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RESUMO

SOUZA, R.C.V. Influéncia da ingestdo materna de nutrientes durante a gestagéo nos
dados antropométricos do bebé ao nascimento. 2021. 106 f. Dissertagdo (Mestrado em
Ciéncias da Saude) — Faculdade de Medicina, Universidade Federal de Minas Gerais,
Belo Horizonte, 2021.

Introducdo: A ingestdo alimentar materna durante a gravidez representa um dos fatores
modificaveis mais importantes para a salde da crianga, podendo interferir
substancialmente nas medidas antropométricas do bebé ao nascer. Assim, realizou-se uma
revisdo sistematica, na qual foi efetuada uma busca sem delimitacdo de tempo de
publicacdo nas bases de dados Cinahl, Embase, Pubmed, Scopus, Web of Science e
manualmente em referéncias de estudos. Os nutrientes importantes durante a gestacao e
os principais dados antropométricos do bebé ao nascer foram incluidos como descritores.
Estudos observacionais em inglés, portugués e espanhol foram considerados elegiveis. A
analise de qualidade dos estudos foi realizada em duplicata por dois revisores
independentes por meio do instrumento STROBE (STrengthening the Reporting of
OBservational Studies in Epidemiology). A revisao contemplou 30 artigos, com 15,39
(DP 2,36) pontos em qualidade (valor méximo: 22). 36 associa¢des foram encontradas:
17 estudos com associacOes diretas entre a ingestdo de nutrientes e os dados
antropométricos do recém-nascido, 8 com associaces inversas e 11 trabalhos sem
associagdes significantes. A ingestdo alimentar de calcio, magnésio e vitamina C
influenciaram diretamente no peso do bebé ao nascer, enquanto a ingestdo de carboidratos
apresentou influéncia inversa. Objetivo: Avaliar a influéncia da ingestdo materna de
nutrientes durante a gestacdo nos dados antropométricos do bebé ao nascimento.
Metodos: Foi realizado um estudo de delineamento transversal, que contemplou 626
puerperas e seus bebés, internados em alojamento conjunto de uma maternidade publica
de referéncia em uma metrépole brasileira. O consumo alimentar materno foi mensurado
por um questiondrio de frequéncia alimentar validado. Andlise descritiva, testes
Kolmogorov-Smirnov, T-Student, ANOVA, correlacdo de Spearman e regressao linear
multipla foram realizados. A regressdo foi ajustada pela ingestdo energética materna,
escolaridade, idade gestacional, pratica de atividade fisica e uso de suplementos na
gestacdo. Resultados: A ingestdo materna das vitaminas B3 e C foi associada ao aumento
do peso ao nascer (f=0,01; IC 95% 0,01-0,02; p=0,01 ¢ p=0,01; IC 0,01-0,02; p=0,02,
respectivamente). Um maior indice de massa corporal pré-gestacional materno ($=0,01;
IC 95% 0,01-0,02; p=0,001), ganho de peso gestacional (f=0,02; IC 95% 0,01-0,02;
p<0,001), paridade ($=0,05; 1C 95% 0,02-0,09; p=0,001) e bebés do sexo masculino
(B=0,08; 1C95% 0,01-0,02; p=0,02) também influenciaram positivamente no peso ao
nascer (R?=0,27; p<0,001). N4o foi observada associagdo com outros nutrientes (p>0,05).
Conclusdo: A revisdo sistematica evidenciou consideravel influéncia da ingestdo de
calcio, magnésio, vitamina C e carboidratos no peso ao nascer do bebé. Ja o estudo
transversal detectou contribuicdo positiva da ingestdo materna das vitaminas B3 e C para
o mesmo desfecho, denotando a importancia do aconselhamento nutricional durante a
gestagéo.

Palavras-chave: Nutrientes; Consumo de Alimentos; Gravidez; Antropometria; Peso ao
Nascer; Recém-Nascido.



ABSTRACT

SOUZA, R.C.V. The influence of nutrients intake during pregnancy on baby’s
anthropometric measurements at birth. 2021. 106 p. Dissertation (Master in Health
Sciences) - Faculty of Medicine, Federal University of Minas Gerais, Belo Horizonte,
2021.

Introduction: Maternal food intake during pregnancy, which could interfere in the baby
anthropometric measurements at birth, represents one of the most important modifiable
factors for child health. Therefore, a systematic review was performed, and a search
without publication time limits was carried out in the Cinahl, Embase, Pubmed, Scopus,
Web of Science databases, and a manual search in reference studies. The important
pregnancy nutrients and the main baby anthropometric measurements at birth were
included as descriptors. Observational studies in English, Portuguese and Spanish were
included as well. The quality analysis of the studies was carried out in duplicate by two
independent reviewers using the STROBE tool (STrengthening the Reporting of
OBservational Studies in Epidemiology). The review included 30 articles, with 15.39 (SD
2.36) points of quality (maximum value: 22). 36 associations were found: 17 works with
direct associations between nutrient intake and newborn anthropometric data; 8 with
inverse associations and 11 articles showed no significant associations. Calcium,
magnesium and vitamin C intake directly influenced the baby birth weight, while
carbohydrate intake presented an inverse influence. Objective: To evaluate the influence
of nutrients intake during pregnancy on the baby anthropometric measurements at birth.
Methods: A cross-sectional study was performed with 626 mother-infant pairs
hospitalized in a rooming-in unit of a reference public maternity in a Brazilian metropolis.
Maternal food intake was measured through a validated food frequency questionnaire. A
descriptive analysis and some tests were performed: Kolmogorov-Smirnov, T-Student,
ANOVA, Spearman's correlations and multiple linear regression. The regression was
adjusted by maternal energy intake, education, gestational age, physical activity, and
supplementation during pregnancy. Results: Maternal intake of vitamins B3 and C was
associated with birth weight increase (p=0.01; 95% CI 0.01-0.02; p=0.01 and $=0.01; CI
0.01-0.02; p=0.02, respectively). Higher maternal pre-pregnancy body mass index
(B=0.01; 95% CI 0.01-0.02; p=0.001), gestational weight gain (f=0.02; 95% CI 0.01-
0.02; p<0.001), parity (p=0.05; 95% CI 0.02-0.09; p=0.001) and male babies ($=0.08;
95% CI 0.01-0.02; p=0.02) also influenced birth weight positively (R2=0.27; p<0.001).
There was no association with other nutrients (p>0.05). Conclusion: The systematic
review showed a considerable influence of the intake of calcium, magnesium, vitamin C
and carbohydrates on the baby birth weight. Moreover, the cross-sectional study detected
a positive contribution of maternal intake of vitamins B3 and C to the same outcome,
denoting the importance of nutritional counseling during pregnancy.

Key words: Nutrients; Food Consumption; Pregnancy; Anthropometry; Birth Weight;
Infant, Newborn.
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APRESENTACAO

Esta dissertacdo é composta por introducdo, revisdo de literatura, objetivos,
métodos, resultados e discussdo (sob a forma de um artigo com dados primarios) e
considerac0es finais. Anexos e apéndices complementam o volume.

As referéncias bibliogréaficas sdo apresentadas ap6s cada sessdo da dissertacdo, de
acordo com as normas Vancouver ou conforme as recomendacfes especificas dos
periddicos para 0s quais os artigos foram submetidos.

O formato da dissertacao atende as diretrizes da resolucédo 03/2010, do Colegiado
do Programa de Pdés-Graduacdo em Ciéncias da Salde — Saude da Crianca e do

Adolescente da Faculdade de Medicina da Universidade Federal de Minas Gerais.
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1 INTRODUCAO

O consumo alimentar materno durante a gestacao tem impacto substancial em diversos
resultados ao nascimento, ja que influencia diretamente no crescimento, maturagdo e
desenvolvimento fetal’. A ingestdo recomendada de nutrientes nessa fase, resulta na
transferéncia adequada ao feto, com consequente prevencdo de ganho de peso gestacional
inadequado, defeitos congénitos, prematuridade, parto cesareo, retencdo de peso pds-parto e de
desenvolvimento de doencgas crbnicas ndo transmissiveis na vida adulta, como obesidade,
diabetes e doengas cardiovasculares*.

Alguns nutrientes especificos desempenham ainda papéis cruciais no crescimento e
desenvolvimento do bebé, como as vitaminas C e E, que sdo importantes micronutrientes
antioxidantes, cujo consumo inadequado pode resultar em desfechos desfavoraveis ao
nascimento, tendo em vista a associacdo do estresse oxidativo durante a gestacdo com 0 peso
do bebé ao nascer®. Ja dentre os macronutrientes, a ingestdo de acidos graxos essenciais, como
0 0mega-3 e suas fracdes, que além dos beneficios para a mée, desempenham funcdes no
desenvolvimento neurocomportamental, funcdo imunoldgica, crescimento, saude mental e
metabdlica da crianca a longo prazo®.

Diante do exposto, a avaliagdo e monitoramento do consumo alimentar merece destaque
em todos os niveis de atencdo a salde da gestante, sobretudo durante o pré-natal, ja que
representa um dos poucos fatores que podem ser controlados e modificados durante a
gravidez2. Adicionalmente, a literatura demonstra elevada inadequagao de diversos nutrientes
durante a gestacdo, mesmo com alcance apropriado dos requerimentos energéticost57,
provavelmente decorrente de escolhas de alimentos com baixa densidade nutricional e alto teor
energético®®.

Dados da Gltima Pesquisa de Orgamentos Familiares (POF/2017-2018)° demonstraram
que, entre mulheres de 19 a 59 anos, a prevaléncia de inadequacéo de ingestdo nutrientes foi
superior a 50% para calcio, magnésio, vitaminas A, B1l, B2, B6, D e E. Prevaléncias de
inadequacdo menores que 15%, para a mesma faixa etéria, foram verificadas apenas para
fosforo e cobre. Entre gestantes brasileiras, Silva Neto et al.” identificaram inadequacéo de
ingestdo superior a 50% em todos os micronutrientes estudados (vitaminas A, C e E, selénio,
cobre e zinco), sendo que a ingestao de vitamina A correlacionou-se positivamente com o peso
(r=0,11; p=0,04) e comprimento nascer (r=0,12; 0,04) e a ingestdo de selénio com o0 peso ao
nascer (r=0,13; p=0,02).
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Cumpre destacar que mesmo com uma importancia metabolica, alguns nutrientes, como
proteinas e zinco, ndo demonstram influéncia significativa nos dados antropométricos do bebé
a0 nascimento ou possuem resultados contraditorios!%!1, Uma das hipoteses desses achados é
a diferenca metodoldgica entre os estudos e uma concentracdo de trabalhos que consideram
determinados nutrientes (como alguns macronutrientes e minerais) e desfechos (como o peso
ao nascer)!213,

Outro ponto que deve ser ponderado é que os dados antropométricos do recém-nascido,
como 0 peso e comprimento ao nascer, perimetro cefalico e peso para idade gestacional, fazem
parte de uma rede complexa de causalidade, e podem ser influenciados por diversos fatores
relacionados aos pais. Dentre essas caracteristicas, destacam-se as genéticas, o estado
nutricional materno pré-gestacional e os habitos alimentares e estilo de vida antes da gravidez*®.
A exposicao fetal ao excesso de peso pré-gestacional materno, por exemplo, pode resultar em
consequéncias na infancia, por estar diretamente relacionada com a adiposidade do recém-
nascido e falhas em regulagdes epigenéticas®!4.

Nesse cenario, as evidéncias que envolvem esse assunto ainda séo inconclusivas, visto
que os resultados de estudos individuais sdo divergentes e ha escassez de trabalhos que avaliem
amplamente essa tematica nos paises em desenvolvimento. Assim, torna-se necessario uma
melhor compreensédo do impacto da ingestdo de macro e micronutrientes no periodo gestacional
nos parametros de crescimento do recém-nascido, para oportunizar o aprimoramento e
implantacéo de politicas publicas direcionadas as recomendacgdes de consumo de alimentos e
ingestdo de nutrientes especificos antes e durante a gestacdo e assim, contribuir para a
prevencdo de desfechos desfavoraveis ao nascimento.

Com essa perspectiva, o presente estudo analisou a influéncia da ingestao de nutrientes

durante a gestacdo nos dados antropométricos do bebé ao nascimento.
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2 REVISAO DE LITERATURA

O presente topico apresenta as principais contribuicdes da literatura cientifica para o
desenvolvimento deste estudo, por meio de uma revisdo sistematica, considerando os achados
da influéncia da ingestdo materna de nutrientes durante a gestacdo nos dados antropométricos
do bebé ao nascimento, além do modelo conceitual adotado para a presente dissertacao.

A revisdo sistematica foi aceita para publicacdo na revista Journal of Tropical
Pediatrics, Qualis Capes B2 para Nutri¢cdo e Medicina 2 (Anexo A).
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The influence of nutrients intake during pregnancy on baby’s birth weight: a systematic

review

ABSTRACT

Background and Objective: Maternal food intake during pregnancy can substantially interfere
in the baby’s anthropometric measurements at birth. Our objective was to perform a systematic
review that investigate the influence of nutrient intake via food during pregnancy on the baby’s
anthropometric measurements at birth.

Methods: A search was performed without time limits on Cinahl, Embase, Pubmed, Scopus
and Web of Science databases and manual on studies references. All nutrients and baby’s
anthropometric measurements at birth were included as descriptors.

Results: 30 articles were included, the majority of prospective cohort studies, with 15.39 (2.36)
quality points (maximum value: 22). Thirty-six results of associations were found, of witch 17
studies had direct associations between nutrient intake and birth outcomes. Inverse associations
were identified in 8 studies and 11 articles showed no significant associations in all analyses.
Maternal food intake of vitamin C, calcium and magnesium during pregnancy seems to have a
positive influence on the baby's birth weight, while carbohydrate intake have an inverse
association with the same outcome.

Conclusion: It is suggested that vitamin C, calcium, magnesium and carbohydrates influence
on baby’s birth weight. So, these specific nutrients needs more attention to the consumption, in
addition to carried out new studies, with robust methodologies for measuring maternal food
consumption and considering the several factors that can interfere in this assessment.
Registration: This review has been registered to the PROSPERO (International prospective
register of systematic reviews) (ID: CRD42020167889).

Keywords: Nutrients, Food Consumption, Pregnancy, Anthropometry, Newborn.
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INTRODUCTION

Anthropometric measurements at birth act on the health prognosis of the child, as birth
weight and length, head circumference and anthropometric index of weight/gestational age and
their classifications. Such measurements have been used as a growth indicator to predict the
development of future diseases, such as type 2 diabetes and hypertension [1,2]. Taking that into
consideration, maternal food intake during pregnancy represents one of the most important
modifing factors for the child's health, and it can substantially interfere in the baby’s
anthropometric measurements at birth [2].

Scientific evidence points out the importance of adequate nutrition during pregnancy.
However, studies show that pregnant women do not consume a sufficient amount of
micronutrients. It is estimated that around 32 million pregnant women worldwide lack
especially iron, 19 million in vitamin A, and millions lack folate, zinc, and iodine [3]. Also, the
intake of excessive calories and macronutrients during pregnancy can be as harmful as the lack
of them, as it increases the possibility of inadequate gestational weight gain, followed by a
higher risk of miscarriage, pre-eclampsia, and gestational diabetes [4].

In this perspective, several studies [5-9] have evaluated how maternal food consumption
during pregnancy can influence the anthropometric measurements of the newborn, showning
contradictory results.

