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Abstract: A considerable number of organizations are working to improve food safety, with
particular attention to vulnerable groups such as pregnant women due to the important
influence of diet on fetal development. The aim of this study was to evaluate exposure
to 11 food processing contaminants and their effects on maternal and fetal health. Online
questionnaires during the first and third trimesters were used to analyze the intake and
exposure to different food contaminants, estimated from the contaminants food database
“CONT11”, in 84 pregnant women in Oviedo (Spain) and their influence on newborn
anthropometric data. Exposure to certain contaminants, such as acrylamide or total poly-
cyclic aromatic hydrocarbons, was found to have a significant impact on maternal and fetal
health, particularly in relation to birth weight or head circumference. During the third
trimester, pregnant women reported dietary improvement and reduced exposure to dietary
contaminants. Identifying the foods and food groups that contribute most to exposure
and the potential for health professionals will facilitate the development of basic exposure
reduction strategies. This study is one of the few to assess the exposure of pregnant women
to a wide range of contaminants and their impact on fetal health, providing a baseline for
future research.

Keywords: food contaminants; pregnant women; dietary exposure; fetal anthropometry

1. Introduction
A number of organizations, such as the World Health Organization (WHO), have

a strong focus on the protection of the most vulnerable populations, such as pregnant
women [1–4]. Numerous studies have investigated the role of nutrition during pregnancy,
which has been identified as one of the most critical periods for preventing risks in child-
hood and adulthood, as it can influence embryonic development and be a link to later
disease [1,3]. Therefore, ensuring food safety at this stage is of utmost importance.
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Food can be a vehicle for pathogens, such as bacteria, viruses, or parasites, and many
contaminants, such as pesticides, microplastics, heavy metals, or contaminants from food
processing [5,6]. The United Nations Food and Agriculture Organization (FAO) and the Eu-
ropean Food Safety Authority (EFSA) are developing databases and tools to assess dietary
exposure to different food contaminants worldwide [7,8]. In this context, a database of
contaminants from food processing, CONT11, has been developed in a previous study [9]
providing information to assess the intake of up to 11 food contaminants: 5-Hydroxymethyl-
2-Furfural (HMF5), pyrraline (PYRR), Amadori compounds (AMCOMP), furosine (FUROS),
Acrylamide (ACRYL), Furan (FURAN), nitrates (NITRA), nitrites (NITRI), nitrosamines (NI-
TRN), Benzopyrene (B(A)P), and total polycyclic aromatic hydrocarbon (TPAHC). Among
the estimated food contaminants, some are produced by non-enzymatic chemical reactions
during the heating and cooking of food, others are added during processing, and some
may be present in food as a result of environmental contamination [10–15]. Some of these
food contaminants have been described to be of concern for maternal and fetal health and
development, giving rise to low birth weight, among other effects [11,16–21]. Therefore,
understanding women’s exposure to food contaminants during pregnancy is important to
predict how it might affect the health of their unborn children and to consider strategies to
reduce the intake of these contaminants [20,22–24].

In light of these risks, health professionals, most notably midwives [25], are well-
positioned to assume a pivotal role in the education of expectant mothers regarding the
subject of dietary exposure to food contaminants [26]. Therefore, with all the above-
stated information, the aim of this study was to assess the exposure of pregnant women
in the north of Spain to different food contaminants and their possible effects on fetal
anthropometric parameters, which will allow for more effective mitigation strategies to
be designed.

2. Materials and Methods
2.1. Study Population

The study analyzed data from 84 pregnant women who completed food records and
provided relevant anthropometric data during the first and third trimesters of pregnancy.
Participants were enrolled online, were over 18 years of age, and were free of chronic
diseases. All women gave birth in Oviedo, Asturias, Spain, and fetal anthropometric data
were provided by the pregnant women after the initial postpartum consultation.

The study was a supplementary study derived from the European Stance4Health
project [27], and informed consent was obtained from all participants in accordance with
Spanish legislation and the ethical guidelines of the Declaration of Helsinki of the World
Medical Association. Data on pregnant women were obtained and collected through an
online questionnaire, including their age, height, weight in the first and third trimesters,
tobacco consumption, and physical activity. Body Mass Index (BMI) was calculated using
the formula (kg/m2). Gestational age and measurements of physical size, such as birth
weight, height, and head circumference, were reported by the mothers and recorded
according to standardized protocols and always under midwifery supervision [28–31].

