e nutrients

Article

Validity and Reproducibility of a Food Frequency
Questionnaire to Assess Nutrients Intake of Pregnant Women
in the South-East of Spain

Daniel Hinojosa-Nogueira 12t, Desirée Romero-Molina 23t, Maria José Giménez-Asensio 2,
Beatriz Gonzalez-Alzaga 24, Inmaculada Lopéz-Flores 25, Silvia Pastoriza de la Cueva 1,
José Angel Rufian-Henares 2%, Antonio F. Hernandez 26”7 and Marina Lacasafia >47*

Citation: Hinojosa-Nogueira, D.;
Romero-Molina, D.;
Giménez-Asensio, M.J.;
Gonzalez-Alzaga, B.; Lopéz-Flores,
1; Cueva, S.P.d.1,; Rufidan-Henares,
].A.; Hernandez, A.F.; Lacasana, M.
Validity and Reproducibility of a
Food Frequency Questionnaire to
Assess Nutrients Intake of Pregnant
Women in the South-East of Spain.
Nutrients 2021, 13, 3032. https://
doi.org/10.3390/nu13093032

Academic Editor: Tim Green

Received: 27 July 2021
Accepted: 27 August 2021
Published: 30 August 2021

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2021 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/).

1 Centro de Investigacion Biomédica, Departamento de Nutricién y Bromatologia, Instituto de Nutricién y
Tecnologia de los Alimentos, Universidad de Granada, 18071 Granada, Spain; dhinojosa@ugr.es (D.H.-N.);
spdelacueva@ugr.es (5.P.d.1.C.)

2 Instituto de Investigacion Biosanitaria ibs. GRANADA, Av. de las Fuerzas Armadas, 2,

18014 Granada, Spain; deromero@ugr.es (D.R.-M.); mariajoseases@hotmail.com (M.].G.-A.);
beatriz.gonzalez.easp@juntadeandalucia.es (B.G.-A.); ilopez@ugr.es (I.L.-F.); ajerez@ugr.es (A.F.H.)

3 Statistics and Operations Research Department, Faculty of Sciences, University of Granada,
Fuente Nueva s/n, 18071 Granada, Spain

4 Andalusian School of Public Health (EASP), 18011 Granada, Spain

5 Department of Genetics, Faculty of Sciences, University of Granada, Fuente Nueva s/n,

18071 Granada, Spain
¢ Department of Legal Medicine and Toxicology, University of Granada School of Medicine,
Health Sciences Technological Park, Avenida de la Investigacién, 11, 18016 Granada, Spain

7 CIBER Epidemiology and Public Health (CIBERESP), Instituto de Salud Carlos III, Monforte de Lemos 3-5,

Pabellén 11, Planta 0, 28029 Madrid, Spain

Correspondence: jarufian@ugr.es (J.A.R.-H.); marina.lacasana.easp@juntadeandalucia.es (M.L.)

1 These authors contributed equally to this work.

Abstract: Proper nutrition during pregnancy is pivotal to maintain good health for the child and
the mother. This study evaluates the reproducibility and validity of a food frequency questionnaire
(FFQ) designed to assess nutrient intake during pregnancy in the GENEIDA (Genetics, Early life
ENvironmental Exposures and Infant Development in Andalusia) prospective birth cohort study.
In addition, the nutrient intake was estimated and then compared with European guidelines and
other studies. Diet information was collected from 690 pregnant women using a FFQ administered
at two periods of pregnancy (used for the reproducibility study) and 24-h dietary recall (for the
validity study). Statistical approaches included Spearman’s correlation coefficient and percentage
agreement, classifying women into the same or adjacent quintiles to assess reproducibility, and lim-
its of agreement (LoA) to evaluate validity. In the study of reproducibility, significant correlations
for nutrients adjusted for total energy had an average of 0.417. Moreover, the percentage of subjects
classified in the same quintile for nutrient intakes were above 66%. In the validation study, the sig-
nificant correlation for nutrients adjusted for total energy had an average of 0.272. Nevertheless, the
percentage of results in the LoA was above 94%. Our results were similar to other studies suggesting
that the FFQ used is a valid tool of collect dietary intakes for South-East Spanish pregnant women.

Keywords: pregnant women; nutrition; intake; food frequency questionnaire; 24-h dietary recalls;
Spain

1. Introduction

During pregnancy, women undergo physiological and anatomical changes [1],
which modify nutritional requirements [2]. Several studies have identified that dietary
changes during pregnancy could either improve or worsen newborn health. Moreover,
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maternal diet during pregnancy can affect the child’s development and growth [3]. Con-
sequently, a healthy diet plays an important role in the fetal growth trajectories and the
subsequent state of health [4,5]. One of the diets associated with better healthy eating hab-
its is the Mediterranean diet, characterized by a high consumption of fresh fruit, vegeta-
bles, cereals, legumes, nuts, seeds, olive oil (main source of fats), moderate intake of fish,
cheese, yogurt and only small amounts of red and processed meat [6]. The Mediterranean
diet has been associated with lower risk of preterm birth [7], lower child adiposity [8],
higher weight at birth [9], and lower offspring waist circumference at preschool age [10].

