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RESUMO

dos Santos, Karina. Influéncia de polimorfismos nos genes FTO e ADRB2 no efeito da dieta
DASH versus dieta tradicional sobre o0 ganho de peso gestacional, pressao arterial sistémica e
sindromes hipertensivas da gestacdo em gestantes com diabetes mellitus pré-existente. Rio de
Janeiro, 2022. Tese (Doutorado em Ciéncias Nutricionais) - Instituto de Nutricdo Josué de

Castro, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2022.

Introducéo: Polimorfismos genéticos podem modificar o efeito da dieta sobre resultados
obstétricos e perinatais. Objetivo: Avaliar a influéncia de polimorfismos nos genes FTO
(rs9939609 / rs17817449) e ADRB2 (rs1042713 / rs1042714) no efeito da dieta DASH versus
dieta tradicional sobre o ganho de peso gestacional (GPG), pressao arterial sistémica e
sindromes hipertensivas da gestacdo (SHG) em gestantes com diabetes mellitus (DM) pré-
existente. Métodos: Ensaio clinico randomizado, realizado no Rio de Janeiro/Brasil. As
participantes foram randomizadas para um dos grupos de estudo: dieta tradicional (n=41) ou
dieta DASH (n=29), antes de 28 semanas de gestacdo, acompanhadas até o parto. As medidas
de peso e pressao arterial sistélica e diastélica foram realizadas nas consultas de pré-natal, ao
longo da gestacdo. O GPG foi definido como (peso na internagcdo para o parto - peso pré-
gestacional) e 0 GPG excessivo como ganho de peso total superior ao limite méximo da
recomendacdo para cada categoria de IMC pré-gestacional (peso pré-gestacional/estatura?),
conforme recomendacdes do Institute of Medicine. As SHG foram diagnosticadas de acordo
com os critérios do American College of Obstetricians and Gynecologists. A genotipagem foi
realizada utilizando DNA extraido de células bucais, por meio de PCR em tempo real. Foram
realizadas analises de comparacdo de medianas e frequéncias, modelos de regressdo linear de
efeito misto para a trajetoria da pressao arterial e analises de tempo-até-o-evento para 0s
desfechos GPG excessivo e SHG. Resultados: As participantes tinham mediana de 32 anos
de idade (IQR 25,7-36,0); 28,6% das mulheres tinham IMC pré-gestacional adequado, 35,7%
sobrepeso e 35,7% obesidade. As medianas do GPG foram 13,7 kg (IQR 11,5 -17,5), 11,8 kg
(IQR 7,5-16,4) e 11,0 (IQR 5,9 — 14,1), respectivamente, sem diferenca significativa entre
0s grupos de dieta e gendtipos. A incidéncia de GPG excessivo foi de 52,9%, sem efeito da
dieta DASH sobre o risco de progressdo, em relacdo a dieta tradicional (aHR 1,32, IC 95%
0,62;2,79, p = 0,46). Houve influéncia dos polimorfismos rs9939609 (FTO) e rs1042713
(ADRBZ2) no risco de progressao para o0 GPG excessivo: AT vs. TT (aHR 2,44, IC 95%
1,03;5,78, p = 0,04); AT/AA vs. TT (aHR 2,55, IC 95% 1,14;5,69, p = 0,02) e AA vs. GG



(aHR 3,91, IC 95% 1,12;13,70, p = 0,03); AG/AA vs. GG (aHR 2,37, IC 95% 1,01;5,52, p =
0,04), respectivamente, e do hapl6tipo rs9939609:rs17817449 (AG) (aHR 1,79, IC 95%
1,04;3,06, p = 0,02), independentemente do tipo de dieta. Ndo houve efeito estatisticamente
significativo da dieta, dos gendtipos ou da interacdo gene-dieta sobre a trajetoria da pressdo
arterial. A incidéncia de SHG foi de 22,9%, sem efeito da dieta DASH sobre o risco de
progressao, em relagdo a dieta tradicional (aHR 0,81, IC 95% 0,25;2,61, p = 0,72). Ndo houve
efeito significativo dos gendétipos em relacdo ao desenvolvimento de SHG. Conclusao:
Polimorfismos nos genes FTO e ADRB2 ndo modificaram o efeito da dieta DASH vs. dieta
tradicional sobre os desfechos estudados, mas foram fatores de risco para exceder
precocemente 0 GPG, independentemente da dieta.

Palavras-chave: Dieta DASH; Diabetes Mellitus; Gestacdo de Alto Risco; Hipertensao

Gestacional; Pré-Eclampsia; Ganho de Peso Gestacional.



ABSTRACT

dos Santos, Karina. Influéncia de polimorfismos nos genes FTO e ADRB2 no efeito da dieta
DASH versus dieta tradicional sobre o0 ganho de peso gestacional, pressao arterial sistémica e
sindromes hipertensivas da gestacdo em gestantes com diabetes mellitus pré-existente. Rio de
Janeiro, 2022. Tese (Doutorado em Ciéncias Nutricionais) - Instituto de Nutricdo Josué de

Castro, Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2022.

Introduction: Genetic polymorphisms may modify the effect of diet on obstetric and
perinatal outcomes. Aim: To evaluate the influence of genetic polymorphisms in the FTO
(rs9939609 / rs17817449) and ADRB2 (rs1042713 / rs1042714) genes on the effect of DASH
diet versus traditional diet on gestational weight gain (GWG), systemic blood pressure, and
hypertensive disorders of pregnancy (HDP) in pregnant women with pregestational diabetes
mellitus (DM). Methods: Randomized clinical trial, carried out in Rio de Janeiro/Brazil. The
participants were randomized to one of the study groups: traditional diet (n=41) or DASH diet
(n=29), before 28 weeks of pregnancy, followed until the childbirth. Body weight and blood
pressure measures were performed in the prenatal visits, during all pregnancy. GWG was
defined as (weight in the admission to the childbirth - pre-pregnancy weight) and the
excessive GWG as the total GWG above the upper limit of the recommendation according to
pre-pregnancy BMI (pre-pregnancy weight/heigh?), considering the Institute of Medicine
guidelines. The HDP diagnoses followed the American College of Obstetricians and
Gynecologists criteria. DNA samples were extracted from buccal cells and genotyped by real
time PCR. Comparisons of medians and frequencies, linear mixed-effect models for blood
pressure trajectory, and time-to-event analyses for the outcomes excessive GWG and HDP
were performed. Results: The median of age was 32 years (IQR 25.7-36.0); 28.6% of the
participants had normal pre-pregnancy BMI, 35.7% overweight, and 35.7% obesity. The
medians of GWG were 13.7 kg (IQR 11.5-17.5), 11.8 kg (IQR 7.5-16.4) e 11.0 (IQR 5.9-
14.1), respectively, with no difference between the diet groups and genotypes. The incidence
of GWG was 52.9%, with no effect of DASH diet on the risk of progression, compared to the
traditional diet (aHR 1.32, CI 95% 0.62;2.79, p = 0.46). The polymorphisms rs9939609
(FTO) and rs1042713 (ADRB2) influenced the risk of progression to excessive GWG: AT vs.
TT (aHR 2.44, Cl 95% 1.03;5.78, p = 0.04); AT/AA vs. TT (aHR 2.55, C1 95% 1.14;5.69, p =
0.02) e AA vs. GG (aHR 3.91, Cl 95% 1.12;13.70, p = 0.03); AG/AA vs. GG (aHR 2.37, CI
95% 1.01;5.52, p = 0.04), respectively, and the haplotype rs9939609:rs17817449 (AG) (aHR



1.79, Cl 95% 1.04;3.06, p = 0.02), regardless the type of diet. There was no statistically
significative effect of diet, genotypes nor gene-diet interaction on the blood pressure
trajectory. The incidence of HDP was 22.9%, with no effect of DASH diet on the risk of
progression, compared to the traditional diet (aHR 0.81, Cl 95% 0.25;2.61, p = 0.72). There
was no significant effect of the genotypes on the development of HDP. Conclusion:
Polymorphisms in the FTO and ADRB2 genes had no influence on the effect of DASH diet
vs. traditional diet on the evaluated outcomes, but were risk factors for earlier exceeding
GWG, regardless the type of diet.

Keywords: DASH Diet; Diabetes Mellitus; High-Risk Pregnancy; Gestational Hypertension;
Pre-Eclampsia; Gestational Weight Gain.
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1 INTRODUCAO

O cuidado nutricional na gestacdo tem papel central para melhoria dos indicadores de
salde materna e infantil. As modificacGes fisioldgicas que ocorrem no organismo materno sdo
fundamentais para o curso da gestacdo, desde a concepcdo até o parto. A dieta e o estado
nutricional da gestante atuam como fatores determinantes para o sucesso das adaptacfes, que
visam ao desenvolvimento embrionario-fetal, preservando a satide materna (INSTITUTE OF
MEDICINE - 10M, 2020). As disfunces metabdlicas do diabetes mellitus (DM) podem
comprometer os ajustes fisioldgicos esperados no organismo materno, elevando o risco para
desfechos adversos, com expressivo impacto na morbidade e mortalidade materno-infantil
(AMERICAN DIABETES ASSOCIATION - ADA, 2021).

Gestantes com DM pré-existente encontram-se em risco elevado para o
desenvolvimento das sindromes hipertensivas da gestacdo (SHG), principal causa de
mortalidade materna no Brasil nos ultimos anos (BRASIL, DATASUS, online). A pré-
eclampsia (PE), SHG responsavel pela maior parte das mortes, é caracterizada por hipertenséo
arterial sisttmica (HAS) acompanhada de proteindria e/ou outras disfuncdes organicas a partir
de 20 semanas de gestacdo (AMERICAN COLLEGE OF OBSTETRICIANS AND
GYNECOLOGISTS - ACOG, 2020). Sua etiologia ndo esta totalmente elucidada, mas
envolve fatores genéticos e ambientais, com uma falha no processo de adaptacdo
hemodindmica da gestacdo que compromete o adequado suprimento fetal de nutrientes e
oxigénio e a regulacdo dos niveis pressoricos maternos (DOHERTY et al.,, 2020). As
mulheres com DM tém duas a quatro vezes maior risco de desenvolver PE, em comparagao as
mulheres sem DM (WEISSGERBER; MUDD, 2015).

O ndmero de gestacdes afetadas pelo DM cresce paralelamente a prevaléncia de
obesidade (INTERNATIONAL DIABETES FEDERATION - IDF, 2021). O excesso de peso
materno também é considerado um fator de risco para SHG, bem como para outros desfechos
adversos ndo so na gestacdo, mas em longo prazo, com pior prognostico de satde futura para
a mulher e a crianca. As recomendacdes de ganho de peso gestacional (GPG) consideram o
indice de massa corporal (IMC) pré-gestacional, de forma que o0 GPG recomendado é menor
para as mulheres com excesso de peso em relagdo as mulheres com peso adequado (IOM,
2009).

Em uma coorte com mais de oito mil mulheres brasileiras saudaveis, o percentual de
GPG acima da recomendacdo foi de aproximadamente 40%; maior entre mulheres com

sobrepeso e obesidade (56,4% e 46,2%), comparadas as mulheres com baixo peso e peso
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adequado (30,1% e 30,7%), respectivamente (BRANDAO et al., 2021). Em todo o mundo,
cerca de 50% das mulheres apresentam GPG excessivo, em relagdo as recomendacdes
(GOLDSTEIN etal., 2017).

A importancia da adocdo de uma alimentacdo saudavel na gestacdo para a salde
materna e infantil é bem estabelecida e largamente preconizada (MATE et al., 2021). A dieta
DASH (Dietary Approach to Stop Hypertension) é o principal tratamento dietético para HAS.
Nesse padrdo dietético é estimulado o consumo de frutas, hortalicas, cereais integrais,
sementes, oleaginosas e laticinios com baixo teor de gordura. A dieta DASH prioriza 0
consumo de carnes brancas em detrimento das vermelhas e limita o consumo de alimentos
com adicdo excessiva de sal e acucar (SACKS et al., 1995). Em 2013/2014, um grupo de
pesquisadores iranianos demonstrou efeitos benéficos da dieta DASH em gestantes com DM
gestacional para melhor controle metabolico (ASEMI et al, 2013a; 2013b; 2014).

Com esta motivacdo, 0 Grupo de Pesquisa em Salde Materna e Infantil do Instituto de
Nutricdo Josué de Castro da Universidade Federal do Rio de Janeiro (GPSMI/INJC/UFRJ)
iniciou a investigacdo acerca do possivel efeito da dieta DASH para reducdo de desfechos
adversos em gestantes com DM pré-existente, especialmente as SHG. Em 2016, o GPSMI
realizou traducéo e adaptacdo da dieta DASH para gestantes brasileiras com DM pré-existente
(SAUNDERS et al., 2021) e iniciou o ensaio clinico randomizado intitulado “Efeito da Dieta
DASH no Resultado Perinatal de Gestantes com Diabetes Mellitus” — DASDIA (DASh diet
for pregnant women with DIAbetes), desenvolvido na Maternidade Escola da UFRJ (Rio de
Janeiro/RJ). A dieta DASH foi comparada a dieta tradicional, ja utilizada para orientacdo
nutricional no acompanhamento pré-natal de gestantes com DM pré-existente atendidas na
referida maternidade (Registro Brasileiro de Ensaios Clinicos RBR-4tbgv6).

Entretanto, é importante considerar que o efeito de intervencbes dietéticas sobre os
resultados da gestacdo pode variar, dependendo das caracteristicas genéticas, beneficiando
mais ou menos as mulheres de acordo com os seus genotipos (ALABDULJABBAR et al.,
2021). Nesse sentido, foi criada a hip6tese que polimorfismos nos genes FTO (fat mass and
obesity-associated gene) e ADRB2 (adrenoceptor beta 2 gene), ja associados com
predisposi¢do a obesidade e hipertensdo (LOOS; YEO, 2014; ZHANG; WU; YU, 2014),
tambem poderiam estar relacionados ao GPG excessivo e ao risco para SHG, influenciando o
efeito da dieta sobre os desfechos.

Dessa forma, o presente estudo teve como objetivo avaliar a influéncia de
polimorfismos nos genes FTO e ADRB2 no efeito da dieta DASH versus dieta tradicional

sobre 0 GPG, presséo arterial sisttmica e SHG em gestantes com DM pré-existente.
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2 REFERENCIAL TEORICO

2.1 Diabetes mellitus (DM) na gestacao

O DM é um distarbio metabolico em que a deficiéncia na producdo e/ou acdo da
insulina causa hiperglicemia persistente. Trata-se de doenga cronica, que demanda
acompanhamento multiprofissional continuo com integracdo de estratégias para controle
glicémico e reducdo do risco de comorbidades (ADA, 2021). Devido a sua crescente
prevaléncia e gravidade das complicages cronicas associadas, o DM apresenta-se como
importante problema de satde publica global (IDF, 2021).

Cerca de 537 milhdes de pessoas vivem com DM no mundo, com 6,7 milhdes de
Obitos anuais atribuiveis a doenca (IDF, 2021). No Brasil, sdo 15,7 milhdes de individuos com
DM, equivalentes a 7% da populacgdo, com previsdo de atingir 23,2 milhdes de casos em 2045
(IDF, 2021). Individuos com DM apresentam risco elevado para doengas cardiovasculares —
principal causa de mortalidade neste grupo, assim como complicacBes microvasculares que
podem evoluir para doenca renal crénica, retinopatia e neuropatia (ADA, 2021).

O DM tipo 1 (DM1), forma identificada em 5 a 10% do total de casos de DM, tem
etiologia autoimune e causa destruicdo de células beta-pancreéticas, que perdem a capacidade
de producédo e secrecdo de insulina. O DM tipo 2 (DM2) deriva da resisténcia a acdo da
insulina, que pode progredir para a deficiéncia na sintese e/ou secre¢do do horménio quando
ndo hd manejo adequado da doenca em estagios iniciais. Majoritariamente, 0 DM2 esta
relacionado com a obesidade e responde por cerca de 90 a 95% dos casos de DM. Qutras
formas de DM menos comuns englobam alteragdes genéticas, doencas do pancreas exdcrino,
endocrinopatias, uso de farmacos/componentes quimicos e infec¢bes (SOCIEDADE
BRASILEIRA DE DIABETES - SBD, 2019).

Em gestantes, 0 DM pode apresentar-se na forma pré-existente — DM1, DM2 ou
formas raras, com diagnostico prévio a gestacdo ou realizado durante a assisténcia pré-natal,
ou como diabetes mellitus gestacional (DMG) — quando a hiperglicemia é detectada pela
primeira vez durante a gravidez com valores de glicemia que ndo atingem os critérios
diagnosticos para DM (ORGANIZACAO PAN-AMERICANA DA SAUDE - OPAS;
MINISTERIO DA SAUDE DO BRASIL - MS; FEDERAQAO BRASILEIRA DAS
ASSOCIACOES DE GINECOLOGIA E OBSTETRICIA - FEBRASGO; SBD, 2017; SBD,

2019). Na gestacdo, o DM representa maior risco para aborto espontaneo, malformacdes
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congénitas, SHG, macrossomia, hipoglicemia neonatal, angustia respiratoria neonatal, parto
pré-termo, entre outros desfechos adversos (ADA, 2021).

Estima-se que 44% dos adultos com DM no mundo ndo estejam diagnosticados, a
maioria em paises de baixa e média renda (IDF, 2021). Diferentes métodos tém sido
propostos para o rastreio e diagnostico de DM durante a assisténcia pré-natal. Em 2010, o
painel de especialistas do International Association of Diabetes in Pregnancy Study Group
(IADPSG) apresentou pontos de corte para diagnostico de DMG e para identificacdo de DM
pré-existente durante a gestacdo (Quadro 1), com base em resultados do estudo
Hyperglycemia and Adverse Pregnancy Outcomes (HAPQO). O comité passou a recomendar a
avaliacdo da glicemia de jejum na primeira consulta de pré-natal para possibilitar a
identificacdo precoce de mulheres com DM pré-existente sem diagnostico prévio,
possibilitando intervencgdes que previnam complicacbes (METZGER et al., 2010).

A Organizacdo Mundial da Saide (OMS) endossou a proposta do IADPSG em 2013,
incluindo a medida de glicemia de 2 horas pos teste oral de toleréncia a glicose - TOTG 75g >
200 mg/dL - como critério diagndstico para DM pré-existente e indicando a utilizacdo dos
parametros para qualquer idade gestacional. Entretanto, ndo ha consenso entre as sociedades
médicas internacionais acerca dos critérios diagnosticos e pontos de corte para avaliacdo do
DM na gestagdo. A OMS destaca a necessidade de avaliagbes contextualizadas para
implementacdo dos critérios para diagnostico de DM na gestacdo, considerando possiveis
adaptacdes para grupos étnicos e localidades (OMS, 2013).

No Brasil, foi realizada em 2017 uma proposta para padronizacdo do rastreamento e
diagnostico do DM na gestacdo (OPAS; MS; FEBRASGO; SBD, 2017). Destaca-se nesse
documento a importancia do rastreio universal, ao contrario da estratificacdo por fatores de
risco anteriormente preconizada pelo Ministério da Saude (BRASIL, 2012a; 2013), bem como
a indicacdo para adocdo dos pontos de corte propostos por IADPSG e OMS. Porém, ressalta-
se a necessidade de considerar a viabilidade financeira e técnica para que o método
diagndstico seja 0 melhor possivel, dentro da capacidade local (OPAS; MS; FEBRASGO;
SBD, 2017).

Idealmente, todas as gestantes com glicemia de jejum < 92 mg/dL no inicio da
gestacdo devem realizar o TOTG 75¢g na idade gestacional de 24 a 28 semanas. Se o inicio do
pré-natal for apds as 20 semanas, deve-se realizar o TOTG com a maior brevidade possivel.
Em situacdes de viabilidade financeira e/ou disponibilidade técnica parcial, mediante glicemia
de jejum < 92 mg/dL avaliada antes de 24 semanas de idade gestacional, deve-se repetir o
exame entre 24 e 28 semanas da gestacdo (OPAS; MS; FEBRASGO; SBD, 2017).
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Quadro 1 — Critérios propostos para diagnéstico de diabetes mellitus na gestacéo.

Diagnostico de e Glicemia de jejum > 126mg/dL; HbAlc > 6,5%; glicemia
DM pré-existente TOTG 75 g de 2 horas > 200mg/dL; ou glicemia em qualquer
momento > 200mg/dL.
Diagnostico de e Glicemia de jejum > 92mg/ dL e < 125mg/dL;
DMG e Pelo menos um dos valores do TOTG 75g, realizado entre 24 e

28 semanas de idade gestacional: > 92mg/dL (jejum); >
180mg/dL (1 hora); > 153mg/dL (2 horas) - preconizado para

todas as gestantes que ndo apresentaram critérios para o

diagnostico de DMG ou DM no inicio da gravidez.

DM: diabetes mellitus, DMG: diabetes mellitus gestacional, TOTG 75g: teste oral de tolerancia a glicose com 75
gramas, HbAlc: hemoglobina glicada.
Fonte: METZGER et al., 2010; OMS, 2013.

Embora a maioria dos casos de hiperglicemia na gestacdo (83,6%) sejam de DMG
(IDF, 2019), o aumento no numero de gestantes com DM pré-existente nos ultimos anos
merece atencdo (ALESSI et al., 2018). Cerca de 7,9% das gestantes com hiperglicemia séo
casos de DM diagnosticado antes da gestacdo e 8,5% detectados pela primeira vez durante o
acompanhamento pré-natal (IDF, 2019).

Em comparacdo ao DMG, o DM pré-existente pode apresentar maior risco a salde
materna e fetal, uma vez que a condicao adversa é imposta desde a pré-concepc¢do, com efeito
na fertilizacdo, implantacdo, placentacdo e organogénese, especialmente quando ndo ha
adequado controle glicémico. O controle glicémico pré-concepgéo (avaliacdo da hemoglobina
glicada - HbAlc < 6,5%) e durante a gestacdo (HbAlc < 6%, ou até 7% para evitar
hipoglicemias) é considerado uma importante estratégia para reducdo dos riscos adversos do
DM a gestacdo (ADA, 2021).

O manejo do DM e de suas complicacBes associa o tratamento farmacoldgico a
medidas de estilo de vida como alimentacdo saudavel, pratica de exercicio fisico, qualidade
do sono e cessacdo do tabagismo e do consumo de alcool. As gestantes com DM devem ser
referenciadas para um acompanhamento pré-natal especializado, conduzido por equipe
multiprofissional, contemplando o aconselhamento direcionado ao DM, além da estratégia de
pré-natal habitual. O conjunto de a¢des terapéuticas durante o pré-natal tem como o objetivo
promover a melhor condicdo de satde materna e fetal (BRASIL, 2012a; SBD, 2019).
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2.1.1 Ganho de peso gestacional (GPG) em mulheres com DM pré-existente

Durante a gestacdo, € esperado que ocorra aumento no peso corporal da mulher,
referente ao peso fetal e seus anexos, incremento dos tecidos uterino, mamario e adiposo e
liquidos corporais. O GPG compde os ajustes fisioldgicos fundamentais para a adaptacdo do
organismo materno, que permitem o adequado crescimento e desenvolvimento fetal (I0M,
2009).

As faixas de recomendacao de GPG atualmente vigentes (IOM, 2009; 2013) baseiam-
se no IMC pré-gestacional (Quadro 2). A adequacdo as faixas de GPG é fortemente
recomendada, de forma que o ganho insuficiente ou excessivo se relaciona com pior

prognostico de salde para a mulher e a crianca (IOM, 2009; 2013).

Quadro 2 — Recomendacfes de ganho de peso gestacional semanal e total, conforme o IMC

pré-gestacional.

IMC Classificacao Ganho de peso Ganho de peso Ganho de peso
(kg/m2) do IMC 1° trimestre (kg) semanal 2° e 3° total (kg)
trimestres (kg)
<185 Baixo peso 1,0-3,0 0,51 12,5-18,0
(0,44 - 0,58)
185-249 Eutrofia 1,0-3,0 0,42 11,5-16,0
(0,35-0,50)
25-29,9 Sobrepeso 1,0-3,0 0,28 7,0-115
(0,23 -0,33)
> 30 Obesidade 0,2-2,0 0,22 50-9,0
(0,17 - 0,27)

IMC: indice de massa corporal.
Fonte: adaptado de IOM, 2009; 2013.

Goldstein et al. (2017) conduziram uma metandlise incluindo dados de mais de um
milhdo de gestantes de diversos paises e verificaram que 23% das mulheres ganharam menos
peso do que a recomendacgdo e 47% tiveram 0 GPG excessivo a recomendagdo. Comparados
ao ganho de peso total adequado, o GPG insuficiente foi relacionado a maiores chances de
nascimento pequeno para a idade gestacional (PIG) (OR 1,53, IC 95% 1,44;1,64) e parto pré-
termo (OR 1,70, IC 95% 1,32;2,20), enquanto o GPG excessivo foi associado a maiores
chances de nascimento grande para a idade gestacional (GIG) (OR 1,85, IC 95% 1,76;1,95),
macrossomia (OR 1,95, IC 95% 1,79;2,11) e parto cesareo (OR 1,30, IC 95% 1,25;1,35).
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Frente a epidemia global de obesidade, hd uma preocupacdo especial em relagdo ao
excesso de peso em mulheres no periodo reprodutivo e ao GPG excessivo (SIEGA-RIZ;
GRAY, 2013; BRANDAO et al., 2020; MURRAY HORWITZ et al., 2021). Ambos estio
relacionados a desfechos adversos da gestacéo e efeitos metabolicos de longo prazo na salde
materna e infantil. O GPG excessivo é fator de risco para retengdo de peso pos-parto e
obesidade futura na mulher, assim como predispde a crianga para obesidade e comorbidades
futuras (MCDOWELL,; CAIN; BRUMLEY, 2019). Gualdani et al. (2021) identificaram que
as mulheres com DM apresentam maior chance de obesidade pré-gestacional (OR 1,49, IC
95% 1,02;2,17 para DM1 e OR 9,35, IC 95% 7,84;11,14 para DM2), comparadas a mulheres
sem DM.

As faixas de recomendacdo de GPG propostas pelo IOM foram desenvolvidas com
base em dados de gestantes saudaveis e alguns estudos buscaram verificar a aplicabilidade das
faixas de recomendacdo de GPG em mulheres com DM pré-gestacional, bem como o0s
desfechos relacionados a inadequacdo (EGAN et al., 2014; SIEGEL et al., 2015). Siegel et al.
(2015) avaliaram a adequacdo do GPG semanal em 340 mulheres norte-americanas com DM
pré-gestacional e verificaram 18,8% de GPG abaixo e 70,3% acima das recomendacdes. As
caracteristicas maternas de idade, raca, paridade, uso de insulina e histéria obstétrica ndo
foram diferentes entre as mulheres que ganharam peso insuficiente, excessivo ou adequado. O
GPG excessivo foi associado ao nascimento GIG (aOR 3,08, IC 95% 1,13;8,39) e a
macrossomia (aOR 4,02, IC 95% 1,16;13,90), comparado ao ganho de peso adequado, com
resultados ajustados para hipertenséo cronica, tipo de diabetes e IMC pré-gestacional.

Egan et al. (2014), em amostra de 259 mulheres irlandesas com DM pré-existente,
encontraram 64% de GPG total acima do recomendado, sem diferenga entre DM1 e DM2. O
GPG excessivo se associou a maior chance para nascimento de recém-nascidos GIG (aOR
3,97, IC 95% 1,85;8,53) e macrossomia (aOR 3,58, IC 95% 1,77;7,24), com resultados
ajustados para idade, paridade, etnia, uso de insulina, IMC e tabagismo. Houve maior
ocorréncia de GPG excessivo em mulheres com sobrepeso ou obesidade e a média de IMC foi
diferente comparando quem teve ou ndo teve GPG acima da recomendacéo (29,4 £ 5,7 kg/m?
vs. 27,0 £ 7,7 kg/m?, p < 0,001).

A associagdo do DM na gestacdo com o crescimento fetal € um efeito conhecido da
hiperglicemia, entretanto, mesmo com bom controle glicémico a prevaléncia de GIG se
mantém elevada em mulheres com DM1 (EVERS et al., 2002). Em gestacGes com DM pré-
existente, ha um aumento da perfusdo de nutrientes para o figado fetal, 0 que aumenta a

producdo dos fatores de crescimento IGF-1 e IGF-2 e consequentemente 0 peso ao nascer.



23

Este efeito € potencializado pelo excesso de peso pré-gestacional e pelo GPG excessivo
(LUND et al., 2021).

O IMC pré-gestacional das mulheres com DM acompanha a tendéncia temporal de
aumento do IMC na populacéo brasileira nas ultimas décadas; além do aumento dos casos de
DM2 relacionado a obesidade nas mulheres no periodo reprodutivo, também ha aumento do
IMC em mulheres com DM1 (ALESSI et al., 2018). Em uma coorte envolvendo mais de oito
mil brasileiras saudaveis, as mulheres com sobrepeso ou obesidade apresentaram maior
percentual de GPG excessivo: 30,1%, 30,7%, 56,4% e 46,2% para mulheres com baixo peso,
peso adequado, sobrepeso e obesidade, respectivamente (BRANDAO et al., 2021).

Em mulheres com DM pré-gestacional, o estudo de Siegel et al. (2015) ndo encontrou
diferenca entre as classes de IMC para 0 GPG abaixo, acima ou adequado a recomendacéo.
Egan et al. (2014) encontraram mais mulheres com sobrepeso ou obesidade apresentando
GPG excessivo, comparadas as que ndo excederam o GPG recomendado (44% vs 27% para
sobrepeso e 37% vs 25% para obesidade, p < 0,01).

Cabe ressaltar que as faixas de recomendacdo de GPG do IOM foram propostas a
partir de dados da populacdo norte-americana e podem nédo representar adequadamente a
populacéo brasileira (BRANDAO et al., 2021). Atualmente, recomendacdes especificas para
0 GPG em mulheres brasileiras estdo sendo desenvolvidas e certamente irdo permitir uma

avaliacdo mais assertiva de acordo com as caracteristicas da populacdo (KAC et al., 2021).

2.1.2 Sindromes hipertensivas da gestacdo (SHG) em mulheres com DM pré-existente

O DM é um reconhecido fator de risco para HAS, e gestantes com DM apresentam
risco elevado para desenvolvimento das SHG (ADA, 2021). As SHG sdo alteracbes
pressoricas especificas do periodo gravidico, identificadas a partir da vigésima semana de
gestacdo. Sao caracterizadas pela hipertensao arterial sist6lica e/ou diastélica (presséo arterial
sistolica - PAS > 140 mmHg; pressdo arterial diastolica - PAD > 90 mm Hg), podendo
apresentar proteinaria e/ou outras disfungdes organicas (pre-eclampsia) e evoluir para quadros
convulsivos (eclampsia) ou apresentagdo clinica da sindrome HELLP, com hemdlise,
elevacdo de enzimas hepéticas e trombocitopenia. Este grupo de SHG implicam em
expressivo aumento da morbimortalidade materna e fetal (ACOG, 2020).

Considerando as alteragdes pressoricas que podem ocorrer na gestacdo, a PE causa o
maior impacto na morbidade e mortalidade materno-infantil e 0 DM pré-existente aumenta

expressivamente o risco para PE. Enquanto atinge cerca de 2 a 7% das gestacdes sem DM, a
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PE ¢é diagnosticada em 15 a 20% das gestantes com DM1 e 10 a 14% com DM2
(WEISSGERBER; MUDD, 2015). A etiologia da PE ainda ndo esta totalmente elucidada e
envolve interacdes entre aspectos genéticos e ambientais. A combinacdo de fatores de risco
pré-existentes e anormalidades na formacdo placentaria resultam em disfuncdo endotelial
sisttmica materna, derivando as condi¢Bes que caracterizam a PE (Quadro 3). Além do DM
pré-existente, outros fatores de risco para PE sdo nuliparidade, gestacdo gemelar, PE em
gestacdo prévia, HAS, trombofilia, lupus eritematoso sistémico, obesidade, doenca renal,
idade materna superior a 35 anos, sindrome do anticorpo antifosfolipidio, gravidez por
reproducéo assistida e apneia obstrutiva do sono (ACOG, 2020).

AdaptacGes hemodinamicas sdo fundamentais na gestacdo para garantir o adequado
suprimento fetal de nutrientes e oxigénio e regulacdo dos niveis presséricos maternos. Os
ajustes fisioldgicos no sistema cardiovascular para aumento do débito cardiaco, na ordem de
50% ao termo, passam pelo aumento da frequéncia cardiaca e da volemia, em integracdo aos
ajustes nos sistemas renal e respiratorio para oferecer suficiente perfusdo uterina. Espera-se
uma reducdo de até 35% da resisténcia vascular, sendo a vasodilatacdo mediada por
horménios (estrogénio, progesterona, gonadotrofina coridnica humana e relaxina) e fatores
placentérios pré-angiogénicos, como o PIGF (placental growth fator). As artérias uterinas
respondem a sinalizacdo enddcrina para vasodilatacdo por meio da acdo do 6xido nitrico e o
fluxo sanguineo no utero aumenta de 50 mL/minuto na pré-gestacdo para 700 a 900
mL/minuto no terceiro trimestre da gravidez (DOHERTY et al., 2020).

Entretanto, uma falha no processo de invasdo trofoblastica a decidua materna
compromete o remodelamento das artérias uterinas espiraladas e inviabiliza o estabelecimento
normal da circulagdo materno-fetal. Estabelece-se, assim, um ambiente de inadequada
perfusdo uterina, hipoxia, reducdo da sintese e secrecdo de fatores placentarios pro-
angiogeénicos, producdo anormal de fatores anti-angiogénicos, alteracdo no ténus vascular e
reducdo da producdo de Oxido nitrico, bem como aumento da producdo de citocinas pro-
inflamatorias e espécies reativas de oxigénio. Esse conjunto de alteracbes compde a etiologia
da pré-eclampsia, associadas a caracteristicas de predisposicdo genética (WEISSGERBER,;
MUDD, 2015; DOHERTY et al., 2020).
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Quadro 3 — Condi¢es que caracterizam a pré-eclampsia.

Hipertensdo arterial

Forma leve: PAS > 140 mmHg ou PAD > 90 mmHg, em duas ocasides com pelo menos
quatro horas de intervalo, detectada a partir da vigésima semana de gestacdo, em mulheres
previamente normotensas.