2.2. Nutritional Information and Estimation of Contaminants

Dietary intake during pregnancy was assessed using a food frequency questionnaire
(FFQ) developed and validated within the Stance4Health project [32]. The tool includes a
total of 200 commonly consumed foods, which are categorized into distinct food groups
such as “vegetables”, “fruits”, “fish and fish products”, and others [32]. In order to ascertain
the most appropriate scale for the measurement of frequency of consumption, the data
were reported on an incremental scale with nine levels (never or hardly ever, 1–3 times per
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month, 1 time per week, 2–4 times per week, 5–6 times per week, 1 time per day, 2–3 times
per day, 4–6 times per day, 6 or more times per day). Each item was reported in terms
of standard portion sizes, measured in grams or milliliters, and delineated according to
common household portion sizes (plate, cup, tablespoon, teaspoon, glass, piece, slice). The
FFQ was administered twice during pregnancy: once in the first trimester and again in the
third trimester. Both procedures were conducted online.

Several contaminants can potentially be found in food. This study used the CONT11
database, which contains data on 11 contaminants. These contaminants may appear in
food due to environmental contamination or intentional addition of additives. Further, the
database accounts for contaminants that appear during the thermal processing of foods or
during storage. CONT11 was developed following the standardized methodology for food
composition databases (FCDB), which has been adapted to include chemical contaminants
in food, treating them in a similar way to nutrients [9,33]. This approach allows contaminant
concentrations to be expressed in comparable terms (milligrams or micrograms per 100 g of
food), which facilitates their integration and analysis in dietary and exposure assessment
contexts [9,33]. The CONT11 database was constructed from 34 sources, including scientific
studies and official repositories, thus consolidating a robust resource for the analysis of the
presence of contaminants in commonly consumed foods [9].

To determine the intake and exposure to food contaminants, data from the FFQ and
the FCDB CONT11 were used. The methodology used in this study was based on other
studies [9,34] where weighted averages of contaminant levels were used for those foods in
the FFQ that had different concentrations depending on the cooking method. The intake
of food contaminants was calculated taking into account the intake values of each food
item and the concentration of each contaminant described in CONT11. Individual dietary
exposure was determined by dividing the daily intake of the food contaminant by the
body weight of pregnant women. Data were expressed as mg or µg contaminant/kg
body weight/day. Finally, foods were grouped into 13 categories based on a standardized
classification system, and the mean dietary exposure for each group was estimated. This
allowed for the quantification of each food group’s relative contribution to the total dietary
exposure to contaminants.

2.3. Data Statistical Analysis

The SPSS 26.0 statistical software was used to analyze data. The normality test
Kolmogorov–Smirnov was performed on the data, followed by Spearman’s coefficient to
evaluate their correlations between the different variables. Furthermore, linear regressions
were conducted, adjusting for various covariates (maternal weight, age, energy intake,
child sex, tobacco, and physical activity).

Variables related to intake of food contaminants were logarithmically normalized to
visually demonstrate the difference in intake between the first and third trimesters of preg-
nancy, and these differences were formally tested for significance using the Mann–Whitney
U test. The percentage difference in the intake of food contaminants between the first
and third trimesters of pregnancy was also calculated. The level of significance was set
at p < 0.05. Mean and standard deviation (SD) values were calculated for all variables.
The Python 3.7 module was used to evaluate the association between the anthropometric
parameters of newborns and the intake of food contaminants and to develop a heat map.

3. Results
3.1. Characteristics of the Study Population

The study analyzed the characteristics of 84 pregnant women and their newborns.
An overview of the main features is provided in Table 1. The average age of participants
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was approximately 35 years, with an average weight of 68.2 kg and BMI of 23.7 kg/m2.
The gestational age was 39.2 weeks, and 46.4% of the newborns were boys. With respect to
the anthropometric parameters of the newborns, the mean birth weight was 3277 g ± 508 g.
The height of the newborns was 50.3 cm, and the head circumference was 34.1 cm.

Table 1. Characteristics of mother-child pairs (n = 84).

