriodictyol, naringenin and hesperetin, and for the plasma

concentration of lutein and b-carotene (P , 0.05 for all).

No differences in fruit and vegetable intake were found

between biomarker-supplement users and non-bio-

marker-supplement users.

Correlations between biomarkers and food intake

The correlations were generally stronger between

biomarkers and FD results than between biomarkers and

FFQ results (Table 3). However, there were no significant

differences (Fisher’s exact test) between the proportion of

subjects classified into the same or adjacent quintiles by

biomarkers and those classified by either of the dietary

assessment methods (Table 4). Significantly increased

Table 1 Daily intake (crude and energy-adjusted) and Spearman correlations of various nutrients (diet only) estimated by food-frequency
questionnaire (FFQ) and food diary (FD)

FFQ, per day FD, per day FFQ, 10 MJ21 FD, 10 MJ21

n ¼ 119 Median (P5, P95) Median (P5, P95)
Spearman
correlation Median (P5, P95) Median (P5, P95)

Spearman
correlation

Energy kJ 9340 (6330, 14 200) 9160 (6720, 11 100) 0.27** (0.52**)‡
Protein g 86 (59, 130)†† 81 (60, 110) 0.28** 95 (72, 120)† 91 (70, 120) 0.44**
Fat g 75 (45, 120) 78 (55, 110) 0.23* 82 (61, 98)†† 88 (65, 110) 0.39**
Carbohydrate g 300 (170, 460)†† 270 (190, 370) 0.34** 310 (280, 380)†† 300 (260, 360) 0.36**
Added sugar g 54 (19, 140) 48 (22, 110) 0.36** 55 (26, 110) 55 (27, 110) 0.29**
Folate mg 280 (150, 470)†† 230 (160, 370) 0.22* 290 (210, 410)†† 270 (190, 400) 0.25**
Vitamin C mg 160 (59, 300)†† 130 (45, 250) 0.28** 170 (73, 310)† 147 (55, 260) 0.28**
Magnesium mg 380 (250, 590)†† 350 (230, 490) 0.45** 420 (340, 510)†† 380 (290, 500) 0.40**
Fibre g 29 (16, 48)†† 24 (14, 36) 0.42** 31 (21, 42)†† 27 (17, 40) 0.54**

P5 – 5th percentile; P95 – 95th percentile.
* Correlation P , 0.05.
** Correlation P , 0.01.
† Difference between FFQ and FD, P , 0.05.
†† Difference between FFQ and FD, P , 0.01.
‡ n ¼ 42 (excluding participants with weight change .1 kg during the study period).
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biomarker levels were found across increasing quintiles of

intake of the corresponding fruit and vegetable groups.

Fruit and juice intake was more strongly correlated with

flavonoid concentration, and vegetable intake with

carotenoid concentration. The strongest correlations

were found between citrus fruits/juices and citrus

flavonoids, and between all fruits and phloretin. The

strongest correlations between carotenoids and food

intake were found between a-carotene, carrots and

cooked vegetables.

Tea intake was correlated with kaempferol as expected,

but unexpectedly significant correlations were found

between coffee consumption and b-carotene with both

the FFQ and FD (Table 3).

Statistically significant correlations between urine and

plasma biomarkers were found for urine naringenin and

plasma b-cryptoxanthin (r ¼ 0.40, P , 0.001), for urine

hesperetin and plasma zeaxanthin (r ¼ 0.27, P ¼ 0.003),

and for urine eriodictyol and b-cryptoxanthin (r ¼ 0.32,

P , 0.001). Significant correlations were also found for

urine isorhamnetin and plasma a-carotene (r ¼ 0.32,

P , 0.001) and b-carotene (r ¼ 0.28, P ¼ 0.002). Further-

more, urine phloretin correlated with plasma a-carotene

(r ¼ 0.23, P ¼ 0.011) and urine enterolactone with plasma

a-carotene (r ¼ 0.20, P ¼ 0.028).

Triangular VCs were calculated for FFQ and bio-

markers and for FD and biomarkers, respectively. VCs

were also calculated for FFQ, FD and one biomarker

(Table 5). The highest VC for the FFQ was found for

intake of citrus fruit/juice.

Discussion

In this study, the validity of a new FFQ designed for

pregnant women was tested for intake of fruit, vegetables

and tea. Biomarkers in urine and plasma and a 4-day

weighed FD were used as reference methods. The study

demonstrated an association of fruit/vegetable intake with

biomarkers in both urine and plasma. Lower correlation

coefficients were found with the FFQ than with the FD, but

this may be due to the time lapse between the assessment

methods and the superior detail of an FD compared with

an FFQ. The VCs estimated for the FFQ were high,

suggesting that the FFQ is a valid tool for assessment of

fruit and vegetable intake in pregnant women in MoBa.