Forma grave: PAS > 160 mmHg ou PAD > 110 mmHg, confirmada com segunda medida em

intervalo curto (15 minutos), para inicio oportuno da terapia anti-hipertensiva.

E Proteindria

> 300 mg/24h OU razéo proteina/creatinina > 0,3.

OU Disfuncdes orgéanicas

Trombocitopenia — contagem de plaquetas < 10x10%L OU

Insuficiéncia renal: concentracGes séricas de creatinina > 1,1 mg/dL ou elevacdo ao dobro da
concentracdo sérica, na auséncia de outra doenca renal OU

Funcdo hepéatica comprometida: elevacdo ao dobro das concentracbes sanguineas das
transaminases hepéaticas OU

Edema pulmonar OU

Cefaleia recente que ndo responde a medicacdo, ndo relacionada a diagndsticos alternativos

ou sintomas visuais

PAS: pressdo arterial sistélica, PAD: pressdo arterial diastdlica.
Fonte: ACOG, 2020.

Agentes anti-hipertensivos sdo utilizados para manejo da HAS grave, mas a reversao
completa da PE s6 ocorre com a interrupcao da gestacdo e expulsdo da placenta. Portanto, o
controle pressérico é fundamental para que a gravidez possa ser mantida, garantindo o
desenvolvimento do concepto. Nesse sentido, a PE de inicio precoce, antes de 34 semanas de
gestacdo, representa maior desafio. A mortalidade perinatal é elevada por prematuridade,
descolamento prematuro de placenta e restricdo de crescimento intrauterino, com 35% de
aumento do risco de morte fetal (MONTENEGRO et al., 2017; SBD, 2019).

Quanto a saude da mulher, as SHG séao a principal causa de morte materna no Brasil
(BRASIL, DATASUS, online). A historia de SHG a coloca em maior risco para HAS,
doencgas cardiovasculares e disfungéo renal, bem como para ocorréncia de SHG em futuras
gestacbes (UMESAWA; KOBASHI, 2017). O risco para doengas cardiovasculares é
aumentado em duas vezes para mulheres com historico de PE, e o risco é de 8 a 9 vezes maior

em mulheres que tiveram interrupcdo da gestacdo antes de 34 semanas (MONTENEGRO et
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al., 2017). Como medida preventiva para PE em gestantes com DM pré-existente, 0 uso de
aspirina em baixa dose deve ser prescrito, preferencialmente antes das 16 semanas de
gestacdo, até as 36 semanas (MAGEE et al., 2021).

A terapia nutricional tem grande importancia no acompanhamento multidisciplinar
destinado as gestantes com DM, visando prevencdo das complicacfes e seus desfechos
adversos a saude materno-fetal (SBD, 2019). Como nutriente isolado de potencial preventivo
a PE, destaca-se o calcio, com suplementacdo recomendada pela OMS em dose de 1,5 a 2
g/dia (ou em baixa dose de 500 a 600 mg/dia, mediante avaliacdo contexto-especifica) em
populaces com baixa ingestdo de calcio na dieta (<900 mg/dia), especialmente em gestantes
com fatores de risco para PE (OMS, 2016). A International Society for the Study of
Hypertension in Pregnancy (ISSHP) recomenda suplementacéo diaria na dose de 500 mg para
as gestantes com consumo inferior a 600 mg/dia de calcio (MAGEE et al., 2021).

IntervencOes dietéticas podem reduzir em cerca de 30% o risco para PE, efeito
possivelmente mediado por melhor controle da glicemia e adequagédo do ganho de peso
(ALLEN et al.,, 2014). Recomenda-se fortemente a gestantes e mulheres no periodo
reprodutivo a adocdo de um padrédo alimentar saudavel, que atue sobre os controles pressérico
e glicémico, proporcione adequado ganho de peso e ofereca quantidades diérias 6timas de
macro e micronutrientes que atendam as necessidades maternas e fetais (SBD, 2019; ADA,
2021).

2.2 Terapia nutricional para manejo do DM na gestacdo: potencial da dieta DASH

As gestantes com DM devem receber orientacdo nutricional individualizada, alinhada
as demais estratégias terapéuticas para atingir as metas do tratamento. O célculo da
guantidade de calorias diarias obedece as recomendagbes para GPG de acordo com o IMC
pré-gestacional, considerando também a idade e o nivel de atividade fisica da gestante (SBD,
2019).

A distribuicdo de macronutrientes recomendada para gestantes com DM pré-existente
¢ de 40 a 55% de carboidratos, 15 a 20% de proteinas e 30 a 40% de lipidios. A
recomendacédo de carboidratos deve ser dividida em 10 a 15% no café da manha, 30% no
almoco e jantar e o restante nos lanches, objetivando-se evitar episddios de hiperglicemia,
hipoglicemia ou cetose, com atengdo especial para adequacdo de doses e horérios do uso de
insulina. O fracionamento do plano alimentar em trés refei¢cfes grandes e trés pequenas é
geralmente indicado (SBD, 2019).
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A importancia da adogdo de uma alimentacdo saudavel na gestacdo para a saude
materna e infantil € bem estabelecida e largamente preconizada (MATE et al., 2021).
Enquanto a adogdo de um padrdo dietético ocidentalizado — contendo carnes processadas,
doces, bebidas acucaradas e alta quantidade de gorduras saturadas — aumenta o risco para PE,
um padrdo alimentar considerado saudavel, com frutas, hortalicas, vegetais coloridos e
gorduras mono e poli-insaturadas pode atuar na reducdo do risco (HAJIANFAR et al., 2018;
IKEM et al., 2019). Hiperglicemia, GPG excessivo e hipertensdo gestacional sdo fatores de
risco modificaveis para PE e, portanto, alvos fundamentais da terapia nutricional direcionada
a gestantes com DM (VESTGAARD et al., 2018).

A dieta DASH foi apresentada na década de 1990 como uma estratégia nutricional
efetiva para prevencdo e tratamento da HAS, em adultos de ambos os sexos, ap0s ensaios
clinicos conduzidos por pesquisadores norte-americanos (HARSHA et al., 1999; SACKS et
al., 1995). Atualmente, é apontada como principal tratamento dietético para HAS e
preconizada como padrdo alimentar saudavel para manejo do DM pela SBD (2019) e pela
ADA (2021), devido aos seus beneficios relacionados ao controle metabdlico e a prevencédo
de doencas cardiovasculares. Nesse sentido, estudos com objetivo de avaliar os possiveis
beneficios da dieta DASH sobre desfechos obstétricos e perinatais tém sido conduzidos em
diversos paises (Quadro 4).

O padréo alimentar DASH apresenta composi¢do rica em frutas, verduras, legumes,
cereais integrais e laticinios com baixo teor de gordura. Prioriza consumo de carnes brancas
em detrimento das vermelhas, inclui sementes e oleaginosas e limita o consumo de doces e
alimentos ricos em sodio. Com relagdo aos nutrientes, considerando uma dieta de 2.100
kcal/dia, a dieta DASH ¢ rica em calcio (> 1.240 mg), magnésio (= 500 mg) e potéssio (>
4.700 mg), apresenta alto teor de fibras (> 31 g) e prové grande quantidade de compostos
antioxidantes. Com relacdo as gorduras (< 27% das calorias diérias totais), apresenta baixo
teor de acidos graxos saturados (< 6%) e colesterol (< 150 mg). A ingestdo de sédio € limitada
em 2400 a 3000 mg/dia (PHILLIPS et al., 1999; WINDHAUSER et al., 1999).
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Quadro 4 — Estudos que avaliaram a associacao entre dieta DASH e desfechos obstétricos e

perinatais.

Ano de publicacao,
autores, local

Tipo de estudo e amostra

Resultados

2013
Asemi et al, Ird

ECR, gestantes com DMG
n= 17, grupo DASH
n=17, grupo controle

| Glicemia p6s TOTG, HbAlc,
Colesterol total, LDL-c, TG, colesterol
total:HDL-c, PAS, insulinemia, RI.

1 CAT, GSH.

Sem efeito em proteina C-reativa.

2014
Asemi et al, Ird

ECR, gestantes com DMG
n= 26, grupo DASH
n=26, grupo controle

| Cesariana, macrossomia, uso de
insulina pos-parto.

Sem efeito em polidramnio e IG no
parto.

2018 ECR, gestantes com | GPG, GPG excessivo, leptina.
Van Horn et al, sobrepeso/obesidade 1 Cesariana.
EUA n= 140, grupo DASH Sem efeito em PAS, 1G no parto, DMG,
n=140, grupo controle peso ao nascer, peso para IG,
composicao corporal.
2018 Coorte 1 GPG em mulheres com obesidade.

Fulay et al, EUA

1.760 gestantes

Sem efeito em SHG, DMG, parto pré-
termo, peso ao nascer.

2019
Jiang et al, China

ECR, gestantes com HAS
pré-gestacional ou HAG
n=41, grupo DASH

n= 41, grupo controle

| PE, PE severa, prematuridade, BPN.
1 Comprimento ao nascer, IG no parto.
Sem efeito em cesariana, hemorragia
pos-parto, Apgar 1’ ¢ 5°.

2019
Arvizu et al, EUA

Coorte
13.645 mulheres,
avaliacdo pré-gestacional

| PE.

2020 Coorte | PAS 1° trimestre, PAD 1° e 3°
Courtney et al, 511 gestantes com histéria | trimestres e PAM 1° e 3° trimestres.
Irlanda de macrossomia

2020 Caso-controle | PE.

Cao et al, China

n= 449, gestantes com PE
n= 449, gestantes sem PE

BPN: baixo peso ao nascer, CAT: capacidade antioxidante total, DMG: diabetes mellitus gestacional, ECR:

ensaio clinico randomizado, GPG: ganho de peso gestacional, GSH: glutationa total, HAG: hipertensdo arterial

gestacional, HAS: hipertensédo arterial sistémica, HbAlc: hemoglobina glicada, HDL-c: lipoproteinas de alta

densidade, IG: idade gestacional, LDL-c: lipoproteinas de baixa densidade, PAD: pressdo arterial diastolica,

PAM: presséo arterial média, PAS: pressdo arterial sistolica, PE: pré-eclampsia, RI: resisténcia a insulina, SHG:

sindromes hipertensivas da gestacdo, TG: triglicerideos, TOTG: teste oral de tolerancia a glicose, | diminuiu, 1

aumentou.
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Em 2013, Asemi et al. (2013a; 2013b) conduziram um ensaio clinico randomizado
para testar o efeito da dieta DASH em comparacdo a uma dieta controle com mesma
distribuicdo de macronutrientes, em uma amostra de 34 gestantes iranianas com DMG, 17 em
cada grupo de intervencdo dietética. As gestantes foram incluidas no estudo entre 24 e 28
semanas de idade gestacional e a intervencdo durou quatro semanas. Ao comparar dados de
antes e depois da intervencdo, os pesquisadores verificaram que as mulheres alocadas no
grupo DASH, em relacdo a dieta controle, apresentaram maior media de reducao da glicemia
na avaliacdo do TOTG em 60min (-1,86 vs. -0,45 mmol/l, p = 0,02), 120min (-2,3 vs. 0,2
mmol/l, p = 0,001) e 180 min (-1,7 vs. 0,22 mmol/l, p = 0,002), maior reducdo da HbAlc (-
0,2 vs. 0,05 %, p = 0,001), da resisténcia a insulina (HOMA-IR -0,8 vs. 1,1, p = 0,03) e
insulinemia (-2,62 vs. 4,32, p = 0,03).

No mesmo estudo (ASEMI et al., 2013a; 2013b), também houve beneficios da dieta
DASH em relagdo a dieta controle quanto ao perfil lipidico das gestantes com DMG,
considerando as médias de variacGes em colesterol total (-0,42 vs. 0,31 mmol/l, p = 0,01),
LDL-colesterol (-0,47 vs. 0,22 mmol/l, p = 0,005), triglicerideos (-0,17 vs. 0,34 mmol/l, p=
0,01) e razdo colesterol total: HDL-colesterol (-0,6 vs. 0,3, p = 0,008). Ainda, houve aumento
na capacidade antioxidante total (45,2 vs. -159,24 mmol/L, p < 0,001) e glutationa total
(108,17 vs. -150,96 umol/L, p < 0,001). A PAS teve reducdo no grupo dieta DASH e aumento
no grupo controle (-2,6 vs. 1,7 mmHg, p = 0,001).

Em 2014, Asemi et al. avaliaram os efeitos da ado¢do da dieta DASH em relagdo a
dieta controle, por quatro semanas, em gestantes com DMG (n=26 em cada grupo de
intervencdo dietética), considerando desfechos perinatais. Os autores reportaram que no grupo
dieta DASH houve menor percentual de ocorréncia de partos cesareos (46,2% vs. 80,8%, p =
0,01), macrossomia (3,8% vs. 38,5%, p < 0,01) e necessidade de uso de insulina ap6s o parto
(23% vs. 73%, p < 0,01).

Em 2018, Van Horn et al. relataram os resultados de um ensaio clinico randomizado
realizado com gestantes norte-americanas com objetivo de promover controle do GPG por
meio de orientacOes nutricionais com base na dieta DASH, associadas ao incentivo a préatica
de atividade fisica e qualidade do sono, comparadas a um grupo controle. As gestantes (n=140
no grupo intervencdo e n=140 no grupo controle) apresentavam sobrepeso e obesidade e
foram incluidas no estudo com até 16 semanas de gestagdo. As gestantes do grupo intervencéo
tiveram boa adesdo a dieta DASH, verificada por meio de avaliacdo do consumo alimentar,
mas ndo aderiram as modificacGes propostas para préatica de atividade fisica e tempo de sono.
Ainda assim, houve menor frequéncia de casos de GPG excessivo (68,6% vs. 84,4%, p=
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0,004), embora alta em ambos os grupos. As concentracdes séricas de leptina foram inferiores
no grupo intervencdo (54 ug/L vs. 59 pg/L, p = 0,003), mas foi maior a ocorréncia de parto
cesareo (40% vs. 27%, p = 0,03), resultado que precisa ser explorado em outras investigacoes.

Fulay et al. (2018) encontraram resultados conflitantes em relacdo ao GPG ao avaliar
de forma retrospectiva uma coorte de 1.760 gestantes americanas. Neste estudo, a maior
adesdo a dieta DASH, avaliada por meio de um escore aplicado aos dados de consumo
alimentar, ndo teve associacdo significativa com incidéncia de SHG e foi associada a maior
GPG em mulheres com obesidade. Os autores discutem que pode haver viés de relato do
consumo destas mulheres, bem como variagGes enddcrinas e/ou genéticas interagindo com o
padrdo alimentar na defini¢do de desfechos.

Jiang et al. (2019) avaliaram o efeito da dieta DASH, em relacdo a uma dieta controle
saudavel com mesma distribuicdo de macronutrientes, em ensaio clinico randomizado
incluindo 85 gestantes chinesas com HAS ou hipertensdo gestacional. As gestantes foram
incluidas no estudo com idade gestacional até 28 semanas e a intervencao foi continuada até o
parto. A incidéncia de PE foi inferior no grupo que adotou dieta DASH (43,2% vs. 65,9%, p =
0,036), embora alta em ambos os grupos, com diferenca significativa também para PE severa
(2,3% vs. 17,1%, p = 0,05), além de apresentarem melhores resultados quanto a
prematuridade (0 vs. 19,6%, p = 0,026) e baixo peso ao nascer (2,1% vs. 20,5%, p = 0,014).

Courtney et al. (2020) conduziram estudo observacional incluindo 511 gestantes
irlandesas saudaveis com histérico de macrossomia, mas ndo de DMG, para avaliar o padréo
alimentar adotado e verificar relacdo com a trajetoria da pressao arterial nos trimestres de
gestacdo. Um escore de adesao ao padrao alimentar DASH foi calculado a partir dos dados de
consumo alimentar das gestantes em cada trimestre, com divisdo em quintis. Os pesquisadores
observaram associacao entre maior quintil de adesdo a dieta DASH e menor PAS no primeiro
trimestre (B -0,97, 1C 95% -1,79; -0,15) e PAD no primeiro (B -0,70, IC 95% -1,21; -0,18) e
no terceiro trimestre (B -0,68, IC 95% -1,19; -0,17), controlando as analises para as variaveis
IMC, idade, escolaridade e consumo energético. Para cada 5 pontos de aumento do escore de
adesdo a dieta DASH, observou-se reducdo de 1 mmHg na PAD e na pressao arterial média
(PAM).

Em estudo do tipo caso-controle comparando gestantes chinesas com e sem PE (n=449
em cada grupo, 13% das gestantes com DMG), o consumo alimentar foi avaliado trés meses
antes do parto, por meio de um escore de adesdo a dieta DASH. No grupo sem PE, as médias
de escore DASH foram superiores. As gestantes com maior adesdo ao padrdo alimentar
DASH (quarto quartil) apresentaram chance 47% menor de desenvolvimento de PE, em
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relagdo ao primeiro quartil (OR 0,53, IC 95% 0,36;0,78, p = 0,001), em modelo ajustado para
maltiplos confundidores, incluindo paridade e IMC pré-gestacional (CAO et al., 2020).

Ao avaliar uma coorte composta por mais de 13 mil mulheres norte-americanas, em 20
mil gestacdes, 5,4% desenvolveram SHG com 2,5% das gestacdes acometidas por PE. O
consumo alimentar pré-gestacional foi avaliado com a aplicagdo de um escore de adesdo a
dieta DASH e verificou-se que o risco para PE foi reduzido em 38% (RR 0,62, IC 95%
0,45;0,84, p = 0,002) nas mulheres classificadas no maior quintil de adesdo a dieta DASH
antes da gestacdo, em relacdo ao menor quintil de adesdo (ARVIZU et al., 2019).

Os beneficios da dieta DASH podem ser explicados por sua composicao nutricional. A
adocdo de um padrdo alimentar rico em hortalicas, frutas, graos integrais, oleaginosas, peixes
e Oleos vegetais, restrito em carnes, cereais refinados e acUcar, antes e durante a gestacao, esta
associado a reducdo do risco para PE e outras complicacdes da gestacdo (RAGHAVAN et al.,
2019), especialmente para mulheres com DM (MATE et al., 2021). O consumo de fibras
dietéticas, promovido pelo aumento das porc¢des de frutas, hortalicas e cereais integrais, ja foi
relacionado a melhor controle glicémico, perfil lipidico e reducdo do risco de PE
(REYNOLDS et al., 2020; RAGHAVAN et al., 2019).

Os alimentos de origem vegetal acrescentam grandes quantidades de nutrientes e
compostos bioativos com alta capacidade antioxidante, que apresentam papel fundamental na
protecdo dos sistemas materno-fetais, especialmente considerando o estresse oxidativo como
parte da etiologia da PE. Também representam aumento da oferta de potassio e magnésio,
nutrientes envolvidos na regulacéo da presséo arterial sistémica (BORGHI et al., 2020).

A composicgdo lipidica da dieta DASH favorece o controle pressorico, bem como o
consumo diario e regular de oleaginosas demonstra efeito direto na reducdo da pressao
arterial, atribuido a sua composicdo nutricional de acidos graxos insaturados, especialmente
acido alfa-linolénico, fibras, arginina, tocoferois, folato, potassio, magnésio, calcio, selénio,
fitoesterois e polifenois, com capacidade de melhorar a funcdo endotelial (STRILCHUK et
al., 2020). O célcio é um nutriente chave da dieta DASH para reducdo da pressédo arterial e 0
consumo insuficiente se relaciona como maior risco para PE (HOFMEYR et al., 2018). Cabe
ressaltar que na dieta DASH néo é sugerida a restri¢cdo de sodio, mas sim o consumo em faixa
segura, como outros padrdes alimentares saudaveis. A restricdo de sodio ndo é indicada para
gestantes com objetivo de prevenir ou tratar SHG, a recomendacéo é para que se seja evitado
0 consumo excessivo (OMS, 2011).

Entretanto, as respostas individuais a intervencdo dietética sdo influenciadas pelo

genotipo (FERGUSON et al., 2016), de forma que o efeito da dieta sobre os desfechos da
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gestacdo pode ser diferente entre as mulheres, dependendo de caracteristicas genéticas
(ALABDULJABBAR et al.,, 2021). Assim, destaca-se a relevancia da investigacdo da
interacdo gene-dieta para desenvolvimento de estratégias direcionadas a saude de gestantes
com DM.

2.3 Nutrigenética na gestacao

No inicio dos anos 2000, o sequenciamento completo do DNA humano foi
apresentado pela primeira vez, com a conclusdio do Projeto Genoma Humano
(INTERNATIONAL HUMAN GENOME SEQUENCING CONSORTIUM, 2001; VENTER
et al., 2001). Desde entdo, a inser¢do da genémica no ambito da pesquisa clinica € crescente.
Na nutricdo, a area conhecida como Nutrigenética representa um avango sem precedentes na
compreensdo de interacGes bioldgicas complexas entre a dieta e o genoma humano,
possibilitando a investigacdo de respostas bioldgicas individuais a intervencdes dietéticas
influenciadas pelo gen6tipo (CORELLA; ORDOVAS, 2018).

As principais variacfes genéticas interindividuais, 90% do total, consistem em
substituicdes em uma Unica base nitrogenada do DNA, chamadas de polimorfismos de
nucleotideo Unico (SNP, do inglés single nucleotide polymorphism). Considerando que a
formacdo de uma proteina segue a sequéncia de insercdo de aminoacidos ditada por conjuntos
de trés bases nitrogenadas (codons) no RNA mensageiro, modificacbes nas bases podem
repercutir em alteracdo na ordem ou na composicdo de aminoacidos da proteina, alterando a
sua funcionalidade. Podem ocorrer em apenas um ou em ambos os alelos, configurando
gendtipos homo ou heterozigotos (CAMP; TRUJILLO, 2014).

Em Nutrigenética, sdo estudados polimorfismos em genes relacionados a
predisposicdo para doengas cronicas e suas interacfes com a dieta, visando a construcéo de
estratégias nutricionais personalizadas. Dependendo do genétipo, os individuos tém variaces
na expressdo e/ou na atividade de proteinas que podem ser enzimas, receptores, hormonios e
transportadores (COMINETTI et al., 2017).

A gestacdo é um periodo de intensas adaptacOes fisiologicas e metabolicas para
garantia da saude materna e do desenvolvimento fetal. Polimorfismos em genes envolvidos
nestes processos causam varia¢fes na forma como o organismo materno se adapta a gestacao.
Considerando os preceitos da Nutrigenética, tais variacbes podem interagir com a dieta,
fazendo com que as caracteristicas 6timas de uma dieta para promover os melhores desfechos
da gestacédo sejam diferentes entre as mulheres (ALABDULJABBAR et al., 2021).
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2.3.1 Polimorfismos no gene FTO

O gene FTO (fat mass and obesity-associated gene) esta localizado no cromossomo 16
e codifica uma proteina com funcdo demetilase, que remove grupos metil ligados as
moléculas de DNA e RNA. A expressao do FTO é predominante no nucleo arqueado do
hipotalamo, regido responsavel pela homeostase energética e regulacdo do peso corporal.
Embora o mecanismo de acdo da proteina ndo esteja totalmente elucidado, polimorfismos
agrupados no primeiro intron do gene FTO sdo fortemente associados a obesidade em
diversas populagdes (LOOS; YEO, 2014), inclusive a brasileira (FONSECA et al., 2020).

Os alelos de menor frequéncia (MAF, da sigla minor allele frequency em inglés) dos
SNP rs9939609 (A) e rs17817449 (G) ocorrem em 39,86% e 38,94% da populacdo global,
respectivamente (PHAN et al., 2020) e sdo frequentemente associados ao risco para
obesidade, embora as frequéncias e associagdes possam variar entre diferentes populacdes e
etnias (LOOS; YEO, 2014).

Por ser frequentemente associado a predisposicdo para obesidade, o polimorfismo
rs9939609 (T/A) no gene FTO tem sido estudado quanto ao seu papel no IMC pré-gestacional
e no GPG (Quadro 5). O alelo A parece representar risco aumentado para maior IMC pré-
gestacional (KROLL et al., 2018;2021; BEYSEL et al., 2019; ANDRAWEERA et al., 2016;
MARTINS et al., 2016; WEHBY; SCHOLDER, 2013; LAWLOR et al., 2011), mas os
resultados sdo controversos (SAUCEDO et al., 2017; FRANZAGO et al., 2017; KLEMETTI
et al., 2011). O alelo A parece também oferecer maior risco para GPG excessivo (GROTH et
al., 2015; 2018; GESTEIRO et al., 2016; WEHBY; SCHOLDER, 2013; LAWLOR et al.,
2011), mas alguns estudos ndo observaram tal relagdo (BEYSEL et al., 2019; SAUCEDO et
al., 2017; MARTINS et al., 2016).

Andraweera et al. (2016) investigaram a associacdo do rs9939609 com desfechos
adversos da gestacdo: PE, hipertensdo gestacional, PIG e parto pré-termo espontaneo.
Comparadas as gestacdes isentas de complicacdes, a frequéncia do gendtipo AA foi maior em
mulheres com nascidos PIG (19,2% vs. 13,4%, p = 0,020) e em mulheres com parto pré-termo
espontaneo (20,8% vs. 13,4%, p = 0,009) e o genotipo AA nos neonatos também foi associado
aos desfechos PIG e pré-termo. N& houve relacdo do polimorfismo com as SHG.
Similarmente, Zotova et al. (2019) ndo encontraram relacdo entre a distribuicdo de

frequéncias dos gendtipos do rs9939609 e o desenvolvimento de SHG.
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Quadro 5 — Sintese dos estudos que investigaram a relacdo do polimorfismo rs9939609 no

gene FTO com IMC pré-gestacional e ganho de peso gestacional.

Ano de publicacao,
autores, local

Tipo de estudo e amostra

Resultados

2018/2021
Kroll et al., Brasil

Observacional, coorte prospectiva.
n= 445

Carreadoras do alelo A apresentaram
maior IMC antes da gestagdo e durante o
seguimento de 6 anos apds o parto.

Groth et al., Estados
Unidos

2019 Caso-controle. Gendtipo AA foi associado com maior

Beysel et al., | n=160 com DMG risco para sobrepeso/obesidade pré-

Turquia n= 145 sem DMG gestacional, mas ndo com GPG excessivo.
O gendtipo AA foi associado com maior
risco para DMG.

2018 Anélise secundaria de um ensaio | Mulheres com obesidade, com cor da pele

clinico.
n = 580 com cor da pele preta
n =194 com cor da pele branca

preta, carreadoras do alelo A, tiveram
maior GPG comparadas ao gendtipo TT.

Martins et al., Brasil

2017 Caso-controle. Sem associacdo com IMC pré-gestacional
Saucedo et al, | n=80 com DMG ou GPG. Sem associagdo com DMG.
México n= 80 sem DMG

2017 Caso-controle. Sem associagdo com IMC pré-gestacional.
Franzago et al., | n=102 com DMG Sem associa¢do com DMG.

Italia n= 66 sem DMG

2016 Caso-controle. Homozigotas AA tiveram maior IMC com
Andraweera et al., | n=1.185 sem complicacdes 15 semanas de gestacdo comparadas as
Austrdlia e Nova | n=556 com complica¢des (HG, PE, | homozigotas TT. Associagdo do gendtipo
Zelandia PIG, parto pré-termo) AA com PIG e parto pré-termo.

2016 Observacional, coorte prospectiva. | Genotipo AA foi associado ao IMC pré-

n=136

gestacional > 25 kg/m?, mas ndo ao GPG
excessivo ou retencéo de peso pés-parto.

Groth et al., Estados
Unidos

2016 Transversal. GPG foi mais alto em mulheres com
Gesteiro et al., | n=53 genétipos AA e AT, em comparacdo ao
Espanha TT.

2015 Observacional, coorte prospectiva. | Mulheres com obesidade e genétipo AA

n=97

tiveram maior risco para GPG excessivo
comparadas a mulheres com obesidade
nao carreadoras do alelo A e a mulheres
sem obesidade.

2011/2013 Observacional, coorte prospectiva. | Alelo A foi associado com maior IMC e
Lawlor et al, | n=14.000 obesidade pré-gestacional. Compondo um
Wehby;  Scholder, escore de risco genético (em adicdo a
Reino Unido outros polimorfismos), houve associagdo
com GPG.

2011 Caso-controle. Sem associagdo com o IMC pré-
Klemetti et al., | n=485 com PE gestacional. Sem associacéo com PE.
Finlandia n= 449 sem PE

FTO: fat mass and obesity-associated gene, IMC: indice de massa corporal, GPG: ganho de peso gestacional.
DMG: diabetes mellitus gestacional, HG: hipertensdo gestacional, PE: pré-eclampsia, PIG: pequeno para a idade

gestacional.
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Em uma amostra de 485 gestantes finlandesas, ndo houve diferenca nas frequéncias
dos gendtipos do rs9939609 (AA, AT, TT) comparando mulheres que desenvolveram (15%,
53% e 32%) e que ndo desenvolveram PE (16%, 47% e 37%), respectivamente (p = 0,199).
Porém, tratava-se de uma amostra com casos predominantes de PE severa e com inicio
precoce, de forma que os casos leves e de inicio tardio ndo estiveram representados nesta
amostra (KLEMETTI et al., 2011). Em amostras de populacdo ndo-gestante, o alelo A ja foi
associado a elevacao da pressédo arterial e maior risco para HAS em adolescentes canadenses
(PAUSOVA et al., 2009), criancas e adolescentes chineses com obesidade (X1 et al., 2013) e
criancas mexicanas (GARCIA-SOLIS et al. 2016). Em individuos brasileiros com HAS, nio
houve associagédo do rs9939609 com a PAS, PAD ou PAM (MARCADENTI et al., 2013).

Fonseca et al. (2020) investigaram a relacdo dos polimorfismos rs9939609 e
rs17817449 (T/G) no gene FTO e a obesidade grave (IMC 2> 40 kg/m2) em individuos
brasileiros adultos (18 a 65 anos de idade, 68,2% mulheres). Os individuos carreadores do
alelo A para 0 rs9939609 tiveram risco 1,7 vezes maior de desenvolver obesidade grave (OR
1,70, IC 95% 1,19;2,43, p = 0,003) em comparacdo ao alelo T; e os carreadores do alelo T
para 0 rs17817449 tiveram quase o dobro do risco (OR 1,98, IC 95% 1,33;2,96, p = 0,001) em
relacio ao alelo G, com resultados ajustados para sexo e idade. O haplétipo
rs9939609:rs17817449 (A/T) representou 87% maior chance para obesidade severa na
amostra (OR 1,87, IC 95% 1,32;2,66, p < 0,001).

Em individuos mexicanos adultos com obesidade, o alelo G do polimorfismo
rs17817449 apresentou maior frequéncia comparada a frequéncia do alelo T (21% vs. 18%j;
OR=1,3; p = 0,007), ap0s ajuste para sexo, idade e ascendéncia (amerindia ou europeia). Na
mesma populacdo, o genotipo GG representou maior risco para obesidade classes 2 e 3, com
IMC > 35 kg/m? (OR 1,4, IC 95% 1,16;1,81, p = 0,005), mas ndo para obesidade com IMC
inferior a 35 kg/m? (OR 1,2, IC 95% 0,96;1,43, p = 0,11) (SALDANA-ALVAREZ et al.,
2016). Em uma amostra de 1.005 adolescentes colombianos, o genétipo GG foi positivamente
associado ao IMC (= 0,007, IC 95% 0,001;0,014, p = 0,031), em modelo ajustado para
idade, sexo e estagio puberal (MUNOZ et al., 2017).

A relacdo do polimorfismo rs17817449 com desfechos da gestacdo ainda € pouco
explorada na literatura. Al-Ogaidi et al. (2019) identificaram maior chance para sobrepeso ou
obesidade materna (IMC > 25 kg/m2) em gestantes iraquianas com gendétipo GG, em
comparacdo ao TT (OR 3,97, IC 95% 1,21;13,05, p = 0,02). Em mulheres com ou sem

excesso de peso, o polimorfismo foi associado a maior IMC, colesterol total e LDL-c.
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Estudos prévios sugerem que o efeito dos polimorfismos no gene FTO sobre o
fendtipo obesidade pode ser atenuado por dieta hipocaldrica e hiperproteica (de LUIS et al.,
2015), dieta rica em fibras (HOSSEINI-ESFAHANI et al., 2017a) e dieta mediterranea
(HOSSEINI-ESFAHANI et al.,, 2017b), assim como pode ser exacerbado por dieta
hiperlipidica (SONESTEDT et al.,, 2009) e padrdo dietético ocidental (HOSSEINI-
ESFAHANI et al., 2019). Martins et al. (2016) identificaram que gestantes brasileiras com
gendtipo AA para 0 rs9939609 aumentaram 0 consumo energético e de alimentos
ultraprocessados durante a gestacdo. Entretanto, o tipo de dieta que pode favorecer os

desfechos da gestacéo de acordo com os polimorfismos no gene FTO ainda ndo é conhecida.

2.3.2 Polimorfismos no gene ADRB2

O gene ADRB2 (adrenoceptor beta 2 gene) estd localizado no cromossomo 5 e
codifica o receptor beta2-adrenérgico, uma proteina que atua como receptor de catecolaminas
em diversos tipos celulares. Trata-se de receptor acoplado a proteina G, com sinalizacdo
celular mediada por adenilato ciclase e AMP ciclico. As variacdes em genes dos receptores
beta-adrenérgicos ganham foco em investigacdes de nutrigenética porque sdo amplamente
expressos em diversos tecidos, integram grande quantidade de processos fisiologicos, tém
papel bem descrito na génese de doencas cardiovasculares e metabdlicas, sdo alvos de
tratamentos farmacoldgicos e interagem com a dieta (EISENACH; WITTWER, 2010;
EISENACH et al., 2014).

Os SNP mais estudados em relacdo a obesidade, DM2 e HAS no gene ADRB2 sdo o
rs1042713 (G/A) e o rs1042714 (C/G) (ZHANG; WU; YU, 2014; GJESING et al., 2007;
2009). Ambos os polimorfismos sdo comuns na populacao global, com MAF de 38,70% (A) e
39,72% (G), respectivamente (PHAN et al., 2020).

