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RESUMO

Introducéo: O exercicio fisico como parte do tratamento do diabetes mellitus gestacional
(DMG) pode ajudar na manutencéo das concentracdes da glicemia de jejum. Objetivos:
Conduzir uma reviséo sistematica, com metandlise de ensaios clinicos randomizados,
para avaliar o efeito do exercicio supervisionado e estruturado ou o efeito do
aconselhamento de atividade fisica, em mulheres com DMG, e comparar ao pré-natal
usual para o controle da glicemia. Métodos: Os estudos elegiveis foram identificados a
partir das bases de dados MEDLINE, EMBASE, Web of Science, Scopus e SportDiscus
até 4 de Junho de 2015. Os dados foram extraidos de ensaios clinicos randomizados
que compararam o pré-natal usual ao pré-natal usual somado ao exercicio
supervisionado e estruturado (pelo menos uma vez na semana) ou ao aconselhamento
de atividade fisica, pelas quais os valores de glicemia de jejum pré e pds-intervencao
estavam disponiveis. A metanalise de efeitos randémicos foi conduzida para a diferenca
entre as médias pos-intervencado da glicemia de jejum. Resultados: Foram encontradas
664 publicacdes, nas quais 82 foram avaliadas pela elegibilidade e oito foram incluidas
na analise final. O efeito total do exercicio nas concentracdes absolutas da glicemia de
jejum ndo foi significativamente diferente (P = 0,11) comparado ao pré-natal usual.
Entretanto, o aconselhamento de atividade fisica comparado ao pré-natal usual
demonstrou uma reducao significativa nas concentracfes da glicemia de jejum (diferenca
da média ponderada -3,88 mg/dL, 95% CI-7,33 a -0,42; 1%, 48%; P para heterogeneidade
<0,15). Concluséao: O exercicio supervisionado ou o0 aconselhamento de atividade fisica
em mulheres com DMG néo foi significativamente diferente comparado ao pré-natal
usual nas concentracdes de glicemia de jejum. Visto que o pré-natal usual inclui algum
tipo de recomendacédo de atividade fisica, estes resultados ndo sédo surpreendentes. O
aconselhamento de atividade fisica com o pré-natal usual inclui modificacdes da dieta
gue podem motivar as mulheres com DMG a serem mais ativas e aderentes ao
aconselhamento nutricional, enquanto que o exercicio estruturado pode ser mais dificil
de atingir.

PALAVRAS-CHAVE: gestacgdo, diabetes mellitus gestacional, exercicio fisico, glicose
sanguinea, insulina, hemoglobina glicada.



ABSTRACT

Background: Exercise as part of the treatment for gestational diabetes mellitus (GDM)
may help maintain fasting glucose concentrations. Objective: A systematic review with
meta-analysis was performed to evaluate the effect of weekly-supervised exercise or
physical activity (PA) counseling in GDM women compared to standard care (SC) on
glycemic control. Methods: Eligible trials were identified from MEDLINE, EMBASE, Web
of Science, Scopus and SportDiscus up to 4 June 2015. Data were retrieved from
randomized controlled trials comparing SC with SC plus weekly-supervised (at least once
a week) prenatal exercise or PA counseling for which fasting blood glucose (FBG) values
pre and post intervention were available. Random-effects meta-analysis was conducted
for mean difference in FBG post exercise intervention. Results: Our search yielded 664
publications of which 82 were assessed for eligibility. Eight were analyzed and all were
included in the meta-analysis. The overall effect of exercise on absolute FBG
concentrations was not different (P=0.11) compared to SC. However, PA counseling
versus SC showed a significant reduction in the absolute FBG concentrations (weighted
mean difference -3.88 mg/dL, 95% CI-7.33 to -0.42; |12, 48%; P for heterogeneity<0.15).
Conclusions: Supervised exercise or PA counseling in GDM women was not significantly
different compared to SC on FBG concentrations. Since SC includes some type of PA
recommendation, these results are not surprising. PA counseling with SC including
dietary modifications may help motivate GDM women to be more active and adherent to
nutrition advice, while structured exercise may be more difficult to achieve.