Despite Spain is located in the Mediterranean area, several epidemiological studies
suggest that food patterns do not reach nutritional recommendations [11-13]. Accord-
ingly, the evaluation of nutrients intake would result in a more accurate reflection of their
adequacy with respect to recommendations [14]. However, valid instruments to assess
dietary composition and nutrient intake during pregnancy are required [15]. Biochemical
parameters are the most precise methods to study the nutritional status, but they only
reflect nutritional status at a specific time and are also the most expensive approach
[16,17]. Moreover, food records or 24-h dietary recalls may provide accurate information,
although they are difficult to administer and a high level of cooperation is necessary [18].
The food frequency questionnaire (FFQ) is the most used method in epidemiological stud-
ies as it provides a better approximation of the usual dietary intake over a longer period
[19]. FEQ s also a low-cost and easy-to-apply instrument [20] and thus it is one of the most
used methods in pregnancy studies [21,22].

Dietary habits vary widely among the population according to different factors (e.g.,
geographic area, population type or cultural beliefs) and, therefore, the FFQ must be
adapted and validated for use in each specific population [22]. Adaptations must take into
account the type of food consumed, the accessibility to that food, the traditions or, in the
case of pregnant women, the use of dietary supplements.

FFQs have to be validated, usually with 24-h dietary recalls [23-25] or biochemical
parameters [26] in order to avoid errors and biases. The validity of the FFQ must be eval-
uated using several measures and statistical methods. The most commonly used method
is the correlation coefficient, though this is not a measure of agreement but instead a meas-
ure of association that can be partly influenced by the size of the sample. The Bland-Alt-
man method is also a good method to assess the level of agreement between different
methods of measurement. Most epidemiological studies use more than one statistical ap-
proach to demonstrate the robustness of the validation and reproducibility process
[27,28].

The aim of this study was to evaluate the reproducibility and validity of a FFQ de-
signed to assess maternal nutrient intake during pregnancy in the GENEIDA (Genetics,
Early life ENvironmental Exposures and Infant Development in Andalucia) project, a pro-
spective birth cohort study of mother/child pairs conducted in the South-East of Spain, as
well as to highlight the importance of the adequate intake of nutrients during pregnancy.

2. Materials and Methods
2.1. Study Design and Population

Participants involved in this study were healthy pregnant women from a population-
based birth cohort study, the GENEIDA Project, set up in “El Poniente” district (province
of Almeria, South-Eastern Spain) in April 2014. Eight hundred pregnant women in the
first trimester of pregnancy (before 13 weeks of gestation) were enrolled in the study. They
were followed-up during the second and third trimesters of pregnancy, delivery, and their
children during the first 48 months of age.

Criteria for inclusion of the mothers were: (a) to be a resident of El Poniente district,
(b) to be at least 16 years old, (c) to have a singleton pregnancy, (d) to not have followed
any programme of assisted reproduction, (e) planning to deliver at El Poniente Hospital,
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(f) speak fluent Spanish, and (g) have no chronic disease diagnosed before pregnancy and
not to be under medical treatment.

Of the 800 women initially enrolled in the study between April 2014 and November
2016, 690 women completed a FFQ at the first (weeks 10-13) and third trimesters of ges-
tation (weeks 32-36). 24-h dietary recalls were completed by a subgroup of 43 women.
This study was conducted according to the guidelines laid down in the Declaration of
Helsinki and all procedures involving research and study protocol were approved by the
Hospital Ethics Committee. Written informed consent was obtained from all participants
or the legally responsible.

2.2. Data Collection
2.2.1. General Questionnaire and Medical Records

Information relative to participants was obtained from a structured questionnaire
administered by trained personnel in the first and third trimesters of pregnancy, and from
medical records. This information consisted of socio-demographic characteristics (age,
marital status, birth country, education level, household total net income), medical and
reproductive history, self-reported pre-pregnancy weight and weight at 32 weeks of ges-
tation, height, tobacco smoking and alcohol consumption, vitamin and mineral supple-
mentation. Body mass index (BMI) was calculated by dividing pre-pregnancy weight (Kg)
by the square of their height (meters). BMI was classified as underweight (<18.5), normal
(18.5-24.9), overweight (25.0-29.9) and obesity (=30) [3]. Smoking during pregnancy was
defined as never, yes at the first trimester only, and yes during the entire pregnancy. In-
formation on alcohol (g/day) intake was assessed in the FFQ with specific items for wine,
beer, and liquor consumption, together with standard servings for all the items. The FFQ
also collected information about vitamin and mineral supplement consumption.