The amounts of excreted flavonoids in the pregnant

women were in line with those previously reported for

urinary excretion of flavonoids in non-pregnant popu-

lations in Denmark and Finland31,32, and the plasma levels

of carotenoids corresponded well with levels found in

female participants in other European populations33.

The group of women in the present study was not a

representative sample of pregnant Norwegian women.

However, the differences in fruit and vegetable intake in

relation to education and smoking showed that our

Table 2 Daily intake (crude and energy-adjusted) and Spearman correlations of various food groups recorded by food-frequency
questionnaire (FFQ) and food diary (FD)

FFQ, g day21 FD, g day21 FFQ, g 10 MJ21 FD, g 10 MJ21

n ¼ 119 Median (P5, P95) Median (P5, P95)
Spearman
correlation Median (P5, P95) Median (P5, P95)

Spearman
correlation

Fruit and juice
Apples 47 (3, 140)† 65 (0, 220) 0.33** 51 (2, 150)† 67 (0, 260) 0.35**
All fruits 250 (52, 510) 180 (74, 460) 0.39** 250 (50, 470) 210 (71, 530) 0.32**
All juices 150 (10, 500) 150 (0, 530) 0.50** 160 (7, 640) 170 (0, 580) 0.50**
Berries, jam 10 (0, 73) 11 (0, 83) 0.41** 10 (0, 62) 13 (0, 77) 0.41**
All fruits, juices, berries, jam 420 (120, 950) 390 (150, 830) 0.41** 440 (140, 1010) 430 (160, 900) 0.37**

Vegetables
Raw vegetables‡ 84 (18, 240) 86 (11, 200) 0.42** 97 (20, 250) 88 (11, 230) 0.48**
Cooked vegetables§ 28 (8, 120)† 25 (0, 110) 0.28** 35 (8, 110) 27 (0, 130) 0.39**
Roots 26 (9, 110)†† 18 (0, 85) 0.32** 27 (9, 110)†† 20 (0, 100) 0.32**
Cruciferous vegetables 14 (3, 51) 13 (0, 71) 0.09 16 (3, 49) 14 (0, 87) 0.11
Potatoes 32 (10, 90) 38 (0, 120) 0.23* 37 (11, 100)† 43 (0, 140) 0.18*
All vegetables except potatoes 170 (59, 400)† 150 (48, 380) 0.34** 190 (59, 400) 160 (49, 440) 0.48**

Sum of fruits, juices, vegetables
SumFJV1 630 (250, 1120) 540 (220, 1010) 0.33** 670 (270, 1110) 620 (270, 1170) 0.37**
SumFJV2 670 (290, 1190) 600 (260, 1090) 0.30** 700 (320, 1180) 690 (280, 1210) 0.33**

Tea and coffee
Tea 120 (0, 710)† 93 (0, 500) 0.53** 150 (0, 850)† 120 (0, 540) 0.54**
Coffee 20 (0, 480) 13 (0, 330) 0.80** 24 (0, 470) 12 (0, 350) 0.80**

P5 – 5th percentile; P95 – 95th percentile; SumFJV1 – sum of fruits, fruit juices and all vegetables except potatoes; SumFJV2 – sum of fruits, fruit juices
and all vegetables including potatoes.
*P , 0.05.
**P , 0.01.
† Difference between FFQ and FD, P , 0.05.
†† Difference between FFQ and FD, P , 0.01.
‡ Raw vegetables – leafy green vegetables, tomatoes, cucumber, peppers.
§ Cooked vegetables – excluding cruciferous vegetables, roots and potatoes.
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sample was sufficiently heterogeneous to reflect food

patterns found in non-pregnant women34,35.

As in most validation studies, the estimated daily intake

of nutrients and foods was greater when measured by the

FFQ than by the FD20. The FFQ covers a longer time span

and may thus be a better reflection of habitual intake than

the FD, since the use of the questionnaire is based on the

idea that the average diet over time is a better measure of

exposure than intake over a few specific days7. Hence the

twomethods are not really comparable, and this is why we

chose biomarkers as the main reference method.

Most pregnant women use some kind of dietary

supplement in pregnancy, and many supplements contain

carotenoids or flavonoids that could obscure the

correlation of biomarkers in blood and urine with fruit

and vegetable intake. In this study, flavonoid- and

carotenoid-containing supplements were found to

increase the excretion of certain flavonoids and also the

plasma concentration of certain carotenoids. However,

they had little impact on the correlations found between

these biomarkers and fruit and vegetable intake because

the majority of the participants were not taking such

supplements (Table 3). Biomarker-supplement and non-

biomarker-supplement users did not differ with regard to

intake of fruit, juice and vegetables or related micronu-

trients, and this may indicate that dietary supplements are

not taken as a substitute for eating fruit and vegetables in

pregnancy, but in addition.