KEYWORDS: Pregnancy, gestational diabetes mellitus, physical exercise, blood
glucose, insulin, glycated hemoglobin
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1 INTRODUCAO

O periodo gestacional é caracterizado como uma situacdo que torna a fisiologia
feminina extraordinariamente diferente da mulher ndo-gravida, sendo esta acompanhada
por multiplas adaptacdes anatdomicas e fisiologicas que visam o bem-estar fetal
(REZENDE, 1998). Diversas complicacdes podem ser diagnosticadas e estas podem
colocar em risco a saude materna e fetal. O diabetes mellitus gestacional (DMG) é uma
complicacdo comum na gestacao, afetando aproximadamente 7% de todas as gestacdes
nos Estados Unidos (AMERICAN DIABETES ASSOCIATION, 2004), 7,6% no Brasil, e
também é motivo frequente de atendimento no pré-natal especializado do Hospital de

Clinicas de Porto Alegre (WEINERT et al., 2010).

O DMG é definido como a intolerancia aos carboidratos detectada pela primeira
vez na gestagdo, ndo considerando-se gravidade ou evolucao futura, e é habitualmente
diagnosticado no final do segundo ou no inicio do terceiro trimestre de gestacéo, quando
se acentua a resisténcia a insulina (THOMPSON et al., 2013). A Organizagcdo Mundial
da Saude classifica como DMG tanto o diabetes propriamente dito, como 0s casos que
fora da gestacdo estariam classificados como tolerancia a glicose diminuida, e
recomenda que ambos sejam tratados (ALBERTI & ZIMMET,1998). O DMG tem sido
associado a uma aumentada morbidade materna e perinatal, principalmente com a
associacao da macrossomia fetal (LAZER et al., 1986; LIPSCOMB et al., 1995; ROUSE

& OWEN 1999).

O exercicio fisico para mulheres com DMG tem sido recomendado como uma

terapia complementar e nao-farmacolégica, uma vez que a inatividade fisica e a vida
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sedentaria podem colocar a mée e o feto em risco de doencas através das adaptacdes
gestacionais (MOTTOLA, 2008; THOMPSON et al., 2013; REICHELT et al., 2002). A
participacdo regular de gravidas em um programa de exercicios fisicos é bastante
comum, e a mulher gravida deve ingressar em atividades que lhe garantam prazer e
bem-estar, desde que ela tenha sido submetida a uma avaliagdo médica especializada
(ARTAL et al., 2003). Gestantes sedentarias com DMG podem ser orientadas a iniciar
um programa de caminhadas regulares e/ou de outros exercicios de baixo impacto, e
aquelas que ja praticavam exercicios fisicos regularmente podem manter atividades
fisicas habituais, evitando exercicios de alto impacto ou que predisponham a perda de

equilibrio (REICHELT et al., 2002).

Recentemente, HALSE et al. (2014) aplicaram um treinamento aerdbico, em
bicicleta ergométrica, em 20 gestantes com DMG e compararam com um grupo controle
gue so recebeu o pré-natal usual. Os autores verificaram que a concentracdo de glicemia
capilar foi agudamente reduzida em resposta a cada sessao de exercicio (113,51 + 14,41
mg/dL para 88,28 £ 12,61 mg/dL, p < 0,001), e que 0 grupo que se exercitou apresentou
concentracfes de glicemia pdés-prandiais menores ao longo de toda a intervencao

comparado ao grupo controle.

A associacdo entre o DMG e o exercicio fisico estd parcialmente descrita na
literatura, entretanto, existe uma caréncia de dados a respeito das respostas da glicemia
de jejum e sensibilidade a insulina de gestantes com DMG que realizam exercicios
aerobicos ao longo da gestacdo. Assim, existem davidas em relacdo aos desfechos
neonatais apds o treinamento aerdbico nesta populacdo. Para tanto, se espera

preencher uma lacuna no conhecimento cientifico, proporcionando uma nova informacao
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gue possa auxiliar os profissionais de saude na prescri¢cao de treinamento aerébico para

gestantes com DMG.

O presente documento se apresenta dividido nos seguintes capitulos: marco
tedrico sobre o exercicio fisico como tratamento ndo-farmacolégico para o DMG e dois
estudos que objetivaram avaliar o efeito do exercicio fisico no controle glicémico de

gestantes diagnosticadas com DMG.
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2 REVISAO DA LITERATURA

2.1. Estratégias para localizar e selecionar as informagdes

A revisdo da literatura foi atualizada em Setembro/2015 e centrou-se nas
seguintes palavras-chave: 1) pregnancy; 2) exercise; 3) gestational diabetes; 4) HOMA
index; 5) glycated hemoglobin e 6) blood glucose. A estratégia de busca envolveu as
seguintes bases de dados: MEDLINE (site PubMed), LILACS, Scielo, Web of Science,
Scopus e COCHRANE. Também foi consultado o banco de teses da CAPES, cujos
termos foram traduzidos para o portugués: 1) gestacdo; 2) exercicio; 3) diabetes
gestacional; 4) indice HOMA; 5) hemoglobina glicada e 6) glicemia. As palavras-chaves
foram cruzadas para especificar a busca e 0 ano de publicagéo n&o foi limitado. A tabela
1 sumariza a estratégia de busca das referéncias bibliograficas sobre as bases que
fundamentam os objetivos do estudo. A busca integrando todas as palavras-chaves

resultou em nenhum estudo encontrado, portanto, ndo foi incluida na tabela.