Characteristic %, Mean ± SD

Maternal Characteristics
Maternal age 34.9 ± 5.7
Weight (Kg) 68.2 ± 14.7

BMI (kg/m2) 23.7 ± 5.6
Energy intake 2419 ± 386

Infant Characteristics
Infant sex (male/female) 46.4%/53.6%
Gestational age (weeks) 39.2 ± 1.92

Birth weight (g) 3277 ± 508
Height of the newborns (cm) 50.3 ± 2.68

Head circumference (cm) 34.1 ± 1.23

3.2. Distribution of Contaminant Intake by Food Group and Trimester of Pregnancy

The intake of food contaminants was estimated using the FFQ adapted to CONT11.
Figure 1 shows the percentages of different food groups consuming each contaminant.
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The analysis showed that for the dietary intake of HMF5, the group of coffee, cocoa,
tea, and infusions was responsible for 86% of the total exposure to this contaminant. The
grains and grain-based products group was the major contributor (92%) to PYRR exposure.
Milk and dairy products were the main sources of exposure to AMCOMP and FUROS,
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accounting for 70% and 63% of the respondents, respectively. The intake of ACRYL came
from various products, but the most important were starchy roots or tubers (22%), with
particular emphasis on fried products, other foods in which ultra-processed foods stand
out (11%), and finally the group of coffee, cocoa, tea and infusions (14%). In the case of
furan, its exposure came predominantly from the coffee, cocoa, tea, and infusions group,
with a contribution of 30%.

The primary source of TPAHC and B(A)P exposure was the consumption of animal-
based foods like meat, fish, and dairy products, which account for 45% and 54% of the
intake, respectively. Additionally, TPAHC was also included in other food groups, such
as oils, primary derivatives, and processed foods. B(A)P was also present in a significant
proportion in vegetables and derivatives.

Regarding nitrate consumption, vegetables and plant products were the main culprits
(80%). Nitrite intake was not only related to the consumption of vegetables and plant
products (36%), but meat and meat products as well (18%); nuts, seeds, and oilseed fruits
also played an important role (20%). Nitrosamines were predominantly found in fish,
shellfish, and their derivatives (34.8%), and in other animal products (41%).

When comparing the intake of contaminants determined during the first and
third trimesters of pregnancy, a reduction was observed for all contaminants during the
third trimester. The reduction varied depending on the contaminant, ranging from 61% for
HMF5 to 3.5% for AMCOMP. Figure 2 shows the contaminants that experienced statistically
significant reductions.
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3.3. Contaminant Intake and Exposure: Association with Fetal Anthropometric Parameters

The intake and exposure of 11 contaminants were estimated in 84 pregnant women
using the Stance4Health FFQ. Table 2 presents the total intake of contaminants and exposure.
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Some contaminants, such as HMF, PYRR, and NITRA, showed high variability, whereas
others were more stable.

Table 2. Intake and exposure to all contaminants of pregnant women in the study.

Contaminants Mean ± SD Intake
(*/day)

Mean ± SD Exposure
(*/kg body weight/day)

HMF5 (mg) 64 ± 72.7 0.94 ± 1.06
PYRR (mg) 12.4 ± 7.7 0.18 ± 0.12

AMCOMP (mg) 67.4 ± 48.5 1.1 ± 0.69
FUROS (mg) 23.4 ± 15.8 0.3 ± 0.22
ACRYL (µg) 70.3 ± 42.4 1.08 ± 0.7
FURAN (µg) 14.5 ± 7.8 0.22 ± 0.1
NITRA (mg) 139 ± 67 2.08 ± 0.97
NITRI (mg) 11.3 ± 5.5 0.15 ± 0.07
NITRN (µg) 6.57 ± 3.04 0.10 ± 0.04
B(A)P (µg) 0.64 ± 0.17 0.04 ± 0.006

TPAHC (µg) 4.7 ± 1.1 0.07 ± 0.04
The “*” is equivalent to the units of mg or µg, depending on the contaminant.

Based on evidence of exposure to food contaminants and their impact on maternal
and fetal health, correlations between contaminant exposure and fetal anthropometric
parameters were examined using Spearman analyses. Most contaminants had low negative
correlations with specific anthropometric parameters (Figure 3).
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For instance, birth weight was the most important parameter, and it decreased with
higher contaminant exposure. PYRR, ACRYL, and TPAHC were identified as the contami-
nants with the most significant effects.
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Based on these results, statistical models were developed to analyze the impact of
contaminants on maternal and fetal health. However, the regression models demonstrated
limited efficacy in predicting fetal anthropometry in relation to exposure to contaminants.
For example, a decrease in birth weight was observed with an increase in ACRYL exposure;
however, it was not significant (p = 0.07). Nevertheless, these models were found to be
unable to explain a significant proportion of the observed results.

4. Discussion
4.1. Intake and Exposure to Food Contaminants and Their Relationship with Maternal and
Fetal Health

Pregnant women constitute a vulnerable population, so it is essential to monitor their
exposure to food contaminants, which can be potentially dangerous for fetal development
and newborn health [17,18,35–38]. This study examined the dietary habits and levels of
contaminants in the foods consumed by pregnant women.