The present study indicates that specific biomarkers

(phloretin for apples and a-carotene for carrots) can also

serve as indicators for larger food groups. Phloretin was

found to be a marker of total fruit intake, and a-carotene to

Table 3 Correlations between intake of fruit and vegetables determined by dietary methods (FFQ and FD) and biomarkers (BM)

Fruits, vegetables
and beverages

Flavonoid
or enterolactone n rFFQ-BM rFD-BM Carotenoid n rFFQ-BM rFD-BM

Apples Phloretin 99 0.25* 0.21* a-Carotene 106 0.16 0.20*
119 0.22* 0.19* 119 0.16 0.20*

All fruits Phloretin 99 0.33** 0.44** a-Carotene 106 0.11 0.23*
119 0.29** 0.41** 119 0.11 0.24**

All juices Hesperetin 99 0.28** 0.38** b-Cryptoxanthin 106 0.12 0.30**
119 0.21* 0.35** 119 0.14 0.30**

Citrus fruits and juices Sum citrus flavonoids 99 0.41** 0.66** b-Cryptoxanthin 106 0.23* 0.39**
119 0.39** 0.63** 119 0.29** 0.39**

Citrus fruits and juices Hesperetin 99 0.44** 0.66** Zeaxanthin 106 0.23* 0.32**
119 0.41** 0.64** 119 0.28** 0.31**

Sum all fruits, juices, berries and jams Phloretin 99 0.24* 0.39** Zeaxanthin 106 0.22* 0.22*
119 0.21* 0.37** 119 0.21* 0.22*

Tomatoes/tomato products Lycopene 106 0.22* 0.11
119 0.25** 0.15

Carrots a-Carotene 106 0.33** 0.48**
119 0.34** 0.50**

Leafy green vegetables, tomatoes and peppers Isorhamnetin 99 0.04 0.20* Sum carotenoids 106 0.18 0.24*
119 0.02 0.22* 119 0.18 0.23*

Cooked veg excl. cruciferous, roots and potatoes Enterolactone 99 0.22* 0.38** Lutein 106 0.24* 0.25*
119 0.21* 0.33** 119 0.20* 0.30**

Cooked vegetables as above but including roots Enterolactone 99 0.19 0.35** a-Carotene 106 0.37** 0.39**
119 0.20* 0.26** 119 0.34** 0.39**

Soy products Sum isoflavonoids 99 0.17 0.17
119 0.24** 0.20*

All vegetables except potatoes Quercetin 99 0.03 0.15 a-Carotene 106 0.20* 0.30**
119 0.01 0.17 119 0.18 0.29**

All vegetables except potatoes Sum flavonoids 99 20.15 20.02 Sum carotenoids 106 0.20* 0.29**
119 20.14 0.00 119 0.21* 0.32**

SumFJV1 Phloretin 99 0.30** 0.38** Lutein 106 0.21* 0.18
119 0.26** 0.36** 119 0.23* 0.21*

SumFJV1 Sum citrus flavonoids 99 0.18 0.28** b-Cryptoxanthin 106 0.20* 0.36**
119 0.15 0.29** 119 0.19* 0.38**

SumFJV1 Sum IT 99 0.14 0.33** a-Carotene 106 0.11 0.22*
119 0.10 0.32** 119 0.10 0.25**

SumFJV1 Sum flavonoids 99 0.19 0.31** Sum carotenoids 106 0.13 0.20*
119 0.16 0.31** 119 0.14 0.24**

Tea (green and black) Kaempferol 99 0.41** 0.50**
119 0.30** 0.46**

Coffee (brewed and instant) b-Carotene 106 0.31** 0.35**
119 0.32** 0.33**

FFQ – food frequency questionnaire; FD – food diary; SumFJV1 – sum fruits, fruit juices and vegetables except potatoes; sum citrus flavonoids – sum of
eriodictyol, naringenin and hesperetin; sum isoflavonoids – sum of genistein and daidzein; sum flavonoids – all flavonoids measured except isoflavonoids;
SumIT – sum of isorhamnetin and tamarixetin.
Correlations are reported for non-biomarker-supplement users (n ¼ 99 for flavonoids and n ¼ 106 for carotenoids) and for all participants (n ¼ 119).
*P , 0.05.
**P , 0.01.
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be a general marker for total vegetable intake, showing

that those eating fruit and vegetables also usually eat

apples and carrots.