TABELA 1: Sumario dos resultados de buscas em diferentes bases de dados.

PALAVRA-CHAVE  MEDLINE LILACS Scielo S\Aclleebn?:]; Scopus COCHRANE CAPES
Pregnancy 805655 19154 3333 311006 916363 26742 965
Exercise 302470 9407 3470 308418 449533 45883 3528
Gestational diabetes 14045 448 22 11940 10354 662 84
HOMA index 6636 28 1 5876 1166 194 98
Glycated hemoglobin 26889 118 19 6589 4645 1119 89
Blood glucose 226606 2749 74 100600 175294 15576 590
Pregnancy AND 4526 2339 51 2789 6598 745 3528
Exercise
Pregnancy AND 12528 6928 14 7509 9748 686 84
Gestational diabetes
Pregnancy AND 250 2 0 195 48 4 98
HOMA index
Pregnancy AND 161 2 0 170 152 21 89
Glycated hemoglobin
Pregnancy AND 12507 8152 6 2932 10136 442 590

Blood glucose
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2.2-Adaptacdes da gestacao

O periodo gestacional compreende cerca de 280 dias, aproximadamente, 40
semanas contadas a partir do dia da dltima menstruacdo. E caracterizado como uma
situacdo que torna a fisiologia feminina extraordinariamente diferente da mulher néo-
gravida, sendo esta acompanhada por multiplas adaptacées anatdomicas e fisioldgicas
gue visam o bem-estar fetal. Tais adaptacbes iniciam logo apés a fertilizacao,
permanecem durante toda a gestacédo e finalizam quase que totalmente no puerpério e

término da lactagdo (REZENDE, 1998).

Algumas dessas adaptacBes gravidicas incluem o aumento do liquido
extracelular, tanto intersticial quanto plasmatico, correspondendo de 30 a 45% acima dos
valores pré-gravidicos (RUDGE & BEREZOWSKI, 1994). Também ocorre diminui¢cdo da
resisténcia vascular periférica, o que contribui para o aumento da capacidade
cardiovascular (LUMBERS, 2002). Os valores médios de débito cardiaco, em uma
mulher ndo gravida em repouso, variam entre 4,8 a 6,4 |.min-1 (WILMORE & COSTILL,
2001), porém, durante o periodo gestacional, observa-se um aumento médio desses

valores em torno de 43% (CLARK et al., 1989).

Diversos autores encontraram um aumento da frequéncia cardiaca nas primeiras
guatro semanas de gestacao, seguido por um aumento gradual na qual atinge um platé
de, aproximadamente, 15 bpm acima dos valores da frequéncia cardiaca de repouso no
estado ndo-gravidico (GORSKI, 1985; CLAPP, 1985, WOLFE et al., 1989). A respeito do
comportamento normal da pressdo arterial ao longo da gestagcédo diversos autores

sugerem que a pressao arterial, em uma gestacédo normal, tem a tendéncia de diminuir
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até a metade da gestacdo e entdo aumentar até o final, atingindo valores de pressdo
arterial similares aos do inicio da gravidez, devido a redu¢édo acentuada da resisténcia
vascular periférica (MacGILLIVRAY et al., 1969; CHRISTIANSON, 1976; WILSON et al.,
1980; MOONEY et al., 1990; CUGINI et al., 1992; PIVARNIK, 1996; AYALA et al., 1997;

CLAPP & CAPELESS, 1997; HERMIDA et al., 2000).

Em relacdo as alteracdes gravidicas no sistema respiratorio, esta € associada a
mudancgas consistentes e significativas nos volumes e capacidades pulmonares. O
espaco morto fisiolégico permanece inalterado (PROWSE & GAENSLER, 1965; SADY
et al., 1989; PIVARNIK et al., 1992) e a frequéncia respiratoria altera pouco ou nao se
altera. O consumo de oxigénio basal aumenta em torno de 10-20% (SADY et al., 1989;
SPINNEWIJN et al., 1996; LUMBERS, 2002; PIVARNIK et al., 2002) que, por sua vez,

promove um aumento na diferenca arteriovenosa de O2 (DOUGLAS, 2006).