The results of the evaluation of the intake of contaminants during the first and third
trimesters of pregnancy (Figure 2) indicated that pregnant women significantly reduced
the intake of all food contaminants during the third trimester. This reduction could be
attributable to increased concerns about nutrition during pregnancy, especially during the
third trimester [1,3]. In particular, the significant decrease in HMF5 exposure during the
third trimester was observed as a result of a significant reduction in coffee consumption.
This also explains the variability in exposure to some of the food contaminants studied, such
as FURAN and ACRYL. Furthermore, the study indicates how certain eating habits increase
or decrease exposure to specific contaminants, such as the consumption of vegetables, fried
products, processed foods, or coffee [16,17]. One example was the variation in acrylamide
intake among pregnant women in the Norwegian MoBa study due to products such as fried
chips or nuts [17]. In contrast, foods of animal origin, including milk or meat, exhibited a
higher regularity of consumption among pregnant women, which makes the exposure to
some contaminants less susceptible to variability, such as FUROS or NITRI.

In this context, it should be noted that some of the food contaminants described
in this study have not been well studied in pregnant populations, making comparisons
difficult. For this reason, the intake of food contaminants studied in pregnant women
(Table 2) was compared with the results of studies on other populations. The findings were
consistent with those of other studies on the intake and exposure. For example, HMF5
intake was consistent with that reported in other studies on the Spanish population [39].
Concerning the levels of PYRR, AMCOMP, FUROS, or FURAN, the results of our study
were lower than those described by other researchers [40–42]. In relation to ACRYL, which
is one of the more studied food contaminants, the levels were in line with those found
in another study of pregnant women, and do not exceed the exposure limits established
by EFSA [18,22]. The results for TPAHC, particularly B(A)P, were consistent with the
findings from previous studies [43,44]. However, it is imperative to consider the additional
environmental exposure that would be added to the exposure reflected in our study [43,44].
Finally, the levels of nitrates, nitrites, and nitrosamines were comparable to, or lower than,
those reported by other authors [45–48].

There are studies warning of the effect of some food contaminants (such as acrylamide
or total polycyclic aromatic hydrocarbons) on birth weight, even promoting maternal
obesity and the possibility of this being passed on to the offspring [11,16–18,20,21,36,37].
Moreover, their consumption can not only affect weight, but also can result in birth defects
or even miscarriages [11,16–18,20,21,36,37]. Nitrates, nitrites, and nitrosamines are well
known for their effects on oxygen deprivation in the newborn, and even fetal growth deficit
has been observed after high intakes of nitrites from vegetable juices [35,38]. The remaining
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contaminants have not been studied extensively in pregnant women, and thus, there is not
enough information about their potential effects on maternal and fetal health.

After considering the evidence on the effects of exposure on maternal-fetal health,
it was important to explore the correlation between exposure to contaminants and fetal
anthropometric parameters. Low inverse correlations were obtained (Figure 3) with respect
to contaminant exposure and certain anthropometric parameters. In particular, birth weight
was most affected by contaminant exposure. ACRYL was found as the contaminant more
strongly associated with fetal anthropometry, confirming what has been described in other
studies [11,18,36]; therefore, acrylamide should be one of the most significant contaminants
to reduce. TPAHC, B(A)P, and FURAN were the next most relevant food contaminants after
ACRYL, which supports what has been described in other studies, where high levels of
these contaminants have been linked to low birth weight and prematurity [20,21,49,50]. In
addition, nitrates were found to have the least effect on the weight of the fetus, confirming
other studies describing certain benefits for maternal-fetal health due to their effects on
blood pressure [19]. Additionally, ACRYL and FURAN had the greatest influence on
gestational age.

4.2. Strategies to Mitigate Exposure to Food Contaminants in Pregnant Women

The assessment of the intake of food contaminants gives the opportunity to unravel
what possible actions can be undertaken to mitigate and reduce their production, intake,
and exposure. Organizations like the WHO or EFSA are working to reduce exposure
to contaminants such as acrylamide [22,51–53]. Among the most important strategies to
mitigate the intake and exposure of the food contaminants evaluated in this study are the
following: i. reduce the consumption of food or food groups with the highest concentrations;
ii. frequent replacement of the oil used for cooking; iii. use less heat-aggressive cooking
methods; iv. reduce cooking temperatures; v use spices for cooking; vi. adjust parameters
such as water activity or pH; vii. consider new methods of sterilization; and viii. increase
pressure on the food industry to adopt measures to reduce these contaminants because of
their health risks [24,51,54–58].