In a Finnish study of non-pregnant adults, urinary

flavonoids weremore closely correlated with total fruit and

vegetable intake thanwereplasma carotenoids32. The same

was observed in the present study, where flavonoids

tended to be a better biomarker for total fruit and vegetable

intake than carotenoids: rFD-BM ¼ 0.31 and 0.20, respect-

ively (Table 3). However, flavonoids were found to be a

better biomarker for fruit intake alone and carotenoids for

vegetable intake alone. Phloretin was found to be a highly

significant marker for total fruit intake (rFD ¼ 0.44, rFFQ
¼ 0.33), and, as expected, the citrus flavonoids (hesperetin,

naringenin and eriodictyol) specifically reflected the intake

of citrus fruits and juices (rFD ¼ 0.66, rFFQ ¼ 0.41). The

flavonol kaempferol was found to be a significant marker

for tea intake (rFD ¼ 0.50, rFFQ ¼ 0.41).

The carotenoid thatwasmost highly correlatedwith food

intake was a-carotene; it was found to be significantly

correlated with intake of both carrots and cooked

vegetables (rFD ¼ 0.48, rFFQ ¼ 0.33 and rFD ¼ 0.39, rFFQ
¼ 0.37, respectively).b-Cryptoxanthinwas found to have a

higher correlation with total fruit and vegetable intake than

any of the other carotenoids measured. This is in

accordance with two other studies that also found b-

cryptoxanthin to be more highly correlated with fruit and

vegetable intake than other carotenes18,36.

Overall, the association between the FD and biomarkers

was closer than that between the FFQ and biomarkers,

both in the bivariate (Table 3) and in the triangular

comparison (Table 5). However, in light of associations

between the FD and the urine biomarkers being the

biologically best attainable, the correlations found

between this FFQ and biomarkers were sound for several

groups of fruit and vegetables. It is important to remember

that the time frame covered by the different assessment

methods in this study varied from days (FD, urine

flavonoids) and weeks (carotenoids) to months (FFQ).

Furthermore, the correlations between the different

methods used for the validation of the FFQ have probably

been weakened because the participants were pregnant

women undergoing considerable metabolic changes and

because the FFQ covered a time when most of the

participants had experienced nausea. However, our

finding of statistically significant correlations between

Table 4 Cross-classification of subjects by quintiles based on food-frequency questionnaire (FFQ), biomarkers (BM)
and food diary (FD)

FFQ-BM FFQ-BM FD-BM FD-BM

Food, g day21 Biomarker
% Correctly
classified

% Grossly
misclassified

% Correctly
classified

% Grossly
misclassified

All fruits Phloretin 67 5 70 0
All juices Hesperetin 54 4 69 8
Sum fruit, juice, berries, jam Phloretin 65 16 67 13
Sum vegetables except potatoes Sum carotenoids 54 9 59 14
SumFJV1 Sum flavonoids 51 8 64 13
SumFJV1 Sum carotenoids 54 16 59 12
Tea Kaempferol 67 7 71 2

SumFJV1 – sum of fruits, juices and all vegetables except potatoes.
Correctly classified if classified into the same or adjacent quintiles, grossly misclassified if classified into opposing quintiles.

Table 5 Validity coefficients (VCs) and 95% confidence intervals for fruit and vegetable intake

VCs based on one dietary estimate and two biomarkers

VCs based on two dietary

estimates and one biomarker

Fruit, phloretin and a-carotene FruitFFQ, fruitFD and phloretin

VCFFQ-T 0.37 (0.15, 0.80) VCFD-T 0.65 (0.36, 1.00) VCFFQ-T 0.52 (0.30, 0.73)

VCBM1-T 0.77 (0.37, 1.00) VCBM1-T 0.64 (0.39, 1.00) VCFD-T 0.75 (0.52, 1.00)

VCBM2-T 0.30 (0.12, 0.56) VCBM2-T 0.37 (0.16, 0.58) VCBM-T 0.55 (0.35, 0.76)

CitrusFJ, hesperetin and zeaxanthin CitrusFJFFQ, citrus FJFD and zeaxanthin

VCFFQ-T 0.65 (0.40, 1.00) VCFD-T 0.86 (0.65, 1.00) VCFFQ-T 0.59 (0.36, 0.85)

VCBM1-T 0.63 (0.38, 0.98) VCBM1-T 0.74 (0.58, 0.96) VCFD-T 0.66 (0.40, 1.00)