In a prospective cohort study conducted in Canada, Stephens et al. [6] showed an inverse
association between maternal macronutrients intake and birth weight. A cross-sectional
research [7] carried out in twenty Indian hospitals with 500 pregnant women showed that the
lowest protein consumption was directly associated with low birth weight (LBW) - <1500
kcal/day and <40g/day, respectively. For micronutrients, a longitudinal study [5], carried out
with 169 Australian women, pointed out that the intake of magnesium, zinc and calcium was

not associated with birth weight and head circumference. On the other hand, a cross-sectional
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design research [7] showed that the low intake of same minerals was directly associated with
LBW.

The newborn's anthropometry represents a fundamental parameter related to adequate
survival, growth, and development in the public health care context. A better understanding of
the influence of food intake of nutrients during pregnancy on baby’s anthropometric
measurements may have important implications for maternal and child health, enabling
effective prenatal care interventions.

Considering the scarcity of recent reviews addressing this issue and the divergences
shown in the results of the studies, the influence of maternal macro and micronutrient intake
via food during pregnancy, on baby’s anthropometric measurements at birth, was systematically

reviewed.

MATERIALS AND METHODS
Article eligibility

This systematic review evaluated the influence of maternal macro and micronutrients
intake during pregnancy on baby’s anthropometric measurements at birth. In line with the
development of written production, we used the instruments PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) and the Cochrane Handbook for Systematic
Reviews of Interventions [10,11].

To guide the bibliographic search, the anagram PECOS (Population, Exposure,
Comparator, Outcomes and Study design) [11] was used strategically to create the research
question, witch the subjects were pregnant women, the exposure was the intake of macro and
micronutrients via food during pregnancy, the outcome was the baby's anthropometric
measurements at birth: weight, length, head circumference and the classifications of the

weight/gestational age index - small for gestational age (SGA, birth weight <10th percentile),
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appropriate for gestational age (AGA, birth weight between 10 and 90 percentile) and large for

gestational age (LGA, birth weight >90 percentile) and the design was observational studies.

Search methods

This search was conducted with the assistance of a librarian and two reviewers on the
bibliographic databases: Cinahl, Embase, Pubmed, Scopus, Web of Science and in the
references of the main studies to identify additional works that were not indexed in those
databases.

The descriptors included and text words were used in all titles, abstracts and keywords
databases. The descriptors were: pregnancy, food consumption, food intake, prenatal nutrition,
maternal diet, nutrients, macronutrients, micronutrients, carbohydrates, dietary fibers, proteins,
dietary fats, saturated fatty acids, unsaturated fatty acids, docosahexaenoic acids,
eicosapentaenoic acids, alpha-linolenic acid, omega-3 fatty acids, omega-6 fatty acids, calcium,
copper, dietary iron, folic acid, dietary phosphorus, magnesium, manganese, potassium dietary,
selenium, dietary sodium, zinc, vitamins A, B1, B2, B3, B5, B6, B7, B12, C, D and E, birth
weight, low birth weight, macrosomia, weight for age, weight for gestational age, small for
gestational age, appropriate for gestational age, large for gestational age, length at birth, head
circumference, and their respective translations and synonyms words. All the articles published

until June 2020 were examined.

Selection of studies

Observational studies published in Portuguese, English or Spanish, which evaluated
were considered eligible. Studies that did not specifically analyze maternal food intake of
nutrients, such as those that dealt with isolated analysis of specific foods or food groups,

supplementation, dietary pattern and diet quality index were excluded. Articles that investigated
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subjects samples likely to skew the final result, such the ones composed of obese women or
adolescents, or subjects who presented comorbidities during pregnancy, studies about animals
and works that performed qualitative analyzes were also excluded. Conference papers, reviews,
editorials and commentaries not published as a article, were desconsidered to the review.
Moreover, studies that measured maternal food consumption through the analysis of biomarkers
were excluded, due to the nutritional exposure [12] provided by the serum assessment.

Studies that evaluated food consumption stratifing the analyzes by period, the closest
moment to delivery was chosen because maternal food intake [13] may be hindered by the
frequent nausea and vomiting of the first trimester of pregnancy.

The references were exported to the EndNote Web® program in order to organize them
and eliminate duplicates. Two authors (R.C.V.S. and C.M.) read the title, abstract and keywords
independently. After the initial selection, the Kappa test was performed to assess agreement
between evaluators, for which the Statistical Package for the Social Sciences® (SPSS) version
19.0 was used. The criteria of Byrt [14] were adopted to classify the result of the test. The
articles with discordant evaluations (n=24) were analyzed by a third reviewer (L.C.S.), to carry

out the final analysis, which consisted of reading the full texts.

Analysis of quality and risk of bias

The quality of the selected articles was assessed by two independent reviewers (R.C.V.S
and C.M.) using the STROBE tool (STrengthening the Reporting of OBservational studies in
Epidemiology) [15], 22 points being the maximum score that can be achieved. Thus, according
to the analysis of quality, after screening checks, studies that presented less than 50% [16,17]

of the essential items that should be described in observational studies were excluded.

Data extraction
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Data extraction was performed in duplicate by two authors (R.C.VV.S and C.M.) and in

the case of disagreement, a consensus was reached by the third reviewer (L.C.S).

RESULTS

1979 articles were found, via Cinahl (n=156), Embase (n=226), Pubmed (n 270), Scopus
(n=1,105), Web of Science (n=220) and manual search (n=2). After discarding duplicates
(n=254) and reading the title, abstract and keywords, 134 studies were included for a full-text
reading. There was a almost perfect inter-rater agreement (Kappa=0.893) [14]. Subsequently,
104 articles that did not meet the eligibility or quality criteria [16,17] were excluded. Finally,
the final sample consisted of 30 articles (Figure 1).

According to Table 1, the average and standard deviation (SD) of the quality score of
the works was 15.39 (2.36) points. It is noteworthy that the studies that reached percentages
above 80% according to the STROBE tool [15], were cross-sectional and population-based
cohort studies. In addition, 20 studies presented a longitudinal design
[5,6,8,9,19,21,23,24,26,29,31,33,35-42] and the 10 were cross-sectional
[7,18,20,22,25,27,28,30,32,34].

Table 2 shows the main characteristics extracted from the evaluated studies, published
between 1999 and 2019. Regarding the origin of the studies, 13 of them were carried out in
Asia [7,18,21,23,24,27,29,30,33-35,37,38], 06 in Europe [9,19,26,32,39,42], 05 in North
America [6,8,31,40,41], 04 in Oceania [5,20,28,36] and 01 in Africa [22] and South America
[25]. The sample size ranged from 77 [39] to 91,637 women [24], with nine studies showing
sample sizes greater than 1,000 participants [18,19,21,23,24,26,30,31,41].

Mean maternal age ranged from 22.3 (SD 4.9) [41] to 33.5 (SD 4.4)[20] years and 11

articles did not present this data [6,8,18,19,22,24,27,30,39,40,42].
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As for the method of assessing food consumption, five different instruments were used:
food frequency questionnaire (n=15) [5,6,8,18-20,24,27-30,32,35,37,40], 24 hour-food recall
(n=13) [7,18,21,22,23,25,26,30,31,34,36,37,41], food diary (n=3) [9,39,42], food record (n=2)
[33,36] and diet-history of the previous month (n=1) [38]. Most instruments (n=13) were
applied only one time during pregnancy [5,7,8,18,20,22,27,29,32,34,35,40,42], being the third
gestational trimester the most frequent (n=19) [5-7,9,18-23,27,31,33,36-39,41,42]. Two articles
did not mention when maternal food consumption data were obtained [25,28].

To assess the maternal intake of macronutrients and its fractions, three studies analyzed
the relevant percentage of the total energy value [20,24,28], while the others presented them
through daily food consumption, in grams or micrograms (data not shown).

In all selected articles, researchers [27], nurses [5,9,22,31,34,37] obstetricians or
collaborators [8,40] took the baby’s anthropometric measurements or this information was
obtained from medical records [6,18-21,23-26,28-30,33,35,36,41]. Five studies [7,39,32,38,42]
did not mention the professional who took the measurements.

The main ones variables used as controlling confounders on the studies analysis were:
newborn sex, gestational age, parity, maternal age, energy intake, level of education, pre-
gestational body mass index (BMI), smoking and maternal height. Six articles [6,7,25,29,33,37]
did not mention that information.

Direct associations were identified among the main results, predominantly between the
intake of protein [7,39], vitamin C [22,42], calcium [7,35], and magnesium [7,36] and birth
weight. In the study carried out by Cuco et al. [39], an increase of 1 g in daily protein intake
was directly associated with an increase of 7.8 g in the baby's birth weight (95% CI 0.80-14.70;
p<0.05). Additionally, in the study by Khoushabi and Saraswathi [7], protein consumption

lower than 40g/day was associated with LBW (p <0.001).
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Regarding vitamins and minerals, Hjertholm et al. [22] and Mathews et al. [42]
investigated the prospective effects of vitamin C intake on the birth weight (fa=1.40; 95% ClI
0.60—2.30; p<0.01 and Ba=50.80; 95% CI 4.60—97.0; p=0.03, respectively). In the research by
Khoushabi and Saraswathi [7], observed that pregnant women who gave birth to newborns with
appropriate weight had a higher consumption of calcium and magnesium than those who had
babies with LBW (p=0.001). Bawadi et al. [35] found a direct association between calcium
consumption and birth weight (pa=0.08; p=0.03), and similar findings were verified by another
study [36].

Concerning the inverse associations, the consumption of carbohydrates [6,36] and
proteins [6,24,41] stand out. Watson and McDonald [36] pointed out a 14g reduction in birth
weight when the consumption of carbohydrates increased from the lowest to the highest quartile
(p=0.03) during the third gestational trimester. Stephens et al. [6] also found an inverse
correlation between birth weight and carbohydrates (r=-0.15; p<0.05).

Morisaki et al. [24] showed that maternal protein intake of less than or equal to 12% of
the total energy value was associated with increased birth weight and a lower risk of SGA.
Sloan et al. [41] found a reduction in birth weight when protein intake was greater than 70g/day
(Ba=-0.03; p=0.01). Similarly, Stephens et al. [6] reported an inverse correlation between
maternal protein intake and birth weight (r=-0.22; p<0.01).

It was also observed that 11 articles had no association in all analyses between nutrients
intake during pregnancy and the outcomes [5,9,19,26,28,31-33,37,38,40].

Table 3 presents the systematic results of the associations (direct, inverse or without
association) between macro and micronutrients intake during pregnancy and the anthropometric
measurements of the newborn. In the 30 articles included, 36 associations were found. There is

a predominance of direct associations (n=17) between nutrients intake and the anthropometric
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measurements of the newborn. Inverse associations were found in 8 studies and 11 articles

showed no significant association in all analyses (Table 3).

DISCUSSION

This study investigated observational studies that assessed the impact of maternal macro
and micronutrient via food intake during pregnancy on the baby’s anthropometric
measurements at birth. The results indicate that maternal intake of vitamin C, calcium,
magnesium and carbohydrates, may influence on birth weight. Such results corroborate the
authors' hypothesis that adequate maternal nutrients intake would result in better outcomes at
birth, as demonstrated in a recently published review analysis [43].

The positive associations that lead to better results in birth weight can be explained by
the essential roles of some nutrients, such as vitamin C, which acts in cellular defense against
increased oxidative stress during pregnancy. Antioxidant defense systems, which are enhanced
with food intake of some vitamins, as is primarily the case of vitamin C, are vital in protecting
tissues and cells from damage caused by oxidative stress. An imbalance in the execution of
these defense mechanisms can directly affect pregnancy outcomes, including delayed fetal
growth [21]. Another hypothesis is that vitamin C acts as a co-factor in collagen biosynthesis
and it benefits the development of the newborn’s cartilage and bones [21].

Magnesium has a fundamental function in physiological reactions, such as protein
synthesis, in addition to being involved in several metabolic processes, such as bone formation
and cellular energy development. The deficiency of this nutrient has unfavorable effects on the
hematological system, reducing placental vascular flow and therefore, there are potential
implications for fetal growth and development [36,44].

The main feature of calcium metabolism during pregnancy is its active placental

transport to the fetus. Complications may happen when this transport is not performed properly,



34

such as restricted intrauterine growth, LBW, deficient bone mineralization, and premature birth
[45]. Studies suggest that ionized calcium is transferred from the mother to the fetus at a rate of
50 mg/day in early pregnancy to 330 mg/day in the last trimester [46], and it is directly related
to the growth of the fetal skeleton, which positively impacts birth weight [35].

Carbohydrate consumption was associated with a higher risk of LBW, when in high
proportions. One of the hypotheses postulated by the studies [36] is that diets with a high
proportion of this macronutrient (about 71% of the total energy value) can overload the
adenosine triphosphate system, increase the production of free radicals, DNA damage and thus,
decrease cell division and growth. Another association studied [28] is that in addition to
quantity, the quality of maternal carbohydrate intake during pregnancy can lead to high
glycemic peaks, influence the supply of fetal glucose and the intrauterine growth.

Other nutrients have non-consensual associations, such as protein. One study [39]
suggests that protein is the macronutrient that has the greatest effect on a child's birth weight.
On the other hand, literature demonstrates [6,41] that protein consumption higher than
recommended, results in a reduction in the placental transport of amino acids, which can result
in reduced protein synthesis and anthropometric measurements at birth. Because of these
controversies, the importance of adequate protein consumption must be considered, since it is
essential for implantation, placental growth, angiogenesis, the transfer of nutrients from the
mother to the fetus, and adequate embryonic growth and development [47].

The ideal balance of macro and micronutrients to achieve appropriate infant outcomes
at birth can be influenced by several variables, such as the still-unknown interaction between
nutrients, different methods of measuring food consumption, and adjustments due to
confounding factors. In this sense, some explanations were postulated to clarify the

inconsistencies and absence of associations found in some works.
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The complexity in assessing individual or population food consumption may have
interfered in the results, since the dietary variability by location, different forms of food
preparations, and the metabolic interaction between the nutrients must be considered [43]. It is
important to highlight that the synergistic relationships and interactions that happen between
macro and micronutrients are little known in the short and long term [43] until the moment of
this study.

Some studies tend to focus on analyze isolated nutrients [18,20,21,23,27,28,30,34,41].
Although some nutrients are important, they are rarely reported in the literature, such as
complex B vitamins, manganese and selenium [49]. It is also worthy to note the limited number
of studies that used the baby's anthropometric indexes (SGA, AGA and LGA), which are
clinically very important, since they are directly related to neonatal mortality [50]. The
difficulty in tracking studies using these nutrients and anthropometric measurements of the
baby makes new studies of systematic review and meta-analysis prioritize specific outcomes in
their performance, such as birth weight [43,51].

During the evaluation of maternal food consumption, five different instruments were
used and this variation can hinder the comparison between the studies. Furthermore, the lack of
methodological care related to possible confounding factors associated with nutrients, such as
maternal nutritional status, gestational weight gain, and use of supplementation during
pregnancy, are not always considered by the primary articles and can corroborate inconsistent
results [43].

Strengths and limitations should be considered when interpreting the findings of this
review. The methodological heterogeneity between the studies made it impossible to perform
the quantitative synthesis, however, it must be emphasized that this is the first study in which a
comprehensive search of nutrients and baby’s anthropometric measurements at birth was

carried out through a peer-review protocol. This protocol enabled a critical assessment of the
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dietary methods and methodological quality of each selected study, allowing only reliable

studies to be included and minimizing the bias associated with observational studies.

CONCLUSION

The findings of this systematic review suggest that maternal intake of vitamin C,
calcium, magnesium and carbohydrate may influence on birth weight. A greater understanding
of the mechanisms that influence the relationship between maternal intake of nutrients and birth
weight may provide a basis for the development of dietary guidelines, prioritizing the
consumption of foods which have greater bioavailability of these specific micronutrients, such
as milk, fruits, dark green vegetables, and nuts.