No endotélio vascular, o estimulo adrenérgico ao receptor beta2-adrenérgico promove
vasodilatacdo e liberacdo de 6xido nitrico, portanto, tem efeito direto na regulacéo da pressao
arterial sistémica, sob controle do sistema nervoso simpatico. Os carreadores dos alelos G
para ambos 0s polimorfismos sdo mais responsivos ao estimulo vasodilatador e desempenham
melhor funcdo miocérdica, de forma que os alelos A (rs1042713) e C (rs1042714) configuram
maior risco para HAS e doengas cardiovasculares. Os carreadores do alelo G (rs1042713),
especialmente no haplotipo rs1042713:rs1042714 (G/G), apresentam uma densidade 50%

maior de receptores beta 2-adrenérgicos em células cardiacas e endoteliais, o que pode
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contribuir para a melhor resposta cardiovascular (EISENACH; WITTWER, 2010;
EISENACH et al., 2014).

A sensibilidade dos receptores endoteliais beta2-adrenérgicos estd aumentada na
gestacdo, em um efeito progesterona-dependente para reducdo da resisténcia vascular
periférica. A disfuncionalidade dos receptores pode ser um dos fatores responsaveis pela
vasoconstricdo observada na hipertenséo gestacional e PE (AUNE et al., 2000). Aune et al.
(2000) compararam um grupo de oito gestantes com PE a um grupo com a mesma quantidade
de gestantes sem PE no terceiro trimestre gestacional, em relacdo a funcionalidade dos
receptores beta 2-adrenérgicos, avaliada em leucocitos mononucleares isolados. Os autores
identificaram que as gestantes sem PE apresentavam maior quantidade de receptores
funcionais, contribuindo para a vasodilatacdo fisiologica da gestacdo, de forma que
modificacdes nestas proteinas podem fazer parte da etiologia genética da PE.

Em gestantes chinesas, ndo houve diferenca na frequéncia dos genotipos AA, AG e
GG (rs1042713) entre mulheres com (n= 108) e sem (n=97) hipertenséo gestacional: 24,1%,
25,0% e 50,9% vs. 24,7%, 29,9%, e 45,4%, respectivamente (p > 0,05), porém houve
diferenca na distribuicdo das frequéncias genotipicas conforme a gravidade da hipertensao;
leve, moderada ou grave (FAN et al., 2005).

Nas células do tecido adiposo, o estimulo aos receptores beta2-adrenérgicos promove
sinalizacdo celular para lipélise. Individuos homozigotos CC (rs1042714) e AA (rs1042713)
podem apresentar menor sensibilidade dos receptores e menor taxa de lipolise (EISENACH,;
WITTWER, 2010). Uma metanalise incluindo 18 estudos para avaliar o efeito dos
polimorfismos rs1042713 e rs1042714 sobre a suscetibilidade a obesidade identificou que ha
aumento do risco em carreadores do genétipo CG vs. CC (OR 1,16, IC 95% 1,04;1,30, 1> =
49%, p = 0,009) e CG/GG vs. CC (OR 1,2, IC 95% 1,00;1,44, 1> = 55%, p = 0,04) para o
rs1042714, porém nao houve efeito significativo do rs1042713 (ZHANG; WU; YU, 2014). O
efeito dos polimorfismos rs1042713 e rs1042714 ainda ndo foi investigado em relagdo ao
IMC materno e GPG.

A interacdo do genétipo ADRB2 com a dieta comegou a ser investigada na década de
1990, considerando o consumo dietético de sodio. O efeito da restricdo de sodio sobre a
pressdo arterial é influenciado pelo gendtipo; individuos carreadores dos alelos A (rs1042713)
e C (rs1042714) sdo mais responsivos a reducdo do consumo de sal para diminuir a pressdo
arterial. Considerando uma dieta tipicamente americana, a reducéo de 150 mmol/dia de sodio
para 50 mmol/dia, em individuos americanos adultos com pré-hipertensdo ou hipertensao

estdgio 1 ndo tratada, por 30 dias, promoveu uma reducdo da PAS diferente entre os
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genotipos, variando também conforme a cor da pele. Os individuos negros com genotipo GG
(rs1042714) ndo tiveram efeito significativo da intervencdo, ao contréario dos individuos de

cor da pele branca e dos demais genotipos (Quadro 6) (SVETKEY et al., 2011).

Quadro 6 — Efeito da restri¢do dietética de sodio conforme os gendtipos do gene ADRB2.

Diferenca da pressdo arterial sistolica* (mmHg) apés
Polimorfismos/gendtipos reducdo de sodio dietético (150 mmol/dia para 50 mmol/dia)
Total Brancos Negros
GG -2,8 -3,7 0,81
(-6’2; +0’5) (_714a -0!4) (_6!6a +8!2)
GC -5,7 -4.7 -6,9
rs1042714
(-7!4; -4’0) (_7’01 _2!5) (-9!61 _4!3)
CC -8,7 -7,1 93
(_1012a -7’3) (_9’8a -414) (_11101 -715)
GG -5,3 -4.1 -6,1
(-7!3; -3’3) (_6’81 _1!4) (-9!01 _3!2)
GA -7,1 -5,2 -8,9
rs1042713
(-8!7; -5’5) (_9’01 _2!3) (_11!21 -6!6)
AA -9,3 -8,9 93
(-11,5; -7,2) (-13,2; -4,7) (-11,9; -6,7)

ADRB2: adrenoceptor beta 2 gene. *Resultados apresentados como média e intervalo de confianga de 95%.
Fonte: adaptado de Svetkey et al., 2011.

Em estudo conduzido por Svetkey et al. (2011), a substituicdo de uma dieta
tipicamente americana pelo padrdo dietético DASH, por 30 dias, sem restricdo de sodio
(mantido em 150 mmol/dia), em americanos adultos com pré-hipertensdo ou hipertensao
estagio 1 ndo tratada, promoveu reducdo da PAS e o efeito foi diferente entre os gen6tipos do
ADRB2. A dieta DASH continha, para cada 2000 kcal, 27% de lipidios, 18% de proteinas,
31g de fibras, 4700 mg de potassio, 500 mg de magnésio, 1240 mg de calcio. A dieta
americana tradicional que a precedeu continha, para cada 2000 kcal, 37% de lipidios, 15% de
proteinas, 9g de fibras, 1700 mg de potassio, 165 mg de magnesio, 450 mg de célcio.

Os individuos de cor da pele branca com gendétipos GG ndo tiveram efeito
significativo da dieta DASH na reducdo da PAS e os genotipos CC e AA dos polimorfismos
rs1042714 e rs1042713, respectivamente, foram mais responsivos a dieta DASH, com

maiores reducgdes da PAS (Quadro 7). Estes séo justamente os gendtipos menos funcionais
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do receptor beta 2-adrenérgico, configurando um dos possiveis motivos pelos quais a dieta
DASH é especialmente benéfica na prevencdo e/ou tratamento da HAS (SVETKEY et al.,
2011). Quanto aos mecanismos moleculares de interacdo entre dieta DASH e gendtipo
ADRB2, ¢ possivel que estejam relacionados também ao sistema renina-angiotensina-
aldosterona (SRAA) (SUN et al., 2010).

A maior resisténcia do gendtipo GG (rs1042713) para reducdo da PAS ao adotar dieta
DASH pode estar relacionada ao fato de os individuos responderem a intervengdo com um
efeito contrarregulatorio de ativacdo do SRAA. Os carreadores do alelo A apresentam
concentragOes inferiores de aldosterona e de atividade de renina plasmaética apos a intervencao
com dieta DASH, e maior reducdo da PAS, em relacdo ao genotipo GG. Cabe destacar que o
SRAA se encontra fisiologicamente adaptado na gestacdo para aumento da volemia e sua
desregulacdo parece fazer parte da etiologia da PE (VERDONK et al., 2014), o que fortalece a
hipotese de possivel interacéo entre polimorfismos no gene ADRB2, dieta DASH e incidéncia
de SHG.

Quadro 7 — Efeito da dieta DASH sobre a pressdo arterial sistolica, conforme os genotipos do
gene ADRB2.

Diferenca da presséo arterial sistolica* (mmHg) apds
Polimorfismos/gendtipos adogéo de dieta DASH por 30 dias
Total Brancos Negros
GG -3,9 -4,1 -2,1
(-8,3; +0,5) (-9,0; +0,8) (-11,2; -7,1)
GC -4,6 -3,5 -5,5
rs1042714
(-711; -210) (-6191 -0!1) (-9141 -116)
CC -7,0 -6,7 -7,3
(-9.1; -4,9) (-10,3; -3,1) (-10,0; -4,6)
GG -4,4 -3,5 -5,5
(-7,1;-1,7) (-7,2; +0,3) (-9,3; -1,7)
GA -6,6 -5,7 -7,41
rs1042713
(_819; -413) (_9’0’ -213) (_10161 -412)
AA -7,12 -5,2 -8,2
(-10,1; -4,1) (-10,1; -0,3) (-12,1; -4,3)

ADRB2: adrenoceptor beta 2 gene. *Resultados apresentados como média e intervalo de confianga de 95%.

Fonte: adaptado de Svetkey et al., 2011.
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3 JUSTIFICATIVA

As mulheres com DM pré-existente apresentam risco elevado para desfechos adversos
da gestacdo e intervengdes nutricionais de carater preventivo representam estratégia
promissora na protecdo a satde materna e infantil. A etiologia multifatorial das complicacoes
obstétricas, envolvendo fatores genéticos e ambientais, merece ser explorada por meio de
estudos que avaliem a interacdo gene-dieta, com objetivo de (1) conhecer 0s mecanismos
fisioldgicos envolvidos da génese das disfuncGes organicas e (2) construir estratégias
nutricionais assertivas considerando caracteristicas genéticas, no ambito da nutricdo
personalizada.

O projeto é pioneiro em sua proposta, apresentando carater inovador tanto no que se
refere a intervencdo com dieta DASH, traduzida e adaptada para as gestantes brasileiras com
DM pré-existente, quanto a avaliacdo da influéncia de polimorfismos genéticos frequentes na
populagéo sobre a intervencao proposta.

A partir dos resultados, pretende-se compreender mecanismos moleculares que
influenciam o efeito da dieta sobre desfechos obstétricos e perinatais e esclarecer questdes
associadas ao efeito diferenciado de intervencgdes nutricionais em grupos com caracteristicas
semelhantes, que podem ser, pelo menos parcialmente, explicadas por variagdes genéticas.

O projeto consolida a insercdo da investigacdo na area da Nutrigenética em ensaios
clinicos do GPSMI/UFRJ. A producdo cientifica do grupo, tradicionalmente, sustenta a
elaboracdo e a revisdo periodica dos protocolos assistenciais do Servico de Nutricdo da
Maternidade Escola da UFRJ. O nimero de gestantes com DM pré-existente recebidas no
ambulatério da maternidade é crescente e a assisténcia especializada é decisiva para 0s
resultados maternos e infantis. Dessa forma, expandir a abrangéncia das investigacdes e
buscar compreensdo de mecanismos relacionados aos desfechos clinicos verificados na
populacéo atendida representa a possibilidade de importante avango na assisténcia nutricional
pré-natal especializada a mulheres em gestacdo de alto risco.
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4 HIPOTESE
O efeito da dieta DASH versus dieta tradicional sobre o0 ganho de peso gestacional,

pressdo arterial sistémica e sindromes hipertensivas da gestacdo em gestantes com diabetes

mellitus pré-existente é diferente dependendo dos polimorfismos nos genes FTO e ADRB2.
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5 OBJETIVOS

5.1 Objetivo geral

Avaliar a influéncia de polimorfismos nos genes FTO e ADRB2 no efeito da dieta
DASH versus dieta tradicional sobre o ganho de peso gestacional, pressao arterial sistémica e

sindromes hipertensivas da gestacdo em gestantes com diabetes mellitus pré-existente.

5.2 Objetivos especificos

a) Manuscrito 1: investigar os polimorfismos nos genes FTO (rs9939609 e rs17817449) e
ADRB?2 (rs1042713 e rs1042714) como fatores de risco para 0 GPG excessivo em mulheres
com DM pré-gestacional usando dois tipos de dieta: tradicional e DASH;

b) Manuscrito 2: investigar caracteristicas dietéticas, fenotipicas e genotipicas
influenciando o desenvolvimento de SHG em mulheres com DM pré-gestacional usando dois
tipos de dieta: tradicional e DASH,;

¢) Manuscrito 3 (brief communication): investigar a associacdo entre polimorfismos
relacionados a obesidade nos genes FTO e ADRB2 e o IMC pré-gestacional em mulheres
brasileiras com DM1 e DM2.



43

6 METODOS

6.1 Delineamento e local do estudo

O presente estudo faz parte da pesquisa “Efeito da Dieta DASH no Resultado Perinatal
de Gestantes com Diabetes Mellitus” — DASDIA (DASh diet for pregnant women with
DIAbetes), um ensaio clinico randomizado, com dois bracos paralelos, simples-cego,
desenvolvido na Maternidade Escola da UFRJ, de 2016 a 2020.

A Maternidade Escola da UFRJ é uma maternidade publica situada no municipio do Rio
de Janeiro/RJ, referéncia para o atendimento pré-natal, parto e puerpério de gestantes com
DM. A maternidade esta ligada ao Sistema Unico de Salde (SUS) e recebe gestantes
encaminhadas pelo SISREG (Sistema de Centrais de Regulacdo), oferecendo atendimento
gratuito por equipe multiprofissional composta por obstetras, endocrinologistas,
nutricionistas, psicélogos, enfermeiros e técnicos de enfermagem. Os exames de rotina

previstos no acompanhamento pré-natal da gestacao de alto risco sdo realizados no local.

6.2 Populagéo e amostra

A populacdo do estudo foi constituida por gestantes com DM1 ou DM2, que
realizaram a assisténcia pré-natal no local de estudo. Os critérios de inclusdo foram: idade
cronoldgica >18 anos na concepcdo, gestacdo de feto unico, idade gestacional <28 semanas,
ndo fumantes, ndo usuérias de bebidas alcodlicas. As gestantes com hipertensdo cronica foram
incluidas, mas somente as sem diagnostico de SHG, em tratamento com metildopa e com PAS
<160 mmHg e PAD < 110 mmHg. As gestantes com hipotireoidismo controlado (TSH 0,1-2,5
mUI/L no primeiro trimestre ou 0,3-3,0 mUI/L no segundo trimestre), em tratamento com
levotiroxina, foram incluidas.

Os critérios de ndo elegibilidade foram a presenca de complicacdes do DM
(nefropatia, retinopatia), doengas sexualmente transmissiveis (sifilis, herpes genital, papiloma
virus humano), doencas psiquiatricas (ansiedade, depressdo, transtornos alimentares). Foram
excluidas do estudo as gestantes que ndo fizeram a coleta de saliva para genotipagem e foram
consideradas perdas de seguimento as que tiveram o atendimento de pré-natal descontinuado
no local de estudo (por ndo comparecimento as consultas ou encaminhamento para outra

instituicao).
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Todas as gestantes com DM1 ou DM2 acompanhadas no local de estudo foram
orientadas para o tratamento com insulina, prescrito individualmente pela equipe médica. As
gestantes receberam a insulina e 0s insumos para monitorizagdo da glicemia capilar
gratuitamente, bem como o treinamento necessario para autocuidado em DM. As mulheres
que iniciaram o pré-natal antes das 16 semanas de gestacdo receberam prescricdo médica para
0 uso diério de aspirina na dose de 100 mg/dia, como medida de prevengdo contra o
desenvolvimento de PE (ACOG, 2018; www.me.ufrj.br).

Devido a pandemia de COVID-19, houve uma interrupcdo das atividades presenciais
da pesquisa, em mar¢o de 2020. As consultas com as gestantes j& incluidas no projeto
puderam prosseguir devido a Resolugdo CFN n° 646, de 18 de marco de 2020, na qual o
Conselho Federal de Nutricionistas (CFN) permitiu que a assisténcia nutricional fosse
realizada por teleconsultas. Assim, as gestantes que ja estavam participando do projeto
seguiram o0 acompanhamento com as nutricionistas do projeto na modalidade de teleconsulta,
enquanto o atendimento médico das consultas de pré-natal de manteve presencial. Com o
inicio da pandemia de COVID-19, ndo foram incluidas mais gestantes no projeto.

Oitenta e sete gestantes participaram do ensaio clinico DASDIA. Destas, 70 tiveram 0s
dados completos necessarios para as analises envolvendo nutrigenética propostos na presente
tese (dados do acompanhamento na pesquisa e amostra de saliva para genotipagem). Assim,
para cada objetivo do presente estudo, o poder estatistico foi calculado a posteriori.

6.3 Grupos de estudo e coleta de dados

A captacdo de gestantes para 0 projeto ocorreu diariamente no ambulatério de
assisténcia pré-natal da Maternidade Escola da UFRJ, primeiramente por meio de consulta ao
prontudrio para verificacdo dos critérios de elegibilidade e, em seguida, convite a gestante
para participacdo na pesquisa. As gestantes que atenderam aos critérios de elegibilidade e
aceitaram participar da pesquisa foram alocadas para um dos grupos de estudo (1) Grupo
Controle (GC, orientagdo nutricional com base em dieta tradicional, j& praticada no local de
estudo) ou (2) Grupo DASH (GD, orientagdo nutricional com base em dieta DASH). A
alocagdo nos grupos de estudo foi randomizada, utilizando uma lista de nimeros aleatorios
elaborada no software Microsoft Office Excell ® 2007. A lista foi consultada na ordem da
inclusdo das gestantes no estudo; se o numero fosse impar, eram alocadas para 0 GC e se 0
namero fosse par, alocadas para 0 GD. Como o estudo foi simples cego, as participantes nao

foram informadas sobre o grupo de estudo em que foram incluidas na randomizacao.
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A partir da incluséo no estudo, foram agendadas seis consultas com nutricionista, com
intervalo de quinze dias entre as duas primeiras e intervalo méximo de um més entre as
consultas de acompanhamento, em datas adequadas ao calendario de pré-natal por idade
gestacional adotado na maternidade (consultas mensais até 32 semanas, quinzenais de 32 a 36
semanas e semanais a partir de 37 semanas), coincidindo com as datas de consultas de outras
especialidades.

A coleta de dados sociodemogréaficos, historia obstétrica e histdria clinica pessoal e
familiar foi inicialmente feita em prontuario e complementada em entrevistas face a face
durante o0 acompanhamento nutricional. Os dados foram registrados no protocolo de pesquisa
(Apéndice A).

6.4 Avaliacdo antropométrica e ganho de peso gestacional

O peso corporal (kg) foi medido nas consultas do pré-natal, pela equipe de
enfermagem, utilizando balanca eletronica tipo plataforma da marca Balmak®. A medida de
estatura (m) foi realizada na primeira consulta, por meio de estadibmetro acoplado a balanca.
O peso pré-gestacional (kg) foi autorreferido (CARRILHO et al., 2020), correspondente ao
peso (kg) de até dois meses antes da concepcdo. As medidas de peso ao longo da gestacao,
estatura (m) e peso pré-gestacional (kg) foram consultadas no cartdo da gestante.

O IMC pré-gestacional (peso pré-gestacional/estatura?) foi classificado conforme
preconizado pela OMS (1995) e a programacdo do GPG semanal e total foi realizada de
acordo com a recomendacdo do IOM (2009, 2013), reavaliado a cada consulta com
nutricionista (Quadro 2). O GPG total (kg) foi considerado como a diferenca entre peso
medido na internacdo para o0 parto e 0 peso pré-gestacional. A adequacdo do ganho de peso
(insuficiente, adequado ou excessivo) foi avaliada conforme os critérios do IOM (2009) para
0 GPG total (Quadro2).

6.5 Intervencdo dietética

Em ambos os grupos de estudo, o Valor Energético Total (VET) diario foi estimado
individualmente, considerando idade, peso e nivel de atividade fisica, bem como o adicional
energético da gestagdo personalizado para projecdo do ganho de peso gestacional
recomendado (Quadro 8). Para o calculo do VET de gestantes com obesidade pré-

gestacional, ndo foi incluido o adicional energético, exceto em casos de perda de peso
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persistente. A proporcdo de macronutrientes foi de 45 a 55% do VET composto por
carboidratos, 15 a 20% do VET composto por proteinas e 25 a 30% do VET composto por
lipidios, similar para GC e GD.

Quadro 8 — Estimativa do Valor Energético Total (VET) para elaboracéo do plano alimentar.

VET = TMB X NAF (+ adicional energético da gestacao)

TMB - taxa metabolica basal
18 a 30 anos: (14,818 X peso) + 486,6
30 a 60 anos: (8,12 X peso) + 845,6

NAF — nivel de atividade fisica
Estilo de vida sedentario: 1,40 — 1,69 (1,53)
Estilo de vida ativo ou moderadamente ativo: 1,70 — 1,99 (1,76)

Estilo de vida vigoroso ou moderadamente vigoroso: 2,00 — 2,40 (2,25)

Adicional energético da gestacdo
1 kg = 6417 kcal

VET: Valor Energético Total, TMB: Taxa Metabdlica Basal, NAF: nivel de atividade fisica.
Fonte: FAO, 2004; Saunders et al., 2012.

Caracteristicas da dieta tradicional adotada na orientacdo do grupo controle (GC):
plano alimentar fracionado em 5 a 6 refei¢des diarias, com horéarios regulares, ja utilizado na
rotina da maternidade. As gestantes receberam o plano alimentar organizado como porg¢des de
grupos alimentares em cada refeicdo, acompanhado de uma lista de substituicdo de alimentos
(Apéndice B). A distribuicdo das quantidades de por¢des por grupos alimentares foi feita de
acordo com o VET calculado.

Caracteristicas da dieta DASH (GD): plano alimentar fracionado em 5 a 6 refeicGes
diérias, com horarios regulares. A diferenca entre as dietas consistiu no fato que a dieta
DASH propde maior consumo de frutas, vegetais, graos integrais, produtos lacteos com baixo
teor de lipidios, menor teor de gordura saturada e colesterol, maior consumo de gordura poli-
insaturada e a baixa ingestdo de farinhas refinadas e actcar (Apéndice C). A distribuicdo das
quantidades de por¢des por grupos alimentares foi feita de acordo com o VET calculado. Esse
modelo foi elaborado pelo grupo de pesquisa, apds tradugdo e adaptacdo da dieta DASH para
a cultura brasileira (Quadro 9) (SAUNDERS et al., 2021).

Para aplicagéo pratica, foram pré-calculadas as distribui¢cdes dos planos alimentares
das dietas tradicional e DASH variando de 2000 a 2800 kcal, para serem implementadas no
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momento do atendimento. Ambas as dietas puderam ser orientadas utilizando o método de
contagem de carboidratos, quando este era de preferéncia da gestante. Em uma amostra de
gestantes com DM atendidas na mesma maternidade, 0 método de contagem de carboidratos
ndo diferiu do método orientado por grupos alimentares em relacdo a qualidade da
alimentacéo (da SILVA et al., 2019).

Quadro 9 — Caracteristicas da dieta tradicional e da dieta DASH, considerando plano

alimentar de 2100 kcal diarias.

Dieta Tradicional

Dieta DASH

Quantidade de porg¢des por grupos

alimentares e quantidade de calorias por porcéo

Frutas (40 vs. 60kcal) 4 5
Vegetais (36 kcal) 2 + folhas 2 + folhas

Paes (130 kcal) /cereais (74 kcal) 8 6,5 (integrais)

Feijdo (135 kcal) 1,5 2
Carnes (210 vs. 170 kcal) 2 2 (frango/peixe)

Leite (120 vs. 72 kcal) 3 3 (desnatado)
Sementes/oleaginosas (57 kcal) - 1
Gorduras (45 kcal) 4 5

Principais diferencas na composicdo nutricional entre as dietas

AG saturados (% do VET) 9,7% 7,2%
AG monoinsaturados (% do VET) 8,5% 9,2%
AG poli-insaturados (% do VET) 2,8% 5,6%

Fibras 429 559

Célcio 1500 mg 2280 mg
Magnésio 315 mg 496 mg
Potassio 4081 mg 4418 mg

Sodio 2400 mg 2400 mg

AG: Acidos Graxos. VET: valor energético total diario.

Fonte: adaptado de Saunders et al., 2021.

Para melhorar a adesdo aos planos alimentares propostos, as gestantes alocadas para o
GC receberam gratuitamente, em cada consulta, um kit contendo uma lata de leite
semidesnatado (300 g) e um pacote de aveia (200 g), enquanto as gestantes alocadas para o

GD receberam um kit contendo uma lata de leite desnatado (280 g), um pacote de semente de
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linhaga (200 g), um pacote de castanhas (150 g). As gestantes de ambos 0s grupos receberam
uma garrafa de azeite extravirgem (500 ml) na primeira consulta.

Por meio de entrevista e consulta ao prontuario, foram verificadas e registradas no
protocolo de pesquisa informacGes sobre intercorréncias da gestacdo, sintomatologia
digestiva, ocorréncia de picamalécia ou cegueira noturna gestacional, presenca de edema e
uso de medicamentos ou suplementos, de forma que as queixas e condigdes clinicas foram
consideradas no manejo nutricional de todas as gestantes, independente do grupo de estudo. O
plano alimentar foi reavaliado a cada consulta, considerando ajustes necessarios para

adequacdo da projecédo do GPG.

6.6 Adesdo aos planos alimentares

A adeséo aos planos alimentares propostos em ambos os grupos de estudo foi avaliada
utilizando recordatorios alimentares de 24h e um escore de adesdo desenvolvido por Della-
Libera et al. (2011), que varia de 0 a 4 pontos conforme: [1] quantidade de alimentos
ingeridos em relacdo as porcdes orientadas; [2] qualidade da alimentacdo (grupos de
alimentos ingeridos em relacdo a proposta do plano alimentar); [3] padrdo das refeicGes
(numero e horérios das refeigdes realizadas em relacdo a distribuicdo do plano alimentar) e [4]
adequacdo do ganho de peso em relacdo a consulta anterior (considerado adequado até 20% a
mais ou a menos do programado). O escore de adesdo foi estratificado em baixa a moderada
(< 2 pontos) e alta (> 2 pontos). A pontuagdo considerada para as analises foi a verificada na
consulta mais préxima ao parto, refletindo o maior tempo possivel de exposicéo a intervencao
dietética.

O consumo de calcio foi avaliado pelo recordatério alimentar de 24h e, uma vez
identificado o baixo consumo (< 900 mg/dia) em mulheres com > 20 semanas de gestacao, foi
prescrita a suplementacéo de carbonato de calcio na dose de 500 mg/dia para complementar a
ingestdo, em ambos os grupos de estudo, como medida de prevencdo a PE (HOFMEYR et al.,
2018; OMS 2016). A suplementacdo foi acordada com o médico da equipe para ajuste dos
horarios dos outros suplementos contendo sulfato ferroso, evitando interagdo prejudicial a

absorcéo dos micronutrientes.
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6.7 Avaliacao da presséo arterial sistémica e sindromes hipertensivas da gestagao

As medidas da pressdo arterial (PAS e PAD) foram realizadas nas consultas de pre-
natal, pela equipe de enfermagem, utilizando esfigmomandmetro aneroide, com a gestante
sentada ap6s repouso minimo de 15 minutos. As medidas foram registradas no cartdo da
gestante, onde foram consultadas para inclusdo no formulério de pesquisa. Todas as medidas
disponiveis no cartdo da gestante e no prontuario médico foram coletadas para a pesquisa. A
PAM foi calculada com a formula PAM = [PAS + (2 x PAD)] / 3.

O diagndstico das SHG seguiu os critérios recomendados internacionalmente (ACOG,
2020; Quadro 3), conforme os protocolos da Maternidade Escola da UFRJ (2020, online),
realizado pela equipe médica e registrado em prontuario. As mulheres com HAS prévia a
gestacdo e que apresentaram proteindria foram diagnosticadas com PE sobreposta. O
diagnéstico das SHG é de atribuicdo médica, portanto os dados foram consultados em

prontuério e confirmados com os médicos da equipe.

6.8 Coleta de material bioldgico e analise genética

Para a analise genética, solicitou-se a cada participante da pesquisa uma amostra de
saliva. A coleta foi realizada preferencialmente na primeira consulta do acompanhamento, por
meio de bochecho com 5 ml de dgua miliQ, depositado em tubo falcon de 15 ml e adicionado
de solucdo TNE (3 ml) para conservacdo. A extracdo de DNA das células bucais seguiu o
protocolo validado por Aidar e Line (2007). O tempo maximo entre coleta do material e
extracdo de DNA foi de 15 dias, sendo o material mantido sob refrigeracdo a 5°C nesse
periodo. Apos a extracdo, as amostras foram congeladas para posterior quantificacdo de DNA
(analise da qualidade da amostra) e genotipagem.

As amostras foram consideradas viaveis para genotipagem quando continham pelo
menos 5ug de DNA. As amostras foram diluidas com &gua MiliQ em aliquotas de 20 ul para
padronizar as concentragdes [C1.V1 = C2.V2, onde C: e V1 séo a concentragdo e o volume
iniciais e C2 e V2 s@o a concentracdo e o volume finais]. Os ensaios foram preparados em
placas de 96 amostras, com reagdes em volumes de 10 ul contendo DNA (2 pl), Master Mix
(5 ul), sonda TagMan (0,25 pl) e MiliQ (2,75 ul). As sondas TagMan utilizadas em cada
ensaio foram especificas para discriminacdo alélica dos polimorfismos em estudo (rs9939609
T/A, rs17817449 T/G, rs1042713 G/A e rs1042714 C/G), utilizando o sistema de Real Time
Polymerase Chain Reaction (PCR em tempo real) em equipamento Step One Plus™,
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adotando-se as recomendagcfes de numero de ciclos e temperaturas recomendados pelo
fabricante. Foram incluidas nas placas uma amostra de controle positivo e uma amostra de
controle negativo. Os gréaficos de discriminacdo alélica foram obtidos por meio de software
automatizado (AppliedBiosystems, Foster City, CA), permitindo a identificacdo dos gendtipos.

As analises genéticas foram realizadas no Laborat6rio de Genética Humana da Fiocruz.



7 ANALISES DOS DADOS

7.1 Variaveis estudadas

As variaveis estudas encontram-se descritas no Quadro 10.

Quadro 10 — Variaveis estudadas.

Variavel

Unidade de medida ou categorizacéo

Ganho de peso

kg [peso na admissdo para o parto — peso pré-gestacional]

gestacional

Ganho de peso | Sim/ Nao [ganho de peso gestacional > 18 kg, >16 kg, > 11,5 kg,

gestacional e > 9 kg para mulheres com baixo peso, peso adequado,

excessivo sobrepeso e obesidade pré-gestacional, respectivamente].

IMC pré- | kg [peso pré-gestacional/altura?]

gestacional Baixo peso (IMC < 18,5 kg/m?), peso adequado (IMC 18,5 a 24,9
kg/m?), sobrepeso (IMC 25 a 29,9 kg/m?) e obesidade (IMC > 30
kg/m?).

PAS, PAD, mmHg, medidas ao longo da gestagédo

PAM PAM = [PAS + (2 x PAD)] /3

SHG Sim  (hipertensdo  gestacional, pré-eclampsia, eclampsia,
nenhuma)/ Nao

Tipo de dieta Dieta tradicional / Dieta DASH

Tipo de DM DM1/DM2

rs9939609 FTO | TT/AT/AA

rs17817449 FTO | TT/GT/GG

rs1042713 GG/AG/AA

ADRB2

rs1042714 CC/CG/GG

ADRB?2

51

IMC: indice de massa corporal, PAS: pressdo arterial sistolica, PAD: pressdo arterial diastolica, PAM: pressao
arterial média, SHG: sindromes hipertensivas da gestacdo, DM: diabetes mellitus, FTO: fat mass and obesity-
associated gene, ADRB2: adrenoceptor beta 2 gene.
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As  covariaveis avaliadas incluiram: idade (anos), cor da pele
(branca/preta/parda/amarela, autorreferida), escolaridade (ensino basico, médio ou superior),
situacdo marital (casada/solteira), idade gestacional (semanas, calculada a partir da primeira
ultrassonografia realizada, obtida na incluséo do estudo < 28 semanas), emprego (sim/néo),
renda per capta (renda familiar total dividida pelo nimero de pessoas da familia, em US$),
condicBes de moradia (adequada quando atende todos os critérios: coleta regular de lixo, agua
encanada e sistema de esgoto/inadequada quando um dos critérios estava ausente), doenca
cronica pré-existente (sim (hipotireoidismo ou hipertensdo)/nao), paridade (nimero de partos
prévios), tempo de diagndstico do DM (anos, autorreferido), HbAlc (%), atividade fisica
(ativa/irregularmente ativa/sedentaria, versdo curta do IPAQ, Matsudo et al., 2001) — variaveis
obtidas dos prontuarios médicos e complementados em entrevista com as pesquisadoras,
usando guestionarios estruturados.

O consumo energético no baseline foi obtido a partir de recordatério de 24h (valor
energético total — VET, kcal); as porcdes referidas foram convertidas em gramas para
quantificar as quilocalorias usando a Tabela Brasileira de Composicdo de Alimentos — TACO
(NUCLEO DE ESTUDOS E PESQUISAS EM ALIMENTACAO/UNICAMP, 2011) e tabela
de composicao de alimentos do Departamento de Agricultura dos Estados Unidos (UNITED
STATES DEPARTMENT OF AGRICULTURE - USDA, online).

7.2 Andlises estatisticas

A normalidade das variaveis numéricas foi testada por analise grafica de histograma e
medidas de assimetria e curtose. Na analise exploratoria dos dados, as variaveis numéricas
foram apresentadas como mediana e intervalo interquartilico e as variaveis categoricas foram
apresentadas como frequéncias absolutas e relativas. O teste Qui-quadrado foi aplicado para
comparacdo das distribuices das frequéncias entre grupos, e o teste Exato de Fisher foi
adotado quando as condicdes para o teste Qui-quadro ndo foram satisfeitas (nimero de caselas
com frequéncia esperada inferior a 5). Os testes U de Mann-Whitney ou Kruskal-Wallis
foram empregados para comparagdo das medianas entre 2 ou 3 grupos, respectivamente.