2.2.2. Dietary Assessment

A modified version of a previous validated semi-quantitative FFQ for Spanish pop-
ulation [18] was used. Additional food items (1 = 40) were added in order to assess better
the usual daily food intake of the Andalusian population.some food Thus, food groups
such as legumes, cereals, oils, sausages, fish and industrial bakery products, among oth-
ers, were disaggregated into individual categories to better characterize the sources of di-
etary exposure Specific foods of this geographic area (such as strawberries and cherries)
and specific traditional dishes (like the gazpacho, a Spanish-style soup made from toma-
toes and other vegetables and spices, served cold) were also included. The new restruc-
turing is shown in (Table 1). The FFQ includes nine possible responses according to fre-
quency of consumption and serving size of each food. The FFQ was administered twice
during pregnancy, during the first and the third trimesters of pregnancy.

The 24-h dietary recall was chosen as the reference method to validate the FFQ. Preg-
nant women were asked to complete their dietary intake (all beverages and foods con-
sumed in the past 24 h) on three non-consecutive days, including two weekdays and one
weekend day. FFQs were administered by the same interviewer to reduce bias and to im-
prove the response rate and accuracy of the data obtained. The i-Diet software (GSN,
Spain) was used to estimate energy and daily nutrients intake [29]. This software was
originally developed to generate healthy diets by dieticians and nutritionists and contains
a large database of Spanish foods that allows estimating the intake of more than 50 nutri-
ents. It has been widely used over the last years in epidemiological and dietary interven-
tion studies to estimate nutrient intakes in study populations.
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Table 1. Structure of the FFQ separated by groups, subgroups and number of items.

Food Groups of FFQ Subgroups of Food Items for Groups
Dairy products Milk 4
Cheese
Dairy Derivatives
Meat, fish and eggs Meat
Meat Derived
Fish
Other
Vegetables Vegetables 14
Spices
Tubers
Legums Pulses
Fruits Fruits

B O NN o N

—_
2R N

Derived of Fruits
Nuts
Bread and Derived
Cereals
Other
Oils and fats QOil
Other fats
Bakery and Pastry Biscuits
Cakes
Chocolate
Other
Drinks Alcoholic drinks
Other drinks
Mixed Fried
Sauces
Other

Breads and cereals

O NN WJWDNWDNDW

—_
o

Q1 &= W

2.3. Data Analysis

Medians, means and standard deviations (SD) for total nutrient intakes were calcu-
lated for the two FFQs and three 24-h dietary recalls administered to pregnant women. A
paired-sample sign test was applied to compare the medians of total nutrient intakes in
the two study periods (first and third trimesters of pregnancy). The residual method of
Willett was used to adjust macro and micronutrients for energy intake [19]. The reproduc-
ibility of the FFQ was assessed using two different statistical approaches: The Spearman
correlation coefficient and a classification of the nutrient intakes divided into quintiles.
Correlations were calculated depending on every nutrient before and after adjusting for
energy; additionally, nutrient intakes were divided into quintiles and the percentage of
correctly classified subjects into the same or adjacent quintiles was calculated. Both statis-
tical techniques were also used to evaluate the validity of the FFQ by comparing the total
nutrient intakes obtained by FFQ and 24-h dietary recalls. The limit of agreement (LoA)
technique was also used in validation. LoA technique or Bland-Altman method is based
on a graphical technique, whose limits of agreement were established as +1.96 SD of the
mean difference between the total nutrient intakes obtained in FFQs and 24-h dietary re-
calls [27].

Finally, the mean nutrient intake of the two FFQ results was compared with the die-
tary reference values for each nutrient recommended by the European Food Safety Au-
thority (EFSA) [30] for pregnant women by calculating the percentage of the relative dif-
ference from the recommended values. Furthermore, these average values were compared
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with other studies in pregnant women. All analyses were performed with the SPSS 22.0
statistics package. The level of significance was established at p <0.05.

3. Results
3.1. Characteristics of Participant Pregnant Women

Table 2 presents the main characteristics of the 690 pregnant women: the mean age
of women was 31 with a standard deviation of 4.9 years old, 32.9% had overweight or
obese before pregnancy, 84.4% were Spanish, 26.8% had university studies, 94.5% of
women lived with their couples, 61.3% were primiparous, 5.5% were diagnosed of hyper-
tension and/or diabetes, 12.5% smoked during the entire pregnancy and 4.3% only during
first trimester, 6.2% reported alcohol consumption during the first trimester and 1.9% dur-
ing the third trimester of pregnancy. Supplement consumption of folic acid, vitamin B
complex and Vitamin complex was reported by 92%, 0.7% and 3.8% of women, at first
trimester and by 95.8%, 0.9% and 1.7% at the third trimester, respectively.

Table 2. Characteristics of participant pregnant women of the GENEIDA study (n = 690).