In case of difficulties in reaching the nutrient amount through diet, the possibility of
supplementing these micronutrients should be considered, considering the positive outcomes
for maternal and child health in the short and long terms. It is also important to evaluate the
quality and quantity of carbohydrate intake, for better results at birth. To provide consistent
new recommendations, randomized clinical trials and population-based longitudinal studies are
suggested. Such studies should evaluate food consumption at different periods before and

during pregnancy and its role in all anthropometric results at birth.
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Table 1. Scores and percentages of quality of articles based on STROBE
(STrengthening the Reporting of OBservational studies in Epidemiology) criteria

Authors and year Study design Score” %

Lietal. 20198 Cross-sectional 18.6 84.5
Gunther et al. 2019'° Prospective cohort 18.7 85.0
Phang et al. 2019%° Cross-sectional 12.1 55.0
Jang et al. 20182 Prospective cohort 13.6 61.8
Hjertholm et al. 2018%? Cross-sectional 14.6 66.4
Lee et al. 2018% Prospective cohort 14.1 64.1
Morisaki et al. 2018% Prospective cohort 15.4 70.0
Silva Neto et al. 2018% Cross-sectional 12.4 56.4
Sharma et al. 2018% Prospective cohort 16.0 72.7
Angkasa et al. 2017%7 Cross-sectional 16.5 75.0
Mckenzie et al. 201728 Cross-sectional 12.6 57.3
Pathirathna et al. 2017%° Prospective cohort 16.1 73.2
Yang et al. 2017%° Cross-sectional 17.6 80.0
Crume et al. 20163 Prospective cohort 19.0 86.4
Hyde et al. 2016° Prospective cohort 18.1 82.3
Stephens et al. 2014° Prospective cohort 13.9 63.2
Silva et al. 2014% Cross-sectional 16.8 76.4
Kubota et al. 20133 Prospective cohort 14.2 64.5
Leeetal. 20113 Cross-sectional 16.0 72.7
Bawadi et al. 2010% Retrospective cohort 14.8 67.3
WatsonZ%%gE onald. Prospective cohort 13.6 61.8
Khoushalgloel;araswathl Cross-sectional 13.1 59.5
Jaruratagggggl;ul etal Prospective cohort 13.9 63.2
Watanabe et al. 200838 Prospective cohort 13.0 59.1
Cucd et al. 2006%° Retrospective cohort 17.4 79.1
Lagiou et al. 20058 Prospective cohort 174 79.1
Lagiou et al. 200440 Prospective cohort 17.9 81.4
Lahg&%?g\;g::nzsozsg Prospective cohort 20.0 90.9
Sloan et al. 20014 Prospective cohort 12.0 54.5
Mathews et al. 19994 Prospective cohort 12.2 55.5

*Higher limit: 22 points



Table 2. Characteristics of observational studies with maternal nutrients intake during pregnancy and baby’s anthropometric measurements

Study details Subjects: Method and Baby’s Adjustments Main findings
Population moment of food anthropometric
size/ consumption measurements
Age(SD) assessment
Lietal. 7307/ FFQ and 24HR/ Birth weight and Geographic area, maternal age, maternal 1 folate intake: reduced risk of SGA births
2019/China'® NM 3° trimester SGA education, maternal occupation, household (highest tertile versus. lowest tertile:
wealth index and parity (OR=0.77; 95% CI 0.64, 0.94 versus
OR=0.81; 95 % CI 0.69, 0.95; p=0.01
respectively)
Gunther et al., 2286/ FFQ/ Birth weight Pre-pregnancy BMI, maternal age, parity and Carbohydrate (a=9.16; 95 %CI -
2019/Germany?*® 30.3(4.4) 1°and 3° group assignment? 22,26—40.58), protein (Ba=14.36; 95 %CI -
trimesters 60.91-89.64) and fats (Ba=-17.0; 95% CI -
55.49-21.50) no association with birth weight
Phang et al. 224/ FFQ/ Birth weight, GA, newborn sex, pregnancy physical activity =~ 1 ALA intake: higher offspring birth weight
2018/Australia® 33.5(4.4) 3° trimester SGA and LGA and maternal total energy intake (Ba=189.70; 95% CI 14.0-365.0)
Jang et al. 1138/ 24HR/ Birth weight and Maternal age, pre-pregnancy BMI, urinary Vitamin C: direct association with birth
2018/South 30.2(3.6) 2°and 3° birth lenght cotinine level, newborn sex, GA at the time of lenght (fa=0.31+0.11; p=0.001)
Korea?! trimesters ultrasound measurement, use of supplements,
residential area, parity, father’s height and
intake of energy, vitamin E and p-carotene
Hjertholm et al. 203/ 24HR/ Birth weight, head Maternal age, weight and height, GA, Fat: direct association with birth lenght
2018/Malawi? NM 3° trimester circumference and education, marital status, residency, parity, (Ba=0.10; 95% CI 0—0.20). Carbohydrate:
birth lenght newborn sex and energy intake inverse association with birth lenght and head
circumference (Ba=-0.10; 95% CI -0.20-0 ¢
Ba=0; 1C95% -0.10-0, respectively). Vitamin
C: direct association with birth weight
(Ba=1.40; 95% CI 0.60—2.30)
Leeetal. 1407/ 24HR/ Birth weight and Maternal age, pre-pregnancy BMI, education, | omega-6 intake: low weight (Ba=-
2018/South 30.2(3.7) 1°, 2° and 3° birth lenght newborn sex, urinary cotinine level, GA and 5.16+2.39; p=0.03) and lenght at birth (Ba=-
Korea?® trimesters maternal energy intake and vitamin C intake 0.03£0.02; p=0.02)
(only for birth lenght)
Morisaki et al. 91637/ FFQ/ Birth weight and Maternal age, parity, education, income, Protein intake over 14% and 15% of total
2018/Japan®* NM 1°and 2° SGA prepregnancy BMI, height, smoking status, energy intake: higher risk of LBW and SGA,
trimesters newborn sex and energy intake respectively
Silva Neto et al. 388/ 24HR/ Birth weight and NM Vitamin A (r=0.11; p=0.04) and selenium
2018/Brazil® 24.0(5.9) NM birth lenght (r=0.13; p=0.02): direct correlation with birth
weight and vitamin A with birth lenght
(r=0.12; p=0.04)
Sharma et al. 1196/ 24HR/ Birth weight, Maternal weight and height, ethnicity, parity, =~ Carbohydrate, protein and fat: no association
2018/United 30.0(5.0) 1°and 2° SGA and LGA GA, newborn sex, average alcohol intake and with birth weight, SGA e LGA (p>0.05)
Kingdom?® trimesters smoking status
Angkasa et al. 282/ FFQ/ Birth weight, head  Maternal energy intake, socioeconomic status, ALA: direct association with birth weight
NM 3° trimester circumference and GA, newborn sex, and maternal height (Pa=-115.0; 95% CI -216.0—13.50)

2017/Indonesia?
7

birth lenght
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Table 2 continued

Study details Subjects: Method and Newborn’s Adjustments Main findings
Population timing of food anthropometrics
size/ consumption measurements
Age(SD) assessment
Mckenzie et al. 142/ FFQ/ Birth weight Maternal age, newborn sex and energy intake Carbohydrate: no association with birth
2017/Australia®® 33.3(4.4) NM weight (Ba=43.0; 95% CI -23.0-108.0)
Pathirathna et 141/ FFQ/ Birth weight NM | Carbohydrate intake: babies 312 g lighter
al. 2017/Sri 28.8(6.2) 2° trimester compared with those of women with a
Lanka?® moderate carbohydrate intake (95% CI
91.0-534.0; p=0.006)
Yang et al. 7375/ FFQ and 24HR/ Birth weight and Energy intake, geographic area, residence, Higher tertile of haeme iron intake: inverse
2017/China NM 0-12 months SGA childbearing age, education, occupation, association with LBW (OR=0.68; 95% CI
postpartum household wealth index, parity, passive 0.49-0.94) and SGA (OR=0.76; 95% CI
smoking, alcohol drinking, antenatal care visit 0.62-0.94)
frequency, iron and folate supplements use,
anaemia, medication use and principal
component score based on the nutrient
Crume et al. 1040/ 24HR/ Birth weight Newborn sex, GA, postnatal age, maternal Carbohydrate, protein and fat: no association
2016/United 27.9(6.1) 1°,2° and 3° age, gravidity, race/ethnicity, smoking during with birth weight (p>0.05)
States®! trimesters pregnancy and physical activity during
pregnancy
Hyde et al. 346/ FFQ/ Birth weight and Maternal height and age, parity, smoking Protein, magnesium, phosphorus, zinc,
2016/Australia® NM 3° trimester head status and energy intake calcium and potassium: no correlation with
circumference birth weight and head circumference (p>0.05)
Stephens et al. 212/ FFQ/ Birth weight NM Carbohydrate (r=-0.15; p>0.05), protein (r=-
2014/Canada® NM 2°and 3° 0.22; p>0.01) and fat (r=-0.22; p>0.01):
trimesters inverse correlation with birth weight
Silvaet al. 100/ FFQ/ Birth weight and Pre-pregnancy BMI, energy and Carbohydrate, protein and fat: no association
2014/Portugal® 29.7(6.1) Immediate birth lenght macronutrient intakes during pregnancy, and with weight and lenght at birth (p>0.05)
postpartum period gestational weight gain
Kubota et al. 135/ Food record/ Birth weight NM Carbohydrate, protein and fat: no association
2013/Japan?? 30.7(5.3) 2°and 3° with birth weight (p>0.05)
trimesters
Leeetal. 915/ 24HR/ Birth weight and Maternal age, pre-pregnancy BMI, newborn The weight (p=0.01) and lenght (p=0.02) at
2011/South 30.1(3.7) 20 trimester birth lenght sex, GA, parity, level of education, local birth decreased from the lowest to the highest
Korea®* centres® and interaction between level of quartiles with molar ratio of phytate® intake
education and local centres®
Bawadi et al. 700/ FFQ/ Birth weight Parity, GA and gestational weight gain Calcium: direct association with birth weight
2010/Jordan® 28.7(15.7) Immediate

postpartum period

(Ba=0.08; p=0.03)
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Table 2 continued

Study details Subjects: Method and Newborn’s Adjustments Main findings
Population timing of food anthropometrics
size/ Age(SD) consumption measurements
assessment
Watson, 439/ 24HR and food Birth weight GA, newborn sex, maternal height and weight, Carbohydrate and vitamin A: inverse
McDonald 31.2(5.1) record/ smoking, number of preschoolers, number of association with birth weight (p=0.03 e
2010/New 2°and 3° other adults in house p=0.04, respectively). Vitamin B5: direct
Zealand® trimesters association with birth weight (p=0.002)
Khoushabi e 500/ 24HR/ Birth weight NM | protein intake (<1500 kcal/day and
Saraswathi 24.0(4.2) 3° trimester <40g/day, respectively): association with
2010/India’ LBW. | calcium, magnesium, iron and zinc
intake: association with LBW (p=0.001)
Jaruratanasirikul 236/ FFQ e 24HR/ Birth weight NM Carbohydrate (OR=0.67; 95% CI 1.25-1.72),
etal. 27.2(6.2) 1°, 2° and 3° protein (OR=0.57; 95% CI 0.21—1.54), fat
2009/ Thailand®” trimesters (OR=0.80; 95% CI 0.52—-3.27), calcium
(OR=0.88; 95% CI 0.52—1.78) and iron
(OR=0.72; 95% CI 0.35-3.02): no
association with birth weight
Watanabe et al. 197/ Diet-history Birth weight Maternal age, parity and newborn sex Folate (p=0.21), vitamins B6 (p=0.38) and
2008/Japan3® 30.8(4.5) questionaire/ B12 (p=0.78): no predictors of birth weight
1°,2° and 3°
trimesters
Cucé et al. 77/ Dietary record/ Birth weight Energy intake, newborn sex, parity, Protein: direct association with birth weight
2006/Spain®® NM 3 months before preconception age, preconception body mass (Ba=7.80; 95% CI1 0.80—14.70)
conception, 1°, 2° index, GA, physical activity and smoking
and 3° trimesters
Lagiou et al. 222/ FFQ/ Birth weight, head Energy intake, maternal age and height, Vitamin E: direct association with birth
2005/United NM 20 trimester circumference and education, parity, pre-pregnancy BMI, weight (OR=64.50; 95% CI 5.90—123.0).
States® birth lenght contraceptive use, smoking, GA and newborn Vitamin B5: direct association with birth
sex lenght (OR=0.42; 95% CI 0.06—0.78).
Sodium (OR= 0.48; 95% CI 0.02—0.90) and
zinc (OR=-0.25; 95% CI -0.48—-0.01): direct
and inverse association with head
circumference, respectively
Lagiou et al. 224/ FFQ/ Birth weight, head Energy intake, maternal age and height, Carbohydrate, protein and fat: no association
2004/United NM 20 trimester circumference and education, parity, pre-pregnancy BMI, with birth weight, birth lenght and head
States*® birth lenght contraceptive use, smoking, GA and newborn circumference (p>0.05)
sex
Langley-Evans, 300/ Dietary record/ Birth weight and GA and pre-pregnancy weight Carbohydrate, protein, fat and folate: no
Langley-Evans 27.9(5.1) 1°, 2° and 3° head association with birth weight and head
2003/United trimesters circumference circumference (p>0.05)

Kingdom?®




Table 2 continued
Study details Subjects: Method and Newborn’s Adjustments Main findings
Population timing of food anthropometrics
size/ Age(SD) consumption measurements
assessment
Sloan et al. 2187/ 24HR/ Birth weight and GA and energy intake Protein: quadratic relationship with birth
2001/United 22.3(4.9) 1°and 3° head weight, that increases with protein levels up
States* trimesters circumference to 69.5¢g/day and declines with higher protein
intake (Ba=-0.03; p=0.01)

Mathews et al. 693/ Dietary record/ Birth weight Newborn sex, GA, maternal height and Vitamin C: direct association with birth

1999/United NM 3° trimester smoking weight (fa=50.80; 95% CI 4.60-97.0)

States*?

24HR, 24 h dietary recalls. ALA, o-linolenic acid. Ba, adjusted beta. BMI, body mass index. ClI, confidence interval. DHA, docosapentaenoic acid. EPA, eicosapentaenoic acid.
FFQ, food frequency questionnaire. GA, gestational age. LBW, low birth weight. LGA, large for gestational age. NM, not mentioned. OR, odds ratio. RDA, recommended daily

allowance. SD, standard deviation. SGA, small for gestational age.
agroup assignment: 1. Case group, part of the sample received intervention in a previous study for gestational weight control, 2. Control group, no intervention; local centres: place

where the individual lives that can affect fetal growth; °molar ratio of phytate: measure of zinc bioavailability.