If careful attention on which food groups had a higher contribution to the exposure
of these food contaminants throughout pregnancy was paid (Figure 1), a more reliable
mitigation strategy could be found to reduce the exposure to different food contaminants for
this specific population. In pregnant women, coffee consumption was the major contributor
to HMF5 and FURAN exposure. Therefore, reducing coffee consumption could significantly
reduce exposure to these contaminants. This is in line with what has been described in other
studies, which suggest that coffee is one of the main sources of HMF5 [59–61]. Although
grains and grain-based products are linked to exposure to almost all of the studied food
contaminants, exposure to PYRR is the main concern [62]. It is necessary to identify the
main contributors to this group and to explore possible food substitutes. Dairy products
are a primary source of exposure to FUROS and AMCOMP. Therefore, an option could be
to reduce the consumption of dairy products with aggressive sterilization methods [40,56].
Controlling NITRA and NITRI levels in drinking water and washing of vegetables would
help to reduce the exposure to these contaminants [19,63]. The intake of meat and fish has
a significant impact on the exposure to NITRI, NITRN, TPAHC, and B(A)P [15,48,64–67].
By reducing the consumption of smoked foods, processed meats, and foods with additives
derived from these food contaminants, their exposure could be reduced. In addition,
avoiding direct contact with flames during cooking or not reusing oils for frying at high
temperatures would also mitigate the appearance of TPAHC and B(A)P [20,68]. Finally,
ACRYL is associated with the consumption of processed and fried products, in particular
fried potatoes. Reducing the consumption of these foods or modifying their cooking
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methods would result in a decrease in its exposure [13,22–24,51]. Another mitigation
strategy, such as increasing the intake of vitamins due to their protective effects [50], or using
microwave irradiation methods, could reduce exposure to these food contaminants [41].

However, the implementation of these strategies requires commitment from all profes-
sionals involved in the care of pregnant women, including doctors and nurses [69]. In this
context, midwives, as a primary source of guidance during pregnancy, assume a pivotal
role [70]. Enhancing their training in these strategies could effectively reduce their exposure
to food contaminants [71]. A notable example is the French National College of Midwives,
which has developed guidelines for this purpose [72].

4.3. Limitations and Strengths of the Study

Food composition databases generally do not estimate the levels of food contaminants.
Nonetheless, instruments created by organizations such as WHO and EFSA are increasingly
being used to evaluate their exposure and ensure food safety [7,8,73]. Nevertheless, estab-
lishing the levels of contaminants for each individual product or even for individual regions
remains a considerable challenge. Therefore, CONT11 was used. CONT11 is one of the few
food composition databases currently available that evaluates food contaminants generated
during thermal processing, making this study particularly relevant. Although the data
obtained were substantial, the use of the FFQ may have overestimated dietary intake.
Moreover, it is important to note that the application of FFQs for the analysis of some of
these contaminants is subject to an additional limitation, specifically the inability to record
the method of thermal processing adequately. Consequently, contaminant values must be
estimated at intermediate values. Conversely, the implementation of 24 h intake records,
which include detailed cooking method specifications for each food item, would facilitate
the association of these records with exposure data, resulting in a more precise estimation
of exposure levels. Nonetheless, the FFQ utilized, despite not having undergone specific
validation for pregnant women, has demonstrated adequate validity and reproducibility in
other populations, including adult and child populations in different geographical regions,
which enables it to be identified as a robust instrument [32,74]. Another limitation of
the present study is the number of pregnant women included in the analysis. In order
to strengthen and confirm the results, it would be necessary to include a larger sample
size in future research; for example, in our regression analyses, the covariates exerted a
considerable influence on the model, and the relatively small sample size may have been
a limiting factor. Although the results obtained are consistent with the scientific literature,
the significant associations observed remain somewhat uncertain. Future studies should
include biomarker analyses to corroborate these findings and more information about the
environment and different additional parameters, such as lifestyle, in order to deepen and
design more effective health prevention actions. Nonetheless, this study is one of the few
to evaluate several contaminants from thermal food processing in pregnant women.