Variables Mean * SD/n (%)
Woman's age at assessment (years) (mean = SD) 31.1+49
Weight before pregnancy (kg) (mean + SD) 64.8+13.0
Weight at 32 week of gestation (kg) (mean + SD) 76.1+12.7
Weight gained through week 32 11.2+54
Classified BMI pre-pregnancy '

Underweight (<18.5) 26 (3.8)
Normal (18.5-24.99) 432 (62.6)
Overweight (25.00-29.99) 162 (23.5)
Obesity (230) 65 (9.4)
Classified BMI !

Underweight (<18.5) 1(0.1)
Normal (18.5-24.99) 135 (19.6)
Overweight (25.00-29.99) 347 (50.3)
Obesity (230) 202 (29.3)
Birth Country !

Spain 585 (84.4)
Other 105 (15.2)
Education level !

Primary or lower studies 45 (6.5)
Secondary studies 448 (64.9)
Higher studies 185 (26.8)
Family income (Euros/month) !

<500 22 (3.2)
500-1000 85 (12.3)
1001-2000 308 (44.6)
2001-3000 212 (30.7)
3001-5000 51 (7.4)
>5000 8(1.1)
Status marital

Married/Couple 652 (94.5)
Alone 38 (5.5)
Medical history

Nothing 652 (94.5)

Diabetes 18 (2.6)
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Hypertension 18 (2.6)
Diabetes and Hypertension 2(0.3)
Parity

>1 267 (38.7)
0 423 (61.3)
Smoking

No 574 (83.2)
1st trimester 30 (4.3)
All pregnancy 86 (12.5)
Alcohol consumption 1st trimester (gr/day) (mean + SD) 4.5 (6.2)
Alcohol consumption 3st trimester (gr/day) (mean + SD) 0.6 (1.9)
Supplements consumption 1st trimester 2

Vitamin B complex 5(0.7)
Vitamin complex 26 (3.8)
Folic acid 635 (92.0)
Nothing 40 (5.8)
Supplements consumption 3st trimester 2

Vitamin B complex 6 (0.9)
Vitamin complex 12 (1.7)
Folic acid 661 (95.8)
Nothing 17 (2.5)

! In these variables there are some missing data. ? In these variables the categories are not exclu-
sive, that is, an individual can present multiple categories.

3.2. Reproducibility

Table 3 shows the median daily intake of nutrients (assessed by two FFQs) for 690
pregnant women. Intake of all nutrients was slightly lower in the third trimester of preg-
nancy (p < 0.01 in sign test). The Spearman correlation coefficients for nutrients estimated
by the two FFQs are also presented in Table 3. Significant correlations were observed for
all estimated nutrients. Correlations coefficients ranged from 0.509 to 0.297 for vitamin B6
and E, respectively. When the analysis was based on energy-adjusted nutrient intakes,
higherand statistically significant Spearman correlation coefficients were found for most
nutrients (Table 3). According to quintile classification for nutrient intake, the percentage
of subjects in the same or adjacent quintile, estimated by the two FFQs, ranged from 72.6%
to 60.5% for alcohol and molybdenum, respectively (Table 3).

Table 3. Mean daily energy and nutrient intakes based on food-frequency questionnaires, FFQ 1 and FFQ 2 (n = 690).

Correlation Correlation Agreement

FFQ1 FFQ2 Coefficient Coefficient by Quintile

Unadjusted? Adjusted ® (%) <
Mean SD Median Mean SD  Median

Energy (kcal) 2401 7427 2320 2052 6713  1976* 0.448 * 68.70
Protein (g) 103.2 29,51  100.1 89.94 2867 86.23* 0.408 * 0.411* 65.80
Total fat (g) 109.2 3943 1022 94.02 3687 87.36* 0.407 * 0.434* 64.49
Carbohydrate (g) 2674 99.75 2534 2299 8424 2156* 0.432* 0.433 * 67.54
Saturated fat (g)  24.70 9.08 23.15 20.57 8.11 19.21* 0.405 * 0.405 * 63.77
Cholesterol (mg) 3479 1261 327.1 291.7 111 273.5*% 0.415* 0.464 * 64.49
Fiber (g) 3448 13.66 3231 30.61 1324 29.17* 0416 * 0.443 * 67.83
Alcohol (g) 2.07 3.39 0.90 0.25 0.76 0.00* 0.366 * 0.366 * 72.61
Sodium (mg) 2637 997 2494 2177  871.1  2037* 0.366 * 0.381 * 61.59
Potassium (mg) 5175 1781 4934 4704 1768 4479 * 0.384 * 0.406 * 65.80
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Calcium (mg)
Magnesium (mg)
Phosphorus (mg)

Iron (mg)
Zinc (mg)
Manganese (ug)
Iodine (pg)
Molybdenum (ug)
Chromium (ug)
Cobalt (ug)
Vitamin A (ug)
Vitamin E (mg)
Vitamin D (ug)
Vitamin C (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B6 (mg)
Niacin (mg)
Biotin (ug)
Vitamin K (ug)
Vitamin B12 (ug)
Folate (ug)