48



49

Table 3. Summary of articles associations that assessed the influence of nutrients intake during pregnancy
on the baby’s anthropometric measurements at birth
. Birth weight . Head Birth lenght SGA AGA | LGA
Nutrients/ circumference
Newborn’s No No No No
anthropometric | Di In asso | Di Inver | asso | Di In asso | Di In asso
measurements rect | verse | ciati | rect se ciati | rect | verse | ciati | rect | verse | ciati
on on on on
Carbohydrate 1 2 15 1 2 1 1 1
Fibre 4 1
Protein 2 14 5
Total fat 16 4
Saturated fat
Unsaturated fat
MUFA
PUFA
Omega-3 1
ALA 1 1
EPA
DHA
Omega-6 1
Calcium 2
Copper
Total iron 1
Haeme iron 1 1
Non-haeme iron
Folate 1
Phosphorus
Magnesium 2
Manganese
Potassium
Selenium 1
Sodium
Vitamin A 1 1
Vitamin B1
Vitamin B2
Vitamin B3
Vitamin B5
Vitamin B6
Vitamin B7
Vitamin B12
Vitamin C
Vitamin D
Vitamin E
Zinc 1 1 1
AGA, appropriate for gestational age. ALA, a-linolenic acid. DHA, docosapentaenoic acid. EPA, eicosapentaenoic acid. LGA, large for
gestational age. MUFA, monounsaturated fatty acids. PUFA, polyunsaturated fatty acids. SGA, small for gestational age.
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2.2 MODELO CONCEITUAL DA DISSERTACAO

O modelo conceitual apresentado a seguir foi construido pela autora da dissertagdo,
pautado na literatura cientifica, com o objetivo de descrever as possiveis associa¢fes entre as
variaveis explicativas e os dados antropometricos do bebé ao nascimento (Figura 1).

As medidas antropomeétricas do bebé tém causalidade multifatorial, pela associacao de
diversas varidveis que a mulher esta exposta antes e durante a gestacao, conforme elucidado na
introducdo. Apesar do enfoque desse trabalho pautar-se na ingestdo materna de nutrientes
durante a gestacdo, tendo em vista a lacuna identificada na literatura, outras variaveis
explicativas do desfecho citado serdo aqui brevemente contempladas.

No ambito materno, nota-se influéncia das variaveis sociodemograficas, como a idade
materna, renda per capita, estado civil, escolaridade, ocupacao profissional e etnia, nos dados
antropométricos do bebé ao nascer':2. Maes com idade elevada, sem companheiros e com baixa
escolaridade e renda per capita, por exemplo, apresentam maior risco de ter bebés com baixo
peso ao nascer e prematuros®4,

O indice de massa corporal (IMC) pré-gestacional esta diretamente associado ao ganho
de peso gestacional (GPG), e juntos influenciam diretamente na idade gestacional do bebé e nas
medidas antropométricas ao nascimento®. A literatura demonstra um maior nimero de partos
cesareos, quando a mae é primipara e 0 GPG materno ¢ inadequado®. Ademais, a primiparidade,
0 baixo IMC pré-gestacional e GPG insuficiente estdo relacionados ao baixo peso ao nascer e
bebés pequenos para idade gestacional*’, ao passo que o excesso de peso pré-gestacional e GPG
acima das recomendacfes aumentam o risco de nascimento de bebés grandes para idade
gestacional’.

O numero de consultas pré-natais também participa dessa rede multicausal, ja que a
maior frequéncia deste atendimento pode contribuir para intervengdes continuadas durante toda
a gestacdo, além do monitoramento mais rigoroso do GPG, ajuste da ingestdo de nutrientes e
informacdes sobre 0 uso de suplementos nesse periodo, protegendo a ocorréncia de medidas
antropométricas desfavoraveis ao nascimento*®.

Os hébitos de vida maternos gestacionais, como o consumo alimentar, tabagismo e a
pratica de atividade fisica, também podem exercer alteracGes nas medidas antropométricas da
mée e do bebé®°. Além da qualidade do consumo alimentar, a ingestdo de alguns nutrientes,

como carboidratos, gorduras e vitamina C, parecem influenciar nos dados antropométricos do
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recém-nascido (peso e comprimento ao nascer, perimetro cefélico e peso para idade
gestacional)!'!? e referem-se ao alvo da presente investigagao.

Em relacdo ao bebé, o sexo bem como a idade gestacional, sdo variaveis que interferem
diretamente no seu peso. Bebés do sexo masculino e de maior idade gestacional comumente
apresentam maior peso ao nascer®*, A influéncia do sexo se da pela maior interferéncia do
excesso de peso pré-gestacional e GPG excessivo em bebés do sexo masculino, levando a um
maior percentual de massa gorda e muscular ao nascer, quando comparados a meninas®2.

Ressalta-se que a interacdo de alguns dos fatores € mais citada na literatura e que poucos
trabalhos avaliam alguns nutrientes especificos, conforme apontado pela revisdo sistematica.
Outro ponto que também merece ser ponderado é que embora descritos de forma isolada, os
fatores citados apresentam forte interacdo com os desfechos, tendo em vista que alguns séo
mediadores ou moderam a influéncia de outras variaveis nas medidas antropometricas do bebé
ao nascimento.

Considerando as informac6es descritas, a hipotese dessa dissertacao é que, dentre outros
fatores, a ingestdo de nutrientes durante a gestacdo influencia nos dados antropométricos do

bebé ao nascimento.



Figura 1. Modelo conceitual dos fatores associados aos dados antropométricos do bebé ao nascimento, utilizado na presente dissertagdo
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3 OBJETIVOS

3.1 Objetivo geral

Avaliar a influéncia da ingestdo materna de nutrientes durante a gestacdo nos dados
antropométricos do bebé ao nascimento.

3.2 Objetivos especificos

Artigo 1

e Sintetizar as evidéncias cientificas que avaliaram a influéncia da ingestdo de

nutrientes durante a gestacdo nos dados antropomeétricos do recém-nascido.

Artigo 2

e Investigar a influéncia da ingestdo de nutrientes durante a gestagdo no peso ao

nascer de bebés nascidos a termo.



Métodos
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4 METODOS
Revisdo sistematica

Os métodos da revisdo sistematica, utilizada na revisdo de literatura, foram
detalhados no artigo ja apresentado. A estratégia de busca aplicada nas bases de dados
encontra-se no apéndice A.

Artigo com dados primarios

4.1 Local do estudo

O estudo foi desenvolvido na Maternidade Odete Valadares (MOV), em Belo
Horizonte, Minas Gerais. A referida maternidade pertence a rede publica do municipio e
é referéncia em atendimentos de média e alta complexidade, fundamentada no cuidado
humanizado. Além disso, possui o titulo de Hospital Amigo da Crianga desde 1999,
concedido pela Organizacdo Mundial da Saude, Fundo das Nacdes Unidas para a Infancia
(UNICEF) e Ministério da Salde?.

O presente estudo foi desenvolvido no alojamento conjunto da MOV, que consiste
em um sistema hospitalar em que o recém-nascido sadio, logo apds o nascimento,
permanece ao lado da mde, 24 horas por dia, em um mesmo ambiente, até a alta
hospitalar?. O alojamento conjunto da maternidade possui oito enfermarias com um total

de 21 leitos e atende anualmente cerca de 4.200 maes.

4.2 Delineamento e amostra do estudo

Trata-se de um estudo de delineamento transversal que se insere em um amplo
projeto intitulado “Banco de leite humano referéncia em Minas Gerais: caracterizagdo e
intervencoes”.

Este estudo se insere em uma coorte prospectiva de trés momentos (linha de base
durante o pds-parto imediato e seguimentos de 6 meses e 12 meses pds-parto), sendo que
para o desenvolvimento do artigo apresentado, foram utilizados os dados da linha de base.

A amostra foi estimada em 302 nutrizes e seus bebés, adotando-se intervalo de
confianca (IC) de 95%, erro de 5% e férmula para fins descritivos de populacédo finita
(cerca de 8.400 mdes atendidas em alojamento conjunto pela maternidade durante o
periodo estudado e prevaléncia maxima de 71,6% de inadequacdo de ingestdo de

nutrientes de um estudo similar®). A amostra inicialmente coletada incluiu 675 nutrizes
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com idade >18 anos e seus bebés, visto que este trabalho esta inserido em uma coorte
ampla e foram consideradas as perdas de seguimento.

Os critérios de exclusdo previamente a entrevista basearam-se em varidveis que
pudessem interferir no peso da crianca ao nascimento e compreenderam*®: mulheres com
idade inferior a 18 anos, gestacdo gemelar, portadoras de diabetes melittus, Sindrome da
Imunodeficiéncia Adquirida (SIDA), além de complica¢Ges durante a gravidez, incluindo
hipertensdo grave (eclampsia e pré-eclampsia) e diabetes melittus gestacional. Como era
necessario que as maes retornassem para as consultas de 6 e 12 meses, foram convidadas

a participar somente maes que residiam em Belo Horizonte e regido metropolitana.

4.3 Coleta de dados e variaveis estudadas

A coleta de dados teve inicio em abril de 2018 e foi finalizada em outubro de 2019.
Previamente, um estudo piloto, com cerca de 15 mulheres, foi realizado nos meses de
fevereiro e marco de 2018, para teste e adequacao dos instrumentos utilizados para coleta.

Os dados foram coletados no alojamento conjunto da maternidade durante o pos-
parto imediato por Nutricionistas e alunos de iniciacdo cientifica previamente treinados e
supervisionados pela pesquisadora principal.

No primeiro momento, as nutrizes foram convidadas, na maternidade, a participar
do estudo, apos explicacdo breve dos objetivos e importancia da pesquisa para 0 grupo
materno-infantil. Posteriormente ao consentimento, as maes foram entrevistadas
mediante aplicacdo de um questionario, contendo informacdes referentes a nutriz e seu
filho (Tabela 1).

(1) caracteristicas gerais maternas: nome completo, data de nascimento (para
possibilitar o célculo da idade, em anos), endereco, telefone, renda familiar mensal,
numero de moradores no domicilio, ocupacédo profissional (remunerada ou néo), cor da
pele autodeclarada (branca, parda ou negra), escolaridade (ensino fundamental, médio ou
superior completos ou ndo), estado civil (solteira, divorciada, vilva, casada ou em unido
estavel) e tabagismo (ex-fumante, fumante atual ou nunca fumou).

Para o célculo da renda per capita, foi considerada a média dos salarios minimos
vigentes em 2018 (R$ 954,00 - novecentos e cinquenta e quatro reais) e 2019 (R$
1.006,00 — mil e seis reais), a renda mensal familiar informada e o nimero de moradores

no domicilio.



Tabela 1. InformacGes da nutriz e seu filho utilizadas nas andlises e suas

respectivas categorizagdes. Belo Horizonte/MG, 2018-2019

Variavel Tipo Categorias
Caracteristicas maternas
Idade Quantitativa -
Renda per capita® Categorica < 0,5 salario
> 0,5 salario
Ocupaco profissional® Categorica Remunerado
N&o remunerado
Cor da pele® Categorica Branca
Parda
Negra
Escolaridade? Categorica Ensino fundamental
Ensino médio
Ensino superior
Estado civil? Categorica | Solteira/divorciada/vitva
Casada/unido estavel
Tabagismo® Categorica Fumante
Ex-fumante
Nunca fumou
Préatica de atividade fisica Categorica Sedentaria

Nao sedentaria

Paridade Quantitativa -
Numero de consultas Categorica lab
pré-natais® >6
N&o realizou
Via de parto Categorica Vaginal
Cesarea
Uso de suplementos Categorica Sim
Né&o
indice de massa corporal Quantitativa -
pré-gestacional
Ganho de peso gestacional Quantitativa -
Consumo alimentar Quantitativa -
Caracteristicas do bebé
Sexo Categorica Feminino
Masculino

Idade gestacional

Quantitativa

Peso ao nascer

Quantitativa

“Reis et al., 2019%°; PPesquisa Nacional de Salide, 2019'*; Demitto et al., 2017*2; 9Cucé et al., 2006*3;

¢Brasil, 20007.
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Adicionalmente, foram obtidas informacdes acerca da pratica de atividade fisica

antes ou durante a gestacdo, além de dados de frequéncia, modalidade e duragcdo. A

variavel “atividade fisica” foi classificada de acordo com os critérios para classificagdo
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do nivel de atividade fisica do Institute of Medicine® (Quadro 1). As gestantes foram

classificadas em sedentarias ou ndo sedentarias (pouco ativas, ativas e muito ativas).

Quadro 1. Critérios para classificacdo do nivel de atividade fisica (Institute of
Medicine, 2002)

Classificacao Atividade

Sedentéria Trabalhos domésticos de esforco leve a moderado, caminhadas
para atividades relacionadas com o cotidiano, ficar sentado por
vérias horas

Pouco ativa Atividade fisica moderada diaria: 30-60 minutos, além das
atividades cotidianas

Ativa Atividade fisica moderada diaria: > 60 minutos, além das
atividades cotidianas

Muito ativa Atividade fisica moderada diaria: > 60 minutos + 60 minutos de

atividade vigorosa ou 120 minutos de atividade moderada, além
das atividades cotidianas

(2) informacgdes sobre o pre-natal e parto: paridade (definida como o nimero de
vezes que a mée deu a luz um feto - vivo ou natimorto, um bebé ou multiplos) e via de
parto (vaginal e cesarea). O numero de consultas pré-natais foi classificado de acordo
com as recomendagcdes do Ministério da Salde (1 a 5, >6 e nio realizou)’.

O uso de suplementos durante a gestacao foi classificado de forma dicotémica
(sim ou n&o) visto que ja é demonstrado na literatura® que o uso destes nem sempre é
realizado de forma adequada por trazer varios efeitos colaterais a gestante, como enjoo,
mal-estar, constipacdo e dores abdominais. Além disso, as maes ndo se recordavam da
dosagem, frequéncia e periodo de ingestdo dos suplementos utilizados.

(3) avaliacdo antropométrica da nutriz: peso pré-gestacional, altura e ganho de
peso gestacional (GPG). O peso pré-gestacional e o GPG foram referidos pela mulher ou
obtidos na Caderneta da Gestante (subtracdo entre o peso obtido na Gltima consulta pré-
natal e peso pré-gestacional), quando necessario. A altura foi aferida pelos pesquisadores,
através do estadiometro de bolso da marca Cescorf® com capacidade para 300 cm e
precisdo de 0,5 cm. Essa medida foi realizada conforme as normas do Sistema de
Vigilancia Alimentar e Nutricional® e recomendages do fabricante.

Para determinar o estado nutricional pré-gestacional, adotou-se como indicador o
indice de massa corporal [IMC=peso (kg)/altura (m)?] de forma continua®.

(4) consumo alimentar materno, que sera detalhado a seguir (item 4.4).
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(5) caracteristicas gerais do bebé: nome completo, sexo e idade gestacional (em
semanas). A idade gestacional foi autodeclarada pela mae e foi definida como o intervalo
de tempo desde o primeiro dia do ultimo ciclo menstrual até a data do parto.

6) avaliacdo antropométrica do bebé: O peso ao nascer do bebé foi avaliado,
mediante consulta aos prontudrios das participantes, sendo que este foi aferido pela equipe
de Enfermagem da maternidade logo ap6s o nascimento.

O peso ao nascer foi analisado de forma quantitativa e posteriormente foi
classificado em baixo (<2.500g), insuficiente (entre 2.500g e 3.000g) e adequado
(>3.0009) para descrever a amostra®>?®,

Visto que o peso ao nascer pode ser influenciado pela prematuridade, puérperas
que tiveram bebés com idade gestacional menor que 37 semanas foram excluidas das

analises (n=43).

4.4 Consumo alimentar materno durante a gestacao

O consumo alimentar materno foi mensurado durante a entrevista no pos-parto
imediato, por meio de um Questionario de Frequéncia Alimentar (QFA) semiquantitativo
validado para populacéo adulta brasileira por Ribeiro et al.!” e com adaptacéo para fins
da pesquisa, pela adicio de medidas caseiras’®® mais utilizadas para cada alimento,
acréscimo de alguns alimentos (como hortalicas e frutas) e organizagdo por grupo
alimentar e grau de processamento. As informacdes obtidas no QFA foram referentes aos
altimos seis meses, de forma que o questionario aplicado corresponde aos dois ultimos
trimestres do periodo gestacional. O QFA era constituido por 94 alimentos, incluindo
cereais e leguminosas, hortalicas, frutas, carne, ovos, leite e produtos lacteos, peixes,
ingredientes culinarios, bebidas adocadas artificialmente ou ndo, produtos diet e light,
doces, lanches, fast foods, embutidos, dentre outros. Cada alimento possuia sua respectiva
frequéncia de consumo alimentar (1 vez/dia, 2 vezes ou mais/dia, 5 a 6 vezes/semana, 2
a 4 vezes/semana, 1 vez/semana, 1 a 3 vezes/més e raro/nunca) (APENDICE B).