A maior parte da massa ganha durante a gestacao é causada pelo Utero alargado,
gue aumenta de 30-110g na mulher ndo-gravida para 1000g no final da gestacéo, pelo
feto, pelas mamas, pelo aumento do volume de sangue, pelo extravasamento do fluido

extracelular e pela retencédo de agua (DOUGLAS, 2006).

O sistema enddcrino sofre adaptacdes para lidar com o aumento das demandas
metabdlicas maternas e fetais. Tais adaptacdes incluem a implantacdo e a manutencao
do inicio da gravidez, a modificacdo do sistema materno para suporte nutricional
adequado para o desenvolvimento fetal, a preparacédo para o parto e a lactacdo (FELDT—
RASMUSSEN et al., 2011; TAN & TAN, 2013). A placenta e o feto, em cooperacao,

secretam uma seérie de diversos horménios, que passam para a circulagdo materna.
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Entre os principais horménios estdo a gonadotrofina coribnica humana (hCG), o
lactogénio placentario humano (hPL), a tireotrofina coribnica humana (hGT), a
adrenocorticotrofina coribnica humana (hCACTH), o estrogénio e a progesterona

(DOUGLAS, 2006).

As maiores alteracbes no metabolismo de carboidratos durante o inicio da
gestacéo sao direcionadas ao aumento do depdsito de nutrientes em preparacéo para o
crescimento fetal (BOCKING, 2001). Durante a gravidez, mais especificamente para o
final da gestacdo, quando as concentracdes de lactogénio placentario estdo mais
elevados, o metabolismo energético se modifica, e passa de um estado de predominio
anabdlico para predominantemente catabodlico. Diminui a disponibilidade de glicose
utilizavel para o gasto energético, passando os lipideos a representar a principal fonte

de energia.

O aumento das concentragdes maternas de estrogénio e progesterona aumenta
a hiperplasia das células B pancreaticas e aumenta a secrecdo de insulina. Como
consequéncia, o depdsito de glicogénio tecidual e a utilizacdo de glicose periférica séo
aumentados, enquanto que a producdo hepatica de glicose e as concentracdes de
glicose plasmética diminuem (BOCKING, 2001; DOUGLAS, 2006). O efeito destas
mudancas hormonais € promover um estado de resisténcia a insulina e de aumentar a
producdo hepatica de glicose pela diminuicdo dos estoques hepaticos de glicogénio
(BOCKING, 2001; DOUGLAS, 2006). Esta condicdo de resisténcia a acao da insulina
torna a gravidez uma condicdo potencialmente diabetogénica. A producao hepatica de
glicose aumenta em aproximadamente 30% (LAIN & CATALANO, 2006). A glicose,

utilizada como a fonte primaria de energia dos tecidos feto-placentarios, €
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guantitativamente o mais importante substrato que atravessa a placenta. Se as
necessidades de glicose fetais ndo podem ser cumpridas por causa de um estado de
hipoglicemia materna ou insuficiéncia placentaria, o feto pode utilizar substratos
alternativos, tais como corpos cetbnicos derivados de B-oxidacdo de acidos graxos

(FELDT-RASMUSSEN et al., 2011).

O aumento da glicemia materna associa-se ao aumento da producédo de
hemoglobina glicada (HbA1c), que tem alta afinidade pelo oxigénio e acarreta menor
passagem de oxigénio ao feto, e desenvolve graus variaveis de hipoxia, aumentando a
producédo de glébulos vermelhos e, consequentemente, a poliglobulia, responsavel pela

maior ocorréncia de ictericia neonatal e trombose de veia renal (FEBRASGO, 2011).

O Modelo de Avaliacdo da Homeostase, mais conhecido como indice HOMA-IR,
representa uma das alternativas a técnica de clampe para avaliagdo da resisténcia a
insulina, fornecendo uma medida indireta ao avaliar, em condigcbes de homeostase e
jejum, a insulina endégena e a glicemia (MATTHEWS et al., 1985). Figura como um

meétodo rapido, de facil aplicacdo e de baixo custo (VASQUES et al., 2008).