1175
454.5
1704
18.69
13.24
3750
139.2
195.8
65.64
26.40
2234
13.11
4.65
299.1
1.76
2.36
2.63
26.31
48.78
371.5
7.00
462.8

430.8 1128 1048 3985  1005* 0.387 * 0.405 * 66.67
152.1 4399 4319 1657 4109* 0.359 * 0.381 * 65.65
511 1637 1531  504.1 1475 * 0.430 * 0.427 * 67.83
5.98 18.01 16.12 5.58 15.52 % 0.426 * 0.432* 67.39
4.02 12.88 11.32 3.80 10.84 * 0.437 * 0.459 * 66.96
1309 3643 3291 1296 3132 % 0.395 * 0.407 * 63.04
5822  133.3 119 5238  111.8* 0.443 * 0.432 * 66.52
95.61 177.5 179.5 90.76  168.5* 0.373* 0.401 * 60.58
25.63 63.24 57.79 2476 55.14*% 0.372% 0372°*% 66.96
1291  24.43 22.83 1214 20.28* 0.445 * 0.447 * 67.54
1216 1870 1904 1112 1624 * 0.418 * 0.396 * 61.59
5.04 12.27 11.40 4.69 10.71* 0.297 * 0.301 * 60.87
2.46 411 3.74 2.04 3.29*% 0.435 * 0.458 * 63.04
1494 2727 2442 1256  218.7*% 0.344 * 0.337 % 60.58
0.56 1.70 1.51 0.53 1.46* 0.446 * 0.450 * 68.70
0.78 2.25 2.05 0.71 1.96 * 0.449 * 0.449 * 68.70
0.85 2.54 2.28 0.83 2.19* 0.509 * 0.502 * 72.03
8.69 25.29 24.08 9.28 23.01* 0.337* 0.375* 62.90
1740  46.73 45.05 18.16  42.58* 0.469 * 0.479 * 69.28
161.7  352.7 291.8 1378 2659* 0.419 * 0.402 * 66.67
2.82 6.59 6.10 2.88 5.53* 0.385 * 0.387 * 60.87
167.4  447.7 4123 1655 393.1* 0472 * 0.486 * 70.00

2 Spearman Correlation coefficient using unadjusted nutrient intakes. ® Spearman Correlation coefficients when adjusting
for total energy intake. < Percentage of the subjects classified in the same or adjacent nutrient intakes” quintile. * Correlation
significant at p <0.01.

3.3. Validity

Among the 690 participants, a subsample of 43 was selected for the validation anal-
ysis (Table 4). These pregnant women filled in three 24-h dietary recalls in addition to the
FFQs. Median daily energy and nutrient intakes based on FFQ and 24-h dietary recalls are
presented in Table 4. Similar values (paired-sample sign test) were observed between the
different methods for vitamins (except B6 and Biotin), minerals (except sodium, potas-
sium, magnesium, iron, molybdenum, chromium and cobalt) and others (except for pro-
tein, saturated fat, cholesterol and energy). Those showing significant differences had
slightly lower values in the FFQs. The Spearman correlation coefficients of nutrients in-
take adjusted for energy were calculated and only 13 of the 31 estimated values were sta-
tistically significant. These correlation coefficients ranged from 0.465 for cobalt to 0.305 for
cholesterol.

Table 4. Mean daily energy and nutrient intakes based on food-frequency questionnaire (FFQ) and 24-h dietary recalls (n

= 43).
) Correlation Agreement by Agreement
FFQ 24-h Dietary Recalls (¢ ient » quintile (%)f bygLoA (%) ¢
Mean SD Median Mean SD Median=