Para analise, os dados do consumo alimentar foram tabulados utilizando o
programa Excel, versdo 365. Os resultados de frequéncia e quantificacdo de consumo
alimentar foram transformados em ingestdo diaria em gramas ou mililitros, para posterior
conversao em nutrientes. A conversdo foi realizada no programa Stata, versdo 14.2, para
qual foram utilizadas as referéncias: Tabela Brasileira de Composicdo de Alimentos

(TACO)®, Tabela de Composi¢do Nutricional dos Alimentos Consumidos no Brasil?,
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Tabela de Composicdo de Alimentos: suporte para decisdo nutricional®? e rotulos de
alimentos, quando necessario.

Alem da ingestdo energética, analisou-se os nutrientes: carboidrato, fibra,
proteina, gordura total, 6mega-3, dmega-6, colesterol, calcio, cobre, ferro, folato, fésforo,
magnésio, manganés, potassio, sddio, zinco e vitaminas A, B1, B2, B3, B6, B12, C e D.
A escolha dos nutrientes a serem estudados se deu pela importancia de cada um deles
para o desenvolvimento intrauterino do bebé?.

No tocante a ingestdo energética materna, quando esta foi menor que 300 kcal/dia
ou maior que 10.000 kcal/dia, sua consisténcia foi avaliada e em caso de confirmagao da
coleta e tabulacdo, as maes foram excluidas e desconsideradas de todas as analises
(n=6)%.

Para o célculo da adequacéo energética, foi utilizada a média trimestral do célculo
da EER (Estimate Energy Requirement) para gestantes, com 0s respectivos desvios-
padrdes (Quadro 2)%. O peso materno pré-gestacional foi utilizado para realizagéo do
calculo. O consumo energético materno foi considerado insuficiente e excessivo quando

apresentou resultados abaixo ou acima do resultado da EER, respectivamente.

Quadro 2. Equac0es para estimar a necessidade energética para gestantes por
trimestre (Institute of Medicine, 2005)

Trimestre Equacao

18 anos
EER = 135,3 - (30,8 x idade [anos]) + Coeficiente de atividade
fisica x [(10,0 x peso [kg]) + (934 x altura[m])] + 25+ 0
EER = 135,3 - (30,8 x idade [anos]) + Coeficiente de atividade
fisica x [(10,0 x peso [kg]) + (934 x altura[m])] + 25 + 340
EER = 135,3 - (30,8 x idade [anos]) + Coeficiente de atividade
fisica x [(10,0 x peso [kg]) + (934 x altura[m])] + 25 + 452
19 anos ou acima
EER =354 - (6,91 x idade [anos]) + Coeficiente de atividade
fisica x [(9,36 x peso [kg]) + (726 x altura[m])] + 0
EER =354 - (6,91 x idade [anos]) + Coeficiente de atividade
fisica x [(9,36 x peso [kq]) + (726 x altura[m])] + 340
EER =354 - (6,91 x idade [anos]) + Coeficiente de atividade
fisica x [(9,36 x peso [kg]) + (726 x altura[m])] + 452
EER (Estimated Energy Requeriment): necessidade energética estimada

1° trimestre

20 trimestre

3° trimestre

1° trimestre

20 trimestre

3° trimestre

Ap0s as devidas exclusbes, foram incluidas no estudo 626 puérperas e seus bebés
(Figura 2).
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Figura 2. Fluxograma do processo de inclusdo das puérperas
consideradas elegiveis para o estudo

3 Participantes entrevistadas

g (n=675)

=

8 l A\ 4

£ Bebés prematuros Consumo _allmentar
S (n=43) materno discrepante
L (n:6)

l

§ Puérperas e bebés

= incluidos (n=626)

As prevaléncias de inadequacéo de ingestdo dos macronutrientes foram analisadas
de acordo com a distribuicéo aceitavel do valor energético total (VET) da dieta materna,
pelo valor da AMDR (Acceptable Macronutrient Distribuition Range)?®. Ja para os
micronutrientes, efetuou-se a avaliacdo considerando os valores recomendados pela EAR
(Estimated Average Requirement). Para os nutrientes que ndo possuem valores de EAR
estabelecidos, foi utilizado o valor de Al (Adequate Intake). A EAR representa a
estimativa da necessidade média do nutriente segundo sexo e idade para atender 50% das
necessidades de individuos saudaveis, enquanto a Al é baseada na média de ingestdo de
nutrientes ingeridos por um grupo aparentemente saudavel de pessoas, conforme proposto
pelo Institute of Medicine para a populagio dos Estados Unidos e Canada®2>2°,

Valores abaixo dos pontos de corte adotados entre EAR/AI foram considerados
inadequados. Ressalta-se que dados aprofundados sobre a ingestdo de suplementos
durante a gestacdo ndo foram considerados para as analises do consumo alimentar,
conforme realizado em outros estudos?’2°. A Tabela 2 apresenta as recomendagdes de
ingestdo de nutrientes durante a gestacdo. Alguns nutrientes apresentam mais de um ponto
de corte, visto que ha diferencas de recomenda¢6es conforme as seguintes faixas etarias:
14 218,19 a 30 e 31 a 50 anos.
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Tabela 2. Recomendag0es de ingestao de nutrientes
durante a gestacéo (Dietary Reference Intake, Institute of

Medicine)
Nutriente Critérios de avaliacdo
AMDR
Carboidratos (% VET) 45-65%°
Fibra alimentar (g/d) 28P
Proteina (% VET) 10-35%?
Gordura total (% VET) 20-35%?
Omega-3 (% VET) 0,6-1,23
Omega-6 (% VET) 5-10°
EAR ou Al®
Calcio (mg/d) 800/1000
Cobre (mg/d) 0,8
Ferro (mg/d) 22/23
Folato (mcg/d) 520
Fosforo (mg/d) 580/1.055
Magnesio (mg/d) 290/300/335
Manganés (mg/d) 2,0°
Potéssio (mg/d) 2.600/2.900°
Sodio (mg/d) 1.500°
Vitamina A (mcg/d) 530/550
Vitamina B1 (mg/d) 1,2
Vitamina B2 (mg/d) 1,2
Vitamina B3 (mg/d) 14
Vitamina B6 (mg/d) 1,6
Vitamina B12 (mcg/d) 2,2
Vitamina C (mg/d) 66/70
Vitamina D (mcg/d) 10
Zinco (mg/d) 9,5/10,5

8AMDR: faixa de distribuicdo aceitavel de macronutrientes

PEAR: necessidade média estimada; Al: ingestio adequada

Fontes Dietary Reference Intakes: Calcio, Fosforo, Magnésio e
Vitamina D (1997); Tiamina, Riboflavina, Niacina, Vitamina BS6,
Folato, Vitamina B12, Acido pantoténico e Biotina (1998); Vitamina
C, Vitamina E, Selénio e Carotendides (2000); Vitamina A, Cobre,
Ferro, Manganés e Zinco (2001); Energia, Carboidrato, Fibra, Gordura,
Acidos graxos, Colesterol, Proteina e Aminoécidos (2005); Célcio e
Vitamina D (2011); Sédio e Potassio (2019)

4.5 Analise estatistica dos dados

Os dados foram tabulados por dupla digitacdo através do programa Epi Info,
versdo 3.5.4, e ap0s andlise de consisténcia, o teste Kolmogorov-Smirnov foi aplicado
para avaliar a adesdo das varidveis quantitativas a distribuicdo normal. Foi realizada

analise descritiva com célculo de frequéncias absolutas e relativas, medidas de tendéncia
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central e dispersdo. As varidveis quantitativas com distribuicdo normal foram expressas
em média e desvio-padrdo e aquelas com distribuicdo ndo simétrica, em mediana e
intervalo interquartil (IQR, primeiro e terceiro quartis). As varidveis categoricas foram
apresentadas em nimeros e porcentagem.

Os testes t student e ANOVA foram utilizados para comparar médias de varidveis
independentes (peso ao nascer segundo as informacdes maternas e do bebé). Apos
realizacdo do teste ANOVA, foi aplicado o teste Post Hoc de Tukey, para identificar a
diferenca estatistica entre as categorias.

Foi aplicado o teste de Correlacdo de Spearman, para avaliar a correlacdo dos
nutrientes com a ingestdo energética e para verificar a relacdo entre as variaveis
explicativas quantitativas (caracteristicas maternas e ingestdo de nutrientes) com o peso
do bebé ao nascer.

Adicionalmente, foi realizada analise de sensibilidade para verificar a presenca de
diferenca entre o uso de suplementos durante a gestacao e as variaveis estudadas (peso ao
nascer e variaveis explicativas).

Realizou-se ainda regresséo linear multipla, visando prever o peso ao nascer a
partir de varidveis explicativas (caracteristicas maternas e do bebé e ingestdo de nutrientes
durante a gestacdo). Para construcdo do modelo linear multiplo foram incluidas todas as
variaveis que apresentaram valor p<0,20 na analise bivariada (Figura 3). No modelo final,
utilizou-se o0 método backward, sendo que as variaveis com menor significancia (maior
valor p) foram retiradas uma a uma do modelo. O procedimento foi repetido até que todas
as variaveis presentes no modelo possuissem significancia estatistica (p<0,05). As
variaveis que se mostraram importantes para explicar o desfecho foram utilizadas como
ajuste do modelo: consumo energético, escolaridade, idade gestacional, pratica de
atividade fisica e uso de suplementos durante a gestacdo. Os valores da regressao linear
foram apresentados em valores de B, intervalo de confianca (IC) de 95% e valor p.

A significancia do modelo final foi avaliada pelo teste F da analise de variancia e
a qualidade do ajuste pelo coeficiente de determinacgdo (R?). Os residuos foram avaliados
segundo as suposi¢cdes de normalidade, homocedasticidade, linearidade e independéncia.
Além disso, realizou se a verificacdo de multicolinearidade entre as varidveis incluidas

no modelo.
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Figura 3. Varidveis utilizadas para a anélise de associacao entre 0 peso ao

nascer e as caracteristicas maternas e do bebé

Idade Estado civil Cor Ocupagéo profissional
w 3
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28
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o
S
:
3
&)

» o Ingestdo energética Escolaridade Idade gestacional
= Pratica de Uso de suplementos
>0 atividade fisica durante a gestacdo

Todas as analises foram realizadas com auxilio do software Statistical Package
for the Social Sciences (SPSS), versdo 21.0. Adotou-se nivel de significancia de 5%

(p<0,05) para todas as analises realizadas.

4.6 Aspectos éticos

O estudo foi previamente aprovado pelo Comité de Etica em Pesquisa da
Universidade Federal de Minas Gerais — UFMG (n° 0079.0.203.000-10) e da Fundacéo
Hospitalar de Minas Gerais (Fhemig) (CAAE — 76768017.7.0000.5149) (ANEXOS B e
C). Todas as participantes assinaram um termo de consentimento livre e esclarecido
(TCLE), conforme recomendacBes da Resolucdo 466/2012 do Conselho Nacional de
Saude (APENDICE C).

4.7 Financiamento
O Projeto de pesquisa foi financiado pela Fundacdo de Amparo a Pesquisa do estado de
Minas Gerais (FAPEMIG) (nimero APQ-01782-10) e Conselho Nacional de
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Desenvolvimento Cientifico e Tecnol6gico (CNPq) (bolsa de produtividade - nimero
301555/2019-2).
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5 ARTIGO ORIGINAL COM DADOS PRIMARIOS

O presente artigo aborda, a partir de uma investigagdo em uma maternidade de
referéncia, a influéncia da ingestdo materna de nutrientes durante a gestacdo no peso ao
nascer de bebés a termo.

O artigo encontra-se submetido na revista Nutrition, Qualis Capes A2 para
Nutricdo e Qualis B1 para Medicina 2.
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Maternal vitamins B3 and C intake influence at pregnancy on the birth weight at
term

ABSTRACT
Objective: The objective of this study was to examine the influence of maternal nutrients
intake during pregnancy on the baby's birth weight at term.
Methods: A cross-sectional study design was used to evaluate a sample of women aged
18-44 years at postpartum period in a public maternity (2018-2019), with dietary intake
collected by a validated food frequency questionnaire (n=626 mother-offspring pairs). A
multivariable linear regression model was used to identify the influence of nutrient intake
during pregnancy on the baby's birth weight at term. Such model was adjusted for
maternal energy intake, education level, gestational age, physical activity, and
supplementation during pregnancy.
Results: The maternal intake of vitamins B3 and C was associated with an increase on
birth weight (B=0.01; 95% CI 0.01, 0.02; p=0.01; $=0.01; CI 0.01, 0.02; p=0.02,
respectively). Pre-pregnancy body mass index (=0.01; 95% CI 0.01, 0.02; p=0.001),
gestational weight gain ($=0.02; 95% CI 0.01, 0.02; p<0.001) and parity (=0.05; 95%
Cl 0.02, 0.09; p=0.001) and male babies (p=0.08; 95% CI 0.01, 0.02; p=0.02) also
contribute to increase birth weight. These variables explained about 27% of the variation
of this outcome (adjusted R2=0.27; p<0.001).
Conclusion: Our findings evidence that the maternal intake of vitamins B3 and C
influence birth weight increase. In addition, pre-pregnancy body mass index, gestational
weight gain, parity and male babies contributed to the same outcome.

Keywords: Birth Weight; Nutrients; Niacinamide; Ascorbic Acid; Pregnancy.

HIGHLIGHTS
e In the present study, we used a high number of foods to measure maternal
consumption at pregnancy.
e Maternal intake of vitamins B3 and C influence positively on birth weight.
e Other maternal factors, like pre-pregnancy body mass index, gestational weight

gain, parity and male babies contributed to the same outcome.

INTRODUCTION
It is known that nutritional requirements increase during pregnancy, and adequate

energy and nutrient intake are crucial to support placental and fetal development and
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growth. Moreover, they prevent negative outcomes at birth and long-term consequences
[1,2]. Multiple studies suggest that maternal diet can influence fetal growth directly or
indirectly. For instance, a diet rich in milk, fruits, vegetables and fish could positively
affect maternal body weight, assist in fetus metabolism, and consequently decrease the
risk of preterm delivery, low birth weight and gestational diabetes [3-5].

However, that context is complex, since several maternal characteristics could
affect pregnancy dietary intake, i.e., age, education, smoking habits, parity, pre-
pregnancy body mass index (BMI) and socioeconomic circumstances [4,6]. Higher levels
of education and older pregnant women tend to eat more fruits and vegetables, as well as
larger quantities of micronutrients. Conversely, smoking mothers and high pre-pregnancy
BMI are associated with low intake of fibers and several minerals, and high intakes of
saturated fats [4].

Therefore, some evidences suggests that each macro and micronutrients intake
plays different roles on pregnant body, that affect substantialy newborn’s outcomes, such,
fetal adiposity, length and head circumference, and birth weight [5,7-9]. The latter has
been the most studied one, as this measurement at birth is one of the most important
outcomes, being associated with the newborn’s health and survival, besides being a
sensitive and reliable health indicator [ 10]. Among the main baby’s bodily functions that
could be modified by the adequate nutrient intake at pregnancy, the structural (cell
membranes, tissue formation, DNA synthesis), functional (release energy in cells,
transport, hormones, biological mechanisms), growth and immune system activities stand
out [1].