A andlise do equilibrio de Hardy-Weinberg foi realizada para verificagdo do padrao de
distribuicdo alélica na amostra em relacdo ao esperado na populacdo, por meio do teste Qui-
guadrado de aderéncia. As andlises foram realizadas considerando, para cada polimorfismo, o
modelo aditivo (comparagdo entre as trés possibilidades de gendtipos, com o homozigoto de

maior frequéncia como referéncia), modelo dominante (comparagéo entre nao carreadores e
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carreadores do MAF, com o0s ndo carreadores como referéncia), modelo recessivo
(comparacdo entre homozigotos para 0 MAF e os demais gendétipos, com os homozigotos para
0 MAF como referéncia), exceto quando ndo houve presenca de algum dos grupos para
comparacéo.

O desequilibrio de ligacao (linkage disequilibrium) foi avaliado para cada gene usando
0 ponto de corte r2 > 0,8. As frequéncias dos haplétipos e a determinagéo da fase alélica foram
estimados por algoritmo de maximizacdo da expectativa e a incerteza da estimativa foi
incluida nos modelos estatisticos. Os haplétipos mais comuns em nossa populacdo foram
considerados como referéncia. As analises estatisticas foram realizadas nos softwares R
versdo 4.1.1 e SPPS versao 20.0, adotando p < 0,05 para significancia estatistica.

Manuscrito 1: FTO and ADRB2 genetic polymorphisms are risk factors for earlier
excessive gestational weight gain in pregnant women with pregestational diabetes mellitus:
Results of a randomized nutrigenetic trial

O tempo até o evento GPG excessivo foi estimado por interpolacao linear, assumindo
um aumento linear no ganho de peso entre diferentes medidas. As incidéncias de GPG
excessivo foram calculadas com base no tempo de seguimento entre a data provavel da
concepgdo a data provavel do desfecho. Incidéncias e intervalos de confianca de 95% foram
estimados de acordo com os erros padrdo, calculados por uma distribuicio Gamma. As
gestantes que ndo apresentaram o desfecho foram consideradas desde a data provavel da
concepcao até a data do parto.

Os resultados das andlises de tempo-até-o-evento foram apresentados na forma de
hazard ratios (HR) com os intervalos de confianga de 95%, e 0s riscos de progressdo para o
evento foram estimados por modelos de Cox. A suposi¢do de proporcionalidade dos riscos foi
testada usando andlises de correlagdo e testes Qui-quadrado baseados em residuos
escalonados de Schoenfeld. Os efeitos dos gendtipos sobre o desfecho foram ajustados para as
demais caracteristicas com associacdo sugestiva com o desfecho (p < 0,1) e apresentados
como aHR (adjusted hazard ratios).

Manuscrito 2: Dietetic, phenotypic, and genotypic characteristics influencing the
development of hypertensive disorders of pregnancy in women with pregestational diabetes: a
randomized controlled clinical trial

Para analisar as medidas longitudinais de PAS, PAD e PAM, foram utilizados modelos
de efeito misto, considerando os tipos de dieta, 0os gendtipos e a interacdo de ambos. A
modelagem considerou uma fungéo spline com dois nos. O periodo da gestacdo foi dividido

em quatro segmentos (< 6,5 semanas, 6,5 a 19,5 semanas, 19,5 a 32,5 semanas e > 32,5
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semanas) e foram estimadas as médias e intervalos de confianca de 95%, com todas as outras
variaveis no modelo maltiplo mantidas nos seus valores de média ou proporcdes iguais, na
concepcao, semana 13, semana 27 e no dia do parto. Os contrastes foram construidos a partir
das estimativas das médias e efeitos marginais. Os p-valores foram corrigidos pelo numero de
comparagdes em pares, usando o método Holm-Sidak. O modelo foi ajustado para as
variaveis com associac¢do sugestiva com o desfecho (p <0,1)

As incidéncias de hipertensdo gestacional ou PE foram calculadas com base no tempo
de seguimento entre a data provavel da concepcédo a data provavel do desfecho. Incidéncias e
intervalos de confianca de 95% foram estimados de acordo com os erros padréo, calculados
por uma distribuicdo Gamma. As gestantes que ndo apresentaram o desfecho foram
consideradas desde a data provavel da concepcao até a data do parto.

Os resultados das andlises de tempo-até-o-evento foram apresentados na forma de
hazard ratios (HR) com os intervalos de confianga de 95%, e 0s riscos de progresséo para o
evento foram estimados por modelos de Cox. A suposi¢édo de proporcionalidade dos riscos foi
testada usando andlises de correlacdo e testes Qui-quadrado baseados em residuos
escalonados de Schoenfeld. Os efeitos dos gendtipos sobre o desfecho foram ajustados para as
demais caracteristicas com associagdo sugestiva com o desfecho (p < 0,1) e apresentados
como aHR (adjusted hazard ratios).

Manuscrito 3: Pregestational BMI in Brazilian women with diabetes mellitus
according to polymorphisms in FTO and ADRB2 genes: a brief communication.

Os testes U de Mann-Whitney ou Kruskal-Wallis foram empregados para comparacao
do IMC pré-gestacional entre os tipos de DM e entre os genotipos. O teste Qui-
quadrado/Exato de Fisher foi aplicado para testar associacdo entre os tipos de DM, gendtipos

e classes de IMC.
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8 QUESTOES ETICAS

A pesquisa foi planejada e desenvolvida respeitando-se 0s aspectos éticos previstos nas
Resolucdes 466/2012 (BRASIL, 2012b) e 510/2016 (BRASIL, 2016), aprovada pelo Comité
de Etica em Pesquisa da Maternidade Escola da UFRJ em julho de 2015 (CAAE —
46913115.0.0000.5275, Anexo A) e registrada no Registro Brasileiro de Ensaios Clinicos —
Rebec (RBR-4thgv6). Todas as gestantes que participaram do estudo assinam o Termo de
Consentimento Livre e Esclarecido e receberam uma via do documento assinado pela
coordenadora do projeto, constando os telefones de contato das pesquisadoras da equipe para

esclarecimento de duvidas.
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9 RESULTADOS

Os resultados da presente tese foram organizados para apresentagdo em trés
manuscritos:

a) Manuscrito 1: FTO and ADRB2 genetic polymorphisms are risk factors for earlier
excessive gestational weight gain in pregnant women with pregestational diabetes mellitus:
Results of a randomized nutrigenetic trial;

b) Manuscrito 2: Dietetic, phenotypic, and genotypic characteristics influencing the
development of hypertensive disorders of pregnancy in women with pregestational diabetes: a
randomized controlled clinical trial;

c) Manuscrito 3: Pregestational BMI in Brazilian women with diabetes mellitus

according to polymorphisms in FTO and ADRB2 genes: a brief communication.



Manuscrito 1
FTO and ADRB2 genetic polymorphisms are risk factors for earlier excessive gestational
weight gain in pregnant women with pregestational diabetes mellitus:

Results of a randomized nutrigenetic trial

Submission to Nutrients,

Special Issue "Gene Polymorphism and Nutrition: Relationships with Chronic Disease™
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FTO and ADRB2 genetic polymorphisms are risk factors for earlier excessive
gestational weight gain in pregnant women with pregestational diabetes mellitus:

Results of a randomized nutrigenetic trial

Abstract: Excessive gestational weight gain (GWG) is associated with increased risk of
maternal and neonatal complications. We investigated obesity-related polymorphisms in the
FTO gene (rs9939609, rs17817449) and ADRB2 (rs1042713, rs1042714) as candidate risk
factors concerning excessive GWG in pregnant women with pregestational diabetes. This
nutrigenetic trial, conducted in Brazil, randomly assigned 70 pregnant women to one of the
groups: traditional diet (n = 41) or DASH diet (n = 29). Excessive GWG was the total weight
gain above the upper limit of the recommendation, according to the Institute of Medicine
guidelines. Genotyping was performed using real-time PCR. Time-to-event analysis was
performed to investigate risk factors for progression to excessive GWG. The type of diet had
not a significant interaction with the genotypes on the GWG and did not modify the risk for
excessive GWG. AT carriers of rs9939609 (FTO) and AA carriers of rs1042713 (ADRB2)
had higher risk of earlier exceeding GWG compared to TT (aHR 2.44; Cl 95% 1.03-5.78; p=
0.04) and GG (aHR 3.91; CI 95% 1.12-13.70; p= 0.03) genotypes, respectively, as the
haplotype rs9939609:rs17817449 (AG) (aHR 1.79; CI 95% 1.04-3.06; p= 0.02). Regardless
the type of diet, FTO and ADRB2 polymorphisms were risk factors for earlier excessive
GWG.

Keywords: gestational weight gain; ADRB2; FTO; DASH diet; diabetes mellitus;

nutrigenetics.

1. Introduction

Excessive gestational weight gain (GWG) affects half of pregnancies worldwide [1]
and nearly 40% of pregnancies in Brazil [2]. In women with pregestational diabetes mellitus
(DM), excessive GWG is associated with a higher risk of preterm delivery, cesarean section,
large-for-gestational-age  newborn, macrosomia, neonatal distress, and neonatal
malformations [3,4]. In addition to increasing the immediate risk of perinatal complications,
excessive GWG is associated with short- and long-term metabolic consequences for mothers
and children, and probably plays a key role in the metabolic programming of chronic diseases

in the offspring [5].
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The GWG recommendations [6,7] are based on the pre-pregnancy body mass index
(BMI), but genetics, dietetics, and environmental factors appear to be involved in significant
interindividual variation in weight gain during pregnancy [8]. The fat mass and obesity-
associated (FTO) gene is located on chromosome 16, and common polymorphisms in the first
intron are strongly associated with obesity. FTO encodes a protein with demethylase function,
and is highly expressed in the hypothalamus, particularly in the arcuate nucleus, suggesting
that this gene plays an essential role in energy balance and body weight control [9].

The polymorphisms rs9939609 (T/A) and rs17817449 (T/G) in FTO are associated
with body weight, BMI, and extreme obesity in the Brazilian population [10]. The A allele of
the polymorphism rs9939609 is associated with higher GWG in North America [11,12] and
Spanish women [13], but not with excessive GWG in Brazilian women [14]. Despite the
association of rs17817449 (GG) with higher maternal BMI in pregnant Iragi women [15], its
relationship with GWG has not yet been explored in the literature.

The adrenoceptor beta 2 (ADRB2) gene is located on chromosome 5, and some
polymorphisms in this gene have been consistently associated with a predisposition to obesity
due to its expression in adipose tissue and its role in lipolysis and energy balance [16]. Two
common polymorphisms in ADRB2 are the most studied, rs1042713 (G/A) and rs1042714
(C/G), although the results are quite divergent, with only rs1042714 (CG/GG) associated with
obesity in a meta-analysis [17]. The relationship between ADRB2 polymorphisms and GWG
has not yet been explored.

Interventions that focus on a healthy diet have been found to be effective in optimizing
GWG [5]. Pregnant women with DM especially benefit from nutritional guidance to prevent
excessive GWG and related adverse outcomes, which are more common in high-risk
pregnancies [18]. The Dietary Approach to Stop Hypertension (DASH) diet encourages the
consumption of fruits, vegetables, fat-free/low-fat dairy, whole grains, nuts, and legumes, as
well as limits the intake of saturated fat, cholesterol, refined sugar, sodium, red, and processed
meats [19]. The DASH diet was originally proposed to control hypertension; however, in
recent years, it has been recommended for pregnant women with DM, obesity, and
hypertension to reduce the risk of obstetric and perinatal complications [20,21].

However, the effects of diet on body physiology vary greatly among individuals,
which may be partially explained by nutrigenetic interactions. The association between FTO
and ADRB2 genetic polymorphisms and obesity phenotypes appears to be modified by diet
composition [22-24]. Personalized nutrition may benefit individuals genetically predisposed

to have a higher BMI using a dietary pattern that minimizes risk [25]. Studies are needed to
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elucidate the association between genetic variants, diet, and GWG, especially for high-risk
pregnancies, such as in mothers with pregestational DM.

The aim of this study was to investigate the FTO genetic polymorphisms (rs9939609,
rs17817449) and the ADRB2 genetic polymorphisms (rs1042713, rs1042714), as candidate
genetic risk factors for excessive GWG in pregnant women with pregestational DM using two
different types of diets: a traditional diet, and the DASH diet, as well as to ascertain

nutrigenetic interactions associated to the genetic make-up.

2. Materials and Methods
2.1 Subjects

The participants were pregnant women who were enrolled in the DASDIA (DASh diet
for pregnant women with DIAbetes) randomized controlled clinical trial carried out at the
Maternity School of the Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, with the
aim of evaluating the effect of the DASH diet on perinatal outcomes in pregnant women with
pregestational DM (2016-2020, Brazilian Clinical Trials Registry RBR-4tbgv6). Eighty-seven
pregnant women participated in the DASDIA trial, of whom 70 were included in the present
study because valid data were available for performing the nutrigenetic analyses.

The participants were pregnant women with pregestational DM, 18 years or older, less
than 28 weeks of pregnancy at the time of inclusion in the study, single fetus, no alcohol,
tobacco, or drug use, no sexually transmitted disease (e.g., syphilis, genital herpes, HPV), no
psychiatric diseases (e.g., anxiety, depression, eating disorders), and no DM complications
(e.g., diabetic nephropathy or retinopathy). Pregnant women with treated and controlled
hypothyroidism (TSH 0.1-2.5 mUI/L in the first trimester or 0.3-3.0 mUI/L in the second
trimester, using levothyroxine) or chronic hypertension (systolic blood pressure <160 mmHg
and diastolic blood pressure <110, using methyldopa, without SHG) were included. The
eligible participants were randomly assigned in a 1:1 ratio to one of two parallel study groups:
traditional diet or DASH diet, using a computer-generated list of random numbers prepared
by the head investigator. The participants were blinded to allocation.

The research was approved by the Ethics Committee of the Maternity School of
Federal University of Rio de Janeiro (CAAE —46913115.0.0000.5275; July/2015).

2.2 Pregestational diabetes diagnosis and treatment
Women with type 1 or 2 DM were included in this study, with a pre-pregnancy

diagnosis or diagnosed during pregnancy, after presenting with a fasting glucose level > 126
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mg/dL [18]. Women with gestational DM were excluded from the study. Following the
institutional protocol, all participants were treated with insulin therapy, which was prescribed

by physicians according to individual needs.

2.3 Diet groups and nutritional guidance

The participants were randomly assigned to one of two groups of nutritional guidance:
a traditional diet, or the DASH diet. Women in both groups received individual nutritional
guidance from a registered dietitian from the date of inclusion in the study until the last
prenatal appointment in six scheduled visits. The time of intervention was defined as the time
between inclusion in the study and childbirth.

Both traditional and DASH diets were designed to contain 45%-55% carbohydrates,
15%-20% protein, and 25%-30% total fat. However, the DASH diet was richer in fruits,
vegetables, whole grains, and low-fat dairy products, and included a serving of nuts per day.
The original North American version of the DASH diet was translated and adapted for the
DASDIA trial, considering the characteristics of Brazilian pregnant women with DM, as
detailed elsewhere [26].

The main differences in the composition of the traditional and DASH diets based on
the 2100 kcal meal plan are provided in Chart 1. The traditional diet was a healthy diet
currently prescribed for all pregnant women with DM-attending prenatal care at the maternity
hospital. The daily energy intake was calculated individually in order to formulate
recommendations according to age, physical activity, pre-pregnancy BMI, and recommended
GWG for each woman. All participants received a meal plan with a list of equivalents based
on the traditional or DASH diet, which was explained in detail and revised at each
appointment with the registered dietitian, with reinforcement of the nutritional orientations for
both diets until the last visit [26].

Adherence to the diets was assessed using a 24-hour dietary recall and applying a tool
with four evaluation items, which was scored from 0 to 4 points according to: (1) quantity of
food consumed-portions; (2) food groups consumed-variety; (3) consumed meals—number
and time; and (4) gestational weight gain — adequate when no more than 20% less or above
the recommended amount [27]. The adherence score was stratified into low-to-moderate
adherence (< 2 points) and high adherence (> 2 points). For the present analyses, we
considered the adherence score obtained at the visit closest to childbirth to reflect the longest

possible time of exposure to the intervention.
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To improve adherence, participants in the traditional diet group received a bottle of
extra virgin olive oil (500 ml) at the first visit, a can of powdered semi-skimmed milk (300
mg), and a pack of oats (250 mg) at each subsequent visit, while the participants in the DASH
diet group received a bottle of extra virgin olive oil (500 ml) at the first visit, a can of
powdered skimmed milk (280 mg), and a pack of nuts (150 mg) and seeds (200 mg) at each

subsequent visit.

2.4 Outcome

The main outcome was excessive GWG (kg). The recommended GWG was defined
according to the Institute of Medicine guidelines [6,7], considering the pre-pregnancy BMI:
underweight 12.5 to 18 kg, normal weight 11.5 to 16 kg, overweight 7 to 11.5 kg, and obesity
5 to 9 kg. Excessive GWG was the total weight gain of pregnancy exceeding the maximum
amount recommended by IOM [6,7] according to pre-pregnancy BMI: GWG > 18 kg, >16 kg,
> 11.5 kg, and > 9 kg for underweight, normal weight, overweight, and obese women,
respectively. The time until excessive GWG was estimated by linear interpolation, assuming a
linearly increasing weight gain between different measurements.

To calculate the pre-pregnancy BMI, height was measured during the first prenatal
visit, and weight was measured at each prenatal visit by nursing technicians and registered in
the medical record. Pre-pregnancy weight was the self-reported weight of a woman near
conception [28]. The pre-pregnancy BMI was calculated as [pre-pregnancy weight / height?]
and was classified as underweight (BMI < 18.5 kg/m?), normal weight (BMI 18.5 - 24.9
kg/m?), overweight (BMI 25.0 - 29.9 kg/m?), or obesity (BMI >30.0 kg/m?) [29].

The last pregnancy weight was measured on admission for childbirth. GWG was
calculated as [weight at admission for childbirth — pre-pregnancy weight], representing the

total weight gain during pregnancy.

2.5 Genotyping

We collected saliva samples from each pregnant woman participating in the study, and
genomic DNA was isolated from buccal epithelial cells using the Aidar and Line (2007)
protocol [30]. FTO (rs9939609 and rs17817449) and ADRB2 (rs1042713 and rs1042714)
polymorphisms were genotyped by real-time PCR using TagMan® assays (Thermo Fisher
Scientific, Carlsbad, CA, USA). Reactions were performed in 10 pl volumes containing DNA
(2 ul), Universal Master Mix (5 pl), TagMan Genotyping Assay specific for each
polymorphism (0.25 pl), and MiliQ (2.75 pl). Amplification was carried out in a StepOne®
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Plus Real-Time PCR System (ThermoFisher) according to the manufacturer’s
recommendations for the number of cycles and temperatures. Negative and positive controls

were included in the plate.

2.6 Co-variates

Data, such as age (years), DM type (1 or 2), education level (elementary, middle, or
high school), marital status (married/single), employment (yes/no), per capita income (total
family income divided by the number of persons living in the same house, in US$), housing
conditions (adequate when all had regular garbage collection, tap water, and sewerage
system), pre-existing chronic diseases (hypothyroidism or chronic hypertension), and parity
(number of previous childbirths) were obtained from medical records, and were
complemented in a personal interview with the researchers using structured guestionnaires.
Physical activity was assessed at baseline using the short form of the International Physical
Activity Questionnaire (active, irregularly active, and sedentary) [31].

Skin color (white/black/brown/yellow) and years living with DM were self-reported.
Energy intake (kcal) at baseline was obtained using a 24-hour dietary recall from which the
reported portions of food were converted into grams to quantify the energy content using food
composition tables [32,33]. Gestational age (weeks) was calculated using the first
ultrasonography performed in prenatal care, which was obtained at the time of inclusion in the
study (all < 28 weeks of pregnancy).

2.7 Statistical Analyses

Data are presented as medians and interquartile ranges (IQR) for numeric variables,
and absolute (n) and relative frequencies (%) for categorical variables. The normality of the
continuous variables was assessed using histograms, kurtosis, and asymmetry measures.
Mann—Whitney U and Kruskal-Wallis tests were used to compare continuous numerical
variables, and chi-squared or Fisher’s exact tests were used for categorical variables.
Genotype and allele frequencies of each variant were determined by direct counting, and
deviations from Hardy—Weinberg equilibrium (HWE) were evaluated using chi-squared tests.

Paired linkage disequilibrium (LD) patterns were determined for each gene using r2
statistics (r* cutoff > 0.8). Haplotype frequencies or allelic phase determination were
estimated by expectation maximization (EM algorithm), and estimation uncertainty was
included in the statistical models applied for association analyses in the form of weights. The

homozygous/heterozygous genotypes and lower frequency alleles (minor allele frequency,



64

MAF) in our population, or those containing them, were compared with the higher frequency
alleles or genotypes containing higher frequency alleles (reference). Haplotype analyses used
the most common haplotype in our population as a reference.

The incidences of excessive GWG were analyzed based on the events and years of
persons at risk based on the follow-up time from the most likely date of conception to the
most probable date of the outcome. Incidences and 95% confidence intervals (95% CIs) were
estimated according to asymptotic standard errors calculated from a gamma distribution.
Pregnant women who did not present with the outcome were considered from the most likely
date of conception, and censored on the day of delivery.

The results of the time-to-event analyses were presented in the form of hazard ratios
(HRs) with 95% Cls, and the risks of progression to the events described above were
estimated using Cox proportional hazard models. The assumption of risk proportionality was
tested using correlation analyses and y2 tests based on Schoenfeld scaled residuals and
transformed survival times. The effects of the genetic characteristics of interest were corrected
for phenotypic characteristics with at least one suggested association (p-value < 0.1) with the
outcome of interest, and the marginal effects presented in the form of aHR. Pre-gestational
BMI was not included in the adjusted model because of its potential mediating effect between
genotype and outcome. Each polymorphism was evaluated using the additive, dominant, and
recessive models.

Statistical analyses were performed using R software (version 4.1.1) and its "genetics"
and "survival" packages. Power analysis and sample size estimates were performed using the
R code available on the Power and Sample Size platform
(http://powerandsamplesize.com/Calculators/Test-Time-To-Event-Data/Cox-PH-2-Sided-
Equality). Considering the overall prevalence of the event of 0.5% (50%), the frequency of
minor allele carriers of 0.35, a mean hazard ratio of 2, and alpha = 0.05, the minimum sample
size for Cox proportional models estimated for power (1 - beta) of 0.8 was 144. Nonetheless,
we had a limited sample size (n=70) that reached 56.35% statistical power for this analysis.

3. Results

Of the 249 pregnant women with pregestational DM assessed for eligibility, 87 were
included in the DASDIA clinical trial, and 70 were included in the present study because
there were sufficient data for the analyses: 41 in the traditional diet group and 29 in the DASH
diet group (Figure 1).
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The median age was 32 years (IQR 25.7-36.0) and the gestational age at
randomization was 15 weeks (IQR 11.1-20.1). DM type 1 was 51.4% (n= 36) of the cases.
The distribution of the variables was homogeneous among the diet groups (Table 1).

The genotypic frequencies of rs9939609 - FTO were TT 40%, AT 48.6%, and AA
11.4%, while for rs17817449 - FTO, the values were TT 45.7%, GT 44.3%, and GG 10%,
without differences among diet groups (p = 0.48 and p = 0.73, respectively; Table 2). The
MAFs for rs9939609 (A) were 35.7%, while it was 32.1% for rs17817449 (G).

The genotypic frequencies of rs1042713 - ADRB2 were GG 35.7%, AG 52.9%, and
AA 11.4%, while for rs1042714 - ADRB2 the values were CC 50%, CG 44.3%, and GG
5.7%, without differences among diet groups (p = 0.35 and p = 0.28, respectively; Table 2).
The MAFs for rs1042713 (A) were 37.9% and 27.9%, rs1042714 (G). The genotypes of all
evaluated polymorphisms were in HWE (p > 0.05).

The median time of intervention was 22.50 weeks (IQR 15.50 — 26.04). Most pregnant
women attended six scheduled appointments (n=38, 54,3%), or at least five of them (n= 16,
22.9%). Almost 40% of the participants had the highest adherence scores in both groups
(39.5% in the traditional diet group and 40.7% in the DASH diet group).

In the overall sample (n=70), 28.6% of the women had a normal pre-pregnancy BMI,
35.7% were overweight, and 35.7% were obese. None of the pregnant women were
underweight pre-pregnancy. The median GWG was 13.7 kg (IQR 11.5 — 17.5), 11.8 kg (IQR
7.5 - 16.4), and 11.0 (IQR 5.9 — 14.1) for normal-weight, overweight, and obese women,
respectively, without differences between diet groups (Supplementary Table 1). We found
no statistically significant interaction between diet and genotype on GWG, but a marginal
effect for the AA genotype of rs9939609 (FTO) and GG genotype of rs17817449 (FTO) (p=
0.05 and p= 0.08, respectively) on higher GWG comparing to another genotypes, only in the
traditional diet group (Supplementary Figure 1).

Thirty-seven pregnant women (52.9%) presented with excessive GWG, and the
median gestational age of exceeding GWG was 31.6 weeks (IQR 26.6 — 35.0). Compared to
the traditional diet, the DASH diet did not modify the risk of progression to excessive GWG
(@aHR 1.32, CI 95% 0.62-2.79; p= 0.46). Instead, the time of living with DM > 8 years (aHR
1.99, CI 95% 1.01-3.93; p= 0.04), pre-pregnancy overweight (aHR 3.15, CI 95% 1.23-8.09;
p= 0.02) or obesity (aHR 2.87, ClI 95% 1.11-7.42; p= 0.03) status, previous hypothyroidism
(@aHR 4.37, Cl 95% 1.62-11.77; p= 0.00), and yellow color of the skin (aHR 74.40; Cl 95%
4.25-1302.72; p = 0.00, not shown in the table) were risk factors for earlier GWG. In contrast,
age > 32 years was a protective factor (aHR 0.41, CI 95% 0.21-0.80; p=0.01) (Table 3).
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Adjusting for the main confounders, the A allele carriers (AT/AA) had a higher risk of
earlier exceeding GWG (aHR 2.55; ClI 95% 1.14-5.69; p= 0.02) than the rs9939609 TT
genotype in the FTO gene, which was also found in the comparison of AT vs. TT genotypes
(@aHR 2.44; CI 95% 1.03-5.78; p= 0.04) (Table 4). The A allele carriers for rs1042713 in the
ADRB2 gene had a higher risk of earlier exceeding GWG than the GG genotype (aHR 2.37;
Cl 95% 1.01-5.52; p= 0.04), being almost four times higher for the AA carriers (aHR 3.91; CI
95% 1.12-13.70; p=0.03). We found that the genotypes for rs17817449 (FTO) and rs1042714
(ADRB2) had no effect on the risk of excess GWG (Table 5).

Although rs17817449 alone was not associated with the outcome, in the haplotype
analysis of rs9939609:rs17817449 (TT/AG/AT), we found a higher risk for earlier excess
GWG among AG carriers: the A allele for rs9939609, and the G allele for rs17817449 (aHR
1.79; ClI 95% 1.04-3.06; p= 0.02). We found no association between haplotype analysis of the
ADRB2 gene (Table 6).

4. Discussion

In a sample of 70 Brazilian pregnant women with pregestational DM, we found that
the A allele carriers for rs9939609 (FTO gene) and rs1042713 (ADRB2 gene) had more than
twice the risk of earlier exceeding GWG compared to TT and GG genotypes, respectively.
The haplotype rs9939609:rs17817449 (AG) was also a risk factor, increasing 1.8 times in
terms of the progression to excessive GWG. The DASH diet had no effect on the time-to-
excessive GWG. Time of living with DM of > 8 years, pre-pregnancy overweight or obesity,
and previous hypothyroidism were risk factors for earlier GWG. However, age > 32 years old
was a protective factor.

The allele frequencies in our sample were close to the frequencies in global databases
(www.ncbi.nlm.nih.gov/snp). Common polymorphisms (>5% allele frequency) are expected
to be shared across different geographical regions and populations [34]. However, the
Brazilian population is highly admixed and underrepresented in genomic studies as a potential
source of new phenotype-associated genetic variants [35].

The A allele for the rs9939609 polymorphism in the FTO gene was previously
associated with higher BMI before and after pregnancy [36,37], but not with excessive GWG
[14] in Brazilian women. Studies from the USA [11,12] and Spain [13] found a higher risk of
having higher GWG among A-allele carriers, contradicting the results from Turkey [38] and
Mexico [39], both without association. The other evaluated polymorphisms (FTO
rs17817449, ADRB2 rs1042713, and rs1042714) have not been previously investigated for
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GWG. The haplotype rs9939609:rs17817449 (AT) was found to increase the risk of obesity in
the Brazilian adult population [10], but we identified the role of AG in the risk of progression
to GWG.

There was no statistical difference in GWG with respect to diet type. The effect of the
DASH diet on weight gain during pregnancy is controversial. Van Horn et al. (2018) noted
that overweight and obese pregnant women (n= 280, EUA) gained less weight and had less
excessive GWG using the DASH diet than by using a control diet [40], whereas Fulay et al.
(2018) reported that high adherence to the DASH diet was associated with more weight gain
during pregnancy in obese women (n= 1760, EUA) [41].

Genetics may partially explain the interindividual variation in body weight in response
to nutritional intervention [42], thus it was hypothesized that the FTO and ADRB2
polymorphisms could modify the effect of diet on GWG. The effect of diet on GWG was not
associated with the genotypes in our sample, but we found a marginal association of the FTO
polymorphisms on the GWG according to the type of diet: women with the AA genotype for
rs9939609 and women with the GG genotype for rs17817449 had higher GWG in the
traditional diet group. This result may represent some benefit of the DASH diet on limiting
GWG for women with these genotypes, which deserves future investigation using a large
sample, as we found no effect of diet on the risk for progression to excessive GWG.

Pregestational overweight and obesity were risk factors for progression to excessive
GWG in our sample. This result agrees with the study by Branddo et al. (2021), which
involved a large cohort of healthy Brazilian women, and found that excessive GWG was
observed in 30.1%, 30.7%, 56.4%, and 46.2% of underweight, normal weight, overweight,
and obese women, respectively [2]. According to the IOM guidelines, GWG
recommendations decrease when BMI increases. Thus, obese women should gain less weight
than overweight and normal weight women, but the guidelines do not provide specific
recommendations for women with pregestational DM [6].

In this context, Siegel et al. (2015) found no difference between BMI classes to gain
less, within, or above the IOM recommendations in a sample of women with pregestational
DM, but noticed a higher risk for macrosomia (aOR 4.02; Cl 95% 1.16-13.9) and large-for-
gestational-age infants (aOR 3.08; Cl 95% 1.13-8.39) in women who gained excessive
weight compared to women who gained weight within the recommended amounts, even after
adjusting for pregestational BMI [43]. The results from the study by Egan et al. (2014) were
similar, reporting that excessive GWG in women with pregestational DM was a risk factor for
macrosomia (aOR 3.58; Cl 95% 1.77-7.24) and large-for-gestational-age infants (aOR 3.97;
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Cl 95% 1.85-8.53), but they found more women with overweight or obesity presenting with
excessive GWG than non-excessive GWG (44% vs. 27% for overweight and 37% vs. 25% for
obesity; p< 0.01) [3].

We found that the number of years living with DM was a risk factor for progression to
excessive GWG, but older age (> 32 years) was a protective factor, which appears
controversial. The studies by Egan (2014) and Siegel (2015) did not find any association
between age and excessive GWG [3,43], but in a cohort of 8184 healthy Brazilian women, the
GWG decreased as the age increased [2].

A longer time of living with DM is expected in women with type 1 DM, who usually
have lower pregestational BMI compared to those with type 2 DM [44]. However, given our
results for the effect of pregestational BMI on excessive GWG, it seems contradictory.
However, the type of DM was not a risk factor for earlier excessive GWG in our sample.
Therefore, we suggest that longer years of living with DM may impact the metabolic and
behavioral factors influencing GWG not covered in the present study.

Only one participant had yellow skin. This woman was overweight before pregnancy
and had the highest GWG in our sample (28.2 kg). Therefore, even though we had found the
yellow color of the skin to be a risk factor for progression to excessive GWG, we considered
that it cannot be properly interpreted or discussed, as it was an isolated case with a very wide
confidence interval. Three women who had excessive GWG in our sample reported the color
of the skin as unknown.

A meta-analysis comparing the prevalence of excessive GWG among racial/ethnic
groups found that White women were more likely to exceed the IOM guidelines than their
Asian and Hispanic counterparts, but White and Black women had a similar prevalence of
excessive GWG [45]. Differences in the GWG regarding the color of the skin are often related
to socioeconomic discrepancies [45]. We found a marginal effect of inadequate housing
conditions on the risk of earlier excessive GWG, but it was not statistically significant.

Of the nine women with hypothyroidism included in our sample, eight had excessive
GWG, with a risk more than four times higher than that of women without hypothyroidism
(@HR 4.37, Cl 95% 1.62-11.77; p= 0.00). Collares et al. (2017) found that higher maternal
TSH and lower free T4 levels in early pregnancy were associated with a higher GWG [46].
Hypothyroidism is a common endocrine disorder that occurs during pregnancy [47]. In our
sample, all women diagnosed with hypothyroidism were treated with oral repositioning of the

T4 hormone, and had adequate hormone levels at the time of inclusion in the study; however,
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monitoring adherence to treatment and hormone levels during pregnancy was outside the
scope of this study.

Identifying risk factors for earlier exceeding GWG and implementing a dietary
intervention to mitigate it may help decrease the related adverse outcomes. The sooner the
excess weight is present, the more that the metabolic effects can harm the mother and fetus
[48]. Of particular interest for pregnant women with DM is that an increase in maternal fat
mass during early pregnancy can increase insulin resistance and thus worsen glycemic control
[49]. As excess GWG does influence offspring obesity over the short- and long-term [50],
faster 1st and 2nd trimester GWG, but not in the 3rd trimester, was associated with higher
mid-childhood adiposity in a cohort of 979 mother-child pairs, from whom children were
evaluated between 6.6 and 10.9 years of age [51].

Our study is novel in terms of several relevant characteristics. First, we investigated
candidate genetic risk factors for progression to excessive GWG, and we did not find previous
studies with this objective. Second, we investigated the influence of obesity-related
polymorphisms in Brazilian women with pregestational diabetes, since studies enrolling
Brazilian pregnant women in this field are scarce and were not designed for women with DM.
Additionally, women were administered two distinct types of diets, and we noticed that it had
no effect on the risk of progression to excessive GWG in our sample.