Recentemente, a importancia do metabolismo lipidico na gravidez tem sido o
grande foco, principalmente devido ao numero crescente de mulheres obesas gravidas
gue desenvolvem bebés grandes para a idade gestacional, apesar de uma tolerancia a

glicose normal.
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2.3 — Comorbidades na gestacao

Durante o periodo gestacional algumas comorbidades podem ser diagnosticadas,
como a obesidade, a hipertensédo arterial e o diabetes gestacional, comorbidades estas

gue podem colocar em risco a saude materna e fetal.

2.3.1 — Obesidade

A epidemia de obesidade é talvez o problema de salde mais importante
atualmente. Sobrepeso (indice de Massa Corporal (IMC) > 25kg/m?) e obesidade (IMC >
30kg/m?3) séo definidos como acliimulo de gordura anormal ou excessivo que apresenta
risco a saude, e sdo fatores de risco para diversas doencas como diabetes, doencas
cardiovasculares e cancer (WHO, 2015). Dados mundiais de 2011-2012 do Centers for
Disease Control and Prevention (CDC) indicam que 35,1% dos adultos maiores de 20

anos sdo obesos e 69,0% tém sobrepeso e obesidade (CDC, 2015).

Nos anos 80 uma teoria chamada “Developmental Origins of Health and Disease”
(DOHaD) foi desenvolvida. Esta teoria sugere que eventos que ocorrem durante a
gestacédo, como obesidade e diabetes por exemplo, podem ter impacto a longo prazo na
saude dos filhos (BARKER, 1990). Estudos epidemiolégicos e em modelos animais
indicaram que a obesidade durante a gestacdo pode causar uma programacao
metabdlica nos fetos, causando o aumento do risco de obesidade (WU & SUZUKI, 2006;

BAYOL et al., 2007; BAYOL et al., 2008).

Tanto o excesso de peso quanto o baixo peso podem ser causas de problemas

durante a gestacédo. O peso pré-concepcional idealmente deve estar, no maximo, 15%
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acima ou abaixo do peso ideal para a estatura (MARTINS-COSTA et al., 2006). Por isso,
mulheres que planejam engravidar devem ser aconselhadas a atingir um status de peso
normal antes de engravidarem e devem aderir a diretriz do Institute of Medicine (I0OM,
2009) para ganho de peso na gestacéo (Quadro 1). As orientacOes e recomendacdes de
apoio devem ser utilizadas em conjunto com o bom senso clinico e devem incluir uma
discusséo entre a mulher e seu médico sobre dieta e exercicio (IOM, 2009).

QUADRO 1 - Novas recomendacdes para ganho de peso total e taxa de ganho de peso
durante a gestacao, pelo IMC pré-gestacao**.

Taxas de Ganho
3 Variagéo do de Peso* no 2°e 3°
IMC pré-gestacao IM((:V\%%;“ ) Ganho de Peso trimestre
Total (kg) (Taxa média em
kg/sem)
Baixo peso <18,5 12,5-18,0 0,5
Peso normal 18,5-249 11,5-16,0 0,4
Sobrepeso 25,0-29,9 70-115 0,3
Obeso (inclui todas > 30,0 5,0-9,0 0,2
as classes)

IMC: Indice de Massa Corporal;
* Os célculos assumem um ganho de peso de 0,5 — 2 kg no primeiro trimestre.
** Traduzido e adaptado de IOM, 2009.

No entanto, muitas mulheres nunca perdem o peso ganho durante a gestacéo,
colocando-as em um risco aumentado para sobrepeso e obesidade em gestacOes
posteriores e ao longo da vida (ENDRES et al., 2015). O Stockholm Pregnancy and
Weight Development Study verificou que, das 1423 mulheres avaliadas, 14% estavam
pelo menos 5 kg mais pesadas um ano apos o parto, comparadas ao seu proprio peso
pré-gestacdo. O ganho de peso excessivo durante a gestacao foi determinado como o

preditor mais forte para a retencdo de peso pos-parto (ROSSNER & OHLIN, 1995).

Em um estudo recente, 774 mulheres americanas foram avaliadas 1, 6 e 12 meses

pos-parto e os resultados indicaram que, aproximadamente 75% delas estavam mais
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pesadas 12 meses pos-parto do que antes da gestacdo, sendo que 47,4% retiveram
mais do que 4,5 kg e 24,2% mais do que 9 kg (ENDRES et al., 2015). Além disso, o
namero de mulheres obesas na pré-gestacdo aumentou de 237 (29,8%) para 320
(41,30%) com 1 ano pos-parto (p < 0,001), confirmando que a gestacdo € um fator de

risco para mulheres se tornarem sobrepeso ou obesas.