The latest specific recommendations for nutrient intake during and after
pregnancy aiming to prevent unfavorable infant outcomes have been applied in developed
countries [2]. However, researches focused on this theme are limited in developing
countries. Some of the few studies that have been carried out overlooked some important
nutrients such as zinc, fibre or B-complex vitamins. Thus, there is a lack of evidence and
the results remain inconclusive. It is expected that the appropriate intake of nutrients will
positively impact on the baby's birth weight. Similarly, the purpose of this study was to
examine the influence of maternal nutrient intake during pregnancy on baby's birth weight

at term.

MATERIAL AND METHODS
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Study design and participants

A cross-sectional study was conducted in a public maternity unit in a Brazilian
metropolis, with rooming-in puerperal women, between 2018 and 2019.

Some exclusion criteria were adopted, as they could interfere with the birth weight
[11,12]: women under 18 years, twin pregnancies, patients with pre-pregnancy diabetes,
Acquired Immune Deficiency Syndrome (AIDS), and complications during pregnancy,
including severe hypertension (eclampsia and pre-eclampsia) and gestational diabetes.

The sample size was estimated at 302 mother-infant pairs, adopting a 95%
confidence interval (Cl), an error of 5% and formula for descriptive purposes, and a finite
population (about 8,400 rooming-in mothers treated by the maternity during the study
period), using the maximum prevalence of inadequacy of nutrient intake described in a
similar study (71.6%) [9].

Data was collected during immediate postpartum period by previously trained
interviewers with a university degree in nutrition, and supervised nutrition
undergraduates.

A structured questionnaire elaborated by the researchers was used during the
interview, containing information about the mothers and their child. The following
socioeconomic, demographic, and health status information were collected: age (in
years), marital status (single/divorced/widowed or married/stable union), education level
(elementary school or below, high school, or higher education or above), self-declared
skin color (black, brown, or white), professional occupation (paid work or no
remuneration), per capita income (up to %2 minimum wage or higher or equal than %2
minimum wage) and smoking status (current, previous or never).

Additionally, information was obtained about the practice of maternal physical
activity before and during pregnancy, classified as sedentary, low active, active or very
active [13]. For analysis purposes, women were classified as sedentary or non-sedentary.
Information about delivery and prenatal care was included: number of prenatal
consultations (<6, > 6 and none) [14], use of supplements during pregnancy (yes or no),
route of delivery (vaginal and cesarean) and parity.

Maternal anthropometric data covered pre-pregnancy weight, height and
gestational weight gain (GWG). The pre-pregnancy weight and the GWG were reported
by the woman or obtained from the woman’s gestational record (subtraction between the
weight obtained in the last prenatal consultation and pre-pregnancy weight) when

necessary. The height was taken by the researchers according to previous
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recommendations [15]. To determine the pre-pregnancy maternal nutritional status, the
body mass index was adopted as an indicator [BMI=weight(kg)/height(m)?] [16].

Sex and gestational age (in weeks) of the baby were collected. The baby's birth
weight obtained from the participants' medical records was taken by the maternity nursing
team right after birth. Gestational age was self-reported by the mother and was defined as
the time interval from the first day of the last menstrual cycle to the date of delivery.

This study was conducted in accordance with the Helsinki Declaration, and all
procedures involving human subjects were approved by the Ethical Committee of Federal
University of Minas Gerais and Hospitalar Foundation of Minas Gerais. Written informed

consent was obtained from all participants.

Maternal nutrient intake

Dietary data during pregnancy were collected during postpartum period using a
validated semiquantitative food frequency questionnaire (FFQ) [17] adapted for our
research purposes. It is a questionnaire consisting of 94 foods, each of which had its
respective frequency of consumption (1 time/day, 2 times or more/day, 5 to 6 times/week,
2 to 4 times/week, 1 time/week, 1 to 3 times/month and rare/never) and portion sizes
expressed in standard measurements [18,19].

The results of food consumption were transformed into daily intake. The
conversion to nutrients was performed in the Stata/SE software, version 14.2, and
Brazilian food composition tables [20-22] and food labels were used when necessary. In
addition to energy intake, the nutrients analyzed were: carbohydrate, fiber, protein, total
fat, omega-3, omega-6, cholesterol, calcium, copper, iron, folate, phosphorus,
magnesium, manganese, potassium, sodium, zinc and vitamins A, B1, B2, B3, B6, B12,
C and D, considering that each one of these variables has important functions in the baby's
intrauterine development [1].

When maternal energy consumption was lower than 300 Kcal/day or greater than
10,000 Kcal/day, its consistency was assessed and in case of data confirmation, mothers
were excluded from the analyses (n=6) [23].

For the calculation of energy adequacy, the trimester average of the calculation of
the EER (Estimate Energy Requirement) for pregnant women was used, with the
respective standard deviations (SD) [24]. Pre-pregnancy maternal weight was used for
the calculation. Maternal energy consumption was considered inadequate when it

presented results above or below the acceptable range.
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The prevalence of inadequate macronutrients intake was analyzed according to
AMDR (Acceptable Macronutrient Distribution Range) values [24]. For micronutrients,
a qualitative assessment was carried out considering the recommended values of EAR
(Estimated Average Requirement). For nutrients that do not have established EAR values,
the Al (Adequate Intake) value was used [24,25]. Values below the cut-off points were
considered inadequate. The intake of supplements during pregnancy was not considered
for these analyses, as performed in other works [7,26,27].

Statistical analysis

Data were tabulated by double entry using the Epi Info program (Epi Info for
Windows, Version 3.5.4; Centers for Disease Control and Prevention, Atlanta, Georgia,
USA) and after consistency analysis, data were assessed for normality using the
Kolmogorov-Smirnov test. The descriptive analysis was presented through absolute and
relative frequencies, measures of central tendency and dispersion. Quantitative variables
were expressed as mean and SD and median and interquartile range (IQR, first and third
quartiles).

The tests t Student and ANOVA were used to compare means of independent
variables (maternal and baby’s characteristics) and the outcome (birth weight). After
performing the ANOVA test, Tukey's Post Hoc test was applied. The Spearman
correlations tests were used to assess the correlation between energy and nutrients intake,
and between nutrients and quantitative variables with birth weight. In addition, a
sensitivity analysis was performed to verify if there was a difference between the results
found and the use of supplements during pregnancy.

Associations between explicative variables and birth weight were determined by
multivariable linear regression model. The variables that presented p<0.20 in the bivariate
analysis were included in the regression model, with backward elimination. The final
model adjustment was performed using variables that literature proved to be important to
explain the outcome: energy intake, education level, gestational age, physical activity and
use of supplements during pregnancy. The final model significance was assessed by the
F test of the analysis of variance and the quality of the adjustment by the coefficient of

determination (R?).
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The analyses were performed using the software Statistical Package for the Social
Sciences (SPSS Statistics for Windows, Version 22.0; IBM Corp, Armonk, NY, USA).

Statistical significance was set at p<0.05 for all analyses performed.

RESULTS
Sample characteristics

The final sample consisted of 626 nursing mothers, with a median of 26 (IQR 22-
31) years old. The majority of the sample reported being primiparous (48.6%), having
high school (65.9%), paid work (65.4%) and never smoked (77.6%). Regarding prenatal
care, 88.0% had 6 or more prenatal consultations, and 88.5% used supplements during
pregnancy, the main ones reported being folic acid, iron and multivitamins (Table 1). The
mean of the pre-pregnancy BMI was 24.5 (SD 4.8) Kg/m? and the GWG was 11.9 (SD
5.5) Kag.

Regarding the anthropometric data of babies, the mean birth weight was 3.2 (SD
0.4) kg, with a median gestational age of 39 (IQR 38-40) weeks. The prevalence of births
with low birth weight (<2,500q), insufficient birth weight (2,500g to 3,000g) and
macrosomia (>4,0009) was 6.9%, 25.2% and 3.3%, respectively.

The median maternal energy intake was 2901.1 (IQR 2208.0-3960.3) Kcal/day,
with 14.9% with insufficient intake, and 62.7% excessive. The contribution of
macronutrients was 56.0% (IQR 41.3-78.0) of carbohydrates, 16.2% (IQR 12.3-20.6) of
proteins and 27.8% (IQR 19.6-39.9) of total fats. There was an inadequacy of more than
50% of omega-6, iron, folate and vitamin B6 intake. About 90% of women reached the
recommendation of daily intake of macronutrients (carbohydrates, proteins and lipids),
however their fractions (fibers, omega-3 and omega-6) and some minerals and vitamins
(calcium, folate, iron, potassium, sodium and vitamins A, B6 and C) were highly

inadequate (Table 2).

Effect of maternal characteristics on birth weight

The average of birth weight differed according to marital status, number of
prenatal consultations, smoking status and newborn sex (p<0.05) (Table 1).

Maternal vitamin B3 (r=0.11; p=0.01) and vitamin C (r=0.09; p=0.03) intake, pre-
pregnancy BMI (r=0.19; p<0.001), GWG (r=0.25; p<0.001) and parity (r=0.10; p=0.02)

were weak correlated with birth weight (Figure 1). The other analyses between daily
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nutrient intake during pregnancy and maternal characteristics with the outcome were not
statistically significant (p>0.05).

The sensitivity analysis showed that the use of supplements during pregnancy
influences maternal education level (p=0.01), number of prenatal consultations (p<0.001)
and parity (p<0.001).

Higher maternal intake of vitamins B3 and C, pre-pregnancy BMI, GWG, parity,
and male babies were predictors of the increase in birth weight, even with adjustments
for energy, education level, gestational age, physical activity and use of supplements
during pregnancy, and it explained about 27% of the variation in this outcome (Table 3).

DISCUSSION

The current study suggests that vitamin B3 and C intake among Brazilian pregnant
women was significantly associated with an increase on birth weight, even after
adjustments. Although other nutrients did not influence the outcome, these findings
indicate that the micronutrient composition of maternal diet is important for birth
outcomes.

The mean babies birth weight (and prevalence of inadequacy — low, insufficient
and macrosomia), even in a public maternity hospital, was similar to other works
[5,8,9,28]. The literature also shows similar results from the macronutrients contribution
to the maternal energy intake found in this study [7,9,23].

We have found that Brazilian pregnant women tended to have dietary intake lower
than the Dietary Reference Intakes for some nutrients, which matched to previous studies
results [7,9,10,23,26]. In a Brazilian population-based study, when the food consumption
of women aged 19 to 59 years was assessed, an inadequacy of more than 50% was found
in calcium, magnesium, vitamins A, Bl, B2, B6, D, E and folate intakes [23]. This
inadequacy can directly lead to complications for the mother and baby, reinforcing the
importance of monitoring maternal food consumption, supplementing micronutrients
when necessary, and nutritional orientations during pregnancy.

Due to the high inadequacies of nutrient intake of the world population, some
countries adopted food fortification programs to prevent deficiencies, such as the vitamin
D fortification in milk, salt iodization and flours and cereals enriched with folate. These
fortifications programs are applied to cope with the increasing of nutrient demands during
pregnancy [1]. In addition to these strategies, Brazil have developed actions since 2005,

that recommend iron and folic acid prophylactic supplementation for pregnant women
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from prenatal care, regardless of gestational age, to the third month postpartum [29].
Despite the supplementation programs implemented, the nutrients commonly
supplemented in this study were not those associated with the outcome.

We found a positive association between maternal vitamin C intake and birth
weight, as discovered in previous studies [3,6,7,26,30]. A Japanese large birth cohort
study recently showed that vitamin C intake during pregnancy has a positive association
with weight and length at birth (p<0.001) [3]. In another work with a group of full-term
babies, an increase of 1 mg/ml in the serum vitamin C level during the second trimester
of pregnancy could increase the birth weight by 27.2 g (p=0.02) and birth length by 0.17
cm (p=0.006) [30].

These results can be explained by the fact that vitamin C is an important dietary
hydrophilic antioxidant and its metabolism is responsible to make electron donation that
reacts with free radicals to form some products like water, thus protecting important cell
structural components against oxidative stress and damage. Vitamin C is also involved in
collagen synthesis, a primary component of tissue, Therefore, it is likely that this nutrient
can help in reducing oxidative stress, promoting better blood flow, nutrient supply and
consequently, fetal growth [1,6,30,31].

Our study also found positive association between vitamin B3 intake and birth
weight. However, few studies examined the relationship between this nutrient and fetal
growth closely. An Iranian study showed that there is a weak positive correlation between
the intake of some micronutrients and birth weight, among them Vitamin B3 stands out
(p<0.05) [32]. Another works evidenced no association [7,33,34]. Possible reasons for
literature inconsistency include sample size characteristics, differences in baseline
nutritional status, maternal food consumption was assessed, and controlling for
confounders. The literature has shown that niacin (B3) and other complex B vitamins are
essential cofactors to produce and release energy in cells and for the metabolism of all
macronutrients [1].

Vitamins C and B3 deficiency at pregnancy can result in marked metabolic effects
on mothers and impaired fetal growth [1,32]. At this period, to prevent unfavorable
outcomes for the baby, dietary intake of these nutrients should be improved through the
consumption of food sources like fish, meat, poultry, papaya, orange, lemon, acerola,
guava, cashew, green leafy vegetables, tomatoes and pumpkin. However, robust
evidences suggests that is inconclusive the benefits of supplement these nutrients in

preventing better outcomes at birth [1,35], reinforcing the importance of healthy eating.
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Another finding was the associations between GWG, pre-pregnancy BMI, parity,
male babies and higher birth weight. In accordance with our results, a recent meta-
analysis [36] evidenced that GWG above the recommendations was associated with lower
risk of small for gestational age (OR 0.66; Cl 95% 0.63-0.69) and higher risk of large for
gestational age babies (OR 1.85; ClI 95% 1.76-1.95). McDonald et al. [37] evaluated
pregnant women in different cities in eastern Canada and found similar results across the
sample: women with pre-pregnancy excess weight (overweight and obesity) and
multiparous had significant low chances to have small for gestational age babies.
Additionally, a larger study showed through growth curves that male babies were
significantly heavier, longer and had greater head circumference at birth (p<0.001) than
girls [38]. GWG and pre-pregnancy nutritional status above or below the guidelines range
was associated with greater risk of maternal and infant adverse outcomes, and this
reinforces the importance of pre-pregnancy maternal health, nutritional advisements and
more rigorous monitoring of GWG during prenatal care [1,36].

Limitations of this study were pre-pregnancy weight and GWG self-declared.
However, it is evident in the literature an almost perfect agreement between measured
and self-reported weight measurements in a Brazilian adult population [39]. In addition,
all dietary assessment methods have limitations; the FFQ can lead to misreporting exact
quantities of nutrients intake, mainly because of maternal memory. Furthermore,
similarly to other works, [9,40] we used a validated semiquantitative FFQ nutrient
instrument, which provides a validated measurement of habitual dietary intake and
reinforces the reliability of the results.

One strength of this study is that few works in Latin America investigated the
association between dietary intake during pregnancy and offspring outcomes. The authors
are unaware of national works that investigated a large amount of nutrients, from different
food sources. Additionally, we conducted a pilot study to test the instruments used, and
we rigorously trained interviewers before the formal research. Our findings suggests that
an adequate consumption of vitamins B3 and C may not only improve maternal nutrition
and fill gaps in maternal and child health, but may also be important to reduce low birth
weight rates.