However, this study had some limitations. First, we had a limited sample size to
include in these analyses, because the clinical trial was originally designed to analyze the
effect of the two types of diets on perinatal outcomes without making use of the nutrigenetics
approach. Given the increasing evidence regarding the effects of genetic characteristics and
gene-diet interactions on BMI and obesity predisposition, we considered that it should gain
more attention in the field of maternal and child nutrition. Therefore, we believe that this
study will contribute to paving this way.

Furthermore, we had to make adaptations to maintain the study when the COVID-19
pandemic began in 2020. We used telemedicine to complete the follow-up of 6 women (8.6%
of the sample) who were already enrolled in the study at the beginning of the pandemic
quarantine. The same study protocol was used for the present visits. Prenatal visits to the
physicians were maintained at the local level of the study, maintaining the measurements of
weight at each visit. We also asked the participants to send a photograph of the prenatal card
containing this information using a popular free smartphone application. Once the pandemic

quarantine began, we did not include more participants in the study.
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5. Conclusions

In this study, we investigated obesity-related polymorphisms in FTO and ADRB2
genes as candidate genetic risk factors for excessive GWG in pregnant women with
pregestational DM using traditional or DASH diets. We found no difference in GWG between
diet groups and no significant interaction of diet with genotypes on GWG. Compared with the
traditional diet, the DASH diet did not modify the risk of progression to excessive GWG.

The AT carriers of rs9939609 (FTO gene) had more than twice the risk of earlier
exceeding GWG compared to the TT genotype, and the AA carriers of rs1042713 (ADRB2
gene) had a higher genetic risk factor, which was almost four times higher than the GG
carriers. The frequencies of these genotypes in our study population were 48.6% and 11.4%,
respectively.

We found no effect of the genotypes of rs17817449 (FTO gene) and rs1042714
(ADRB2 gene) on the risk of progression to excessive GWG; however, the AG carriers for
haplotype rs9939609:rs17817449 had almost twice the risk. Non-genetic characteristics
associated with the risk of progression to GWG were time living with DM > 8 years, pre-
pregnancy overweight or obesity, and previous hypothyroidism. In contrast, age > 32 years
old was a protective factor.

Identifying women at a higher risk for exceeding GWG earlier may help improve
nutritional interventions to mitigate this risk. The next step in advancing personalized
nutrition is to understand which diet patterns may protect these women against excessive
GWG, and to investigate other genes and potential gene-diet-environment interactions with
effects on GWG.
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Chart 1 — Daily composition of the diets used in the study.

Traditional Diet DASH Diet
Saturated fatty acids* 9.7% E 72%E
Monounsaturated fatty acids™ 8.5% E 9.2% E
Polyunsaturated fatty acids* 2.8% E 5.6% E

Fiber 429 559

Calcium 1500 mg 2280 mg
Magnesium 315 mg 496 mg
Potassium 4081 mg 4418 mg
Sodium 2400 mg 2400 mg

* Expressed as percentual of daily energy intake (% E).
Data are presented for a daily energy intake of 2100 kcal, as an example.
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Table 1 — Characteristics of the participants at baseline (Rio de Janeiro/Brazil, 2016-2020).

Overall Trad. Diet DASH Diet p-
n=70 n=41 n=29 value*
Age (years) 32 31 34 0.28
(25.7 - 36.0) (25.0 - 35.0) (28.0 - 37.0)

Gestational age 15.0 14.4 16.0 0.66
(weeks) (11.1-20.1) (11.6 — 21.6) (10.1-18.6) '
DM type n (%)
DM1 36 (51.4) 21 (51.2) 15 (51.7) 0.97
DM2 34 (48.6) 20 (48.8) 14 (48.3)
Years living with DM 8(2.0-13.5) 6 (1.9-12.5) 9(2.0-14.5) 0.36
Skin color n (%)
Brown 27 (38.6) 15 (36.6) 12 (41.4)
White 22 (31.4) 12 (29.3) 10 (34.5)
Black 16 (22.9) 11 (26.8) 5(17.2) 0.59
Yellow 1(1.4) 0 (0) 1(3.4)
Unknown 4 (5.7) 3(7.3) 1(3.4)
Marital status n (%0)
Married 56 (80.0) 33(80.5) 23 (79.3)
Single 12 (17.1) 6 (14.6) 6 (20.7) 0.57
Missing 2(2.9) 2(4.9) 0 (0)
Education level n (%)
Elementary/middle school 46 (65.7) 26 (63.4) 20 (69.0)
High school 23 (32.9) 14 (34.2) 9 (31.0) 0.73
Missing 1(1.4) 1(2.4) 0(0)
Employment n (%)
Yes 42 (60.0) 26 (63.4) 16 (55.2)
No 27 (38.6) 14 (34.1) 13 (44.8) 0.41
Missing 1(1.4) 1(2.4) 0(0)
per capita income 151.51 154.54 136.36 059
(US dollarst) (103.04 — 227.27)  (113.33-228.78)  (91.67 —221.04) '
Housing conditions
Adequate 64 (91.4) 37 (90.2) 27 (93.1) 1.00
Inadequate 3(4.3) 2 (4.9) 1(3.5)
Missing 3(4.3) 2(4.9) 1(3.5)
Parity n (%) 1(0-1.25) 1(0-15) 1(0-15) 0.92
Preexisting chronic disease n (%)
None 48 (68.4) 31 (75.6) 17 (58.6)
Hypertension 9(12.9) 4 (9.8) 5(17.2) 0.06
Hypothyroidism 8 (11.4) 2 (4.9) 6 (20.7) '
Both 1(1.4) 0 (0) 1(3.4)
Missing 4 (5.7) 4 (9.8) 0(0)
Pre-pregnancy 27.85 27.10 28.60 016
BMI (kg/m?) (24.4 - 32.3) (24.3-31.9) (25.7 -33.3) '
Pre-pregnany BMI n (%0)
Normal weight 20 (28.6) 14 (34.1) 6 (20.7)
Overweight 25 (35.7) 14 (34.1) 11 (37.9) 0.45
Obesity 25 (35.7) 13 (31.7) 12 (41.4)
Energy intake (kcal) 1808.3 1823.8 1780.7 0.68

(1578.7 —2228.6)  (1528.9-2362.2) (1644.5-1968.8) '
Physical Activity n (%)
Active 30 (42.9) 15 (36.6) 15 (51.7)
Irregularly active 27 (38.6) 17 (41.5) 10 (34.5) 051
Sedentary 7 (10.0) 5(12.1) 2(6.9) '
Missing 6 (8.6) 4(9.8) 2 (6.9)

Data presented as median (interquartile range) or as absolute and relative frequencies n (%).
T Estimated for exchange rate of 1 real (R$) = 5.5 US dollars.
* Mann-Whitney U test or Kruskal-Wallis test to compare medians and Chi square test or Fisher exact test to

compare frequencies.



79

Table 2 — Genetic background of the participants concerning FTO and ADRB2
polymorphisms (Rio de Janeiro/Brazil, 2016-2020).

Overall Tradi_tional DASH b-
n=70 Diet Diet value*
n=41 n=29
FTO rs9939609 n (%)
T Allele 90 (64.3)
A Allele 50 (35.7)
TT 28 (40.0) 17 (41.5) 11 (37.9)
AT 34 (48.6) 21 (51.2) 13 (44.8) 0.48
AA 8 (11.4) 3(7.3) 5(17.2)
FTO rs17817449 n (%)
T Allele 95 (67.9)
G Allele 45 (32.1)
TT 32 (45.7) 19 (46.3) 13 (44.8)
GT 31 (44.3) 19 (46.3) 12 (41.4) 0.73
GG 7 (10.0) 3(7.3) 4(13.8)
ADRB?2 rs1042713 n (%)
G Allele 87 (62.1)
A Allele 53 (37.9)
GG 25 (35.7) 12 (29.3) 13 (44.8)
AG 37 (52.9) 23 (56.1) 14 (48.3) 0.35
AA 8 (11.4) 6 (14.6) 2 (6.9)
ADRB?2 rs1042714 n (%)
C Allele 101 (72.1)
G Allele 39 (27.9)
CcC 35 (50.0) 20 (48.3) 15 (51.7)
CG 31 (44.3) 17 (41.5) 14 (48.3) 0.28
GG 4 (5.7) 4(9.8) 0(0)

FTO: fat mass and obesity-associated gene, ADRB2: adrenoceptor beta 2 gene.
Data presented as absolute and relative frequencies n (%).
Genotypes were in Hardy-Weinberg equilibrium.

* Chi square test or Fisher exact test to compare frequencies.
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Table 3 - Cox-Proportional hazard models, or time-to-event analyses (from conception to
excessive gestational weight gain), analyzing diet groups and general characteristics of the
participants (Rio de Janeiro/Brazil, 2016-2020).

. Crude Incidence/ HR p aHR* p
Characteristics  Outcome  PY 135 v (Clo506)  (CI950)  value  (CI95%)  value
Overall 37 44.4 83.29 - - - -
(58.65-114.81)
Diet
Traditional diet 18 26.0 69.12 Reference - Reference -
(40.97-109.25)
DASH diet 19 18.4 103.36 1.66 0.12 1.32 0.46
(62.23-161.41) (0.87-3.17) (0.62-2.79)
Type of DM
DM1 17 23.2 73.36 Reference - Reference -
(42.73-117.46)
DM2 20 21.2 94.12 1.39 0.32 0.92 0.86
(57.49-145.37) (0.728-2.657) (0.38-2.22)
Years living with DM (years)
<8 18 25.3 71.25 Reference - Reference -
(42.23-112.61)
>8 19 18.4 103.10 1.62 0.14 1.99 0.04
(62.07-161.00) (0.85-3.09) (1.01-3.93)
Age (years)
<32 21 23.0 91.20 Reference - Reference -
(56.46-139.41)
>32 16 214 74.78 0.80 0.49 0.41 0.01
(42.74-121.44 (0.41-1.53) (0.21-0.80)
Color of the skin
Brown 14 17.2 81.17 Reference - Reference -
(44.37-136.18)
White 10 14.0 71.30 0.84 0.67 0.68 0.37
(34.19-131.11) (0.37-1.89) (0.29-1.59)
Black 10 10.2 98.29 1.40 0.41 1.13 0.79
(47.13-180.76) (0.62-3.17) (0.46-2.80)
Marital Status
Married 30 36.9 81.30 Reference - Reference -
(54.86-116.07)
Single 7 6.8 102.84 1.44 0.38 1.92 0.15
(41.35-211.90) (0.63-3.29) (0.79-4.68)
Employment
Yes 20 26.9 74.18 Reference - Reference -
(45.31-114.56)
No 17 16.7 101.54 1.40 0.30 1.45 0.26
(59.15-162.58) (0.74-2.68) (0.76-2.79)
Housing Conditions
Adequate 35 41.1 85.10 Reference - Reference -
(59.27-118.35)
Inadequate 2 11 183.54 4.49 0.04 4.25 0.08
(22.23-663.01) (1.04-19.43) (0.84-21.59)
Pre-pregnancy BMI
Normal weight 6 135 44.43 Reference - Reference -
(16.31-96.71)
Overweight 16 15.6 102.54 3.15 0.02 3.15 0.02
(58.61-166.52) (1.23-8.09) (1.23-8.09)
Obesity 15 15.3 97.94 2.87 0.03 2.87 0.03

(54.82-161.53) (1.11-7.42) (1.11-7.42)



Chronic disease

81

None 24 31.1 70.74 Reference - Reference -
(44.33-107.10)

Chronic 5 5.6 89.26 1.53 0.39 1.33 0.59

hypertension (28.98-208.30) (0.58-4.04) (0.48-3.70)

Hypothyroidism 7 4.9 141.02 2.66 0.02 4.37 0.00
(56.70-290.56) (1.13-6.30) (1.62-11.77)

Both 1 0.7 141.02 1.64 0.63 1.21 0.86
(3.57-785.72) (0.22-12.19) (0.15-9.98)

pY: person-years, Cl: confidence interval, DASH: Dietary Approach to stop Hypertension, DM: diabetes

mellitus, BMI: body mass index.
*Adjusted HR for skin color, previous chronic diseases, and housing conditions.
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Table 4 — Cox-Proportional hazard models, or time-to-event analyses (from conception to
excessive gestational weight gain), stratified by the FTO polymorphisms rs9939609 and
rs17817449 ((Rio de Janeiro/Brazil, 2016-2020).

Crude
. HR p aHR* p
Genotypes Outcome  pY 'S\C("zfg;‘gol/g)o (CI95%)  value  (CI95%)  value
Overall 37 44 .4 83.29 - - - -
(58.65 - 114.31)
rs9939609
Additive TT 12 18.6 64.33 Reference - Reference -
Model (33.24-112.38)
AT 19 20.6 92.06 1.56 0.23 2.44 0.04
(55.43-143.77) (0.76-3.21) (1.03-5.78)
AA 6 5.1 116.94 2.08 0.14 2.83 0.07
(42.92-254.53) (0.78-5.55) (0.93-8.62)
Dominant TT 12 18.6 64.33 Reference - Reference -
Model (33.24-112.38)
AT/AA 25 25.8 97.02 1.66 0.15 2.55 0.02
(62.78-143.21) (0.83-3.30); (1.14-5.69)
Recessive AA 6 5.1 116.94 Reference - Reference -
Model (42.92-254.53)
AT/TT 31 39.3 78.9 0.62 0.28 0.54 0.24
(53.61-111.99) (0.26-1.48) (0.20-1.49)
rs17817449
Additive TT 15 21.0 71.42 Reference - Reference -
Model (39.97-117.80)
GT 17 18.8 90.55 1.30 0.46 1.66 0.21
(52.75-144.98) (0.65-2.61) (0.75-3.65)
GG 5 4.6 107.62 1.54 0.40 2.18 0.21
(34.94-251.14) (0.56-4.25) (0.65-7.33)
Dominant TT 15 21.0 71.42 Reference - Reference -
Model (39.97-117.8)
GTIGG 22 23.4 93.94 1.35 0.37 1.74 0.15
(58.87-142.22) (0.70-2.60) (0.82-3.70)
Recessive GG 5 4.6 107.62 Reference - Reference -
Model (34.94-251.14)
GT/TT 32 39.8 80.45 0.74 0.53 0.60 0.37
(55.03-113.57) (0.29-1.90) (0.20-1.83)

pY: person-years, Cl: confidence interval, FTO: fat mass and obesity-associated gene.
*Adjusted HR for skin color, previous chronic diseases, and housing conditions.
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Table 5 — Cox-Proportional hazard models, or time-to-event analyses (from conception to
excessive gestational weight gain), stratified by the ADRB2 polymorphisms rs1042713 and
rs1042714 (Rio de Janeiro/Brazil, 2016-2020).

Crude - aHR* o-
Genotypes Outcome pY | S\c;?fgcgesl(;()))o HR (C195%) value (C195%) value
Overall 37 44.4 83.29 - - - -
(58.65 - 114.31)
rs1042713
Additive GG 10 16.3 61.44 Reference - Reference -
Model (29.46-112.99)
AG 22 23.6 93.36 1.72 0.16 2.14 0.09
(58.51-141.35) (0.81-3.64) (0.89-5.14)
AA 5 4.6 109.16 2.05 0.19 3.91 0.03
(35.44-254.74) (0.70-6.02) (1.12-13.70)
Dominant GG 10 61.44 Reference - Reference -
Model (29.46-112.99)
AG/AA 27 95.93 1.77 0.123 2.37 0.04
(63.22-139.57) (0.86-3.67) (1.01-5.52)
Recessive AA 5 4.6 109.16 Reference - Reference -
Model (35.44-254.74)
AG/GG 32 39.8 80.32 0.69 0.44 0.41 0.11
(54.94-113.38) (0.27-1.77) (0.14-1.21)
rs1042714
Additive CcC 20 21.2 94.11 Reference - Reference -
Model (57.49-145.35)
CG 15 20.4 73.41 0.71 0.32 0.78 0.51
(41.09-121.08) (0.36-1.39) (0.37-1.63)
GG 2 2.7 73.05 0.65 0.57 0.29 0.20
(8.85-263.88) (0.15-2.80) (0.04-1.91)
Dominant CcC 20 21.2 94.11 Reference - Reference -
Model (57.49-145.35)
CG/GG 17 23.2 73.37 0.70 0.29 0.70 0.33
(42.74-117.47) (0.37-1.34) (0.34-1.44)
Recessive GG 2 2.7 73.05 Reference - Reference -
Model (8.85-263.88)
CG/CC 35 41.7 83.96 1.30 0.72 3.20 0.23
(58.48-116.77) (0.31-5.40) (0.48-21.53)

pY: person-years, Cl: confidence interval, ADRB2: adrenoceptor beta 2 gene.
*Adjusted HR for skin color, previous chronic diseases, and housing conditions.
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Table 6 - Cox-Proportional hazard models, or time-to-event analyses (from conception to
excessive gestational weight gain), analyzing the haplotypes ADRB2 rs1042713:rs1042714
and FTO rs9939609:rs17817449 (Rio de Janeiro/Brazil, 2016-2020).

Crude Incidence/ p aHR* p

Haplotypes  Outcome PY  Joopy (Closoe) HRCI9%) ale  (C195%)  value

ADRB2 rs1042713:rs1042714

AC 32 32.7 97.78 Reference - Reference -
(66.88-138.04)

GC 23 30.2 76.13 0.74 0.26 0.63 0.12
(48.26-114.24) (0.43-1.26) (0.36-1.12)

GG 19 25.9 73.33 0.67 0.17 0.59 0.09
(44.15-114.52) (0.38-1.19) (0.32-1.09)

FTO rs9939609:rs17817449

TT 43 57.2 75.17 Reference - Reference -
(54.40-101.26)

AG 27 27.3 98.81 1.37 0.18 1.79 0.02
(65.12-143.77) (0.85-2.22) (1.04-3.06)

AT 4 3.6 111.87 2.03 0.26 1.40 0.49
(30.48-286.42) (0.73-5.67) (0.46-4.28)

pY: person-years, Cl: confidence interval, FTO: fat mass and obesity-associated gene, ADRB2: adrenoceptor
beta 2 gene.
*Adjusted HR for skin color, previous chronic diseases, and housing conditions.
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Supplementary table 1 — Comparison of the gestational weight gain (kg) between diet
groups, according to the pregestational BMI (Rio de Janeiro/Brazil, 2016-2020).

Overall Traditional Diet DASH .
=70 e 41 D_|et p- value
n=29
Normal weight | BMI 18.5 — 24.9 kg/m? | Recommended GWG: 11.5 to 16 kg
13.7 13.7 15.5 057
(11.5-17.5) (11.6 — 15.6) (10.0-19.9) '
Overweight | BMI 25.0 a 29.9 kg/m? | Recommended GWG: 7 to 11.5 kg
11.8 11.0 12.9 0.93
(7.5-16.4) (7.6 — 16.3) (7.0 - 16.8) '
Obesity | BMI = 30.0 kg/m? | Recommended GWG: 5 to 9 kg
11.0 9.0 11.2 0.50
(5.9-14.1) (5.6 — 13.6) (8.9-14.4) '

BMI: body mass index, GWG: gestational weight gain.
Data presented as median and interquartile range.
* U Mann-Whitney test.
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Figure 1 — Flowchart of the study.
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DASH DIET
Higher in calcium. potassium, magnesium,
fiber. PUFA and MUFA.

TRADITIONAL DIET
Healthy Brazilian eating pattern
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Graphical Abstract —Regardless the type of diet (Traditional or DASH), AT carriers of
159939609 (FTO) and AA carriers of rs1042713 (ADRB2) had higher risk of earlier
exceeding GWG compared to TT and GG genotypes. respectively, as the haplotype
1$9939609:1s17817449 (AG). DASH: Dietary Approach to Stop Hypertension. GWG:
gestational weight gain, PUFA: polyunsaturated fatty acids, MUFA: monounsaturated fatty
acids. FTO: fat mass and obesity gene. ADRB2: adrenoceptor beta 2 gene.
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Dietetic, phenotypic, and genotypic characteristics influencing the development of
hypertensive disorders of pregnancy in women with pregestational diabetes:
a randomized controlled clinical trial
Abstract

Background: Women with pregestational diabetes are in high risk for hypertensive disorders
of pregnancy (HDP), a leading cause of maternal and perinatal mortality and morbidity. HDP
have a multifactorial etiology, involving genetic predisposition, lifestyle, and environmental
exposures. Aim: To investigate dietetic, phenotypic, and genotypic characteristics influencing
the development of HDP in women with pregestational diabetes. Methods: A randomized
clinical trial carried out in Rio de Janeiro/Brazil (2016-2020). Participants were allocated to
one of the two groups of the study: traditional diet (n = 41) or DASH diet (n = 29). Diets had
the same percentage of macronutrients, but differed in calcium, potassium, magnesium, fiber,
and fatty acids. Measurements of systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were obtained during the prenatal visits and HDP were diagnosed using the American
College of Obstetricians and Gynecologists criteria. Phenotypic data were obtained from
medical records and personal interviews. Genotyping was performed for polymorphisms in
the FTO and ADRB2 genes by real-time PCR using DNA extracted from a saliva sample.
Linear Mixed-effect Models were performed to analyze blood pressure values longitudinally
during pregnancy and a time-to-event analysis was performed to identify the risk factors for
developing HDP. Results: The risk factors for HDP were the black color of the skin (aHR
8.63; Cl 95% 1.85-40.18; p = 0.01), the history of pre-eclampsia in previous pregnancy (aHR
11.66; Cl 95% 2.22-61.07; p < 0.01), SBP > 114 mmHg in the third trimester (aHR 5.56; ClI
95% 1.09-28.42; p = 0.04), DBP > 70 mmHg in the first trimester (aHR 70.15; Cl 95% 1.43-
3450.19; p = 0.03), peak values of mean blood pressure > 100 mmHg (aHR 18.42; CI 95%
1.38-245.98; p = 0.03), and HbAlc > 6.41% in the third trimester (aHR 4.76; Cl 95% 1.14-
19.86; p = 0.03). We found no statistical difference in the trajectory of blood pressure during
pregnancy between the diet groups, neither among the FTO and ADRB2 genotypes or gene-
diet interaction. Conclusion: Among dietetic, phenotypic, and genotypic characteristics
assessed, only the phenotypic ones were associated with the development of HDP in our
sample. Identifying women in higher risk for HDP using clinical parameters is a valuable
strategy to increase prenatal care and reduce maternal and neonatal morbidity and mortality

among women with pregestational diabetes.
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Introduction

The hypertensive disorders of pregnancy (HDP) are a leading cause of maternal and
perinatal mortality and morbidity worldwide, mostly occurring in under-resourced settings.
Monitoring blood pressure is a key strategy to screening for HDP during the prenatal care,

aiming to protect maternal and children’s health (Magee et al, 2021).

Gestational hypertension is defined as the new onset of systolic > 140 mmHg or
diastolic > 90 mmHg blood pressure at or after 20 weeks of pregnancy. When gestational
hypertension is accompanied by proteinuria (> 300 mg / 24-hour urine collection) or new-
onset organic disfunctions (e.g. thrombocytopenia, renal insufficiency, impaired liver

function) it characterizes preeclampsia (PE), the most dangerous of the HDP (ACOG, 2020).

Women with pregestational diabetes mellitus (DM) are in high risk for HDP. About
7% of all pregnancies are affected by PE (Rezende et al., 2016), whereas in pregnant women
with type 1 DM the incidence is 15 to 20% and 10 to 14% in type 2 DM (Weissgerber; Mudd,
2015). Besides DM, another recognized high-risk factors for HDP are chronic hypertension,
multifetal gestation, nulliparity, history of pre-eclampsia, renal disease, and autoimmune
disease. About 25% of women who present with gestational hypertension at or before 34
weeks of pregnancy usually progress to PE and have poorer outcomes (Magee et al, 2021;
ACOG, 2020).Thus, as moderate-risk factors are obesity, family history of PE, unfavorable
sociodemographic characteristics, and age 35 years or older (ACOG, 2020).

Having a healthy diet is supposed to decrease in 33% the risk for PE (Allen et al.,
2014). The DASH diet (Dietary Approach to Stop Hypertension) was designed to prevent and
treat hypertension, which can be explained by its composition rich in calcium, magnesium,
potassium, mono and polyunsaturated fatty acids, dietary fibers, and antioxidants (Svetkey et
al., 1999). The adherence of pregnant women with cardiometabolic disorders to DASH diet
can reduce the risk of obstetric and perinatal complications, including the incidence of PE (Li

et al., 2020), although this effect was not investigated in women with pregestational DM.

As a multifactorial disease, there is also a strong genetic component in hypertension
during pregnancy, and several genes have been linked with HDP (Agius et al, 2018). Genes
that interact with diet on the outcomes are of particular interest in the nutrigenetics

investigation, aiming to provide a personalized nutrition for individuals with higher risk for
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disease (Fergunson et al., 2016). The adrenoceptor beta 2 gene (ADRB2) encodes the beta-2-
adrenergic receptor, which responds to sympathetic stimulus for vasodilation and nitric oxide
release in the endothelium, so affecting the blood pressure control (Eisenach; Wittwer, 2010;
Eisenach et al., 2014). The effect of one-month intervention with DASH diet on the decrease
of blood pressure was different between American adults with stage 1 hypertension according
to the ADRB2 genotypes for two common polymorphisms, rs1042713 (G/A) and rs1042714
(C/G), indicating that the benefits of the diet were influenced by the genetic characteristics
(Svetkey et al., 2011).

Polymorphisms in the fat mass and obesity-associated (FTO) gene are strongly
associated with obesity, type 2 DM, and elevated blood pressure (Yang et al., 2017). The FTO
polymorphisms rs9939609 (T/A) and rs17817449 (T/G) were associated with obesity in the
Brazilian population (Fonseca et al., 2020). The FTO genetic predisposition to hypertension
seems to be associated with risk for PE in European and Central Asian women
(Steinthorsdottir et al., 2020). However, negative effects of the FTO genotype on the
metabolic phenotype can be modified by environmental-gene interaction, and counteracted by
a healthy diet (Mehrdad et al., 2021).

The precise role of diet, phenotype, genotype, and its interaction influencing the
development of HDP remains unclear. So, the aim of this study was to investigate the dietetic,
phenotypic, and genotypic characteristics influencing the development of HDP in women

with pregestational DM using two different types of diet: traditional and DASH diet.
Methods
Subjects

The DASDIA (DASh diet for pregnant women with DIAbetes) randomized controlled
clinical trial was carried out in the Maternity School of the Federal University of Rio de
Janeiro, Rio de Janeiro/Brazil, with the aim to evaluate the effect of the DASH diet on
perinatal outcomes in pregnant women with pregestational DM (2016-2020, Brazilian
Clinical Trials Registry RBR-4tbgv6). The total sample of the DASDIA trial was 87 women,
from whom 70 were included in the present study, since they had valid data for performing

the analyses.

The participants were pregnant women with pregestational DM, 18 years or older, less
than 28 weeks of pregnancy at the inclusion in the study, single fetus, no alcohol, tobacco or

drugs use, no sexually transmitted disease (e.g., syphilis, genital herpes, HPV), no psychiatric
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diseases (e.g., anxiety, depression, eating disorders), and no DM complications (e.g., diabetic
nephropathy or retinopathy). Women with treated and controlled chronic hypertension
(systolic blood pressure <160 mmHg and diastolic blood pressure < 110, using methyldopa,
without SHG) or hypothyroidism (TSH 0.1-2.5 mUI/L in the first trimester or 0.3-3.0 mUI/L
in the second trimester, using levothyroxine) were included. Randomization was performed in
1:1 ratio to one of the two parallel study groups: traditional diet or DASH diet, using a
computer-generated list of random numbers prepared by the head investigator. The

participants were blinded to the allocation.

Women with type 1 or type 2 DM were included in this study, with pre-pregnancy
diagnostic or diagnosed during pregnancy when presenting a fasting glycemia > 126 mg/dL
(ADA, 2021). Following the institution protocol, all the participants were treated with insulin
therapy, which was prescribed by the physicians according to the individual needs. Women
with gestational DM were not included. For women who initiated the prenatal care before the
16™ week of pregnancy, it was prescribed a daily dose of aspirin (100mg), as a preventive
measure against PE (ACOG, 2018).

The research was approved by the Ethics Committee of the Maternity School of
Federal University of Rio de Janeiro (CAAE —46913115.0.0000.5275; July/2015).

Diet groups and nutritional guidance

The participants were randomly assigned to one of the two groups of the study:
traditional diet or DASH diet and received individual nutritional guidance by a registered
dietitian from the date of inclusion on the study until de last prenatal appointment, in six
scheduled visits. The time between the inclusion in the study and the childbirth was

considered the time of intervention.

Both diets (traditional or DASH) were designed to contain 45-55% carbohydrates, 15—
20% protein and 25-30% total fat. The traditional diet was a healthy diet currently prescribed
for all pregnant women with DM attending the prenatal care at the local of the study. The
DASH diet was richer in fruits, vegetables, whole grains, low-fat dairy products, and included
a serving of nuts per day. The North American original version of the DASH diet was
translated and adapted for DASDIA trial, considering the characteristics of Brazilian pregnant
women with DM, as detailed elsewhere (Saunders et al., 2021).

The main differences in the composition of the traditional and the DASH diet based on

2100 kcal is provided in the Chart 1. The daily energy intake was calculated according to the
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individual recommendations regarding age, physical activity, pre-pregnancy body mass index
(BMI) and expected gestational weight gain. A meal plan with a list of equivalents, based on
traditional or DASH diet, was provided for each participant. The meal plan was explained in
detail by the registered dietitian and nutritional orientations for both diets were reinforced in

all visits.

The participants of the DASH diet group received a bottle of extra virgin olive oil (500
ml) in the first visit, a can of powdered skimmed milk (280 g), and a pack of nuts (150 g) and
seeds (200 g) in each subsequent visit and the participants of the traditional diet group
received a bottle of extra virgin olive oil (500 ml) in the first visit, a can of powdered semi-
skimmed milk (300 mg), and a pack of oats (250 g) in each subsequent visit, to improve the

adherence.

To assessing the adherence to diets we used a 24-hour dietary recall and a tool with 4
evaluation items: (1) quantity of food consumed - portions; (2) food groups consumed -
variety; (3) consumed meals - number and time; and (4) gestational weight gain — adequate
when no more than 20% less or above the recommended. The score could vary from 0 to 4
points (Della Libera et al., 2011) and was stratified in low to moderate adherence (< 2 points)
and high adherence (> 2 points). We considered for the present analyses the adherence score
obtained in the visit closest to the childbirth, reflecting the longest possible time of exposure

to the intervention.

When the calcium intake was estimated < 900 mg/day, a supplement with 500 mg of
calcium carbonate was prescribed as a preventive measure against PE, for women after the

20" week of pregnancy, independent of the group (Hofmeyr et al., 2018).
Blood pressure measurements and outcome assessment

The blood pressure was measured in the prenatal visits, by trained nursing technicians
using an aneroid sphygmomanometer, with the pregnant woman seated after a minimum 15
minutes of rest. The systolic blood pressure (SBP) and diastolic blood pressure (DBP) were
registered in the medical records, accessible for all the health providers, where this
information was sought for the study. The mean blood pressure (MBP) was calculated by the
formula MBP = [SBP + (2 x DBP)] / 3.

The main outcome of the study was the development of HDP. The institution protocol
for HDP diagnoses followed the international guidelines from the American College of

Obstetricians and Gynecologists (ACOG, 2020). Gestational hypertension was the new onset
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of SBP > 140 mmHg or DBP > 90 mmHg at or after 20 weeks’ gestation. When gestational
hypertension was accompanied by proteinuria (> 300 mg / 24-hour urine collection) or new-
onset organic disfunctions it was diagnosed as PE. Women who had chronic hypertension,

when developed proteinuria, were classified as having superimposed PE.

The HDP diagnoses is a medical assignment, so it was assessed by the researchers in
the medical records and confirmed with the attending physician. Time until GH or PE was
estimated by linear interpolation between different measurements. The last registered blood

pressure of pregnancy was measured in the admission for childbirth.
Genotyping

As genotypic characteristics, common variants of FTO (rs9939609 T/A; rs17817449
T/G) and ADRB2 (rs1042713 G/A ; rs1042714 C/G) were investigated. The participants
provided a saliva sample, and the genomic DNA was isolated from buccal epithelial cells
using the Aidar and Line (2007) protocol. The polymorphisms were genotyped by real time
PCR using TagMan® assays (ThermoFisher, Carlsbad, CA, USA). Reactions were performed
in 10 pl volumes, containing DNA (2 ul), Universal Master Mix (5 ul), TagMan Genotyping
Assay specific for each polymorphism (0.25 ul) and MiliQ (2.75 ul). Amplification was
carried out in a StepOne® Plus Real Time PCR System (ThermoFisher) using the
manufacturer’s recommendations for the number of cycles and temperatures. We included a

negative and positive controls in the plates.
Co-variates

The co-variates age (years), DM type (1 or 2), education level (elementary, middle, or
high school), marital status (married/single), employment (yes/no), per capta income (total
family income divided by the number of persons living in the same house, in US dollars),
housing conditions (adequate when had all: regular garbage collection, tap water, and
sewerage system), pre-existing chronic disease (hypothyroidism or hypertension, yes/no) and
parity (number of previous childbirths) were obtained from medical records and

complemented in a personal interview with the researchers, using structured questionnaires.

The pre-pregnancy BMI was calculated as [pre-pregnancy weight (self-reported) /
height? (measured at the first pre-natal visit] and classified as underweight (BMI < 18.5
kg/m?), normal weight (BMI 18.5 - 24.9 kg/m?), overweight (BMI 25.0 - 29.9 kg/m?), or
obesity (BMI =30.0 kg/m?) (WHO, 1995). Gestational weight gain was calculated as [weight

in the admission for childbirth — pre-pregnancy weight], representing the total weight gain of
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pregnancy. The physical activity was assessed at baseline, using the short form of the
International Physical Activity Questionnaire — IPAQ-SF (active, irregularly active, and
sedentary; Matsudo et al., 2001).

Skin color (white/brown/black/yellow) and years living with DM were self-reported.
Gestational age was calculated using the first ultrasonography performed in the prenatal care,
obtained at the time of inclusion in the study (all < 28 weeks of pregnancy). Serum glycated
hemoglobin concentrations (HbAlc, %) were obtained from the medical records, considering

the measure in the date closest to the inclusion in the study.