5. Conclusions
This study highlights the need to monitor exposure to dietary contaminants in preg-

nant women to protect fetal development and neonatal health. A decrease in contaminant
intake was observed during the third trimester, possibly due to increased dietary concerns.
The intake of certain dietary contaminants, such as acrylamide or polycyclic aromatic
compounds, has been correlated with maternal-fetal adverse effects, such as reduced birth
weight and other anthropometric parameters, highlighting the importance of exposure
reduction. Tailored reduction strategies targeting specific food groups identified as major
contributors to contaminant exposure may be more effective. Consequently, the results of
this research provide a basis for future investigations.
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19. Kalaycıoğlu, Z.; Erim, F.B. Nitrate and Nitrites in Foods: Worldwide Regional Distribution in View of Their Risks and Benefits.
J. Agric. Food Chem. 2019, 67, 7205–7222. [CrossRef]

20. Lamichhane, D.K.; Leem, J.-H.; Kim, H.-C.; Lee, J.-Y.; Park, M.-S.; Jung, D.-Y.; Ko, J.K.; Ha, M.; Kim, Y.; Hong, Y.-C.; et al. Impact
of Prenatal Exposure to Polycyclic Aromatic Hydrocarbons from Maternal Diet on Birth Outcomes: A Birth Cohort Study in
Korea. Public Health Nutr. 2016, 19, 2562–2571. [CrossRef]

21. Lou, X.-Y.; Wu, P.-R.; Guo, Y. Urinary Metabolites of Polycyclic Aromatic Hydrocarbons in Pregnant Women and Their Association
with a Biomarker of Oxidative Stress. Environ. Sci. Pollut. Res. 2019, 26, 27281–27290. [CrossRef]

22. EFSA. Panel on Contaminants in the Food Chain (CONTAM) Scientific Opinion on Acrylamide in Food. Efsa J. 2015, 13, 4104.
23. Joint FAO/WHO Expert Committee on Food Additives; World Health Organization. Safety Evaluation of Certain Contaminants

in Food: Prepared by the Seventy-Second Meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA); World Health
Organization: Geneva, Switzerland, 2011; ISBN 92-4-166063-5.

24. Rannou, C.; Laroque, D.; Renault, E.; Prost, C.; Sérot, T. Mitigation Strategies of Acrylamide, Furans, Heterocyclic Amines and
Browning during the Maillard Reaction in Foods. Food Res. Int. 2016, 90, 154–176. [CrossRef]

25. Arrish, J.; Yeatman, H.; Williamson, M. Midwives and Nutrition Education during Pregnancy: A Literature Review. Women Birth
2014, 27, 2–8. [CrossRef] [PubMed]

26. Bryant, J.; Waller, A.; Cameron, E.; Hure, A.; Sanson-Fisher, R. Diet during Pregnancy: Women’s Knowledge of and Adherence to
Food Safety Guidelines. Aust. N. Z. J. Obstet. Gynaecol. 2017, 57, 315–322. [CrossRef] [PubMed]

27. Dello Russo, M.; Russo, P.; Rufián-Henares, J.Á.; Hinojosa-Nogueira, D.; Pérez-Burillo, S.; De La Cueva, S.P.; Rohn, S.; Fatouros,
A.; Douros, K.; González-Vigil, V.; et al. The Stance4Health Project: Evaluating a Smart Personalised Nutrition Service for
Gut Microbiota Modulation in Normal- and Overweight Adults and Children with Obesity, Gluten-Related Disorders or
Allergy/Intolerance to Cow’s Milk. Foods 2022, 11, 1480. [CrossRef] [PubMed]

28. De Onis, M.; Habicht, J.-P. Anthropometric Reference Data for International Use: Recommendations from a World Health
Organization Expert Committee. Am. J. Clin. Nutr. 1996, 64, 650–658. [CrossRef]

29. Elvander, C.; Högberg, U.; Ekéus, C. The Influence of Fetal Head Circumference on Labor Outcome: A Population-based Register
Study. Acta Obstet. Gynecol. Scand. 2012, 91, 470–475. [CrossRef]

30. Lourenção, L.F.d.P.; de Paula, N.C.; Cardoso, M.A.; Santos, P.R.; de Oliveira, I.R.C.; Fonseca, F.L.A.; da Veiga, G.L.; Alves, B.d.C.A.;
Graciano, M.M.d.C.; Pereira-Dourado, S.M. Biochemical Markers and Anthropometric Profile of Children Enrolled in Public
Daycare Centers. J. Pediatr. 2022, 98, 390–398. [CrossRef]

31. World Health Organization. Physical Status: The Use of and Interpretation of Anthropometry, Report of a WHO Expert Committee;
World Health Organization: Geneva, Switzerland, 1995; ISBN 92-4-120854-6.