Energy (kcal) 1745 530 1646 2165 437.6 2133 * 44.19 97.67
Protein (g) 80.69 30.37 737 97.07 21.51 101.6 * 0.217 58.14 93.02
Total fat (g) 78.17 2350 7894 99.97 25.32 100.1 0.113 60.47 95.35
Carbohydrate (g) 192.7 74.89 1822 228.4 51.28 234.1 0.300 67.44 95.35
Saturated fat (g) 16.12 4.69 17.25 28.15 9.01 28.77 ** 0.176 53.49 95.35
Cholesterol (mg) 227.8 63.02 236.1 228.2 70.08 439.2** 0.305 * 55.81 93.02
Fiber (g) 26.64 13.19 25.36 24.04 6.99 24.68 0.358 * 62.79 93.02
Alcohol (g) 0.19 056  0.00 0.54 1.56 0.00 0.341*% 60.47 83.72
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Sodium (mg) 1849 612.8 1857 2500  836.6 2463 ** 0.130 51.16 93.02
Potassium (mg) 3742 1489 3424 4699 1304 4450 * 0.332°* 67.44 95.35
Calcium (mg) 850.2 362.3 818.7 1014  267.9 1028 0.397 ** 62.79 95.35
Magnesium (mg) 3275 1157 3255 416.5 103 417.8 * 0378 * 62.79 95.35
Phosphorus (mg) 1378 556.6 1287 1502 323.9 1503 0.299 62.79 93.02
Iron (mg) 1435 582 1341 18.19 4.37 17.92* 0.113 60.47 95.35
Zinc (mg) 1049 4.02 9.70 10.79 2.95 11.09 0.433 * 53.49 97.67
Manganese (ug) 3150 1512 2721 3004  796.2 2935 0.228 62.79 93.02
Iodine (ug) 107.7 478 1054 99.26  40.17 91.70 0.257 62.79 95.35
Molybdenum (ug) 1409 56.92 138.2 2228 99.18 2023 ** 0.349 * 65.12 93.02
Chromium (ug) 5499 2144 53.32 70.11 1873  71.42** 0.114 58.14 95.35
Cobalt (ug) 18.36 9.79  16.90 17.92 746  34.58 ** 0.465 ** 74.42 93.02
Vitamin A (ug) 1690 961.7 1657 1811 902.3 1701 0.197 65.12 93.02
Vitamin E (mg) 1052 420 993 8.85 3.40 8.34 0.332* 60.47 90.70
Vitamin D (ug) 301 147 290 3.58 2.28 3.74 0.271 55.81 95.35
Vitamin C (mg) 190.1 105 183.6 2024  80.21 194.6 0.398 ** 60.47 97.67
VitaminB1 (mg) 1.35 046 1.34 1.56 0.38 1.51 0.337 * 58.14 93.02
Vitamin B2 (mg) 1.89 0.79 1.80 1.95 0.47 2.03 -0.130 51.16 97.67
Vitamin B6 (mg) 212 087 190 2.36 0.61 242% 0.391 ** 67.44 95.35
Niacin (mg) 1994 739 18.86 22.89 7.44 22.15 0.173 60.47 97.67
Biotin (ug) 3530 12.81 35.35 4789 1436  49.04 ** -0.055 46.51 95.35
Vitamin K (ug) 283.5 142.1 240.1 313.8 179.8 305.1 0.283 55.81 95.35
Vitamin B12 (ug) 527 245 4.82 6.04 1.74 6.38 0.268 60.47 93.02
Folate (pg) 363.9 1649 3284 323.2  99.06 320.8 0.298 62.79 90.70

aPaired-sample sign test. ® Correlation coefficients of Spearman were adjusted for total energy intake. < Percentage of the
subjects classified in the same or adjacent nutrient intakes’ quintile. ¢ Overall proportion of agreement limits between both
questionnaires. Corresponding to Bland—Altman plots. * Significant at p < 0.05 level; ** Significant at p < 0.01 level.

On the other hand, the percentage of subjects classified in the same or adjacent nutri-
ent intakes” quintile varied from 44.1% for total energy to 74.4% for cobalt. As commented
before, the correlation coefficient is not a measure of agreement but a measure of associa-
tion and can be partly influenced by the sample size. For this reason, we also applied the
Bland-Altman method and calculated the percentage of subjects into the limits of agree-
ment (Table 4). This varied from 83.7% for alcohol to 97.6% for total energy, vitamin C and
Niacin. Figure 1 illustrates some graphics of the Bland-Altman method.
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Figure 1. Bland—-Altman plot. Bland-Altman plot between food frequency questionnaire (FFQ) and 24-h dietary recalls
methods for measuring daily (a) energy, (b) protein, (c) calcium, (d) vitamin B12, (e) carbohydrate, (f) iron, (g) vitamin C
and (h) vitamin E intake. Solid lines represent mean differences between the two methods. Dashed lines represent the

limits of agreement corresponding to +1.96 SD.
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3.4. Nutrients Intake in Pregnant Women

Figure 2 illustrates the comparison of the nutrients intake with the dietary reference
values for each nutrient for pregnant women [30]. Percentages of the relative difference
from the values were near or above the dietary reference values. Some micronutrients
doubled or tripled the recommendations, such as vitamin K (268.5%), vitamin C (158.7%),
vitamin A (195.6%), molybdenum (188.7%) and phosphorus (194.1%). Conversely, other
nutrients such as iodine (-35.4%), vitamin D (-72%) and folate (-27%) were notably below
the recommended values.
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Figure 2. Percentage of the relative difference between the mean of nutrient intakes during preg-
nancy and the recommended values. Percentage of the relative difference from the mean of nutrient
intakes during pregnancy of FFQs compared with dietary reference values established for each nu-
trient by the European Food Safety Authority (EFSA).

Table 5 shows the comparison of our results with seven other studies carried out on
pregnant women. Although some nutrients show a wide difference, our results are within
the ranges shown by other studies. Nutrient intakes were similar and comparable with
other studies, especially of Spanish populations.
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Table 5. Comparison of the daily average intake of energy and nutrients based on food frequency questionnaires (FFQ1
and FFQ2) with results obtained by other studies.