The cut offs for peaks of SBP, DBP and MBP during pregnancy were > 130 mmHg, >
80 mmHg, and > 100 mmHg, respectively, using the American College of
Cardiology/American Heart Association (ACC/AHA) criteria for stage 1 hypertension
(Whelton et al., 2018).

The numerical variables age, gestational weight gain, SBP, DBP, and HbAlc were
categorized by the median of the overall sample to compare the risk for HDP between the

highest values (above the median) and the lowest values (below the median).

Statistical Analyses

Mann-Whitney U tests were used to compare continuous numerical variables, and
Fisher's exact tests were used for categorical demographic and baseline clinical variables.
Genotype and allele frequencies of each variant were determined by direct counting, and 2
tests evaluated deviations from Hardy-Weinberg equilibrium. Paired linkage-disequilibrium

patterns were determined for each gene using r2 statistics (r2 cutoff > 0.8).

To analyze SBP, DBP, and MBP measured longitudinally, we used Linear Mixed-
effect Models (LMM) considering main components diet (either traditional or DASH),
genotypes, or minor allele frequency (MAF) -carrier profiles, and its first-order interaction.
Longitudinal patterns were modeled by directly specifying a natural spline term (with two
knots) in models. To treat lack of independence given the longitudinal measurements for each
pregnant, this term was also included as a random effect given the pregnant. The main effect
was also corrected by having confounding variables in the fixed main effect. The results were

presented graphically and in tables.

We broke the pregnancy weeks up into 4 segments, (-0.5,6.5], (6.5,19.5], (19.5,32.5],
and (32.5,39.5], and estimated marginal mean values and its 95% confidence intervals, where
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all other variables in the multiple linear models were kept in their mean values or equal
proportions, at conception, week 13 (end of the first trimester), week 27 (end of the second
trimester), and at the day of delivery. Contrasts were constructed from these estimated mean
marginal effects. p-values were corrected by the number of pairwise comparisons by the

Holm-Sidak method. Statistical significance was accepted as p < 0.05.

Haplotype frequencies, or rather allelic phase determination, were estimated by
expectation maximization (EM algorithm), and estimation uncertainty was included in the
statistical models applied for time to event analyses in the form of weights. The
homozygous/heterozygous genotypes and lower frequency alleles (MAF) in our population,
or containing them, were compared with the higher frequency alleles or genotypes containing
lower frequency alleles (reference). Haplotype analyses, similarly, used the most common
haplotype in our population as the reference.

The incidences of GH or PE were analyzed based on the events and the years of
persons at risk based on the follow-up time from the most likely date of conception to the
most probable date of the outcome which manifested first. Incidences and their 95%
confidence intervals (95% CI) were estimated according to asymptotic standard errors
calculated from a Gamma distribution. Pregnant women who did not experience the outcome
were considered from the most likely date of conception and were censored on the day of
delivery. The results of the time-to-event analyses were presented in the form of hazard ratios
(HR) with their 95% Cls, and the risks of progression to the events described above were
estimated via Cox proportional hazard models. The assumption of risk proportionality was
tested using correlation analyses and y2 tests based on Schoenfeld's scaled residuals and

transformed survival times.

In time-to-event, as we did for the longitudinal analyses, the effects of the genetic
characteristics of interest were corrected for phenotypic characteristics with at least one
suggested association (p-value < 0.1) with the outcome of interest, and the marginal effects
presented in the form of aHR. Each polymorphism was evaluated in the additive, dominant,
and recessive models but some polymorphisms had null incidence of HDP for genotypes
analyzed in additive or recessive models, so the results were presented only in the dominant

model (comparison between MAF carriers vs. MAF non-carriers).

Statistical analyses were performed using R software (version 4.1.1) and its "lme4”,

"M n

"splines”, "genetics”, and "survival” packages. Power analysis and sample size estimates were
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performed a posteriori using an R code available at Power and Sample Size platform
(http://powerandsamplesize.com/Calculators/Test-Time-To-Event-Data/Cox-PH-2-Sided-
Equality). Considering the overall prevalence of the event of 23% (16/69), the frequency of
minor allele carriers of 0.35, a mean Hazard ratio of 2, and alpha = 0.05, the minimum sample
size for Cox proportional models estimated for power (1 - beta) of 0.8 was 312. Nonetheless,
we had a limited sample (n=70) that reached a 26.16 % statistical power for this analysis.

Results

From all the pregnant women with pregestational DM accessed for eligibility (n =
249), 87 were included in the DASDIA clinical trial and 70 were included in the present
study, since they had sufficient data for the analyses; 29 from the DASH diet group and 41
from the traditional diet group (Figure 1).

The median of age was 32 years (IQR 25.7-36.0) and the gestational age at
randomization was 15 weeks (IQR 11.1-20.1). DM type 1 was 51.4% (n = 36) of the cases.
Most of women had excessive weight; 35.7% had overweight and 35.7% had obesity. Ten
women (14.3%) had pregestational chronic hypertension, treating with methyldopa. The
median of SBP was 110 mmHg (IQR 100-120) and the median of DBP was 70 mmHg (IQR
62-80). The distribution of the variables was homogeneous among the two diet groups (Table
1).

The median time of intervention was 22.50 weeks (IQR 15.50 — 26.04). Most of the
pregnant women attended to the 6 scheduled appointments (n=38, 54.3%) or at least 5 of them
(n= 16, 22.9%). In the visit closest to the childbirth, 39.5% of the participants in the
traditional diet group had the high adherence score and in the DASH diet group the high

adherence score was presented by 40.7% of the women.

The genotypic frequencies of rs9939609 - FTO were TT 40%, AT 48.6%, and AA
11.4%, and the rs17817449 - FTO were TT 45.7%, GT 44.3%, and GG 10%; without
difference among diet groups (p = 0.48 and p = 0.73, respectively). The MAF for rs9939609
(A) was 35.7% and 32.1% for rs17817449 (G) (Table 1).

The genotypic frequencies of rs1042713 — ADRB2 were GG 35.7%, AG 52.9%, and
AA 11.4%, and the rs1042714 — ADRB2 were CC 50%, CG 44.3%, and GG 5.7%; without
difference among diet groups (p = 0.35 and p = 0.28, respectively). The MAF for rs1042713
(A) was 37.9% and 27.9% for rs1042714 (G) (Table 1).
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The trajectory of blood pressure during pregnancy had no difference between the diet
groups (Figure 2, Supplementary Table 1), with an increase in SBP and DBP after 32.5
weeks of pregnancy in both groups. Analyzing the effect of the genotypes on blood pressure
during pregnancy, the A allele carriers of FTO rs9939609 had higher SBP, DBP, and MBP
than the non-carriers in the overall sample and in the traditional diet group, but not in the
DASH diet group, although this effect was not statistically significative (Supplementary
Table 2). We found no significative effect of FTO rs17817449 or ADRB2 rs1042713 and
rs1042714 genotypes and no interaction of these genotypic characteristics with diet on the
trajectory of blood pressure, but for rs17817449 and rs1042714 we could note that the SBP,
DBP, and MBP were higher in the MAF (G) allele carriers all the time during pregnancy,
comparing to the MAF non-carriers (Supplementary Table 3-5).

We found no significative effect of diet on the development of GH or PE. Sixteen
women (22.86%) developed HDP; 9 (21.95%) in the traditional diet group and 7 (24.14%) in
the DASH diet group (p = 0.87). The overall cases of GH and PE were 5 (7.14%) and 11
(15.71%), respectively, without statistical difference between the groups: 2 cases (4.88%) of
GH in the traditional diet group vs. 3 cases (10.34%) in the DASH diet group (p = 0.64), and
7 cases (17.07%) of PE in the traditional diet group vs. 4 cases (13.79%) in the DASH diet
group (p = 0.75). The cases of GH were developed between 30 and 37 weeks of pregnancy.
There were 7 cases of PE developed before 37 weeks of pregnancy, five of them in the
traditional diet group; and 2 cases of PE were developed before 34 weeks (one case in each
diet group). From 10 women with chronic hypertension, 3 developed superimposed PE

(30%), all in the traditional diet group. All cases of PE were diagnosed with proteinuria.

Using either traditional or DASH diet, the phenotypic characteristics associated with
the progression to HDP (Table 2) were black color of the skin (aHR 8.63; CI 95% 1.85-
40.18; p = 0.01), the history of PE in previous pregnancy (aHR 11.66; Cl 95% 2.22-61.07; p <
0.01), peak values of MBP > 100 mmHg during pregnancy (aHR 18.42; CI 95% 1.38-245.98;
p =0.03), SBP > 114 mmHg in the third trimester (aHR 5.56; Cl 95% 1.09-28.42; p = 0.04),
DBP > 70 mmHg in the first trimester (aHR 70.15; CI 95% 1.43-3450.19; p = 0.03), and
HbAlc > 6.41% in the third trimester (aHR 4.76; Cl 95% 1.14-19.86; p = 0.03). All the 16
women who developed HDP had at least one measure of DBP above 80 mmHg and 12 (75%)
of them had at least one measure of SBP above 130 mmHg during pregnancy.

The sociodemographic characteristics: marital status, education level, employment,

housing conditions, and family income were not related to development of HDP in our sample
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(p > 0.05). Thus, number of gestations, parity, and history of miscarriage were also not
associated with the outcome (p > 0.05, data not shown in the tables).

In the adjusted analysis, we found no association between the polymorphisms on FTO
and ADRB?2 genes and the progression to HDP (Table 3), neither in the haplotypes analyses
for FTO rs9939609:rs17817449 (TT/AG/AT) and ADRB2 rs1042713:rs1042714
(AC/GCI/GG) (Table 4).

Discussion

Among dietetic, phenotypic, and genotypic characteristics assessed, only the
phenotypic ones were associated with the development of HDP in our sample. As non-
modifiable risk factors were black color of the skin and history of PE in previous pregnancy.
As during-pregnancy modifiable risk factors, peak values of MBP > 100 mmHg, SBP > 114
mmHg in the third trimester, DBP > 70 mmHg in the first trimester, and HbAlc > 6.41% in
the third trimester. Although we found a suggestive effect of FTO rs9938609 A allele on the
trajectory of blood pressure, this effect did not influence the progression to HDP in our
sample. Comparing two types of healthy diets (traditional or DASH diet), we found no
difference on the risk to development HDP, and no diet-genes interaction, but we noticed that

in the DASH diet group there were no cases of superimposed PE.

Asemi et al. (2013) found a slight decrease in the SBP (-2.6 mmHgq) after 4 weeks of
intervention with DASH diet in 34 Iranian normotensive pregnant women with gestational
DM. Courtney et al. (2020) found that higher adherence to DASH diet during pregnancy
decreased DBP and MBP in the first and the third trimesters in 511 healthy Irish pregnant
women. In our sample, there was no difference in the trajectory of blood pressure between the
diet groups.

We found a trajectory of blood pressure similar to the observed in healthy pregnancies,
with an increase in SBP and DBP at the end of the pregnancy (Green et al., 2021), which may
reflect benefits from the two types of diets. Nutritional guidance is a powerful non-
pharmacological approach in the management of DM during pregnancy to avoid adverse
outcomes (ADA, 2021). Both the traditional and the DASH diets were healthy eating patterns,
guided from registered dietitians to attend the requirements of energy, macro and

micronutrients of each pregnant woman, so expected to benefit them.

Fulay et al. (2018) found no association between adherence to DASH diet and

incidence of HDP in a retrospective cohort of 1760 healthy north American pregnant women,
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but Jiang et al. (2019) found a lower frequency of PE in 85 Japanese pregnant women with
chronic or gestational hypertension initiating an intervention with DASH diet before 28 weeks
of pregnancy, compared with a control healthy diet (43.2% vs. 65.9%, p= 0.036). The
incidence of PE in women with chronic hypertension was high in the Jiang’s study,

comparing to our sample (30%).

It is interesting to note that we had a higher percentual of women with chronic
hypertension allocated in the DASH diet group (20.7% vs. 9.7% in the traditional diet group)
but none of them developed superimposed PE, while all the 3 cases happened in the
traditional diet group. Thus, we found a higher percentual of GH and lower percentual of PE
in the DASH diet group (10.34% and 13.79%, respectively), comparing to traditional diet
group (4.88% and 17.07%, respectively). Although not statistical significative, it suggests that
there may be a protective effect of DASH diet against progression to PE for the subgroup of
women with chronic hypertension or GH, but we are not able to confirm this hypothesis in the
present study. Indeed, the results of the effect of DASH diet on HDP are conflicting in the

previous studies and did not include women with pregestational diabetes.

Because the genetic background can partially explain the huge variation in the results
of studies from different countries or regions, and it can also differentially interact with diet,
the nutrigenetics approach has been adding new concerns for the nutritional guidance. A
personalized nutrition may be especially beneficial to persons or groups in higher risk for

chronic diseases (Ferguson et al., 2016; Kohlmeier et al., 2016).

The ADRB2 gene is involved in the blood pressure regulation via vasodilation
signaling and renin-angiotensin system. The GG carriers of ADRB2 rs1042713 and
rs1042714 were less responsive to DASH diet on the blood pressure decrease in a sample of
adults with stage 1 hypertension after one-month intervention (Svetkey et al., 2011), but in
our sample of Brazilian pregnant women with DM it was not corroborated. Pregnancy is a
state of intense adaptation in the cardiovascular system, including changes in the renin-
angiotensin-related pathways (Doherty et al., 2020), which could implicate in different effects

of the gene-diet interaction in maternal metabolism.

Although the pregestational obesity is considered a moderate risk factor for HDP
(ACOG, 2020), in our sample we found no higher risk for women with overweight or obesity,
comparing to normal weight. FTO is the gene most related to obesity, and the adverse
cardiometabolic effects of its polymorphisms are mostly mediated by the excessive adipose

tissue (Ganeff et al., 2019). In this same sample of Brazilian pregnant women with
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pregestational DM, we found no association of FTO rs9939609 and rs17817449
polymorphisms with the pregestational BMI. It could explain, at least partially, the absence of
association between FTO genotypes and HDP, as the genotype did not influence in the main

mediating factor (BMI) for high blood pressure.

However, we found a suggestive effect of A allele of rs9939609 on the blood pressure
trajectory during pregnancy, being higher in the traditional diet group but not in the DASH
diet group. As FTO can interact with diet characteristics to define a phenotype, maybe women
who are carriers of the A allele could benefit more of the DASH diet than the non-carriers for
the blood pressure control. We think that this possible relationship should be investigated in a

bigger sample, as we cannot state properly about it with our results.

The black color of the skin is a well-documented risk factor for hypertension and black
patients use to have the lowest rates of BP control in clinical settings. Some studies pointed
that not only ancestrally, but also the socioeconomic disparities between races could explain
the differences (Fontil et al., 2021; Ogunniyi et al., 2021). We found an 8.63 higher risk
(C195% 1.85-40.18) to develop HDP in black women comparing to women with brown skin,
the majority in our sample, without influence of socioeconomic status, which indicates that
ancestrally may be an important component. Regarding the evaluated polymorphisms in FTO
and ADRB2 genes, there was no difference in the MAF between the different colors of the
skin, but it should be noted that more than 900 loci are associated with BP control and genetic
variants varies among races (Evangelou et al., 2018). Thus, inheritance of other genetic
variants not included in our study but presented in people with black color of the skin may

explain the ancestral higher risk of HDP in this population.

Identifying women in high risk for PE by clinical factors early in pregnancy is a useful
strategy to mitigate the adverse impacts in maternal and child health. Bartsch et al. (2016)
evaluated more than 25 million pregnancies in a meta-analysis including 92 studies and found
that the history of PE in a previous pregnancy was the clinical factor with greatest pooled
relative risk for PE (RR 8.4; CI195% 7.1 - 9.9). In our sample we found an aHR of 11.66 (CI
95% 2.22-61.07) for HDP, corroborating the Bartsch’s study. On the other hand, nulliparity,
chronic hypertension, obesity, and maternal age, which is recognized as risk factors by ACOG
(2020), were not risk factors for HDP in our sample. Although, it is important to note that
pregestational DM is also a high-risk factor for PE, which is present in all women from our

sample.
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The glycemic control before and during pregnancy is strongly recommended to
prevent PE and other adverse outcomes as congenital anomalies, macrossomia and preterm
birth in pregnancies with DM. The American Diabetes Association (ADA, 2021) recommends
that women with pregestational DM achieves HbAlc < 6.5% before conception and a target
of < 6% during pregnancy, which can be relaxed to < 7% if it is necessary to prevent
hypoglycemia (ADA, 2021). Indeed, we found that highest HbAlc in the third trimester (>
6.41%) increased in almost 5 times the risk progression to HDP (aHR 4.76; CI195% 1.14-
19.86), but we found no effect of HbAlc in the first and the second trimesters on the HDP
risk. As part of the public health service in Brazil, the local of the study provided for all the
participants the insulin Kits without any cost, as well a personalized guidance on insulin
therapy and DM management during pregnancy by a multi-professional team of physicians,
nurses, and the registered dietitians of the study, which is highly recommended to improve the

glycemic control during pregnancy (ADA, 2021).

The screening for HDP is recommended for all pregnant women by measuring BP at
every prenatal visit (ACOG, 2020). For women with pregestational DM and chronic
hypertension, the ADA recommends a BP target of 110-135/85 mmHg to reduce the risk for
HDP and minimize impaired fetal growth (ADA, 2021). In our sample, the median values of
the BP during pregnancy were mostly within the target, but DBP > 70 mmHg in the first
trimester and SBP > 114 mmHg in the third trimester were risk factors for developing HDP,

both representing the values above the median of the overall sample.

Since 2017, the ACC/AHA recommends the use of cut-offs for stage 1 hypertension of
130 mmHg SBP and/or 80 mmHg DBP (Whelton et al., 2018), which was not reflected in the
criteria for diagnosing HDP by ACOG hulletins (ACOG, 2020) neither by the International
Society for the Study of Hypertension in Pregnancy (ISSHP) guidelines (Magee et al., 2021).
However, studies have been suggesting the use of ACC/AHA criteria to earlier identify
women in higher risk for HDP and adverse maternal/fetal outcomes (Bello et al., 2021,
Darwin et al., 2021; McLaren et al., 2021).

Darwin et al. (2021) found a threefold higher risk for PE in women with ACC/AHA
stage 1 hypertension in the first trimester comparing with normotensive women. Bello et al.
(2021) found that the use of the ACC/AHA criteria to diagnose hypertension during
pregnancy resulted in a 20.8% improvement in the appropriate identification of future PE, but

McLaren et al. (2021) found that the rate of PE among women with hypertension by
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ACC/AHA criteria was not significantly different from the rate among women with
hypertension by ACOG criteria.

In our sample, all women who developed HDP had at least one measure of DBP above
80 mmHg and 75% of them had at least one measure of SBP above 130 mmHg during
pregnancy. Peaks of MBP > 100 mmHg during pregnancy, at least one, increased in 18.42
times the risk for HDP (aHR 18.42; Cl 95% 1.38-245.98). So, we can hypothesize that in
women with pregestational DM the ACC/AHA cut-offs values for BP may be an alert to the

risk of HDP, which deserves more investigation.

This study has three main limitations. Firstly, the sample size was originally calculated
to analyze the effect of the two types of diets on perinatal outcomes in the DASDIA clinical
trial, which limited our statistical power for the analyses integrating dietetic, phenotypic, and
genotypic characteristics. However, the results presented in this study are pioneer in applying
the nutrigenetics approach to evaluate HDP as outcome. We consider that the knowledge on
possible gene-diet interactions during pregnancy may benefit maternal and child health with a
personalized nutrition, especially in high-risk pregnancies, such those with pregestational
DM. Bigger samples in future studies may help to clarify some hypotheses we presented here,

that we could not certainty conclude because this limitation.

Second, the COVID-19 pandemic forced us to make adaptations to maintain the
follow-up of the study. In 2020, the prenatal visits to the physicians were maintained in the
local of the study, but for the research (nutritional guidance and data collection) we used
telemedicine to complete the follow-up of 6 women (8.6% of the sample) who were already
enrolled in the study at the beginning of the pandemic quarantine. We used the same study
protocol of the presential visits. Once pandemic quarantine started, we did not include more

participants in the study.

Finally, PE is more dangerous to maternal and fetal health than GH (ACOG, 2020).
Thus, the early-onset pre-eclampsia (before 34 weeks of pregnancy) may have a more severe
course than the disease developed after 34 weeks, with more adverse maternal and
fetoplacental conditions and severe complications (Wojtowicz et al., 2019). We analyzed all
cases of HDP together (GH and PE at any time of pregnancy) given our study design and
sample, but these differences may be considered in designing future studies in this field, once
the dietetic, phenotypic and genetic characteristics may differentially interact according to the

disease severity.
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Conclusion

In this study we investigated dietetic, phenotypic, and genotypic characteristics
influencing the development of HDP in women with pregestational DM. We found no
difference between the DASH diet and the traditional diet on the risk for HDP, but we found a
suggestive benefit of the DASH diet for women with chronic hypertension and GH against the
progression to PE, which is quite relevant for clinical practice and deserves future

investigation.

The polymorphisms on FTO and ADRB2 genes did not influence the progression to
HDP, but the A allele carriers for rs9939609 in the FTO gene seems to benefit more of the
DASH diet than the non-carriers for the blood pressure control. This effect was not
statistically significative, but we think that this possible relationship should be investigated in

a bigger sample, as this may be a clue to personalized nutrition.

We found that black color of the skin, history of PE in previous pregnancy, SBP > 114
mmHg in the third trimester, DBP > 70 mmHg in the first trimester, HbAlc > 6.41% in the
third trimester, and peak values of MBP > 100 mmHg during pregnancy were the phenotypic
risk factors for HDP in our sample. Identifying women in higher risk for HDP using clinical
parameters is a valuable strategy to increase prenatal care and reduce maternal and neonatal

morbidity and mortality among women with pregestational diabetes.

Our results of non-association need to be interpreted with caution because our limited
statistical power. Future studies integrating dietetic, phenotypic, and genotypic characteristics
in larger samples should be implemented to clarify about personalized nutrition during

pregnancy and its effects on maternal and child health.
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Chart 1 — Daily composition of the diets used in the study.

Traditional Diet DASH Diet
Saturated fatty acids* 9.7% E 72%E
Monounsaturated fatty acids™ 8.5% E 9.2% E
Polyunsaturated fatty acids* 2.8% E 5.6% E

Fiber 429 559

Calcium 1500 mg 2280 mg
Magnesium 315 mg 496 mg
Potassium 4081 mg 4418 mg
Sodium 2400 mg 2400 mg

* Expressed as percentual of daily energy intake (% E).
Data are presented for a daily energy intake of 2100 kcal, as an example.
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Table 1 — Characteristics of the study participants at baseline according to the diet groups.

Overall Tradi_tional DASH -
n=70 Diet Diet value*

n=41 n=29
Age (years) 32 (25.7 - 36.0) 31 (25.0 - 35.0) 34 (28 -37) 0.28
Gestational age 15.0 14.4 16.0 0.66
(weeks) (11.1-20.1) (11.6 — 21.6) (10.1-18.6) '
Skin color n (%)
Brown 27 (38.6) 15 (36.6) 12 (41.4)
White 22 (31.4) 12 (29.3) 10 (34.5)
Black 16 (22.9) 11 (26.8) 5(17.2) 0.59
Yellow 1(1.4) 0 (0) 1(3.4)
Unknown 4 (5.7) 3(7.3) 1(3.4)
Marital status n (%)
Married 56 (80.0) 33 (80.5) 23 (79.3)
Single 12 (17.1) 6 (14.6) 6 (20.7) 0.57
Missing 2(2.9) 2(4.9) 0(0)
Education level n (%)
Elementary/middle school 46 (65.7) 26 (63.4) 20 (69)
High school 23 (32.9) 14 (34.2) 9 (31) 0.73
Missing 1(1.4) 1(2.4) 0 (0)
Employment n (%)
Yes 42 (60.0) 26 (63.4) 16 (55.2)
No 27 (38.6) 14 (34.1) 13 (44.8) 0.41
Missing 1(1.4) 1(2.4) 0(0)
per capita income (US 151.51 154.54 136.36 059
dollarst) (103.04 — 227.27) (113.33 - 228.78) (91.67 — 221.04) '
Housing Conditions n (%6)
Proper sanitation 64 (91.4) 37 (90.2) 27 (93.1)
No proper sanitation 3(4.3) 2(4.9) 1(3.4) 1.00
Missing 3(4.3) 2(4.9) 1(3.4)
Parity 1(0-1.25) 1(0-15) 1(0-15) 0.92
Pre-pregnancy BMI (kg/m?) 27.85(24.4-32.3) 27.10(24.3-31.9) 28.60 (25.7 -33.3) 0.16
Chronic hypertension
n (%)
No 56 (80.0) 33(80.5) 23 (79.3)
Yes 10 (14.3) 4(9.7) 6 (20.7) 0.31
Missing 4 (5.7) 4(9.8) 0(0)
Physical Activity n (%)
Active 30 (42.9) 15 (36.6) 15 (51.7)
Irregularly active 27 (38.6) 17 (41.5) 10 (34.5) 051
Sedentary 7 (10.0) 5(12.1) 2 (6.9) '
Missing 6 (8.6) 4(9.8) 2 (6.9)
DM type n (%)
DM1 36 (51.4) 21 (51.2) 15 (51.7) 0.97
DM2 34 (48.6) 20 (48.8) 14 (48.3) '
Years living with DM 8 (2.0 -13.5) 6(1.9-12.5) 9(2-14.5) 0.36
SBP (mmHg) 110 (100 - 120) 110 (100 - 120) 110 (100 - 120) 0.90
DBP (mmHg) 70 (62 —80) 70 (60 — 80) 70 (70 - 80) 0.14
Calcium supplement n (%)
No 60 (85.7) 37 (90.2) 23 (79.3) 0.30
Yes 10 (14.3) 4(9.8) 6 (20.7) '
HbAlc (%0) 6.8 (6.2-7.9) 6.8 (6.1-7.7) 6.9 (6.4-8.0) 0.28
FTO rs9939609
TT 28 (40) 17 (41.5) 11 (37.9)
AT 34 (48.6) 21 (51.2) 13 (44.8) 0.48
AA 8 (11.4) 3(7.3) 5(17.2)
T Allele 90 (64.3) 55 (67.1) 35 (60.3)
A Allele 50 (35.7) 27 (32.9) 23 (39.7)



FTO rs17817449
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T 32 (45.7) 19 (46.3) 13 (44.8)

GT 31 (44.3) 19 (46.3) 12 (41.4) 0.73
GG 7 (10.0) 3(7.3) 4 (13.8)

T Allele 95 (67.9) 57 (69.5) 38 (65.5)

G Allele 45 (32.1) 25 (30.5) 20 (34.5)

ADRB?2 rs1042713 n (%)

GG 25 (35.7) 12 (29.3) 13 (44.8)

AG 37 (52.9) 23 (56.1) 14 (48.3) 0.35
AA 8 (11.4) 6 (14.6) 2(6.9)

G Allele 87 (62.1) 47 (57.3) 40 (69.0)

A Allele 53 (37.9) 35 (42.7) 18 (31.0)

ADRB?2 rs1042714 n (%)

cC 35 (50.0) 20 (48.3) 15 (51.7)

CG 31 (44.3) 17 (41.5) 14 (48.3) 0.28
GG 4(5.7) 4(9.8) 0 (0)

C Allele 101 (72.1) 57 (69.5) 44 (75.9)

G Allele 39 (27.9) 25 (30.5) 14 (24.1)

DM: diabetes mellitus, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood pressure,
HbAlc: serum glycated hemoglobin concentrations, FTO: fat mass and obesity-associated gene, ADRB2:

adrenoceptor beta 2 gene.

T Estimated for exchange rate of 1 real (R$) = 5.5 US dollars.

Data presented as median (interquartile range) or as absolute and relative frequencies n (%).
* Mann-Whitney U test or Kruskal-Wallis test to compare medians and Chi-square test to compare frequencies.
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Table 2 - Cox-Proportional hazard models, or time-to-event analyses (from conception to
development of HDP), analyzing dietetic and phenotypic characteristics.

- Crude Incidence/ HR p aHR* p
Characteristics ~ Outcome  pY 05 v (Cl9506)  (CI95%)  value  (CI95%)  value
Overall 16 49.22 32.51 - - - -

(18.58-52.79)
Diet
Traditional diet 9 28.38 31.71 Reference - Reference -
(14.50-60.19)
DASH diet 7 20.83 33.60 0.98 0.97 0.81 0.72
(13.51-69.23) (0.36 — 2.64) (0.25-2.61)
Type of DM
DM1 9 24.82 36.26 Reference - Reference -
(16.58-68.84)
DM2 7 24.4 28.69 0.73 0.53 0.22 0.07
(11.54-59.12) (0.27 - 1.96) (0.04-1.12)
Age (years)
<32 8 25.72 31.11 Reference - Reference -
(13.43-61.30)
>32 8 23.50 34.04 1.03 0.95 0.74 0.60
(14.7-67.08) (0.39 - 2.76) (0.23 -2.35)
Color of the skin
Brown 5 19.40 25.78 Reference - Reference -
(8.37-60.16)
White 3 15.17 19.77 0.73 0.67 1.10 0.91
(4.08-57.78) (0.17 - 3.07) (0.19-6.32)
Black 7 11.07 63.22 3.73 0.03 8.63 0.01
(25.42-130.26) (1.17-11.91) (1.85-40.18)
Pre-pregnancy BMI
Normal weight 3 13.67 21.94 Reference - Reference -
(4.52-64.12)
Overweight 6 17.57 34.14 1.80 0.41 2.69 0.37
(12.53-74.31) (0.45-7.20) (0.31-23.33)
Obesity 7 17.97 38.96 1.82 0.39 1.37 0.76
(15.66-80.27) (0.47-7.03) (0.18-10.49)
Gestational weight gain
<12.2 9 24.28 37.07 Reference - Reference -
(16.95-70.37)
>122 7 24.24 28.88 0.82 0.69 1.47 0.60
(11.61-59.50) (0.30-2.20) (0.35-6.24)
Previous HDP
None 9 26.45 34.03 Reference - Reference -
(15.56-64.59)
Pre-eclampsia 3 4.76 62.97 3.18 0.09 11.66 <0.01
(12.99-184.04) (0.85-11.95) (2.22-61.07)
Chronic disease
None 9 34.20 26.32 Reference - Reference -
(12.03-49.96)
Chronic 3 6.36 47.15 1.73 0.41 1.93 0.36
hypertension (9.72-137.79) (0.47-6.44) (0.47-7.98)
Hypothyroidis 3 5.76 52.08 1.82 0.37 1.02 0.98
m (10.74-152.2) (0.49-6.73) (0.13-7.93)
SBP peak > 130 mmHg
No 4 24.48 16.34 Reference - Reference -
(4.45-41.84)
Yes 12 24.74 48.51 3.38 0.03 3.98 0.06
(25.07-84.74) (1.09-10.48) (0.96-16.41)
DBP peak >80 mmHg
No 0 11.62 0 Reference - Reference -
Yes 16 37.60 42.55(24.32-69.10) # - # -
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MBP peak > 100 mmHg

No 1 23.85 4.19 Reference - Reference -
(0.11-23.36)
Yes 15 25.37 59.13 17.67 <0.01 18.42 0.03
(33.1-97.53) (2.33- (1.38-245.98)
134.04)
SBP 1° trimester (mmHg)
<111 4 11.45 34.94 Reference - Reference -
(9.52-89.45)
>111 6 12.02 49.92 1.55 0.50 1.70 0.63
(18.32-108.65) (0.44-5.51) (0.20-14.49)
SBP 2° trimester (mmHg)
<111 6 23.80 25.21 Reference - Reference -
(9.25-54.87)
>111 9 21.86 41.17 1.86 0.24 3.03 0.13
(18.83-78.16) (0.66-5.24) (0.71-12.86)
SBP 3° trimester (mmHgQ)
<114 3 25.31 11.85 Reference - Reference -
(2.44-34.64)
>114 13 23.91 54.38 5.81 0.01 5.56 0.04
(28.95-92.99) (1.65-20.44) (1.09-28.42)
DBP 1° trimester (mmHg)
<70 3 12.90 23.25 Reference - Reference -
(4.79-67.94)
>170 7 10.57 66.25 3.31 0.08 70.15 0.03
(26.64-136.51) (0.85-12.80) (1.43-3450.19)
DBP 2° trimester (mmHg)
<69.7 7 23.79 29.42 Reference - Reference -
(11.83-60.63)
>69.7 8 21.87 36.58 1.40 0.51 1.54 0.53
(15.79-72.08) (0.51-3.87) (0.40-5.98)
DBP 3° trimester (mmHg)
<72 6 25.26 23.76 Reference - Reference -
(8.72-51.71)
>72 10 23.96 41.74 2.08 0.16 3.34 0.09
(20.01-76.76) (0.75-5.73) (0.81-13.76)
HbAlc 1° trimester (%)
<7.77 3 10.69 28.05 Reference - Reference -
(5.79-81.98)
>7.77 3 10.78 27.84 0.89 0.89 1.28 0.86
(5.74-81.36) (0.18-4.44) (0.08-21.01)
HbAlc 2° trimester (%)
<6.47 4 22.49 17.78 Reference - Reference -
(4.85-45.53)
>6.47 9 21.71 41.45 3.33 0.05 2.26 0.31
(18.95-78.69) (1.01-10.94) (0.46-11.02)
HbAlc 3° trimester (%)
<6.41 3 19.55 15.35 Reference - Reference -
(3.17-44.86)
>6.41 6 18.24 32.89 2.75 0.15 4.76 0.03
(12.07-71.59) (0.68-11.05) (1.14-19.86)

pY: person-years, Cl: confidence interval, DASH: Dietary Approach to Stop Hypertension, HDP: hypertensive
disorders of pregnancy, DM: diabetes mellitus, BMI: body mass index, SBP: systolic blood pressure, DBP:
diastolic blood pressure, MBP: mean blood pressure. HbAlc: serum glycated hemoglobin concentrations.
Normal weight: BMI = 18.5 to 24.9 kg/m?, Overweight: BMI = 25 to 29.9 kg/m?, Obesity: BMI > 30 kg/m?.
Numerical variables categorized by the median of the sample.

*Adjusted for color of the skin, previous HDP, family income, and years living with DM.