2.3.2 — Hipertenséo

As doencas hipertensivas durante a gestacdo sdo a segunda maior causa, apos
o embolismo, de mortalidade materna nos Estados Unidos, contabilizando quase 15%
das mortes. Estas também ocorrem em 6% a 8% das gestacOes e contribuem
significativamente com os natimortos e mortalidade e comorbidade neonatal (NHBPEP,
1990). No Brasil, Gaio et al. (2002) estimaram a incidéncia desses disturbios em 7,5%,
sendo 4% de hipertensdo crbnica, 2,3% de pré-eclampsia, 0,5% de pré-
eclampsia/eclampsia superposta e 0,7% de hipertensao transitéria. Os dados no estado
do Rio Grande do Sul, assim como no Hospital de Clinicas de Porto Alegre, indicam que
a doenca hipertensiva esta entre as causas mais frequentes de O6bito materno

(MARTINS-COSTA et al., 2006).

Em 2014, o International Society for the Study of Hypertension in Pregnancy
(ISSHP; TRANQUILLI et al., 2014) atualizou a classificacdo das doencas hipertensivas

na gestacédo. A classificacdo € descrita como:

1. Hipertenséo cronica: se refere a hipertensdo antes da gestacdo. Como muitas

mulheres nado aferiram a pressao arterial antes da gravidez, na pratica, se considera a
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pressao arterial do primeiro trimestre para definir se a pressao arterial esta normal ou

alta nessas mulheres.

2. Hipertenséo gestacional: definida como o desenvolvimento da hipertenséo de
repeticéo, apos 20 semanas de gestacdo, sem nenhuma das anomalias que definem a
pré-eclampsia. Esta condicdo € geralmente benigna, no entanto, pode progredir para
pré-eclampsia em cerca de 25% dos casos, quando a hipertensdo se apresenta antes

de 32 semanas.

3. Pré-eclampsia — hipertensao de repeticdo ou superposta a hipertenséo crénica:
guando a hipertensdo € recorrente depois de 20 semanas de gestacdo, a proxima
decisado € saber se isto representa hipertensao gestacional pura ou pré-eclampsia. Esta
tltima é diagnosticada pela hipertenséo e a coexisténcia de uma ou mais das seguintes

condicBes de inicio recente:

a. Proteindria (proteina/creatinina na urina > 0,3 mg/mg ou > 300 mg/dia ou

pelo menos 1 g/L (‘2 +°) nas tiras de teste);

b. Outra disfungcéo organica materna: insuficiéncia renal (creatinina > 1,02
mg/dL); envolvimento do figado (transaminases elevadas - pelo menos duas vezes o
limite superior normal + dor abdominal no quadrante superior direito ou epigastrica);
complicacdes neuroldgicas e complicacdes hematologicas (trombocitopenia — contagem

de plaquetas < 150,000/dL, coagulacéo intravascular disseminada, hemaolise);

c. Disfuncéo uteroplacentaria: restricdo de crescimento fetal.
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4. Hipertensdo do avental branco: Na populagdo em geral se reconhece que até
um em cada quatro pacientes com pressao arterial elevada na clinica ou no consultorio
tem hipertensdo do avental branco (FRANKLIN et al., 2013). Este diagnéstico pode ser
eliminado, em parte, se a pressao arterial for aferida na clinica ou no consultério por uma
enfermeira ao invés de um médico, preferencialmente utilizando medidas repetidas. O

risco de desenvolvimento da pré-eclampsia é estimado em 8% para estas pacientes.

A prevencdao da pré-eclampsia deve ser uma das principais metas da assisténcia
pré-natal. Assim, o acesso de todas as gestantes a assisténcia pré-natal com qualidade
tem sido a principal arma dos paises desenvolvidos em diagnosticar precocemente a
pré-eclampsia, reduzir a ocorréncia de suas complicacdes e, consequentemente, as
taxas de morbidade e mortalidade materna e perinatal decorrentes da mesma

(FEBRASGO, 2011).
2.3.3 — Diabetes Mellitus Gestacional (DMG)