Nutrients Our Study 1 2 3 4 5 6 7
Energy (kcal) 2226 2304 1923 2221 2021 1754 1744
Protein (g) 96.6 102 70 86 78.9 56 59
Total fat (g) 101.6 99 85.7 75 53.9 51 56
Carbohydrate (g) 248.6 261 228.3 300 306.4 263 242
Saturated fat (g) 22.6 31 329 18
Cholesterol (mg) 319.8 340 223.8 347 238
Fiber (g) 325 24 33.7 29 7 15 11
Alcohol (g) 1.1 3 0.1

Sodium (mg) 2407 3411 2417 2586 481 3013
Potassium (mg) 4939 2532 3800 1647 2481 2454
Calcium (mg) 1112 1289 7152 930 830.6 608 519
Magnesium (mg) 443.2 387 235.2 380 297 230
Phosphorus (mg) 1617 1153 1600 967.7 941 945
Iron (mg) 17.4 21 11.2 13 20.3 19 6.9
Zinc (mg) 12.3 28 7.8 11 9.5 7.2
Manganese (ug) 3520 1800 2500
Iodine (ug) 129.1 222 79.2 120 154 437
Molybdenum (ug) 187.7

Chromium (ug) 61.7

Cobalt (ug) 24.6

Vitamin A (pg) 2069 1900 1500 987.7 872 909
Vitamin E (mg) 12.3 11.4 8 4.3 10 8

Vitamin D (ug) 4.2 3.1 6 2.7 3.3 42
Vitamin C (mg) 271.6 144 253 73.9 160 127.2 164 111
VitaminB1 (mg) 1.6 2 1.5 1.5 1.6 0.9
Vitamin B2 (mg) 22 2 1.3 1.8 2 1.1
Vitamin B6 (mg) 2.5 2.1 2 2 1.6 1.2
Niacin (mg) 25.2 34 18.5 31 15.9 11 13.3
Biotin (ug) 46.9 18.2

Vitamin K(ug) 331.6 219
Vitamin B12 (ug) 6.5 9.9 6 3.5 42
Folate (pg) 437.5 305 400 229.2 280 133 284

1 Vioque et al., 2013 [15]; 2 Salcedo-Bellido et al., 2017 [31]; 3 Mouratidou et al., 2006 [23]; 4 Brantsaeter et al., 2007 [26]; 5
Loy et al., 2011 [32]; 6 Zhang et al., 2015 [22]; 7 Ogawa et al., 2017 [25].

4. Discussion
4.1. Validation and Reproducibility

The results of this study demonstrate the validity and reproducibility of a 141-item
modified FFQ based on the one previously validated by Vioque et al. (2013). The original
FFQ was modified to meet the requirements of the target population of the GENEIDA
birth cohort. Despite the use of biomarkers represents the method of preference to validate
the FFQ, it could have some limitations for pregnant women because of the use of food
supplements. Thus, we decided to validate the FFQ with 24-h dietary recalls.

Overall, the modified FFQ has a good validity and a huge reproducibility for all nu-
trient intakes during pregnancy. Regarding the external validity of this study, it should
be noted that our study population has a medium-low socioeconomic level, with a 15%
immigrant population, mainly of Latin American origin; however, the lifestyle of 85% of
the population is similar to that of other pregnant women from other Spanish regions.
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Hence, the questionnaire could be used in other studies carried out in Spain, and more
specifically in Andalusian population, showing similar characteristics to the pregnant
women participating in this study.

In our study, the average correlation coefficients for reproducibility between the first
and second administration of the FFQ was 0.41 for the 32 nutrients intake considered. This
value is lower than that obtained in the INMA-Valencia study in Spain [18], where the
average of the correlations coefficient was 0.51. The difference may be due to the use of
different correlation coefficients. We have used the Spearman’s correlation coefficient as
the variables analyzed were non-normally distributed, while the INMA-Valencia study
used the Pearson’s correlation coefficient. On the other hand, our study compared the
results of application of the FFQ at two different time-points of the pregnancy and found
different results, as a clear decrease in the nutrient intake was observed in the third tri-
mester of pregnancy relative to the first trimester. However, the INMA-Valencia study
showed similar results in the two applications of the FFQ, which can justify their higher
correlations. When the means of the classification percentages in the same or adjacent
quintile were compared, both studies found similar results, with 71% for INMA-Valencia
study and 66% for our study.