We excluded some maternal characteristics to avoid reverse causation, such as
gestational diabetes mellitus, preeclampsia, and eclampsia, and that is why our results
apply to a relatively healthy sample. Future studies should prospectively assess diet

before the conception and at different stages of gestation, prior to the development of
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these maternal complications, and analyze the potential interference in birth outcomes. It
is also important that new works estimate the biochemical parameters related to these

nutrients.

CONCLUSION

We have found that the maternal intake of vitamins B3 and C, as well as pre-
pregnancy body mass index, gestational weight gain, parity and male babies were
positively associated with birth weight. Such findings can be important for the
development of strategic actions, encouraging nutritional care, through the consumption
of these nutrients food sources, such as meat, cereals, yeast, peanuts and citrus fruits.
Besides stimulating healthy dietary habits, more studies about specific nutrients
supplementation when food intake does not meet the recommendations should also be
considered, in order to improve maternal nutritional status and promote optimal offspring

growth.
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Table 1 Main maternal characteristics according to baby's birth weight (n=626)

| Birth weight
Variables Sample (kg) p value*
n(%o) Mean(SD)

Marital status
Single/divorced/widowed 341(54.5) 3.13(0.45) 0.001
Married/stable union 285(45.5) 3.23(0.42)
Education level
Elementary school or below 103(16.5) 3.15(0.47) 0.34**
High school 412(65.9) 3.20(0.43)
Higher school or above 110(17.6) 3.13(0.45)
Color
Black 117(22.3) 3.17(0.42) 0.06**
Brown 313(59.6) 3.16(0.44)
White 95(18.1) 3.28(0.44)
Professional occupation
Paid work 394(65.4) 3.20(0.43) 0.15
No remuneration 208(34.6) 3.14(0.45)
Per capita income (minimum wage)?
<05 245(42.9) 3.17(0.44) 0.65
>0,5 326(57.1) 3.19(0.44)
Number of prenatal consultations
1-5 71(11.5) 3.00(0.44)° 0.001**
>6 546(88.0) 3.20(0.44)°
None 3(0.5) 3.03(0.16)
Smoking status
Current 36(6.9) 2.94(0.44)>¢  0.001**
Previous 81(15.5) 3.21(0.44)°
Never 407(77.6) 3.20(0.43)°
Physical activity
Sedentary 553(89.8) 3.17(0.44) 0.30
Non-sedentary 63(10.2) 3.23(0.42)
Use of supplements during pregnancy
Yes 531(88.5) 3.18(0.44) 0.61
No 69(11.5) 3.20(0.46)
Route of delivery
Vaginal 474(76.1) 3.17(0.44) 0.40
Cesarean 149(23.9) 3.21(0.44)
Newborn sex
Male 327(52.7) 3.22(0.44) 0.01
Female 293(47.3) 3,13(0.43)

Brazilian minimum wage (2018/2019): R$980.0/=$268. The Brazilian minimum wage is
the minimum monetary payment, defined by law, which a worker must receive in a

company for his services.

Frequencies followed by equal letters between categories, represent statistically significant
associations by Tukey's post hoc test (p <0.05).

*T student test; **ANOVA test.



Table 2 Inadequacy of daily maternal nutrient intake during pregnancy (n=626)

Nutrient Median(IQR) EAR < EAR(Nn)
Carbohydrate (%) 56.0(41.3-78.0) 45-65%2 10.2(64)
Fiber (g) 36.1(24.1-55.3) 28P 32.9(206)
Protein (%) 16.2(12.3-20.6) 10-35%? 4.6(29)
Total fat (%) 27.8(19.6-39.9) 20-35%* 8.9(56)
Omega-3 (%) 0.6(0.5-1.0) 0.6-1.22 42.8(268)
Omega-6 (%) 4.7(3.0-6.9) 5-10° 58.8(368)
Cholesterol (mg) 454.1(307.7-672.5) NA -
Calcium (mg) 909.6(611.2-1,318.1) 800/1,000 40.7(255)
Copper (mg) 2.2(1.3-4.0) 0.8 6.2(39)
Folate (mcg) 329.8(223.9-457.1) 520 82.4(516)
Iron (mg) 14.8(11.1-19.6) 22/23 81.9(513)
Phosphorus (mg)  1,657.9(1,282.5-2,201.3)  580/1,055 1.3(8)
Magnesium (mg) 375.2(281.3-502.5) 290/300/335 29.1(182)
Manganese (mg) 4.1(3.0-5.7) 2.0 6.5(41)
Potassium (mg) 3,506.8(2,605.0-4,539.4)  2,600/2,900°  31.6(198)
Sodium (mg) 1,851.3(1,300.8-2,834.7) 1,500° 35.5(222)
Zinc (mg) 13.2(10.1-17.9) 9.5/10.5 20.9(131)
Vitamin A (mcg) 836.2(377.0-2,467.1) 530/550 39.0(244)
Vitamin B1 (mg) 1.8(1.3-2.6) 1.2 21.8(137)
Vitamin B2 (mg) 2.0(1.4-2.9) 1.2 18.5(116)
Vitamin B3 (mg) 22.5(16.0-36.2) 14 18.1(113)
Vitamin B6 (mg) 1.0(0.6-1.6) 1.6 74.1(464)
Vitamin B12 (mcg) 6.31(3.1-18.2) 2.2 16.0(100)
Vitamin C (mg) 102.5(51.4-201.9) 66/70 36.6(229)
Vitamin D (mcg) 30.7(13.9-51.7) 10 18.7(117)

2AMDR: Acceptable Macronutrient Distribuition Range

bAI: Adequate Intake

EAR: Estimated Average Requirement; IQR: Interquartile range; NA: not applicable
Sources: Dietary Reference Intakes for Calcium, Phosphorous, Magnesium and Vitamin D
(1997); Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate,
Vitamin B12, Pantothenic Acid and Biotin (1998); Dietary Reference Intakes for Vitamin C,
Vitamin E, Selenium, and Carotenoids (2000); Dietary Reference Intakes for Vitamin A,
Copper, Iron, Manganese and Zinc (2001); Dietary Reference Intakes for Energy,
Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids (2005); Dietary
Reference Intakes for Calcium and Vitamin D (2011); and Dietary Reference Intakes for
Sodium and Potassium (2019).



Table 3 Final multiple linear regression model of factors associated with birth
weight (2018-2019)

B 95% CI p value
Maternal body mass
index (Kg/m?) 0.01 0.01-0.02 0.001
Gestational weight
gain (Kg) 0.02 0.01-0.02 <0.001
Parity 0.05 0.02-0.09 0.001
Newhborn sex® 0.08 0.01-0.02 0.02
Vitamin B3 (mg/d) 0.01 0.01-0.02 001
Vitamin C (mg/d) 0.01 0.01-0.02 0.02

R2=0.537; R2 adjusted=0.273. Backward method. F Test: p<0.001.

3Female as a reference.

Adjusted for energy intake, education level, gestational age, physical activity and use of
supplements during pregnancy.

91



160

Vitamin B3 (mg/d)
e e
N N D 0 O N b
O O O O O o o o

Z

N
o o1 O

PR NN W W
g o O

Gestational weight gain (Kg)
o

o u

r=0.11; p=0.01

r=0.25; p<0.001

Birth weight (Kg)

Qo
o

Birth weight (Kg)

50

40

30

20

10

Body mass index (Kg/m?)

r=0.09; p=0.03

r=0.19; p<0.001

2 3
Birth weight (Kg)

4

o®
" F ’.‘ ng. 3

5

2 3
Birth weight (Kg)

92



93

8

7 r=0.10; p=0.02

6

5
=
54
o

3

2

1

0

0 1 2 3 4 5
Birth weight (K

5 ght (Kg)

Fig. 1 Spearman's correlation between birth weight and maternal intake of Vitamin B3 and Vitamin C, gestational weight gain, body mass index
and parity. A) Correlation between vitamin B3 intake and birth weight (r=0.11; p=0.01); B) Correlation between vitamin C intake and birth weight
(r=0.09; p=0.03); C) Correlation between gestational weight gain and birth weight (r=0.25; p<0.001); D) Correlation between maternal body mass
index and birth weight (r=0.19; p<0.001); E) Correlation between parity and birth weight (r=0.10; p=0.02).
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6. CONSIDERACOES FINAIS

A influéncia da ingestdo materna de nutrientes nos dados antropométricos ao
nascimento, hipétese inicial dos autores, foi comprovada em ambos os artigos frutos desta
dissertacdo.

A revisdo sistematica verificou influéncia direta da ingestdo materna de vitamina
C, célcio e magnésio no peso ao nascer do bebé e inversa da ingestdo de carboidrato com
o mesmo desfecho. Os resultados também demonstraram um maior numero de
associagdes diretas entre a ingestdo de macro e micronutrientes e os desfechos
antropométricos do bebé analisados. Ressalta-se que esta é a primeira revisdo sistematica
que aborda a influéncia da ingestdo de macro e micronutrientes durante a gestagdo em
mais de uma medida antropométrica do bebé ao nascimento.

O estudo com dados primarios evidenciou que a ingestdo materna de vitaminas
B3 e C durante a gestagéo influenciou no aumento do peso ao nascer. Além disso, o indice
de massa corporal pré-gestacional, o ganho de peso gestacional, a paridade e o bebé ser
do sexo masculino contribuiram para 0 mesmo desfecho. Este trabalho representa um
grande avanco para o estudo de nutrientes durante a gestacéo, ja que além de utilizar de
uma ampla gama de alimentos para sua quantificacdo, € um dos poucos estudos realizados
na América Latina que aborda essa associagéo.

Tais achados apontam a importancia da ingestdo materna de nutrientes durante a
gestacdo para as medidas antropométricas do recém-nascido, especialmente o peso ao
nascer. Outras medidas, como o indice peso para a idade gestacional e suas classificagdes,
apresentaram menor frequéncia de abordagens nos estudos.

O resultado da importdncia da ingestdo de nutrientes para os dados
antropométricos do recém-nascido era esperado pelos autores, mesmo com a
diferenciacdo de nutrientes encontrada entre os trabalhos. As diferencas observadas dos
nutrientes com a antropometria do bebé podem ser decorrentes da heterogeneidade
metodoldgica adotada pelos estudos incluidos na revisdo sistematica quando comparados
com o artigo original, além da varia¢do no tamanho das amostras e os diversos métodos
utilizados para mensuracdo do consumo alimentar.

Apesar das diferencas citadas, deve-se ponderar que a inadequacdo da ingestao de
nutrientes durante a gestacdo foi elevada nos estudos em geral. Cabe destacar que esse €
um problema de salde publica, que demanda intervengdes nos diferentes niveis de

atencdo a saude materno-infantil, visto que a transferéncia inadequada de nutrientes ao
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feto esta diretamente associada a morbimortalidade neonatal e desfechos desfavoraveis
a0 nascimento.

Na atencdo priméria a saude durante o pré-natal e puerpério, algumas ac¢Ges que
visam maior qualidade no atendimento, como as realizadas pela Politica Nacional de
Atencdo Integral a Saude da Crianga (PNAISC) e pela Politica Nacional de Atencéo
Integral a Satde da Mulher (PNAISM), se tornam importantes estratégias para a formacao
de uma rede articulada no cuidado gestacional, obstétrico e neonatal. Destaca-se também
a importancia do Programa Nacional de Suplementacdo de Ferro, que além da fortificacdo
obrigatoria de alguns alimentos e suplementagdo profilética, possui como premissa a
promocdo da alimentacdo adequada e saudavel, que deve ser orientada durante a
assisténcia pré-natal por toda equipe de salde.

Outra acdo que é fundamental para melhoria da adequacdo da ingestdo de
nutrientes, € a educacdo alimentar e nutricional (EAN) realizada pela equipe
multiprofissional na atencdo secundaria a satde. Esse tipo de estratégia possui baixo custo
e alto impacto para que melhores habitos alimentares sejam adotados nesse periodo.
Ainda é necessario que estas acdes de EAN sejam ampliadas para toda rede de satde no
atendimento de mulheres em idade fértil, mesmo antes da gestacdo, ja que em muitos
casos a gravidez ndo € planejada e os primeiros 1.110 dias influenciam substancialmente
na salde infantil a curto e longo prazo®.

Nesse contexto, alguns importantes documentos, como € o caso do Guia
Alimentar para a Populacdo Brasileira?, podem subsidiar a realizagdo de orientacdes
gerais pelas equipes de profissionais, pois salientam a importancia do consumo de
alimentos in natura e minimamente processados em detrimento dos ultraprocessados, 0
que certamente oportunizara consumo adequado de nutrientes. Cumpre apontar que 0
nosso grupo de pesquisa também tem abarcado o consumo alimentar da gestante de forma
ampliada, considerando as suas inlimeras esferas de avaliagdo®. Compreende-se que 0s
profissionais de salde devem ser sensibilizados sobre o tema de forma geral e estimulados
a efetuarem, sempre que possivel e viavel, o encaminhamento da gestante para o
aconselhamento nutricional.

Para gque novas recomendacfes sejam adotadas, ainda é necessario que essa
tematica seja mais explorada. Entretanto, os achados ja sugerem que durante o periodo
gestacional, a adequacdo de ingestdo dos nutrientes que apresentaram associacao positiva
com o0 peso do bebé ao nascimento (calcio, magnésio e vitaminas C e B3) deve ser

priorizada, através do incentivo ao consumo de fontes alimentares com maior
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biodisponibilidade destes nutrientes especificos, principalmente frutas e hortalicas. Além
disso, a qualidade e quantidade de carboidratos ingerida pela gestante também merece
destaque, visto que pode interferir negativamente no mesmo desfecho. Somente no caso
de dificuldades em atingir as recomendagdes de ingestdo destes nutrientes pela
alimentacéo, ap6s analise minuciosa do consumo alimentar e proposi¢do de intervencoes
dietéticas, a suplementacao individualizada deve ser considerada.

Ressalta-se que o periodo gestacional é caracterizado pelo aumento da demanda
de ingestdo de nutrientes materna e as evidéncias atuais que analisam as necessidades,
inadequacdes e novas recomendacdes de ingestdo para esse publico especifico ainda sdo
escassas. Nesse sentido, deve ser ponderado que mesmo com 0s avangos nas ciéncias da
Nutricdo, que destacam que a alimentagdo vai muito além da ingestdo de nutrientes de
forma isolada?, essa tematica € muito relevante para a satde do bindmio mée e filho.

Ademais, tendo em vista a multicausalidade do tema, sugere-se que sejam
realizados ensaios clinicos randomizados e estudos longitudinais de base populacional
que avaliem o consumo alimentar materno antes e durante a gestacdo. Novos estudos com
uma com maior robustez metodoldgica, podem fornecer conclusdes mais consistentes,
visto que a alimentacdo materna nutricionalmente adequada € um dos principais fatores

associados a melhor saude infantil.
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ANEXO A - Aceite da Revista Journal of Tropical Pediatrics para publica¢do do
artigo: “The influence of nutrients intake during pregnancy on baby’s birth weight: a

systematic review”

Journal of Tropical Pediatrics <onbehalfof@manuscriptcentral.coms seg.,12deabr. 11:12 (ha 2 dias) Y& &

para mim ~
Ha inglés ¥ > portugués ¥  Traduzir mensagem Desativar para: inglés x
12-Apr-2021

Dear Dr. Souza,

Manuscript ID JTP-2021-122-CR entitled "The influence of nutrients intake during pregnancy on baby’'s anthropometric measurements at birth
a systematic review" which you submitted to the Journal of Tropical Pediatrics, has been reviewed. The comments of the reviewer(s) are
included at the bottom of this letter

The reviewer(s) have recommended publication, but also suggest some minor revisions to your manuscript. Therefore, | invite you to respond
to the reviewer(s)' comments and revise your manuscript
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ANEXO B - Aprovacio do Comité de Etica em Pesquisa da Universidade Federal de
Minas Gerais (n° ETIC 0079.0.203.000-10)
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ANEXO C - Aprovacio do Comité de Etica em Pesquisa da Fundagio Hospitalar de

Minas Gerais (Parecer n® 042/2010)

MIG 6I|3R0.4034-5f301o-o.