32. Formisano, A.; Russo, M.D.; Russo, P.; Siani, A.; Hinojosa-Nogueira, D.; Navajas-Porras, B.; Toledano-Marín, Á.; Pastoriza, S.;
Blasco, T.; Lerma-Aguilera, A.; et al. Development and Validation of a Self-Administered Semiquantitative Food Frequency
Questionnaire Focused on Gut Microbiota: The Stance4Health-FFQ. Nutrients 2024, 16, 4064. [CrossRef]

33. Hinojosa-Nogueira, D.; Pérez-Burillo, S.; Navajas-Porras, B.; Ortiz-Viso, B.; De La Cueva, S.P.; Lauria, F.; Fatouros, A.; Priftis,
K.N.; González-Vigil, V.; Rufián-Henares, J.Á. Development of an Unified Food Composition Database for the European Project
“Stance4Health”. Nutrients 2021, 13, 4206. [CrossRef]

34. Kotemori, A.; Ishihara, J.; Nakadate, M.; Sawada, N.; Iwasaki, M.; Sobue, T.; Tsugane, S. Validity of a Self-Administered Food
Frequency Questionnaire for the Estimation of Acrylamide Intake in the Japanese Population: The JPHC FFQ Validation Study.
J. Epidemiol. 2018, 28, 482–487. [CrossRef]

35. Bahadoran, Z.; Mirmiran, P.; Azizi, F.; Ghasemi, A. Nitrate-Rich Dietary Supplementation during Pregnancy: The Pros and Cons.
Pregnancy Hypertens 2018, 11, 44–46. [CrossRef]

https://doi.org/10.1016/j.fct.2019.05.009
https://www.ncbi.nlm.nih.gov/pubmed/31102675
https://doi.org/10.1002/mnfr.202100272
https://www.ncbi.nlm.nih.gov/pubmed/34792849
https://doi.org/10.1016/j.scitotenv.2013.03.100
https://doi.org/10.1289/ehp.1205396
https://www.ncbi.nlm.nih.gov/pubmed/23204292
https://doi.org/10.1016/j.envres.2016.05.019
https://doi.org/10.1021/acs.jafc.9b01194
https://doi.org/10.1017/S1368980016000550
https://doi.org/10.1007/s11356-019-05855-y
https://doi.org/10.1016/j.foodres.2016.10.037
https://doi.org/10.1016/j.wombi.2013.02.003
https://www.ncbi.nlm.nih.gov/pubmed/23562582
https://doi.org/10.1111/ajo.12523
https://www.ncbi.nlm.nih.gov/pubmed/27624518
https://doi.org/10.3390/foods11101480
https://www.ncbi.nlm.nih.gov/pubmed/35627049
https://doi.org/10.1093/ajcn/64.4.650
https://doi.org/10.1111/j.1600-0412.2012.01358.x
https://doi.org/10.1016/j.jped.2021.09.006
https://doi.org/10.3390/nu16234064
https://doi.org/10.3390/nu13124206
https://doi.org/10.2188/jea.JE20170186
https://doi.org/10.1016/j.preghy.2017.12.010


Toxics 2025, 13, 399 12 of 13

36. Duarte-Salles, T.; Mendez, M.A.; Meltzer, H.M.; Alexander, J.; Haugen, M. Dietary Benzo (a) Pyrene Intake during Pregnancy and
Birth Weight: Associations Modified by Vitamin C Intakes in the Norwegian Mother and Child Cohort Study (MoBa). Environ.
Int. 2013, 60, 217–223. [CrossRef] [PubMed]

37. Kadawathagedara, M.; Botton, J.; de Lauzon-Guillain, B.; Meltzer, H.M.; Alexander, J.; Brantsaeter, A.L.; Haugen, M.; Pa-
padopoulou, E. Dietary Acrylamide Intake during Pregnancy and Postnatal Growth and Obesity: Results from the Norwegian
Mother and Child Cohort Study (MoBa). Environ. Int. 2018, 113, 325–334. [CrossRef]

38. Ward, M.H.; Jones, R.R.; Brender, J.D.; De Kok, T.M.; Weyer, P.J.; Nolan, B.T.; Villanueva, C.M.; Van Breda, S.G. Drinking Water
Nitrate and Human Health: An Updated Review. Int. J. Environ. Res. Public Health 2018, 15, 1557. [CrossRef] [PubMed]

39. Pastoriza de la Cueva, S.; Álvarez, J.; Végvári, Á.; Montilla-Gómez, J.; Cruz-López, O.; Delgado-Andrade, C.; Rufián-Henares,
J.A. Relationship between HMF Intake and SMF Formation in Vivo: An Animal and Human Study. Mol. Nutr. Food Res. 2017,
61, 1600773. [CrossRef]