O DMG é outra complicacdo comum na gestacéo, afetando aproximadamente 7%
de todas as gestacbes nos Estados Unidos (AMERICAN DIABETES ASSOCIATION,
2004) e 7,6% no Brasil, também é motivo frequente de atendimento no pré-natal
especializado do Hospital de Clinicas Porto Alegre (WEINERT et al., 2010). E definida
como a intolerancia aos carboidratos detectada pela primeira vez na gestacdo
(THOMPSON et al., 2013), ndo se considerando gravidade ou evolugcédo futura e é
habitualmente diagnosticado no final do segundo ou no inicio do terceiro trimestre de
gestacdo, quando se acentua a resisténcia a insulina. Semelhante ao quadro

hipertensivo, o DMG tem sido associado com uma aumentada morbidade materna e
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perinatal (resultado dos aumentos nos partos tipo cesarianas e forceps ou extragédo a
vacuo), principalmente com a associagdo da macrossomia fetal (LAZER et al., 1986;

LIPSCOMB et al., 1995; ROUSE & OWEN 1999).
2.4- Epidemiologia do Diabetes Mellitus Gestacional
2.4.1- Implicagbes

O DMG prediz o diabetes mellitus tipo 2, aumentando em até seis vezes 0 risco
de desenvolvimento desta doenca (ANNA et al., 2003). Apos 10 a 12 anos da gestagéo
indice, o diabetes mellitus tipo 2 foi confirmado em 16,7% das portadoras de
hiperglicemia gestacional leve e variou de 23,6 a 44,8% nas portadoras de DMG (SILVA

et al., 2003).

As consequéncias fetais do DMG sdo: Anomalia congénita — associada com
controle glicémico pobre e danos nos 6rgaos; Macrossomia — peso do recém-nascido >
40009g; Hipoglicemia; Hipocalcemia; Doenca da membrana de hialina; Apnéia e
bradicardia; Parto traumatico - distécia de ombro com dano ao plexo braquial e fraturas
claviculares; Natimorto (BEGUM, 2013).

2.4.2- Fisiopatologia

A gestacdo é caracterizada por aumento da resisténcia periférica a acéo insulinica
e incremento na producdo de insulina pelas células B-pancreéticas. E considerado um
estado de resisténcia a insulina, que pode levar a passagem do estado normal de
tolerancia a glicose ao de portadora de diabetes. Esse aumento da resisténcia ocorre em
virtude da secrec¢éao placentaria de hormonios antagbnicos a acéo da insulina (hormonio

lactogénio placentario, de crescimento, cortisol, 0 estrogénio e a progesterona), e de
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enzimas, as insulinases, que quebram as cadeias de insulina (FEBRASGO, 2011;

FIGURA 1). Na vigéncia do DMG existe uma resposta alterada a insulina, diminui¢éo da

supressdo hepatica da producédo de glicose e aumento da produgcdo pos-prandial de

acidos graxos livres.

MEIO MATERNO
ALTERADO

MEIO FETAL
ALTERADO

COMPLICAGCOES
NEONATAIS

FIGURA 1: Diabetes: fisiopatologia do comprometimento fetal
(FEBRASGO, 2011).
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2.4.3- Prevaléncia

E diagnosticado em 1 a 14% das gravidas, variando de acordo com a etnia e o
método de diagnostico utilizado. No estudo multicéntrico brasileiro de DMG, a
prevaléncia de DMG foi de 7,6%, sendo que desse percentual, 0,4% ocorreu diabetes e

7,2% corresponderam a tolerancia a glicose diminuida (SCHMIDT et al., 2000).

2.4.4- Fatores de Risco para o Diabetes Mellitus Gestacional

Os fatores de risco para o desenvolvimento do DMG sao similares entre as
entidades médicas de diferentes paises. Os fatores de risco estdo descritos no quadro

2:

30



QUADRO 2: Descricao dos fatores de risco para diabetes mellitus gestacional em diferentes entidades internacionais: Federacao Brasileira
das Associa¢cfes de Ginecologia e Obstetricia (FEBRASGO), Sociedade Brasileira de Diabetes (SBD) e American Diabetes Association

(ADA).

FATORES DE RISCO PARA DIFERENTES ENTIDADE INTERNACIONAIS

FEBRASGO, 2011

SBD, 2014

ADA, 2014

Antecedentes familiares:
- Histdéria familiar de diabetes em parentes
de primeiro grau

Antecedentes familiares:
- Historia familiar de diabetes em
parentes de primeiro grau

Antecedentes familiares:
- Histéria familiar de diabetes em parentes
de primeiro grau

Antecedentes pessoais:

- ldade > 25 anos

- Hipertensao arterial sistémica

- Obesidade (IMC pré-gravidico ou no
primeiro trimestre > 25 kg/m?)