FUNDAGAO HOSPITALAR DO
ESTADO DE MINAS GERAIS

FUNDAGAO HOSPITALAR DO ESTADO DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA
PARECER N° 042-B/2010

Titulo:
“Caracterizagdo do Banco de Leite Humano referéncia em Minas Gerais”

Folha de Rosto: 327412

Pesquisador: Simone Cardoso Lisboa Pereira
Titulagao: Doutora em Microbiologia Agricola
Histoérico:

Recebimento do projeto pelo CEP — 22 de julho de 2010.

Apresentacado do projeto na Reunido do CEP — 12 de agosto de 2010.
Entrega do Relatério pelo Parecerista ao CEP — 12 de agosto de 2010.
Envio do Parecer ao NEP — 16 de agosto de 2010.

Recebimento das Solugdes de Pendéncia pelo CEP — 26 de agosto de 2010.
Envio do Parecer Final ao NEP —26 de agosto de 2010.

Pendéncias — Relatério de 12 de Agosto de 2010
A) Esclarecer quando seré apresentado o TCLE, ja que se trata de um estudo retrospectivo.

Solugao de Pendéncias
A) Os autores enviaram carta justificando o tipo de estudo e novo TCLE de acordo com a Resolugéo
196/96.

Consideragoes e Mérito:

- Projeto: Relevante, pertinente e de valor cientifico;

- Metodologia: Adequada;

- Curriculos: O pesquisador apresenta curriculo suficiente para a condugéo do trabalho;
- Cronograma: Adequado;

- Folha de Rosto Devidamente preenchida e assinada;

- Orcamento: Adequado e de responsabilidade do préprio pesquisador,

- TCLE: Adequado

- Aspectos Eticos: O projeto cumpre a Resolugdo 196/96 do CNS.

Parecer:

APROVADO

Belo Horizonte, 26 de agosto de 201
Va

e
Vamrson Assis Romualdo
Coordenador do CEP-FHEMIG

MOD.SEX/01 OMG

Alameda Vereador Alvaro Celso,100 - Santa Efigénia - Belo Horizonte/MG
CEP: 30150-260 - Fone: 0(xx)31 3239-9500 - Fax: 0(xx)31 3239-9579
Site: http: //www.fhemig.mg.gov.br/  E-mail: fhemig@fhemig.mg.gov.br
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APENDICE A - Estratégia de busca revisio sistematica

((("Pregnant Women"[Mesh] OR "Pregnant Woman" OR "Woman, Pregnant” OR
"Women, Pregnant” OR "Pregnancy"[Mesh] OR "Pregnancies" OR "Gestation") AND
("Eating"[Mesh] OR "Food Intake" OR "Intake, Food" OR "Ingestion" OR "Prenatal
Nutritional Physiological Phenomena"[Mesh] OR "Nutrition During Pregnancy")) AND
("Nutrients"[Mesh] OR "Nutrient” OR "Macronutrients" OR "Macronutrient” OR
"Micronutrients"[Mesh] OR  "Micronutrient® OR "Carbohydrates'[Mesh] OR
"Carbohydrate” OR "Dietary Fiber"[Mesh] OR "Dietary Fibers" OR "Fibers, Dietary” OR
"Fiber, Dietary" OR "Proteins"[Mesh] OR "Protein” OR "Dietary Fats"[Mesh] OR "Fats,
Dietary" OR "Dietary Fat" OR "Fat, Dietary" OR "Fatty Acids"[Mesh] OR "Acids, Fatty"
OR "Fatty Acids, Saturated" OR "Acids, Saturated Fatty” OR "Saturated Fatty Acids” OR
"Fats, Unsaturated”[Mesh] OR "Unsaturated Fats" OR "Docosahexaenoic Acids"[Mesh]
OR "Acids, Docosahexaenoic" OR "Docosahexenoic Acids" OR "Acids,
Docosahexenoic™ OR "Eicosapentaenoic Acid"[Mesh] OR "Eicosapentanoic Acid" OR
"Acid, Eicosapentanoic” OR "alpha-Linolenic Acid"[Mesh] OR "alpha Linolenic Acid"
OR "Fatty Acids, Omega-3"[Mesh] OR "n-3 Fatty Acids” OR "n 3 Fatty Acids" OR "n-
3 Polyunsaturated Fatty Acid" OR "n 3 Polyunsaturated Fatty Acid” OR "Omega-3 Fatty
Acids" OR "n3 Fatty Acid" OR "Fatty Acid, n3" OR "Fatty Acids, Omega-6"[Mesh] OR
"Acids, Omega-6 Fatty” OR "N-6 Fatty Acids” OR "Acids, N-6 Fatty” OR "Fatty Acids,
N-6" OR "N 6 Fatty Acids" OR "Omega-6 Fatty Acids" OR "Omega 6 Fatty Acids" OR
"Fatty Acids, Omega 6" OR "Calcium"[Mesh] OR "Copper“[Mesh] OR "Iron,
Dietary”"[Mesh] OR "Dietary Iron" OR "Folic Acid"[Mesh] OR "Folate" OR
"Phosphorus, Dietary”"[Mesh] OR "Dietary Phosphorus” OR "Magnesium"”[Mesh] OR
"Manganese”[Mesh] OR "Potassium, Dietary”"[Mesh] OR "Dietary Potassium™ OR
"Selenium”[Mesh] OR "Sodium, Dietary”[Mesh] OR "Dietary Sodium™ OR "Vitamin
A"[Mesh] OR "Retinol" OR "Thiamine"[Mesh] OR "Thiamin™ OR "Vitamin B1" OR
"Vitamin B 1" OR "Riboflavin“[Mesh] OR "Vitamin B2" OR "Vitamin B 2" OR
"Niacinamide"[Mesh] OR "Vitamin B 3" OR "B 3, Vitamin" OR "Vitamin B3" OR "B3,
Vitamin" OR "Pantothenic Acid"[Mesh] OR "Vitamin B 5" OR "B 5, Vitamin" OR
"Vitamin B5" OR "B5, Vitamin" OR "Vitamin B 6"[Mesh] OR "Vitamin B6" OR
"Biotin"[Mesh] OR "Vitamin B 12"[Mesh] OR "B 12, Vitamin" OR "Vitamin B12" OR
"B12, Vitamin" OR "Vitamin B9" OR "B9, Vitamin™ OR "Ascorbic Acid"[Mesh] OR
"Acid, Ascorbic” OR "Vitamin C" OR "Vitamin D"[Mesh] OR "Vitamin E"[Mesh] OR
"Tocopherols"[Mesh] OR  "Tocopherol* OR "Zinc"[Mesh])) AND ("Birth
Weight"[Mesh] OR "Birth Weights" OR "Weight, Birth" OR "Weights, Birth" OR
"Infant, Low Birth Weight"[Mesh] OR "Low-Birth-Weight Infant” OR "Infant, Low-
Birth-Weight" OR "Infants, Low-Birth-Weight" OR "Low Birth Weight Infant” OR
"Low-Birth-Weight Infants" OR "Low Birth Weight" OR "Birth Weight, Low" OR "Birth
Weights, Low" OR "Low Birth Weights" OR "Fetal Macrosomia"[Mesh] OR "Fetal
Macrosomias" OR "Macrosomias, Fetal" OR "Macrosomia, Fetal" OR “weight for
gestational age” OR "Infant, Small for Gestational Age"[Mesh] OR "Infant, Large for
Gestational Age" OR "Infant, Appropriate for Gestational Age" OR "Lenght at birth" OR
"Head circumference" OR "Head perimeter").
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APENDICE B - Questionario de frequéncia alimentar adaptado (referente & gestacao) aplicado no

estudo
Porcédo consumida Frequéncia
Alimentos ¢ ur 1 2oumais | 5a6 2a4 1 1a3 RIN
(n°/descricéo) . . R
vez/dia | vezes/dia | vezes/sem | vezes/sem | vez/sem | vezes/més

LEITE E DERIVADOS

Leite: integral,
semidesnatado ou desnatado

___copo de requeijao
(250 mL)
___copo(s)
americano (150 mL)

logurte

___unidades
(bandeja — 90mL)
____copo(s) de
requeijao (250 mL)

Queijo branco tipo minas

fatia(s)

Queijo amarelo tipo
mugarela

__ fatia(s)

Requeijdo cremoso

___colher de sopa
ponta(s) de faca

CARNE E OVOS

Ovo frito unidade
Ovo cozido ____unidade
Carne de boi __ bife grande
pedaco(s) cozido
Carne de porco ___ bifegrande
pedaco(s) cozido
Frango ___ bifegrande
___pedago(s) cozido
Peixe fresco ___filé médio
____posta/pedaco
Peixe enlatado: sardinha ou _ lata
atum colher de sopa
Carne conservada no sal: __ pedagos
carne seca/sol ou pertences
de feijoada
Figado ___ bifegrande
__colher de sopa
(picado)
Coracéo de frango unidade
OLEOS
Azeite ___ fios
Bacon ou Toucinho ___colher de sopa
picado
PETISCOS E ENLATADOS
Petiscos: sanduiches ou ____unidade
salgados
Pizza ___ fatias

Enlatados: milho, ervilha,
palmito ou azeitona

___colher de sopa

CEREAIS E LEGUMINOSAS

Arroz integral

colher de servir

___colher de sopa

Arroz polido __colher de servir
___colher de sopa
Péo integral ___unidade
P&o francés unidade
Bolos __ fatia
Macarréo __colher de sopa
pegador
Feijao ___concha pequena

concha média

FOLHAS E HORTALICAS

Crus: Alface, couve ou

__colher de sopa

almeirdo picada
Refogado: couve, mostarda colher de sopa
ou almeirdo picada

Crus: cenoura ou beterraba

colher de sopa

Cozido: Cenoura, beterraba,

abdbora ou chuchu

__colher de sopa
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Alimentos

Porcao consumida
(n°/descricao)

Frequéncia

1
vez/dia

2 ou mais
vezes/dia

5a6
vezes/sem

2a4
vezes/sem

1
vez/sem

la3
vezes/meés

R/N

Tubérculos: mandioca,

__colher de sopa

batata ou cara pedaco
FRUTAS
Banana, macé ou laranja unidade
Melancia ou mamao __ fatia
SOBREMESAS E DOCES
Tortas __ fatia
Doces ___unidade
colher de sopa
BEBIDAS
Café com acgucar __ Xicara
copo de requeijdo
Suco natural com agutcar ____copo(s) de
requeijao
(250 mL)
___copo(s)
americano (150 mL)
Suco natural sem agucar ____copo(s) de
requeijao (250 mL)
___copo(s)

americano (150 mL)

PRODUTOS DIET/LIGHT

Adocante gotas
Margarina ___colher de sopa
ponta(s) de faca
Requeijao __colher de sopa
ponta(s) de faca
logurte ___unidades (bandeja
—90mL)
____copo(s) de
requeijdo (250 mL)
Refrigerante ____copo(s) de
requeijéo (250 mL)
___copo(s)
americano (150 mL)
ULTRAPROCESSADOS
Embutidos (salsicha, __ fatia
linguica, salame ou ____unidade

presunto)

Molhos para salada

__colher de sopa

Manteiga, margarina ou

___colher de sopa

maionese ____ponta(s) de faca
Snacks (salgadinhos de ___ pacote
pacote)
P&o de forma __ fatia
Biscoito salgado ____unidade
____pacote
Biscoito doce ____unidade
____pacote
Bolo industrializado ___ fatia
Sorvetes, bala, chiclete ou ____unidade
pirulito ____bolas
Chocolates ou bombom ____unidade

barra pequena

Achocolatados

___colher de sopa

Suco artificial com agucar

___copo(s) de
requeijdo (250 mL)
___copo(s)
americano (150 mL)

Suco artificial sem aglcar

___copo(s) de
requeijdo (250 mL)
___copo(s)
americano (150 mL)

Refrigerante

___copo(s) de
requeijdo (250 mL)
___copo(s)
americano (150 mL)

Macarrdo instantaneo

pacote
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APENDICE C - Termo de Consentimento Livre e Esclarecido assinado pelas

participantes
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (TCLE)
Pesquisadora Responsavel: Luana Caroline dos Santos

Instituicdo: Universidade Federal de Minas Gerais. Telefone para contato: (31) 3409-8036

Nome do voluntario: DN: [/ |/

A Sra. esta sendo convidada a participar do projeto de pesquisa, de responsabilidade da pesquisadora Luana
Caroline dos Santos.

O presente estudo tem como principal objetivo avaliar o impacto do consumo de alimentos ultraprocessados
(alimentos industrializados tais como, refrigerantes, salgadinhos de pacote, macarrdo instantaneo, biscoito
recheado, dentre outros) e estado nutricional materno e retencdo de peso pés-parto no estado nutricional e
consumo alimentar do bebé. As mées atendidas na Maternidade Odete Valadares de Belo Horizonte — Minas
Gerais e seus bebés serdo avaliados dentro do periodo de 12 meses pos-parto, em trés encontros (1°, 6°, e
12° més pos-parto). Para tal, sera aplicado, no primeiro encontro, um questionario para avaliacdo do
consumo alimentar (Questionario de Frequéncia Alimentar) referente a gestacdo e sera aferida a altura das
maes. O Questionario de Frequéncia Alimentar sera constituido por 52 itens e oito opgdes de frequéncia
do consumo, como por exemplo, 1 vez/dia, 1 vez/semana, 1 a 3 vezes/més. Ademais, serdo coletadas
medidas do prontuario do bebé: peso ao nascer, peso atual, comprimento, circunferéncia cefalica (medida
do contorno da cabeca do bebé realizada com fita métrica) e idade gestacional ao nascimento. No segundo
e terceiro encontros, medidas serdo novamente aferidas: peso das mées e peso, comprimento e
circunferéncia cefalica do bebé. O consumo alimentar do bebé também seré investigado por meio do R24h
que consiste em definir e quantificar todos os alimentos e bebidas ingeridos nas 24 horas anteriores a
entrevista. Sua participagdo nesse projeto ndo é obrigatéria e a qualquer momento vocé pode desistir de
participar e retirar o seu consentimento. Destacamos que sua recusa ndo acarretara em nenhum prejuizo em
sua relagdo com o pesquisador ou com a instituicdo. Os dados obtidos serdo analisados estatisticamente
para construcdo de trabalho cientifico e todas as informagdes pessoais obtidas sdo confidenciais e ndo seréo
divulgadas, garantindo sua privacidade. A participacdo no projeto acarretara desconfortos e riscos minimos
para a participante e, durante todos os encontros, mées e bebés receberdo acompanhamento nutricional e
orientacao sobre aleitamento materno. Caso exista qualquer davida, os responsaveis poderdo ser contatados
nos telefones citados acima, inclusive com ligac6es a cobrar.

Eu,

, RG n° , declaro ter sido informada e concordo em participar, como

voluntaria, do projeto de pesquisa acima descrito.
Belo Horizonte, de de 20

Assinatura do paciente

COEP — Comité de Etica em Pesquisa
Avenida Antonio Carlos, 6627, Unidade Administrativa Il — 2° andar, Campus Pampulha — Belo
Horizonte — MG — Brasil, CEP: 31.270-901. Telefone/FAX:3409-4592 — Email: coep@prpg.ufmg.br