# Null incidence for the reference category.
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Table 3 — Cox-Proportional hazard models, or time-to-event analyses (from conception to
development of HDP), analyzing genotypic characteristics: FTO and ADRB2 polymorphisms

(rs9939609, rs17817449, rs1042713, and rs1042714).

out Y I ‘dcru?leoo Y HR P- aHR* P
utcome P nel (éng% ) P (C195%) value (CI95%) value
Overall 16 49.22 3251 - - - -
(18.58-52.79)
FTO rs9939609
TT 8 19.83 40.35 Reference - Reference -
(17.42-79.5)
AT/AA 8 29.39 27.22 0.64 0.38 0.68 0.50
(11.75-53.64) (0.24-1.71) (0.22-2.10)
FTO rs17817449
TT 10 22.67 44.11 Reference - Reference -
(21.15-81.12)
GTIGG 6 26.55 22.60 0.46 0.14 0.63 0.42
(8.29-49.19) (0.17-1.28) (0.20-1.96)
ADRB?2 rs1042713
GG 4 17.80 22.47 Reference - Reference -
(6.12-57.52)
AG/AA 12 31.41 38.20 1.60 0.41 1.59 0.49
(19.74-66.73) (0.52-4.98) (0.43-5.94)
ADRB2 rs1042714
CcC 8 24.40 32.79 Reference - Reference -
(14.16-64.61)
GC/GG 8 24.82 32.23 1.05 0.93 1.87 0.27
(13.92-63.51) (0.39-2.79) (0.61-5.72)

Results for comparison between MAF carriers vs. MAF non-carriers.
pY: person-years, Cl: confidence interval, HDP: hypertensive disorders of pregnancy. MAF: minor allele
frequency. FTO: fat mass and obesity-associated gene, ADRB2: adrenoceptor beta 2 gene.

*Adjusted for DM type, color of the skin, and previous HDP.
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Table 4 - Cox-Proportional hazard models, or time-to-event analyses (from conception to
development of HDP), analyzing the haplotypes ADRB2 rs1042713:rs1042714 and FTO
rs9939609:rs17817449.

Crude

Characteristics  Outcome pY Inlc(;ge;\?e/ HR (C195%) vaFI)ue (C?II;SR%) vaFI)ue
(C195%)

ADRB?2 rs1042713:rs1042714

AC 13 36.45 35.67 - - - -
(18.99-60.99)

GC 11 34.38 31.99 0.90 0.79 0.79 0.58
(15.97-57.24) (0.40-2.01) (0.34-1.82)

GG 8 27.60 28.98 0.88 0.77 1.09 0.85
(12.51-57.11) (0.36-2.12) (0.43-2.76)

FTO rs9939609:rs17817449

TT 24 62.44 38.44 - - - -
(24.63-57.19)

AG 6 30.91 19.41 0.46 0.08 0.52 0.24
(7.12-42.25) (0.19-1.13) (0.20-1.35)

AT 2 4.34 46.09 1.14 0.85 0.60 0.57
(5.58-166.48) (0.27-4.84) (0.11-3.35)

pY: person-years, Cl: confidence interval, HDP: hypertensive disorders of pregnancy, FTO: fat mass and
obesity-associated gene, ADRB2: adrenoceptor beta 2 gene.
*Adjusted for DM type, color of the skin, and previous HDP.
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Supplementary Table 1 — Mean trajectory of blood pressure during pregnancy in the diet
groups.

< 6.5 weeks 6.5 to 19.5 weeks 19510325 > 32.5 weeks p-
weeks value*
SBP  Trad. 121.09 115.30 117.03 131.08
diet (113.89-128.28) (108.89 —121.71) (110.86 —123-20) (122.43 -139.72) 071
DASH 120.13 114.34 116.08 130.12 '
diet (113.24-127.03) (108.26 —120.43) (110.24-121.91) (121.72-138.53)
DBP  Trad. 80.26 74.09 74.62 86.02
diet (74.18 — 86.34) (68.64 — 79.55) (69.27 — 79.96) (78.96 — 93.08) 0.62
DASH 79.42 73.25 73.78 85.18 '
diet (73.59 — 85.26) (68.05 — 78.46) (68.68 — 78.88) (78.32 — 92.05)

SBP: systolic blood pressure; DBP: diastolic blood pressure; Trad. diet: Traditional diet.

Data are expressed as mean (Cl 95%).

* Adjusted for DM type, previous HDP, pre-pregnancy BMI, chronic disease (hypertension or hypothyroidism),
and housing conditions.



118

Supplementary Table 2 — Mean trajectory of blood pressure during pregnancy according to rs9939609 FTO genotype (A allele carriers vs. non-
carriers) and interaction with diet.

< 6.5 weeks 6.5 to 19.5 weeks 19.5 to 32.5 weeks > 32.5 weeks a p®  p*
Overall Trad DASH Overall Trad DASH Overall Trad DASH Overall Trad DASH
Diet Diet Diet Diet Diet Diet Diet Diet
SBP 1T 118.54 117.59 120.36 112.76 111.83 114.59 114.52 113.59 116.36 128.59 127.67 130.44 0.22 0.31 0.99
(111.36 — (109.46 — (111.69 (106.37 — (104.40 — (106.55—- (108.36 — (106.37 — (108.48 — (119.93 - (118.21 - (120.48 —
125.72) 125.73) 129.03) 119.16) 119.26) 122.63) 120.67) 120.82) 124.24) 137.25) 137.13) 140.41)
AT/ 121.52 123.06 119.40 115.74 117.29 113.63 117.50 119.06 115.40 131.57 133.14 129.48
AA (11480 - (115.56- (111.84 (109.87 — (11056 — (106.83 — (111.86 — (11251 - (108.79 - (123.22- (12412 - (120.45 -
128.24) 130.56) 126.96) 121.61) 124.03) 120.44) 123.14) 125.61) 122.01) 139.92) 142.16) 138.51)
DBP TT 77.67 76.58 78.84 71.47 70.38 72.65 71.99 70.91 73.17 83.44 82.39 84.66 0.06 0.08 0.99
(7159 — (69.93 - (72.19 (66.07 — (64.34 — (6658 - (66.71 — (6498 — (6719 - (76.42 — (7485 - (77.06 -
83.74) 83.23) 85.50) 76.88) 76.42) 78.71) 77.28) 76.84) 79.16) 90.46) 89.94) 92.26)
AT/ 80.58 81.64 78.54 74.39 75.44 72.34 74.91 75.97 72.88 86.35 87.45 84.36
AA (7491 - (75.60 — (72.44 (69.43 — (70.08 - (66.89 — (70.07 - (70.70 — (6751 - (79.62 - (80.36 — (77.23 -
86.25) 87.67) 84.64) 79.34) 80.80) 77.80) 79.75) 81.24) 78.24) 93.08) 94.54) 91.48)
MBP TT  90.37 88.94 91.98 84.43 82.99 86.03 85.48 84.05 87.09 97.94 96.53 99.58 0.09 0.08 0.99
(83.79 - (81.69 - (84.73 (78.33 - (76.20 — (79.210 - (7951 - (7736 - (80.35 - (90.23 - (88.22 - (9121 -
96.96) 96.18) 99.24) 90.54) 89.79) 92.87) 91.46) 90.74) 93.84) 105.66) 104.84) 107.94)
AT/ 93.37 94.61 90.93 87.43 88.67 84.99 88.48 89.73 86.05 100.94 102.21 98.53
AA (87.24 - (88.06 — (84.31 (81.82 — (82.61 — (78.84 — (8299 - (83.77 — (7999 - (9356 - (9442 - (90.70 -
99.50) 101.16) 97.56) 93.04) 94.72) 91.14) 93.98) 95.69) 92.10) 108.33) 109.99) 106.36)

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure, FTO: fat mass and obesity-associated gene.
Data are expressed as mean (Cl 95%).
* Adjusted for DM type, history of HDP, pre-pregnancy BMI, chronic disease (hypertension or hypothyroidism), and housing conditions.
a p value for comparison between the genotypes
b p value for comparison between genotypes in the Traditional Diet group
¢ p value for comparison between genotypes in the DASH Diet group
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Supplementary Table 3 — Mean trajectory of blood pressure during pregnancy according to rs17817449 FTO genotype (G allele carriers vs.

non-carriers) and interaction with diet.

< 6.5 weeks 6.5 to 19.5 weeks 19.5 to 32.5 weeks > 32.5 weeks pe p®  p*
Overall Trad DASH Overall Trad DASH Overall Trad DASH Overall Trad DASH
Diet Diet Diet Diet Diet Diet Diet Diet

SBP 1T 119.55 119.40 119.76 113.77 113.62 113.98 115.52 115.38 115.74 129.58 129.46 129.82 0.52 0.84 0.99
(112.39-  (111.09- (111.54- (107.40-  (105.99- (106.44-  (109.40- (107.95- (108.40- (120.98- (119.89- (120.30-
126.70) 127.71) 127.99) 120.14) 121.25) 121.52) 121.64) 122.80) 123.08) 138.18) 139.03) 139.35)
GT/ 121.08 122.05 119.86 115.30 116.27 114.08 117.05 118.02 115.83 131.12 132.11 129.92
GG (114.30- (114.43- (111.97- (109.35-  (109.39- (106.89-  (111.33- (111.35- (108.84- (122.73- (123.03- (120.64-
127.87) 129.67) 127.74) 121.26) 123.14) 121.26) 122.78) 124.70) 122.83) 139.50) 141.19) 139.20)

DBP TT 7861 78.88 78.27 72.43 72.68 72.07 72.95 73.21 72.60 84.41 84.69 84.07 0.19 0.67 0.92
(72.69- (71.96- (72.00- (67.16- (66.31- (66.42- (67.80- (66.93- (67.05- (77.49- (76.89- (76.85-
84.53) 85.80) 84.53) 77.69) 79.06) 77.72) 78.11) 79.50) 78-15) 91.32) 92.49) 91.30)
GT/ 80.65 81.26 79.99 74.47 75.07 73.79 75.00 75.60 74.32 86.45 87.07 85.79
GG (74.83- (74.99- (73.26- (69.32- (69.42- (67.60- (69.94- (70.04- (68.19- (79.56- (79.79- (78.11-
86.47) 87.54) 86.71) 79.62) 80.71) 79.98) 80.06) 81.16) 80.45) 93.34) 94.36) 93.48)

MBP TT 9144 91.25 91.28 85.50 85.30 85.33 86.56 86.36 86.39 99.02 98.84 98.87 0.27 0.64 0.99
(85.03- (83.66- (84.47- (79.56- (78.11- (78.96- (80.75- (79.26- (80.13- (91.44- (90.24- (90.93-
97.86) 98.84) 98.10) 91.44) 92.49) 91.69) 92.37) 93.45) 92.64) 106.60) 107.45) 106.81)
GT/ 93.41 94.05 92.22 87.47 88.10 86.27 88.52 89.15 87.32 100.99 101.64 99.81
GG  (87.09- (87.20- (84.83- (81.63- (81.70- (79.27- (82.79- (82.85- (80.41- (93.42- (93.62- (91.32-
99.72) 100.90) 99.60) 93.30) 94.49) 93.26) 94.25) 95.45) 94.24) 108.55) 109.66) 108.30)

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure, FTO: fat mass and obesity-associated gene.
Data are expressed as mean (Cl 95%).
* Adjusted for DM type, history of HDP, pre-pregnancy BMI, chronic disease (hypertension or hypothyroidism), and housing conditions.
a p value for comparison between the genotypes
b p value for comparison between genotypes in the Traditional Diet group

¢ p value for comparison between genotypes in the DASH Diet group
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Supplementary Table 4 — Mean trajectory of blood pressure during pregnancy according to rs1042713 ADRB2 genotype (A allele carriers vs.

non-carriers) and interaction with diet.

< 6.5 weeks 6.5 to 19.5 weeks 19.5 to 32.5 weeks > 32.5 weeks pe p®  p*
Overall Trad DASH Overall Trad DASH Overall Trad DASH Overall Trad DASH
Diet Diet Diet Diet Diet Diet Diet Diet

SBP GG 119.36 121.57 117.21 113.56 115.81 111.45 115.31 117.59 113.23 129.40 131.71 127.35 0.50 0.99 0.58
(111.91- (112.65- (108.81- (106.84-  (107.45- (103.67- (108.84- (109.44- (105.69- (120.60- (121.64- (117.77-
126.80) 130.49) 125.60) 120.28) 124.16) 119.22) 121.79) 125.74) 120.76) 138.20) 141.79) 136.93)
AG/ 121.02 120.57 122.19 115.22 114.81 116.43 116.97 116.59 118.21 131.06 130.71 132.33
AA  (114.31- (113.10- (114.57- (109.34-  (108.07-  (109.49- (111.36- (110.11- (111.50- (122.80- (121.87- (123.32-
127.73) 128.04) 129.80) 121.11) 121.55) 123.36) 122.59) 123.07) 124.92) 139.32) 139.56) 141.34)

DBP GG 80.19 80.82 79.93 74.04 74.66 73.77 74.56 75.18 74.29 85.93 86.57 85.68 0.68 0.99 0.99
(74.15- (73.99- (73.21- (68.60- (68.35- (67.61- (69.23- (68.96- (68.24- (78.93- (78.87- (78.11-
86.23) 87.66) 86.65) 79.47) 80.97) 79.93) 79.88) 81.40) 80.34) 92.94) 94.28) 93.25)
AG/ 79.52 80.07 79.09 73.36 73.91 72.93 73.88 74.43 73.45 85.26 85.82 84.84
AA  (73.66- (73.67- (72.83- (68.16- (68.13- (67.25- (68.79- (68.76- (67.85- (78.39- (78.51- (77.60-
85.37) 86.46) 85.35) 78.57) 79.68) 78.61) 78.97) 80.09) 79.04) 92.13) 93.13) 92.08)

MBP GG 9243 93.66 91.53 86.50 87.75 85.61 87.54 88.82 86.68 99.97 101.26 99.12 0.94 0.99 0.98
(85.87- (86.14- (84.18- (80.37- (80.60- (76.68- (81.54- (81.77- (79.87- (92.29- (92.73- (90.78-
98.99) 101.19) 98.87) 92.62) 94.90) 92.55) 93.54) 95.86) 93.49) 107.66) 109.78) 107.45)
AG/ 9257 92.77 92.66 86.64 86.86 86.75 87.68 87.93 87.81 100.11 100.37 100.25
AA  (86.23- (85.80- (85.82- (80.77- (80.34- (80.32- (81.94- (81.53- (81.49- (92.58- (92.31- (92.28-
98.91) 99.75) 99.50) 92.51) 93.39) 93.17) 93.43) 94.33) 94.12) 107.65) 108.42) 108.22)

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure, ADRB2: adrenoceptor beta 2 gene.
Data are expressed as mean (Cl 95%).
* Adjusted for DM type, history of HDP, pre-pregnancy BMI, chronic disease (hypertension or hypothyroidism), and housing conditions.
a p value for comparison between the genotypes
b p value for comparison between genotypes in the Traditional Diet group

¢ p value for comparison between genotypes in the DASH Diet group
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Supplementary Table 5 — Mean trajectory of blood pressure during pregnancy according to rs1042714 ADRB2 genotype (G allele carriers vs.

non-carriers) and interaction with diet.

< 6.5 weeks 6.5 to 19.5 weeks 19.5 to 32.5 weeks > 32.5 weeks pe p®  p*
Overall Trad DASH Overall Trad DASH Overall Trad DASH Overall Trad DASH
Diet Diet Diet Diet Diet Diet Diet Diet

SBP CC 119.34 120.93 118.29 113.53 115.14 11251 115.24 116.89 114.25 129.24 130.95 128.32 0.27 0.98 0.61
(112.55- (112.93- (110.77- (107.54- (107.81- (105.71- (109.48- (109.75- (107.70- (120.87- (121.56- (119.41-
126.12) 128.92) 125.81) 119.53) 122.47) 119.30) 121.01) 124.03) 120.81) 137.61) 140.34) 137.22)
GC/ 121.94 122.02 122.90 116.14 116.23 117.11 117.85 117.98 118.86 131.85 132.04 132.92
GG (114.96- (114.18- (114.60- (109.93-  (109.10- (109.44-  (111.89- (111.09- (111.38- (123.38- (122.92- (123.31-
128.92) 129.86) 131.19) 122.35) 123.37) 124.78) 123.81) 124,87) 126.34) 140.31) 141.17) 142.53)

DBP CC 78.96 80.19 78.32 72.78 74.01 72.14 73.27 74.52 72.65 84.61 85.91 84.04 0.15 0.89 0.49
(73.24- (73.69- (72.31- (67.72- (68.09- (66.75- (68.31- (68.68- (67.37- (77.82- (78.42- (77.02-
84.67) 86.68) 84.32) 77.84) 79.92) 77.52) 78.23) 80.35) 77.93) 91.41) 93.40) 91.06)
GC/ 81.22 81.82 81.79 75.04 75.44 75.61 75.53 75.95 76.12 86.88 87.34 87.51
GG  (75.25- (75.18- (75.05- (69.70- (69.61- (69.40- (70.30- (70.23- (69.99- (79.91- (80.00- (79.82-
87.20) 88.06) 88.53) 80.39) 81.27) 81.81) 80.77) 81.66) 82.25) 93.85) 94.69) 95.20)

MBP CC 91.66 93.17 91.01 85.71 87.23 85.07 86.73 88.27 86.11 99.10 100.70 98.54 0.17 0.93 0.50
(85.49- (86.05- (84.49- (80.01- (80.53- (79.00- (81.14- (81.66- (80.17- (91.68- (92.45- (90.86-
97.83) 100.29) 97.53) 91.41) 93.93) 91.13) 92.31) 94.88) 92.05) 106.52) 108.95) 106.22)
GC/ 94.07 94.52 94,91 88.13 88.58 88.97 89.14 89.62 90.01 101.51 102.05 102.44
GG  (87.58- (87.47- (87.48- (82.09- (81.97- (81.93- (83.22- (83.14- (83.06- (93.87- (93.96- (93.94-
100.56) 101.57) 102.34) 94.16) 95.19) 96.02) 95.06) 96.10) 96.97) 109.16) 110.15) 110.94)

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure, ADRB2: adrenoceptor beta 2 gene.
Data are expressed as mean (Cl 95%).
* Adjusted for DM type, history of HDP, pre-pregnancy BMI, chronic disease (hypertension or hypothyroidism), and housing conditions.
a p value for comparison between the genotypes
b p value for comparison between genotypes in the Traditional Diet group

¢ p value for comparison between genotypes in the DASH Diet group



[ Enrollment ] Assessed for
eligibility
(pregnant women
with DM)
n=249
Excluded (n= 162)
» Not meeting inclusion criteria
—* (n=152)

* Declined to participate (n=4)
* Other reasons (n= 6)

Randomized (n= 87)

¥

| [ Allocation ] |

DASH Diet Traditional Diet
Allocated to intervention (n=40) Allocated to intervention (n=47)

[ Follow-Up }

L
Lost to follow-up (n=4) Lost to follow-up (o= 2)
Without saliva sample (n=7) Without saliva sample (n=4)
Analysed l Analysis J Analysed
n=29 n=41

Figure 1 — Flowchart of the study.
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Figure 2 — Trajectory of systolic blood pressure (SBP) and diastolic blood pressure (DBP) during
pregnancy in the traditional diet (TD) and the DASH diet (DD) groups.

Adjusted for DM type, previous HDP, pre-pregnancy BMI, chronic disease (hypertension or
hypothyroidism), and housing conditions.
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Manuscrito 3
Pregestational BMI in Brazilian women with diabetes mellitus according to polymorphisms in
FTO and ADRB2 genes: a brief communication
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Pregestational BMI in Brazilian women with diabetes mellitus according to
polymorphisms in FTO and ADRB2 genes: a brief communication

The prevalence of obesity is increasing among Brazilian women in reproductive age,
which is harmful for maternal and child health (Branddo et al, 2020). Given the close
relationship between obesity and type 2 diabetes mellitus (DM2), the number of pregnancies
affected by these both chronic diseases are increasing. Thus, among women with type 1
diabetes mellitus (DM1) there is also a trend in pregestational body mass index (BMI)
increase in the last decades (Alessi et al., 2018). Polymorphisms in the fat mass and obesity-
related gene (FTO) and adrenoceptor beta 2 gene (ADRB2) have been associated with
predisposition to obesity (Loos; Yeo et al., 2014; Zhang et al. 2014). Identifying genetic
predisposition to chronic diseases may help to screening individuals in higher risk, who may
benefit of a preventive personalized nutrition (Ferguson et al., 2016).

We aimed to investigate the association between common obesity-related
polymorphisms in the FTO and ADRB2 genes and the pregestational BMI in a sample of
Brazilian women with DM1 and DM2.

This a secondary analysis of a sample of 70 pregnant women who were enrolled in a
clinical trial at a public maternity in Rio de Janeiro/Brazil (2016-2020, Brazilian Clinical
Trials Registry RBR-4tbgv6). The pregestational BMI was calculated as [pre-pregnancy
weight (self-reported) / height? (measured at the beginning of the prenatal care)] and classified
in BMI classes: underweight (BMI < 18.5 kg/m2), normal weight (BMI 18.5 - 24.9 kg/m?),
overweight (BMI 25.0 - 29.9 kg/m?), or obesity (BMI 230.0 kg/m?) (IOM, 2009). Genotyping
was performed by real-time PCR, using DNA extracted from buccal cells of a saliva sample.

All participants had previous diagnostic of DM1 or DM2 and age > 18 years.

We described the data using median and interquartile range (IQR) for the numeric
variables and absolute (n) and relative frequencies (%) for categorical variables. Mann-
Whitney U and Kruskal-Wallis tests were used to compare the pregestational BMI between
DM types and genotypes, and Chi-Square/Fisher's exact tests were used to test the association
between DM types, genotypes, and BMI classes. The polymorphisms were evaluated in
additive, dominant, and recessive models. The power of the analyses was calculated a
posteriori, considering an effect size of 0.7, alpha error of 0.05 (two tails) and the sample size
groups: 34 vs. 36 for tests between DM types or according to the distribution in the dominant
models for tests between genotypes (e.g. 28 vs. 42 for rs9939609), resulting in 0.80, 0.79,
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0.80, 0.77, and 0.92 for DM types, rs9939609, rs17817449, rs1042713, and rs1042714,
respectively (using G Power software, version 3.1.9.7). We considered a p-value < 0.05 as
statistically significative. The analyses were performed using the software SPPS version 20.0
(IBM®). Genotypes of all the evaluated polymorphisms were in Hardy-Weinberg
equilibrium, assessed by Chi-Square tests (p > 0.05).

The median of age was 32 (IQR 25.75 — 36.00) years, DM1 was 51.43% of the cases,
and the participants had the DM diagnostic for 11.50 (IQR 5.75 — 16.75) years in DM1 cases
and 4 (IQR 0.85 — 7.50) years in DM2 cases. Twenty women had normal pre-pregnancy BMI
(28.58%), 25 (35.71%) had overweight and 25 (35.71%) had obesity. None of the pregnant
women had pre-pregnancy underweight. The median of pregestational BMI was 27.85 kg/m?
(IQR 24.40 — 32.30), ranging from 19.40 to 39.90 kg/m2,

Women had different pregestational BMI according to DM type. The prevalence of
obesity was higher among women with DM2 (58.82% vs. 13.88% in DM1) but the prevalence
of overweight was similar (38.23% in DM2 vs. 33.33% in DM1), so more women with DM1
were in adequacy of pregestational BMI comparing to women with DM2 (52.77% vs. 2.94%);
p< 0.001). The median of pregestational BMI was 24.50 kg/m? (IQR 22.85 - 27.95) in women
with DM1 and 31.50 kg/m? (IQR 27.77 — 35.85) in women with DM2 (p< 0.001).

We found a similar distribution of the genotypes between the types of DM, except for
the rs1042714 (GG) in the ADRB2 gene, because all the 4 women of our sample with this
genotype had DM1. Women who had CG or CC genotypes for rs1042714 had higher pre-
pregnancy BMI than the GG genotype (28.00 kg/m?2 [24.57 — 32.42] vs. 23.30 kg/m2 [20.12 —
26.40]; p= 0.02). Although, the statistical significance was lost when we stratified the sample
by DM type, and we can’t verify the effect on subgroup of women with DM2 because the
absence of cases. The other polymorphisms evaluated were not associated with the

pregestational BMI, regardless of DM type (Table 1).

The A allele of rs9939609 (FTO) have been associated with higher pregestational
BMI in Brazilian women (Kroll et al., 2018; Martins et al., 2016), but we didn’t find any
association between both the evaluated FTO variants and pregestational BMI in our sample of
Brazilian women with DM. Previous studies from Italy (Franzago et al., 2017), Mexico
(Saucedo et al., 2017), and Finland (Klemetti et al., 2011) also found no association of
rs9939609 with pre-pregnancy BMI, although none of them was designed for women with
pregestational DM.
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All the GG carriers for rs1042714 (ADRB2) in our sample had DM1 and this same
genotype was associated with lower BMI, comparing to CG and CC genotypes, contrarious to
previous results that associated the G allele with obesity predisposition in adult population
from different countries (Zhang et al.,, 2014). However, we could not investigate this

association in women with DM2 because the low sample size.

So, we suggest a deeper investigation regarding the role of the polymorphisms in FTO
and ADRB2 genes on the pregestational BMI of Brazilian women, especially with DM, and
its interactions with diet or other factors that may probably help to explain the results but were

out of the scope of the present analysis.
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Table 1 — FTO and ADRB2 genotype frequencies and comparison of pregestational BMI in pregnant women with pregestational diabetes (Rio
de Janeiro/Brazil, 2016-2020).

Overall (n=70) DM1 (n= 36) DM2 (n= 34)
ﬁ:gggg; Pregestational BMI p- fGree(?Sgrc); Pregestational BMI p- Seeaﬁggs Pregestational BMI p- p-value
n (%) (kg/m?) value* n (%) (kg/m?) value* n (%) (kg/m?) value*  genotypes**
rs9939609 additive model
TT 28 (40.0) 27.30 (24.35-32.67) 15 (41.7) 24.60 (22.80-27.50) 13(38.2)  32.00 (27.60-37.55)
AT 34 (48.6) 27.90 (24.92-32.42) 0.93 17 (47.2) 26.90 (23.20-28.30) 0.62 17 (50.0)  30.00 (27.00-34.95) 0.73 0.94
AA 8 (11.4) 28.75 (24.00-31.92) 4(11.1) 24.10 (22.70-30.30) 4 (11.8) 30.20 (28.32-35.30)
rs9939609 dominant model
TT 28 (40.0) 27.30 (24.35-32.67) 0.75 15 (41.7) 24.60 (22.80-27.50) 0.45 13(38.2)  32.00 (27.60-37.55) 0.42 0.77
AT/AA 42 (60.0) 27.95 (24.40-32.30) ' 21 (58.3) 24.40 (23.20-28.30) ' 21 (61.8)  30.00 (27.65-34.95) ) )
rs9939609 recessive model
AA 8 (11.4) 28.75 (24.00-31.92) 0.94 4(11.1) 24.10 (22.70-30.30) 0.71 4 (11.8) 30.20 (28.32-35.30) 087 1.00
AT/TT 62 (88.6) 27.65 (24.47-32.42) ' 32 (88.9) 25.15 (22.85-27.95) ' 30(88.2)  31.90 (27.20-35.85) ’ ’
rs17817449 additive model
TT 32 (45.7) 28.20 (24.70-33.42) 14 (38.9) 25.00 (22.75-27.62) 18 (52.9)  32.00 (28.67-35.95)
GT 31 (44.3) 27.50 (24.40-30.50) 0.81 18 (50.0) 25.75 (23.30-28.15) 0.61 13(38.2)  29.60 (27.00-35.05) 0.73 0.54
GG 7 (10.0) 27.90 (23.90-32.30) 4(11.1) 24.10 (22.70-30.30) 3(8.8) 29.60 (27.9-)
rs17817449 dominant model
TT 32 (45.7) 28.20 (24.70-33.42) 0.53 14 (38.9) 25.00 (22.75-27.62) 0.44 18 (52.9)  32.00 (28.67-35.95) 0.44 0.24
GTIGG 38 (54.3) 27.65 (24.37-30.95) ' 22 (61.1) 24.50 (23.30-28.15) ' 16 (47.1)  29.60 (27.52-35.52) ) )
rs17817449 recessive model
GG 7 (10.0) 27.90 (23.90-32.30) 0.75 4(11.1) 24.10 (22.70-30.30) 0.71 3(8.8) 29.60 (27.90-) 0.93 1.00
GT/TT 63 (90.0) 27.80 (24.50-32.30) ' 32 (88.9) 25.15 (22.85-27.95) ' 31(91.2) 31.80 (27.40-35.80) ) )
rs1042713 additive model
GG 25 (35.7) 27.80 (24.30-31.25) 14 (38.9) 25.20 (23.12-27.85) 11 (32.4)  32.00 (29.50-36.40) 0.89
AG 37 (52.8) 27.50 (24.85-32.30) 0.92 18 (50.0) 25.15 (22.80-29.07) 0.90 19 (55.9)  30.80 (26.60-33.80) 0.51
AA 8 (11.5) 28.45 (24.02-33.97) 4(11.1) 24.15 (23.07-27.55) 4 (11.8) 33.85 (29.62-36.12)
rs1042713 dominant model
GG 25 (35.7) 27.80 (24.30-31.25) 0.74 14 (38.9) 25.20 (23.12-27.85) 0.72 11 (32.4)  32.00 (29.50-36.40) 059 0.57
AG/AA 45 (64.3) 27.90 (24.50-32.55) ' 22 (61.1) 24.50 (22.80-28.15) ' 23 (67.6)  31.20(27.40-34.10) )
rs1042713 recessive model
AA 8 (11.5) 28.45 (24.02-33.97) 0.75 4(11.1) 24.15 (23.07-27.55) 0.86 4 (11.8) 33.85 (29.62-36.12) 0.39 1.00
AG/GG 62 (88.5) 27.65 (24.47-32.07) ' 32 (88.9) 25.15 (22.85-27.95) ' 30(88.2)  31.00(27.20-35.85) )
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rs1042714 additive model

CcC 35 (50.0) 28.00 (24.60-32.90) 18 (50.0) 25.35 (23.47-28.10) 17 (50.0)  32.00 (28.10-36.20) 0.15
CG 31 (44.3) 27.50 (24.50-32.30) 0.07 14 (38.9) 25.00 (22.75-28.25) 0.23 17 (50.0)  31.20 (27.00-34.80) 0.62

GG 4 (5.7) 23.30 (20.12-26.40) 4(11.1) 23.30 (20.12-26.40) 0 -

rs1042714 dominant model

CcC 35 (50.0) 28.00 (24.60-32.90) 0.41 18 (50.0) 25.35 (23.47-28.10) 0.22 17 (50.0)  32.00 (28.10-36.20) 0.62 1.00
CG/GG 35 (50.0) 27.20 (24.30-32.00) ' 18 (50.0) 24.30 (22.57-27.27) ' 17 (50.0)  31.20 (27.00-34.80) '

rs1042714 recessive model

GG 4 (5.7) 23.30 (20.12-26.40) 0.02 4(11.1) 23.30 (20.12-26.40) 0.12 0 - - 0.11
CG/CC 66 (94.3) 28.00 (24.57-32.42) ' 32 (88.9) 25.15 (23.10-28.00) ' 34 (100.0) 31.50 (27.77-35.85)

BMI: body mass index, DM1: type 1 diabetes mellitus, DM2: type 2 diabetes mellitus, FTO: fat mass and obesity-associated gene, ADRB2: adrenoceptor beta 2 gene.
Data presented as median (interquartile range) or as absolute and relative frequencies n (%).

* Mann-Whitney U test or Kruskal-Wallis test to compare medians of pregestational BMI between genotypes overall and for DM1 and DM2 groups.

**Chi square test or Fisher exact test to compare frequencies of the genotypes between DM types.
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10 CONSIDERACOES FINAIS

Os resultados encontrados refutaram nossa hipdtese de que o efeito da dieta DASH
versus dieta tradicional sobre o ganho de peso gestacional, pressdo arterial sistémica e
sindromes hipertensivas da gestacdo em gestantes com diabetes mellitus pré-existente seria
diferente, dependendo dos polimorfismos nos genes FTO e ADRB2. Entretanto, nossos
resultados de ndo-associacdo precisam ser considerados com cautela, devido ao limitado
tamanho amostral e poder estatistico do estudo. Em contrapartida, associacdes significativas
de pardmetros genéticos e ndo-genéticos apresentados podem ser bastante relevantes na
assisténcia pré-natal de gestantes com DM pré-existente.

As mulheres carreadoras do alelo A para os polimorfismos rs9939609 FTO e
rs1042713 ADRB2 tiveram maior risco para exceder precocemente o GPG. A avaliacdo
genética para rastreamento de individuos em maior predisposicdo para condi¢des adversas
ainda ndo é uma realidade na saude publica, muito embora a aplicagdo clinica da nutrigenética
no setor privado esteja em crescimento no Brasil e no mundo. As evidéncias sdo limitadas,
mas permitem vislumbrar a possibilidade de estratégias nutricionais personalizadas, com
resultados otimizados considerando as caracteristicas genéticas individuais.

A assisténcia nutricional pré-natal as gestacBes de alto risco pode ser uma area
especialmente beneficiada por este tipo de intervencdo, dadas as condi¢des adversas que
afetam a salde materna e infantil em curto, médio e longo prazo. Estratégias nutricionais
especificas para atenuar o efeito do risco genético sobre 0 GPG podem ser desenvolvidas com
investigacOes sobre as interagdes gene-dieta.

Os parametros ndo-genéticos identificados em relacdo ao risco de GPG excessivo
(tempo de diagndstico do DM, sobrepeso ou obesidade pré-gestacional e hipotireoidismo) e
SHG (cor da pele preta, historia prévia de PE, medidas da pressdo arterial e HbAlc) sdo
facilmente identificaveis durante o pré-natal e podem ser considerados como alertas para 0s
desfechos, mesmo em locais com disponibilidade de recursos reduzida.