40. Delgado-Andrade, C.; Seiquer, I.; Navarro, M.P.; Morales, F.J. Maillard Reaction Indicators in Diets Usually Consumed by
Adolescent Population. Mol. Nutr. Food Res. 2007, 51, 341–351. [CrossRef] [PubMed]

41. Förster, A.; Kühne, Y.; Henle, T.O. Studies on Absorption and Elimination of Dietary Maillard Reaction Products. Ann. N. Y. Acad.
Sci. 2005, 1043, 474–481. [CrossRef]

42. Santonicola, S.; Mercogliano, R. Occurrence and Production of Furan in Commercial Foods. Ital. J. Food Sci. 2016, 28, 155.
43. Ekhator, O.C.; Udowelle, N.A.; Igbiri, S.; Asomugha, R.N.; Frazzoli, C.; Orisakwe, O.E. Street Foods Exacerbate Effects of the

Environmental Burden of Polycyclic Aromatic Hydrocarbons (PAHs) in Nigeria. Environ. Sci. Pollut. Res. 2018, 25, 5529–5538. [CrossRef]
44. Martorell, I.; Perelló, G.; Martí-Cid, R.; Castell, V.; Llobet, J.M.; Domingo, J.L. Polycyclic Aromatic Hydrocarbons (PAH) in Foods

and Estimated PAH Intake by the Population of Catalonia, Spain: Temporal Trend. Environ. Int. 2010, 36, 424–432. [CrossRef]
45. Bahadoran, Z.; Ghasemi, A.; Mirmiran, P.; Mehrabi, Y.; Azizi, F.; Hadaegh, F. Estimation and Validation of Dietary Nitrate and

Nitrite Intake in Iranian Population. Iran. J. Public Health 2019, 48, 162. [CrossRef]
46. Hord, N.G.; Tang, Y.; Bryan, N.S. Food Sources of Nitrates and Nitrites: The Physiologic Context for Potential Health Benefits.

Am. J. Clin. Nutr. 2009, 90, 1–10. [CrossRef] [PubMed]
47. Hsu, J.; Arcot, J.; Lee, N.A. Nitrate and Nitrite Quantification from Cured Meat and Vegetables and Their Estimated Dietary

Intake in Australians. Food Chem. 2009, 115, 334–339. [CrossRef]
48. Thomas, R.; Thresher, A.; Ponting, D.J. Utilisation of Parametric Methods to Improve Percentile-Based Estimates for the

Carcinogenic Potency of Nitrosamines. Regul. Toxicol. Pharmacol. 2021, 121, 104875. [CrossRef] [PubMed]
49. Drwal, E.; Rak, A.; Gregoraszczuk, E.L. Polycyclic Aromatic Hydrocarbons (PAHs)—Action on Placental Function and Health

Risks in Future Life of Newborns. Toxicology 2019, 411, 133–142. [CrossRef]
50. Zhao, N.; Wu, W.; Cui, S.; Li, H.; Feng, Y.; Guo, L.; Zhang, Y.; Wang, S. Effects of Benzo [a] Pyrene-DNA Adducts, Dietary

Vitamins, Folate, and Carotene Intakes on Preterm Birth: A Nested Case–Control Study from the Birth Cohort in China. Environ.
Health 2022, 21, 55. [CrossRef]

51. Anese, M.; Manzocco, L.; Calligaris, S.; Nicoli, M.C. Industrially Applicable Strategies for Mitigating Acrylamide, Furan, and
5-Hydroxymethylfurfural in Food. J. Agric. Food Chem. 2013, 61, 10209–10214. [CrossRef]

52. European Food Safety Authority. Update on Furan Levels in Food from Monitoring Years 2004–2010 and Exposure Assessment.
EFSA J. 2011, 9, 2347.

53. World Health Organization. Tracking Contaminants in Food; World Health Organization: Geneva, Switzerland, 2012.
54. Capuano, E.; Fogliano, V. Acrylamide and 5-Hydroxymethylfurfural (HMF): A Review on Metabolism, Toxicity, Occurrence in

Food and Mitigation Strategies. LWT-Food Sci. Technol. 2011, 44, 793–810. [CrossRef]
55. Karwowska, M.; Kononiuk, A. Nitrates/Nitrites in Food—Risk for Nitrosative Stress and Benefits. Antioxidants 2020, 9, 241. [CrossRef]
56. Mesías, M.; Sáez-Escudero, L.; Morales, F.J.; Delgado-Andrade, C. Occurrence of Furosine and Hydroxymethylfurfural in

Breakfast Cereals. Evolution of the Spanish Market from 2006 to 2018. Foods 2019, 8, 158. [CrossRef]
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