The correlation coefficients for most of the nutrients were similar to other validation
studies of FFQ in pregnant women [23,25]. In the current study, although significant cor-
relation coefficients were observed for several nutrients, no significant correlations were
found for proteins, saturated fat, sodium, iron, phosphorus, vitamin B2 or biotin, among
others. The correlation coefficients obtained for the reproducibility test were better than
those found for the validation. This is because the reproducibility assessment measures
the correlation between the same test performed at two different times (first and third
trimester of pregnancy) while the validation assessment measures the correlation between
two different tests used to measure the same event. Hence, correlation studies are not
recommended to evaluate the comparability between methods [33]. An alternative analy-
sis was proposed in 1983, based on the quantification of the agreement between two quan-
titative measurements, which is the current widely used method in nutritional epidemi-
ology. The Bland-Altman method has been used to evaluate the agreement between the
two methods in several validation studies conducted for pregnant women [22,23]. There-
fore, the Bland-Altman analysis was used to evaluate the agreement between question-
naires regarding validation. Figure 1 shows points distribution within the LoA of some
nutrients, both in the validation and in the reproducibility assays. When results are shown
in percentages (Table 4), all values are above 90%, except for alcohol (83.7%), from which
it can be concluded that both methods are comparable.

Another appropriate way to access the agreement between two methods is, again,
the percentage of agreement by quintile. According to classification into quintiles of nu-
trient intakes as estimated by the FFQ and the 24-h dietary recalls, between 44% (energy)
and 74% (cobalt) of women were classified in the same or adjacent quintile with an aver-
age of 60%. The results obtained were comparable to those reported in other studies con-
ducted with pregnant women as well [22,25].

4.2. Nutrients Intake in Pregnant Women

In the current study, pregnant women were not consuming the amounts recom-
mended for the gestational period (Figure 2). In this case, deficiency or excess of nutrients
was calculated using dietary reference values established for each nutrient by EFSA [30].
Nutrients such as total fat, vitamin B2 and chromium were above 50% recommended daily
allowance. Specifically, the intake of some nutrients such as sodium, total fat, saturated
fat or cholesterol were above the reference values recommended. This should be closely
monitored, because a high intake of these nutrients could pose a risk to the health of preg-
nant women and the fetus due to e.g., an increased risk of hypertension and cardiovascu-
lar complications [34]. Despite some micronutrients, such as phosphorus, vitamin K, vit-
amin A, vitamin C and molybdenum were above 150% of the recommendations, none of
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them were close to toxicity values considered harmful to the health of pregnant women.
The highest deficiencies in the intake of micronutrients were found for iodine, vitamin D,
and folate. These nutrients are essential during pregnancy and fetal development [11] and
usual supplementation helps improve the inadequate intake. For example, in our study
all participants received folate supplementation during pregnancy (400 micrograms/day),
as recommended by public health agencies, which contributed to achieve the recom-
mended folate levels despite their dietary deficits. Our study strengthens the idea that
supplementation during pregnancy is crucial and that minor modification of the diet can
improve all the deficits found. e.g., the use of iodized salt instead of common salt.

The comparison of these results with those of other studies (Table 5) showed that the
nutritional status of pregnant women in South-East of Spain are within the range reported
by other studies, especially if they are from European populations
[12,15,22,23,25,26,31,32]. For example, percentages of inadequacy for vitamin D and iodine
are similar to those observed by other epidemiological studies conducted in Spanish pop-
ulation [12,15,31]. The population from Southern Spain is characterized by a high dietary
diversity, so it is not unusual to obtain similar values to other studies conducted in differ-
ent Spanish population [15,31]. Specifically, our study shows similar results for all macro-
nutrients and some micronutrients such as calcium or vitamin E to those observed for
pregnant women in Valencia, Spain [15]. Intakes of other vitamins, such as vitamin A or
vitamin C and group B vitamins, were comparable to another study performed in Spanish
pregnant women [31]. However, for other micronutrients such as B vitamins and some
minerals such as phosphorus and iodide, the results are close to those found in European
studies [23,26]. Conversely, results of studies conducted in Asian populations show more
disparate values, either higher or lower, than those described in our study [22,25,32].

These variations cannot only be due to differences in servings and type of food in-
gested but also to the food composition tables used. It should be noted that the present
study collects values of the intake of molybdenum, chromium, cobalt or vitamin K, that
are rarely described in studies of pregnant women, so it is difficult to obtain references to
compare the intake of these nutrients. Although this study has some limitations, such as
not using biochemical parameters for validation and the low number of subjects used, the
results obtained are comparable with those of other populations with similar characteris-
tics. Furthermore, the comparisons made with other studies allows us to infer that our
results are reasonable and therefore the FFQ developed is a useful tool.

5. Conclusions

Overall, this study shows a good validity and reproducibility for measuring most of
nutrient intakes. Thus, the present FFQ becomes a valid tool to collect dietary data for
South-East Spanish pregnant women. The results of this study suggest that the diet of
pregnant women living in this area ensures a good intake of nutrients and, together with
vitamin supplementation, can meet the necessary nutritional requirements to guarantee
the health of the fetus. In addition, we have included data for some nutrients like vitamin
K, chromium, cobalt, or molybdenum, which are not commonly reported in studies on
pregnant women. Finally, the population of this study is very similar in terms of nutrients
intake to other Spanish populations of pregnant women.
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