Novas hipOteses surgiram a partir de resultados que ndo tiveram significancia
estatistica em nossas analises, mas merecem futura investigacao por sua relevancia clinica: (1)
a dieta DASH parece beneficiar mulheres com hipertensdo prévia ou gestacional, para
reducdo do risco de PE; (2) os genotipos parecem influenciar a trajetdria da presséo arterial,
especialmente as mulheres carreadoras do alelo A (rs9939609 FTO) que estavam no grupo

DASH tiveram menores valores ao longo da gestacdo em relagdo ao grupo controle; (3) as
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carreadoras do gendtipo GG (rs1042714 ADRB?2) tiveram menor IMC pre-gestacional e este
genotipo nao foi identificado em mulheres com DM2 em nossa amostra.

Além disso, a mesma hipOtese mereceria ser testada em uma amostra ampliada,
garantindo maior poder estatistico para as conclusdes, bem como incluir outros genes e
avaliar outros parametros relacionados a alimentacdo ou outros padrdes dietéticos. Como
perspectivas futuras, temos a continuidade do projeto em 2022 (financiamento contemplado
pelo edital FAPERJ Cientista do Nosso Estado 2021), com inclusdo de novas gestantes;
inclusdo da avaliacdo do gene MC4R e sua relacdo com GPG, SHG, consumo alimentar e
picamalécia; avaliacdo de indice e carga glicémica das dietas tradicional e DASH; e avaliacéo
de macro e micronutrientes em interacdo com os polimorfismos genéticos para desfechos
obstétricos e perinatais.

Assim, concluimos o presente estudo reconhecendo suas limitacdes, mas exaltando o
pioneirismo na inser¢cdo da nutrigenética em pesquisas clinicas envolvendo gestantes de alto

risco em uma maternidade publica brasileira.
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APENDICE A - PROTOCOLO DE PESQUISA
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Imstrumente de Coleta de Dacdes =
Ensaie Clinle

Prajeto:
Efeito da Dieta DASH no Resultado Perinatal de

Gestantes com Diabetes Mellitus (DASDIA)

Mome:;

Pronfuwrio: GPSMI: Tipo DME: (1) Tipe I(2) Tipo IO

Grapo de Esmdo: (131G1 controle (promfuasio impar)
(2) G2- mtervencio (proamario par)
Pesquzador: Diata de ingresso :

DEE:

CRITERIOS DE INCLUSAO:

Acultas (idade = 18amos)

Gestag 3o de feto fmico

Semy complicactes do DM ou comorbidades
Idade gestacional <28 semanas

L L |

Atencdo: PREENCHER. O TCLE AWTES DA ENTREVISTA E. ENTEEGAR UMA VIA PARA 4
GESTANTE.

GPS™M i

1 [
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Fegizoo GPEMI: Pesquizadar

Hioma:

1" CONSULTA Data:

CONSILTA A0S PRONTUARIOS EOT ENTREVISTA
Dades de identificacio e sociodemosraficos

Endereco

Bairmo: Cidade

Telefone fixac| ] Celilar-{ )

Autoriza confato via WhatsApp (1) Sim. Cuiro mmere:) b

(%) Nio

Autoriza contato via Facebook (1)5im. Nome da copta: (2N
E-mail:

Diata de Mascimento: Idade mo:  MNammalidade

Sitnacdo marital- (1) vive sem companbeito {2} vive com companheite

Instrugda: (1) Sabe ler e escrever (%) Ensino fimdamental incompleso (3) Ensine fundamental conplaty
(4) Ensino medio incampleta (5 Ensine meédio complato (5) Superior

Anes completos de nstracao: anges

Drades de identificacas, sociodemosrafices e habitos sociais

Cual 2 a sua ocupagde ou atividade profizsional? (1) dona decasa (2} estudante

(3) ouiras

Voce pratica alpuma atividade fisica? (1) Sim. Qual freqiénciatempo
(2) Mo

Chaal a cor da sua pele? (1) Branca (2} Preta (3) Parda (4) Amarela (orngem eriental) (5) Indizena

Wik uson ou esta usando nesta gestagda:

(1) Bebida alcoolica (2) Cizarro (3) Drogas (4) MWenbuma

Mo caso do wse de  alpuma  substincia  achpa,  descrever  feqiéncia e

quantidade

Avaliagio clinica e ohstétrica

Idads gestacional da primeira consola do pre-natal: sem {considstar consulia de magsm)
DUM: Gresta: Para: Ahbartos (n° /o)
Diata do termino da ultima gestacae: Aboerto na pestagde anterior? (1) Sim (2) Hio

Hiseoria pessoal- (NBEW (<25 kg) () pré-temmo (TG <37 semanas)  (3) macrossomia
(4) obite fetal'matimerto  (5) neomerio (9) malformacdo congénita (7) polidramnio
(B} intervalo enfre as pestagtes superior a 10 anes

(9} ouiras,

Historia de imtercoméncias pestacionais ou o parts  ou  puerperno, informar a  IG

144



145

Histaria familiar (1) DM {quem? )

(2) SHG (guem? )
Tempe de Diagnostico do DM:
Insulinas em nso: (DWEH () Begular (Foutras
Doze de inzulina & horaries:

Usode AAS (1) Sim. doss e inicio (2 Mo
Riscode PE: (1) Baixo msco (2] Alto msco
Tipo de dieta (MT ou MCC) adotada = adesdo:

Casos de hipoglicemia (<§0mg/dl) e'ou hiperglicemia (glicemia de jejum =95mg/dl ou 1h apos a refeicao
>140me/dl) ver no mapa de auto-monitorizag3o:

Coomrale ghicemicor (1) Bom commrole (GI-95mpe/dl ou 1h apos a refeigdo =140mgidl ou Ih
= 120me/dl)(2) Descontrole (GT =05mz/dl ou 1h apos a refeicao =140mg/dl ou Zh =1 20me/dl)

Estatura; m  Pesopre-gestacional; kg

Peso ma 1* copsulta ou na wiagem: kzIzs  F (DUMUS).

IMC pré-gestacional- Clas:(I'Bp ()N (3)Sp (4)0b
WC gestacional imicial: Chas:(1)Bp (A& (3) 5 #)0b

AVALIACAO DIETETICA NA 1° CONSULTA- ANAMNESE DETALHADA (FOLHA DO SND).

AVALIACAO EM TODAS AS CONSULTAS |

Registrar todas as informagoes disponrveis no prostuario

IG - idade gestacional em semanas/dias;

S (5, HAD (M)

Edema - assinalar {, 1+, 2+, 3+

Identificar as infercorrencias gestacionais e sintomaiologia dipestiva, a partdr dos registros medicos,

do nuiricionista & por meio da inberpretacdo dos examss:

¥ Anemia - hemoglobing <11gdL. Nos casos de anernia descrever valorss de WCM

Hq:a'n:u;m gestacional - pressao arterial =140 x S0mmHz apos a 20" semana.

Pre-Edampsu hlp&r[Eu_ﬂu associada ::umpm’rennru I: >.’r':IIZImg; e uring de 4.

Er_]m:Pm ]J.IPEI'I'ED:EI:I assoriada com proteimmiae convulsdes.

Afencao para infecpdes urinaras, deencas sexualmente fransmissivels, ruphura prematora de

membrana e guos.

« REGISTRAF INFOEMACOES DE TODAS AS CONSULTAS DE P E MARCAR AS
CONSULTAS COM ONUTRICIONISTA

+ ATENCAO: Em casos de picamalacia & XN, preencher o anexo3 & grampear jumto ao protocolo da
ZEAnie.
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QUADROS DE EVOLUCAD ANTROPOMETRICA E CLINICA:

» Informacies para calenlo do VET:

Pasp Pre-gestacional kg  IMC Pre-gestacional kgpm?
Idade: anosg IMC PG (1)BP (M (3)5P (40 HAF:
Diata* E & ! gg 3 i 3 E 2 :E E =
£ |& - =| %% |3
& |5 (5% |4:%| Ef|g + 5 | 3%%
= = |2 ¥ < (M e | B
L) - - i

*Marcar com nm asterisco as consultas com o notriciomista.  *= Imvestizar em fodas as consultas

Para investipapds da peamalici:
Tem ventade de comer substancias ndo alimentares ou combinagdes estranhas durante a gestagdo”?
(1} Sim. Croal sobstancia ou combinacio atipica. IG que comegen?

(1) Nao
Para investigepas da cEFuETa ROTRIM.
A Dificuldade para energar durante o dia? (1) 5im  (2) Nao
B. Dificuldade par enxergar com pouca lnz ou a naie?
(1) Sim_ Chuande comesontermingy” {71 Hao
C. Tem cegusira notuma? (1) Sim. (uande comegou - IG? (1) Hao

Comdderar a capacidade de visdo com o nso de lentes de contato on ocolos

Diagmostico de XN: .
(1) 5IM: Resposta da pergunta A for WAD & a da B efon C for 5IM (2) Mo

Em caso de picamalacia ou XN, preencher o anexo 3
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QUADED DE EVOLTC A0 CLINICA E USO DE MEDICAMENTOS

Enirevista & consulta 205 prontuirios em todas as comsultas

Data Edema/ Intercorrtocia Uso de Usode AAS Suplemento
Incisura’ | gesencional’ desvio bquide | medicamentos (dose/freq) (dose/freq).
H AEOLSTE
alteracio (1-slized=asmnia: {dosefreq).
l-miermediirie;3-
polidrammia)’

Sintomatologia dipescva




I CONSULTA Diata:

Pesquizadar: Pegistmo GRSNI

Hiome:

Grupo de Estude: (1) Gl- controle (2} G2- mterven;do L SIS

ENTEEVISTAE CONSULTA AOQS PRONTUARIOS
Evolngde clmica & nuiricional

Evolucdo chnica do diabetes (descrever alteragdo no tratamento, internagda, descrever episodios de hiper-
JI=5e pos =140 & hipoglicemi-<260);

Intercomencias e IG:

Areifacdo ou alterac3o da dista prescrita:

Insulinas em uwso: (1JWPH (1) Begular (3)joumas

Dioze de inmilina e horamos
ENTREVIETA
Dados de identificacio, sociodemozraficos e habites sociais
Alteracdo de endeveo ou telefons:
N* de pessoas da famalia; EFPC: RS M
Benda famdliar total:

Saneamento do domicilio- (1) Adequada (coleta de 1o regular, azua encanada, rede de espoto)
(2 Inadequada (desrever servign ansenie)
Gestagdo atual foi planejada? (1) Sm (2 Nao
Gestagdo atual & aceia? (1) Sm  (2) Mao. Byg?
Voce est nsando nesta gestacao: (1) Bebida alcodlica (2) Cigamo (%) Drogas (4} Nenhuma

Mo case do uso de  alpuma  substoca  acima,  descrever  freqiéncia e
quantidade

AVAITACAD DA ADESAD-Aszinalar os fhens observados
(1) guantidade (2} qualidade (3) padrio de refeictes (2) adequacdo do panho de peso semanal
Considerar — 4) adequacio 4o ganhe de peso semanal ate +/-20% do programado na comsulta anterier

{haais refsicdes realiza por dia?
Desjejum”  Colagdo 2 Almeco Z  Merenda 2 Jantar Z Ceia

ATENCAO: Preencher os quadros de evolugio antropemétrica, clinica e dos exames
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3 COMSULTA Diata:

Pesquizader: Fezismo GPEMI

Nome:

Grupo de Estuda: (1) G1- contrele (2) G- mtervencio IG: SEMANAS

ENTEEVISTAE CONSULTA AQS FPEONTUARIOS
Evolugde clmica ¢ nufricional

Evolugio clinica do diabetes (descrever alteragdo no tratamento, internacdo, descrever episodios de biper-
T1-05 e pos =14071G e hipoglicemia-<50):

Intercemencias e IG:

Aceitac3o ou alteracao da dieta prescrita:

Insulinas em uwso: (1JWPH (1) Begular (3)joumas

Dose de insulina e horamos:
ENTREFIETA
Dados de identificacio, sociodemograficos e habitos sociais
Alterac3o de enderero ou telefons:
Voce esta usando nesta gestacao: (1) Bebida akoalica (2) Cigamme  (3) Drogas (4) Nenbuma

Mo case do wuso de alguma  substincia  acima,  descrever  freqiéncia e
quaniidade

AVALTACAD DA ADESAD -Assinalar os itens obsemvados
(1) quantidade  (2) qualidada(3) padrao de refescdes (4) adeguagdo do ganho de peso semanal
Considerar — 4) adequagae do ganho de peso semanal ate +/-20% do programado na consulta anterior

Avaliacio Dietética na 3*. consults - REC 24b- amexo 4
(Quais refieic des realiza por dia?
Desjejum”  Celagdo I Almego Z  Merenda J Jania 2 Ceia

ATENCAOQ: Preencher os quadros de evolucio antropamétrica, clinica e dos exames
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da. CONSULTA Dai;

Pesquisador: Fegistmo GEENI

Mome:

Grupo de Estude: (1) G- controle 2) GI- mtervengdo IG; SEIDANES

ENTEEVISTAE CONSULTA AQS FREONTUARIOS
Evalugde clinica ¢ nuiricional

Evolugdo clinica do diabetes {descrever alteraco no matamento, internac®o, descrever episedios de hiper-
JI=05 e pas »1401G e hipoglicemda-=§3):

Intercomencias & I

Areitacio ou alterar3o da dista prescrita:

Insulinas em wse: (1PH (1) Regular {3)ouiras
Doze de inmulina & horzrios

ENTREVIETA
Dados de identificacia, sociodemozr aficos e habites sociais

Alteracio de enderepe ou telefons:
Vors esta usando nesta gestagao:(1) Bebida alcoolica (2) Cigammo (3) Doogas (4) Nenbuma

Mo case do wnse de algmma  substAncia acima,  descever  fegiéncia e
quantidads

AVALIACAO DA ADESAD-Assinalar o itens ohservades
(1} quantidads () qualidads(3) padrae de refeicies (4) adeguagdo do ganho de peso semanal
Considerar — 4) adequacie do ganhe de peso semanal ate +/-20% do programado na copsulta anterior

Quais refeigdes realiza por dia?
T Desjejum” Colagao O Almoca 1 Merenda 0 Jantar O Ceia

ATENCAO: Preencher os quadros de evolugio antropemétrica, clinica e dos exames
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& CONSULTA Data:

Pesquizador: Fezismg GREMT

Mome:

Grupo de Estude: (1) G1- controle (2) G2- mtervencdo IG: PETIANES

ENTEEVISTA E CONSULTA AOQS FEONTUARIOS
Evolugde clmica ¢ nuiricional

Evolugao clinica do diabetes (descrever alteracdo no tratamento, internagdo, descrever episedios de hiper-
JI-05 g pas =14071G e hipoglicemda-<§0):

Intercommencias e IG:

Areitacao ou alterag 3o da dista prescrita:

Insulinas em uso: (1PH (1) Regular (3)ouiras
Dose de insulina e horarios:

ENTREVIETA
Dados de identificacio, sociodemograficos e habites sociais

Alterac3o de enderego ou telefons:
Voce esta usando nesta gestacae:(1) Bebida alcoolica (2) Cigamo  (3) Drogas (4) Nenkuma

Mo case do wuse de alpuma substimcia  achoma,  descrever  frequemcia e
quantidads

AVALIACAO DA ADESAQ- Assinalar os itens observados
(1) quantidade () qualidade (3) padrao de refeicdes (4) adeguacdo do ganho de peso semanal
Considerar — 4) adequacao do ganho de peso semanal ate +/-20% do programado na comsulta anterior

Avaliagio Dietetica na 5°. consulta — REC 24h ( anexo 4)
Quais refieic Ges realiza por dia?
0 DesjejumC  Colagao C  Almogao Z  Merenda 0 Jamiar C Ceia

ATENCAOQ: Preencher os quadros de evolugio antropemeétrica, climica e dos exames
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& CONSULTA Diata:

Pesquizador: Fegisimo GEEMI

Moms:

Gnapo de Esmude: (1) G- controle (2) G2- intervencdo IG: SETINATAS

ENTEEVISTAE CONSULTA ADS PRONTUARIOS
Evolugde clmica ¢ nuiricional

Evolugao clnica do diabetes (descrever alferac3o no Tatamento, internacao, descrever episodios de hiper-
TI-85 e pos =1401G e hipoglicemia-<2§3):

Intercomencias e IG:

Aceitacao ou alterag 3o da dista prescrita;

Insulinas em uso: (1) WPH (1) Begolar (3)outras
Doze de insulina & horarios

ENTREVISTA
Dados de identificacia, sociedemograficos e habites sociais

Alterac3o de enderago ou telefons:
Voce esta usando nesta gestagao:(1) Bebida alceolica (2) Cigammo  (3) Drogzas (4) Nenhuma

Mo casc do wsoe de alpuma  substimcia  acima,  descrever  freqiémcia e
quantidade

AVALIACAO DA ADESAQ- Assinalar os itens observados

(1) quantidade (2) qualidade (3) padrdo de refeictes (4) adequagdo do ganho de peso semanal
Considerar — 4) adequacao do ganho de peso semanal ate +/-20% do programado na comsulta anterior

Qaais refeig des realiza por dia?
Desjejue”  Colagdo I Almogo Z  Merenda 2 Jamtar 2 Ceia

ATENCAO: Preencher os quadros de evolugio antropemétrica, clinica e dos exames



AVALIACAO NO PUERPERIO
Besquizador: Diata:
Nome: Bezistmo GEANI

Grupo de Estudo: (1) G1- contrele (2) G2- mtervencdo

CONELLT A AQS PRONTLARIOS

Avaiiogdo matarng

Peso pre-parta: ke Peso pa ultima comsutta; kg (IG DUMUS= [
Ganha tefal: kg Adsquacdo do ganhe: (1) abaixo (2) adequado (3] acima
Infercomencias matermas D000 panic  ou 0 pUsperi o antes  da alia hospifalan

IG no pario (DURTUS): 3 Tippdepario: (1)oommal  (2) cesarea (3 farceps
Diata do pario:; Tempe de intemag3o da pasrpera:

Contrale glicémico 1°. T: (1) Bom controle (2) Desconfrole

Coptrole glicsmics 2. T: (1) Bom controle (2] Descontrole

Coptrole glicsmics 3. T: (1) Bom conmels (2] Descontrole

Bom coatrols (GT <03mz/dl ou 1h apos a refeicao <140me/dl ou 2h <] Xme'dl)
Descontrale (G =05mgz/dl ou 1h apos a refeicie =140me/dl ou Ih =120mg/dn)

Condipbes ao agscer: (1) natimartod2) obito fetal  (3) neomarto. Idade: {4} nascido vivo
(5} malformac3o congemita

Baza: E IG (Capumo): semanas  Comprimento; cm P m

Semo: (1) F(2) M Apparl'e§s___ /_ Indire Ponderal kgiom®

Carrelagdo PIG: (1) PIG (1) ADG(3) GIG  Metoda:

Infercoarencias do BN & Idads:

Infernagas do BX: (1} AC () UTL Tempo de mfermegao:;

Alimentacdo do BN pa imternagdo: (1) AM  (2) Formala (3} AM + Complemanfagdo

Via de adminismacdo:  (1)0ml  (2) sonda (3) Parenteral

Obzervagdes:

Inicio do AM: (1) C0  (2) alojamento comjunta | b pos-parto) (3 Unidade neonatal

Caracserisricas d Qssiviineia pré-natdl;
N de consultas no pré-patal (inchindo a riagem):
Chatres profissionais gue atenderem no P alem do obstetra: (1) nomologe () assisterts social
(3) psicologo  {9) musicotemapéuta  (4) outros,

N* ds agdes educatvas:
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Besguizador: Ciata- ! ! Dia da semana;
Noma: Bazzistro GPSMI:

Com o objetivo de avaliar a sua advidade Ssica disria, pedimos que voce presncha o guestionario abaizo.
Para respander a5 questoss lembre que

v atividades Esicas VIGOROSAS sdo aguelas que precisam de um grande esforge fsico & que

fazem respirar MUTTC mais forie que o normal.

v atividades Ssicas MODERADAS sdo aguelas que precisam de algum esfore Ssico e que

fazem respirar UM POTIC0 mais fore que o normal.

Pama responder as perguntas, considerar somente attvidades realizadas por pelo menos 10 minatos
continmes de cada vez

1a Em quantes dias da wltima semana voce CAMINHOU por pelo menos | mimates confimos em
53 ou oo Tabalbe, como forma de Tansporie para @ de um bagar para ouire, por lazer, por prazer ou
como forma de exercicia?

dias por SEMANA { ) Nenhum

1b Mos dias em que wocé caminhou por pelo menos 10 miros conbmees quanto tempo oo total
VorE gasion caminhando por dia?

horas: _ minutes:

IaEm qum'rn:n: dias da tidma semana, vocé realizon atividades MODERADAS por
mirins contimes, Como por exemplo pedalar leve na biciclets, nadar, dancar, fazer pinastica asrobica
leve, jogar voled recreative, carrezar pesos leves, fazer servipos domeésficos my casa, oo guintal ou no
jardim COme Ve, aspirar, cuidar u:‘n Jardim, ou qualquer atividade gue fez aumentar moderadamente
513 respiragao oa batimentos do coragae (POR FAVOR NAQ INCLUA CAMINHADA)

dias ____ por SEI.IAI&A {) Nenhom

Ib Mos dias em que vocd fez essas atividades moderadas por pelo menos 10 minates contimaos,
quanio tempe no tofal voce gastou fazendo essas atvidades por dia?

horas: ____ mimwtos:

da Em qummrs dias da tltima semana, vocd realizon atividades VIGOROSAS por pelo menos 10
mirinG ContimIes, OO poT exemple comer, fazer inastica aerdbica, jogar firebol, pedalar mapido na
bicicleta, jogar basquete, fazer servipos domesticos pesades em casa, oo quintal ou caveucar no jardim,
carTegar pesas elevados o qualquer advidade que fez aumentar A{UTTO sua respiragao ou batimentos do
COFAM 30,

l-ﬂ’;vﬂias por SEAMANA () Nenhom

Ib Wos dias em gue vocd fez essas atividades wizorosas por pelo menos 10 mimstes combnoos
quanie tarpe wo fofal vocd gastou fazendo essas atvidadss por dia?

horas: Mmwtos:

Estas ulfimas guestdes 530 s0bre o SMpO qUe VOCe permansce sentado todo dia, no trabalbo, na
escola ou faculdads, em casa e domobe sen tempo livre. [sio inclbol o fempe senfade estmdando, sentade
enquanto descansa, fazendo ligae de casa visitando um amige. lende, sentado ou deitade assistinde TV.
Mo mchi o tempo Fasto senfando durants o tansparts em onibus, rem, metrd ou CarTo.

4a CJuanto tempo no total vocs gasta sentado durante um dia de semana’

_ boras _ minwtos
4b Qu (Juante tempe no total vock gasia senfade duramte em um dia de final de semana?
_ horas_ mismfes

Classificacio:

1 Sedentario
) Irregnlarmente ative A

(
(
{ ) Irregularmente ative B
Ejﬂn‘n
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APENDICE B - PLANO ALIMENTAR - DIETA TRADICIONAL

UNIVERSIDADE FEDERAL DO RIO DE JANEIRO

Servigo de Nutrigcdo e Dietética

Plano Alimentar para Gestantes Kcal
Mome : Registro;
___h. CAFE DA MANHA

Leite:

Pao:

Manteiga, margarina ou regueijio:

___h.COLACAO
Fruta:

___h. ALMOCO

Cames:

Yegetal A {verduras)

Yegetal B (legumes)

colheres de sopa

Amoz:

colheres de sopa

Feijdo Simples:

conchais)

Azeite:

colheres de sobremesa

Fruta:

___h.LANCHE

Leite :

P3o :

Manteiga, margarina ou reqgueijo:

__ h. JANTAR

Cames:

Vegetal A (verduras)

Vegetal B (legumes)

colheres de sopa

Amoz:

colheres de sopa

Feijdo Simples:

conchais)

Azeite: colheres de sobremesa

Fruta:

___h.CEIA

Leite : @
Fruta:

PRI - Gl T TES £l CARETIES - D 53-52

Consulte a hista de substituicdo de alimentos para vanar seu cardapio
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APENDICE C - PLANO ALIMENTAR - DIETA DASH

UNIVERSIDADE FEDERAL DO RIO DE JANEIRO

Servigo de Nutrigio e Dietética

Plano Alimentar para Gestantes Kcal
MName: Registro:
h. CAFE DA MANHA
Leite desnatado: & &
P30 integral;

Manteiga, margarina ou requeijdo light (sem adicio de gordura
vegetal):

h. COLACAD

Frutas:
Castanhas ou sementes:

h. ALMOCO

Cames:

Vegetal A (verduras — a vontade);
Vegetal B (legumes): colheres de sopa
Aoz integral: colheres de sopa
Feijdo Simples: conchals)
Areilte extra-virgem: colheres de sobremesa
Fruta:

h. LANCHE
Leite desnatado:

P30 integral;
Manteiga, margarina ou requeijdo light (sem adicio de gordura
vegetal):

h. JANTAR

Cames:

Vegetal A (verduras — a vontade);
Vegetal B (legumes): colheres de sopa
Arroz integral: colheres de sopa
Feijdo Simples: conchals)
Azeilte extra-virgem: colheres de sobremesa
Fruta:

h. CElA
Leite desnatado:

Fruta:
Aveia em flocos:

R CRL - GESTANTE S Cdd DAARE TEE- D132

Consulte a lista de substituicio de alimentos para variar seu cardapio.
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ANEXO A - APROVACAO DO COMITE DE ETICA E PESQUISA

MATERNIDADE ESCOLA DA

UNIVERSIDADE FEDERAL DO '{%"ﬂ“""‘

RIO DE JANEIRO/ ME-UFRJ

PARECER CONSUBSTANCIADOC DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Dista DASH para Gestantes com Diabetes

Pesquisador: Claudia Saunders

Area Tematica:

Versdo: 1

CAAE: 48813115.0.0000.5275

Instituigdo Proponente: Matemnidade Escola da Universidade Federal do Rio de Janeiro
Patrocinador Principal: Financiamento Proprio

DADODS DO PARECER

Numero do Parecer: 1.185.783
Data da Relatornia: 31072015

Apresentagio do Projeto:

Estudo proposto pelo INSTITUTO DE NLITRH;.&D JOSUE DE CASTRO,DERPARTAMENTO DE NLITRH;.&D
E DIETETICA, GRUPD DE PESQUISA EM SAUDE MATERMA E INFAMTIL, onde ir3 realizar uma pesquisa
com gestantes adultas com Diabetes Mellitus utilizando a dieta DASH (Dietary Approaches to Stop
Hyperiznsion) que vem sendo sugerida como estratégia ndc medicamentosa promissora e eficiente na
redugdo de eventos cardiovasculares em adultos e; em gestantes com Diabetes Mellitus Gestacional (DMG),
na redugio da resisténcia insulinica, dos marcaderes inflamatorics e de estresse oxidative, na melhora do
controle glicémice & do perfil lipidico; na prevencdo da macrossomia fetal, dentre outros beneficios. O
estudo terd duas etapas. Ma primeira serd realizada a tradugdo da dista DASH original e elaboragio de uma
proposta de plano alimentar proprio para gestantes brasileiras. A segunda etapa serad um ensaio clinico
randomizado contrelade, no qual serSo estudades dois grupos, o Grupo 1 (controle) no qual as gestantes
receberSo orientagdo nutricional com base na dieta tradicional brasileira e, o Grupo 2, que recebera
orientagdo nutricional com base na dieta DASH. Ressalta-se gue estudos utilizando a dista DASH em
gestantes com DM s3o inéditos tendo em vista a escassez de estudos com este grupo populacional tal

estude pede ser promissor, tendo em vista as caracteristicas descritas da dieta DASH.

Objetive da Pesquisa:
Primaria:

Endersgo:  RUS fas Laranjelras, 150

Balmo: Laranjeias CEP: 22 240-003
UF: RJ Municiplo: RIZ DE JANEIRD
Telsfons: (2125559747 Fax: (2122059084 E-mall: capgime.ufr or

Prisgira 01 de 04
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™ MATERNIDADE ESCOLA DA

- e
:-i«-.."i .Tu UNIVERSIDADE FEDERAL DO W
RIC DE JANEIRO/ ME-UFRJ
Gmmuaﬁuman 1.965.728
-Propor e testar o efeito da Dieta DASH no resultado perinatal de gestantes com DM.
Secundarnios:

13, atapa do estudo

1. Realizar tradugio da dieta DASH original;

2. Elaborar de uma proposta de plano alimentar com base na dieta DASH adaptada,
segundo revicio da lfteratura e considerando os alimentos habitualmente utilizados por
gestantes com DM com inicio prévio 4 gestagio;

3. Elaborar boletim de orentagdo nutridonal e material educativo, além de tabela de
substituicdo de alimentos, para aplicagio na orientacso individualizada das gestantes,
segundo as distas tradicional & DASH;

4. Avaliar o custo da dieta DASH e compara-lo com o custo da dieta tradicional.

2 gtapa do estudo

5. Construir os grupos de estudo (controle & intervengio) e descrever o perfil de salde de
gestantes com DM no baseline;

8. Aplicar a dieta DASH e a dieta tradicional na assisténcia nutricional pré-natal de
gestantes diabéticas;

7. Avaliar e comparar a ades3o das gestantes diabéticas ao plano alimentar proposto,
segundo a dieta DASH e a tradicional;

8. Avaliar a associag3o entre a dassificacdo do risco de pré-scldmpsia no primeiro
trimestre gestacional & o desenvolvimento de SHG entre os grupos de estude;

9. Avaliar o efeito da dista DASH nos desfechos matemaos - caracteristicas
antropometricas (ganho de peso gestacional), nutricicnais (consumo distético de
energia, macro @ micronutrisntes, presenca de caréncias nutricionais), cinicas (presenca
de comorbidades na gestagde, parto e/ou puerpério, niveis de press3o arterial, contrale
glicémico) e, bioquimicas (glicemias plasmaticas de jejum e pos-prandial, hemoglobina
glicada. perfil lipidico, marcadores de estresse oxidativo). enfre as gestantes em uso da
dieta DASH e da dieta tradicional;

10. Avaliar o efeito da dieta DASH nos desfechos necnatsis - condigies ao nascer (peso,
idade gestacional ao nascer, malformagdes congénitas, intercoméncias no perode
necnatal precoce, indice ponderal, comelagio pesofidade gestacional ao nascer) e tipo

Endersgo:  Fua das Laranjelras, 180

Balrmmo: Laranjeiras CEP: 22.240-003
UF: Rl Municiplo: RID DE JANEIRD
Talstone: (2125559747 Fan: (21)2205-9064 E-mall: capshime i or

Fiagrm (02 de 04



Connuaglo do Parecer: 1.955.758

de parto entre os grupos de estudo.

Avaliagio dos Riscos e Beneficios:
Riscos:

A etapa 1 do estudo sera realizada com base nos dados da pesquisa "Contribuices Teorico-Praticas para a
Assisténcia Pré-natal de Gestantes Diabéticas™ que ja foi aprovado pelo Comité de Etica em Pesquisa (CEFP)
da Matermnidade Escola/UFRJ em 15/10V2010(CAAE — D017.0.361.361-10). Mo apresentando riscos para as
gestantes.

A etapa 2 do estudo informa que s30 o5 mesmos riscos aos quais as gestantes com DM est3o expostas,
hiperglicemia & hipoglicemia. Tais sinais & sintomas s3c comuns entre os individuos diabéticos que ndo tem
uma boa adesio 3s orientagies nutricionais. Embora na dieta DASH seja prevista uma ingestie de sodio
controlada, a quantidade prevista esta proxima & recomendagdo da WHO (2012), que & de Sglsal/dia
(2000mgidia} para adultos

hiperiensos & sadios, inclusive gestantes e pusrperas (WHO, 2012). As gestantes serdo orientadas 3 evitar
0 uso de alimentos salgados e industrislizadoes ricos em sal de adigio. E no caso de relato de hipotensio, os

casos serdo relatados ac médico assistente para avaliagio = conduta.

Os riscos serdo minimizados com orientagSe detalhada do plane alimentar, com agendamento da consulta
individuais de retorno apds a primeira consulta com o nutricionista de no maximo 15 dias, além das
consultas em grupo quando também serdo esclarecidas dividas das gestantes sobre a dieta. Além disso,
serdo disponibilizados nimeros de telefone de membros da equipe de pesquisadores para que a gestante
possa esdarecer dividas sobre a dieta. Outro desconforto que poderad coomer nas gestantes que receberdo
a orientagio com base na dieta DASH sera mudangas no padrio de funcionamento gastrintestinal, com
eventual flatuléncia e diarréia, devido ao alto teor de fibra da dieta. Para minimizar tal desconforio, as
gestantes serdo crientadas a introduzir @ aumentar gradativamente os alimentos ricos em fibra na
alimentagio habitual & estudos anteriores descrevem que a melhora da sintomatolegia gastrintestinal
melhora em pouces dias (Windhauser et al, 1999). N30 havera custos para as gestantes para a realizagio
dos exames laboratoriais, nem para aguisigido dos kits para auto-monitorizagdo, tiras para medigio da
glicemia e insulina, pois, ja sdo distribuidos rotineiramente pelo Servigo de Nutrologia da ME/UFRL.

Comentarios e Consideragdes sobre a Pesquisa:
Pesquisa relevante, factivel & com plausibilidade.

Endersgo:  RUS fas Laranjeiras, 150
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ComnuagSo do Parecer: 1.965.728

Consideragies sobre os Termos de apresentagio obrigatoria:

Teodes os termos estio presentes e devidamente preenchidos.

Recomendagdes:

Recomenda-ze a apresentagdo do protocolo.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Sem pendéncias.

Situagdo do Parecer:

Aprovado

Mecessita Apreciagao da CONEP:

M3o

Consideragdes Finais a critério do CEP:

1 - De acordo com o item Vil da Resolugdo CMS n.® 466/12, o pesquisador deverd apresentar
relatorios anuais (parciais ou finais, em fungdo da duracdo da pesguisa).

2 - Eventuais emendas (modificagdes) ao protocolo devem ser apresentadas, com justificativa, ac CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada.

RIO DE JAMEIRO, 21 de Julho de 2015

Assinado por:
Ivo Basilio da Costa Janior
(Coordenador)
Enderego; Fua das Laran|elras, 150
Balrmmo: Laranjeiras CEP: 22.240-003
UF: Rl Municiplo: RID DE JANEIRD
Telstong: (212555-9747 Fan: [21)2205-3064 E-mall: capg@me i or
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