VCBM2-T 0.43 (0.22, 0.64) VCBM2-T 0.36 (0.17, 0.54) VCBM-T 0.47 (0.26, 0.69)

Cooked vegetables, enterolactone and a-carotene Cooked vegetables FFQ, FD and a-carotene

VCFFQ-T 0.59 (0.30, 1.00) VCFD-T 0.72 (0.42, 1.00) VCFFQ-T 0.49 (0.26, 0.71)

VCBM1-T 0.34 (0.11, 0.58) VCBM1-T 0.37 (0.15, 0.59) VCFD-T 0.56 (0.32, 0.80)

VCBM2-T 0.59 (0.29, 1.00) VCBM2-T 0.55 (0.32, 0.86) VCBM-T 0.70 (0.49, 1.00)

CitrusFJ–sum of all citrus fruits and juice; Cooked vegetables–excluding cruciferous vegetables and potatoes.
VCs are presented for calculations based on one dietary estimate (food-frequency questionnaire (FFQ) or food diary (FD)) and two independent biomarkers
(BM1 and BM2) and for calculations based on two dietary estimates (FFQ and FD) and one biomarker (BM). Total n ¼ 119.
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the FFQ, FD and biomarkers indicates that the FFQ

provides a useful estimate of dietary fruit and vegetable

intake in pregnant women.

Using the method of triads resulted in validity

coefficients for FFQ that were higher than the correlation

coefficients between FFQ and each of the biomarkers.

Despite the fact that the triangular method states the need

for independent measurements, all other published

studies have used two dietary methods and one biomarker

in the triangular equation9,26–28. To our knowledge, this is

the first study that has applied three totally independent

measurements. Triangular VCs calculated using the FFQ,

FD and one biomarker, as used in other studies, resulted in

comparable VCs (Table 5), but a positive correlation of the

random measurement errors between the FFQ and FD is

likely to occur. Like others who have used the method of

triads, we found wide CIs27. However, the range between

the lower confidence limit and the calculated VC, i.e.

0.40–0.65 for citrus fruits and juice, indicates satisfactory

validity of the questionnaire.

Our bootstrap CIs were based on MLE of validity

coefficients, rather than triad estimates. Strictly, the MLEs

require normal distributions for the measurements. This

may be somewhat in contrast to the use of Spearman

correlations between the measurements which are based

on the ranks rather than the actual measurements.

We thus investigated by means of stochastic simulation

how the use of ranks instead of actual normally distributed

measurements affected VCs in a setting resembling our

data. This simulation showed no practical difference either

on estimates of VCs or on bootstrap CIs.

The correlations found between the two dietary

methods were within the range observed in other

validation studies in pregnant women37,38, and lower

than those reported in non-pregnant populations39–41. For

logistical reasons, the time between the administration of

the FFQ and the reference methods was on average 24

days, which meant that 65% of the participants had had

weight changes of .1 kg. The correlation between the

total energy intake estimated with the FFQ and that with

the FD reflects this, since it rose from 0.27 to 0.52 when

participants with a weight change of .1 kg were

excluded. However, this left only 42 subjects, which is

too small a sample for calculating the other correlations20.

Furthermore, the significant correlations found between

dietary measures for the FFQ and the FD (Tables 1 and 2)

and biomarkers (Table 3) also confirm that although

energy intake changes during pregnancy, the composition

of the diet is more or less maintained.

The highest correlations between the FFQ and FD were

found for tea and coffee (r ¼ 0.53, r ¼ 0.80). Tea and coffee

intake varies less and is easier to recall than intake of most

other food groups. The correlation between intake of coffee

and b-carotene was surprising, as coffee does not contain

carotenoids. This could be a random finding, but occurred

with both the FFQ and the FD. However, Svilaas et al. found

that coffee was the main contributor to the total intake of

antioxidants, and that this total was significantly correlated

withplasma carotenoids,which supports thehypothesis that

unknown antioxidants may interact with and somehow

‘salvage’ known antioxidants such as carotenes42.

When the FFQ and the FD were compared in terms of

biomarkers, the questionnaire was found to be less

accurate than the FD at ranking individuals according

to fruit, juice and vegetable intake. This is not surprising

in view of the greater detail and shorter time frame of

the FD.

Conclusions

The validation of dietary intake in pregnant women is

complicated because of the accompanying nausea and

weight gain and the considerable metabolic changes.

However, we were able to demonstrate statistically

significant correlations between the dietary intake

assessed with the new FFQ and biomarkers. Our study

indicates that the new FFQ provides valid estimates of the

fruit, juice, vegetable and tea intake of Norwegian women

during the first four months of pregnancy, and that it can

be used to rank individuals within the distribution.
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