- Antecedente de intolerancia a glicose em
gestacdo prévia

Antecedentes pessoais:

- ldade de 35 anos ou mais

- Sobrepeso, obesidade ou ganho
excessivo de peso na gravidez
atual

- Deposicao central excessiva de
gordura corporal

- Baixa estatura (menos de 1,5m)

Antecedentes pessoais:
- ldade = 25 anos
- Sobrepeso/ obesidade (IMC > 25kg/m2)

Antecedentes obstétricos:

- Perdas gestacionais de repeticao
- Diabetes gestacional

- Polidramnio, macrossomia
- Obito fetal/ neonatal
determinada

- Malformacéao fetal

- Hipoglicemia neonatal

- Sindrome do desconforto respiratério

sem causa

Antecedentes obstétricos:

- Abortamentos de repeti¢cédo
- Diabetes gestacional
Malformacdes
Macrossomia

Morte fetal ou neonatal

Antecedentes obstétricos:

- Perdas gestacionais de repeticdo

- Diabete gestacional

Polidramnio

Macrossomia

Obito fetal/ neonatal sem causa
determinada

- Malformacéo fetal

- Hipoglicemia neonatal

- Sindrome do desconforto respiratorio

Gravidez atual:

- Excessivos ganhos ponderais materno e
fetal (macrossomia)

- PolidrAmnio

Gravidez atual:

- Crescimento fetal excessivo

- Polidramnio

- Hipertensdo ou pré-eclampsia

- Antecedentes de alteracdo no metabolismo
de glicose

- Uso de
(corticoides,
outros).

drogas hiperglicemiantes
diuréticos tiazidicos, entre

Etnia de risco:
- Hispanica; Asiéatica; Africana; Americano
nativo

- Sindrome dos ovarios policisticos

- Sindrome de ovarios policisticos
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2.4.5- Rastreamento e Diagnostico

O rastreamento rotineiro do DMG nao é uma conduta unanime na comunidade
médica mundial. No Brasil, o Ministério da Saude recomenda o rastreamento no 1°
trimestre gestacional ou na primeira consulta pré-natal, especialmente para mulheres

gue apresentarem fatores de risco para o diabetes (OPPERMANN et al., 2011).

Em abril de 2010 foi publicado o consenso da International Association of Diabetes
and Pregnancy Study Groups (IADPSG) que baseado no estudo HAPO (HAPO, 2008,
2009), recomenda nova estratégia para deteccdo e diagndstico da hiperglicemia na
gestacdo (INTERNATIONAL ASSOCIATION OF DIABETES AND PREGNANCY STUDY
GROUPS, 2010; OPPERMANN et al., 2011). A Segunda Reunido do Grupo de Trabalho
em Diabetes e Gravidez (REICHELT, 2002), recomenda o rastreamento universal com a
glicemia de jejum — aplicado a todas as gestantes - a partir de 24 a 28 semanas. Indica
também que a escolha do ponto de corte da glicemia de jejum para rastreamento - 85
mg/dl ou 90 mg/dl - depende das prioridades de cada servico: o valor de 85 mg/dl detecta
casos mais leves e encaminha um nimero maior de mulheres ao teste diagnéstico do
gue o valor de 90 mg/dl (FIGURA 2). As gestantes com rastreamento positivo, mesmo
no primeiro trimestre da gestacdo, serdo encaminhadas para realizacdo da curva
glicémica diagndstica. As diretrizes internacionais ainda nédo citam o emprego da HbAlc
como ferramenta diagnéstica para o DMG, porém observou-se que a medida da HbAlc
pode ser indicativa de recém-nascidos grandes para a idade gestacional (ROWAN et al.,
2010; OPPERMANN et al., 2011). No quadro 3 estdo descritos os diferentes protocolos

mundiais para diagnostico do DMG.
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Glicemia de jejum

1? consulta
I . 1
< 85 (90) mg/dl > 85 (90) mg/dl

I I

Glicemia de jejum Rastreamento

apos a 20 semana positivo

| ’ 1

<85 (90) mg/dl| |> 85 (90) mg/dl
I I
Rastreamento Rastreamento
negativo* positivo

FIGURA 2. Rastreamento do diabetes gestacional (REICHELT, 2002).

QUADRO 3: Protocolos diagndésticos de Diabetes Mellitus Gestacional

TESTES .
AUTOR (ANO) DIAGNOSTICOS CRITERIOS LIMITES DE GLICEMIA (mg/dL)
Jejum L 2 3
hora horas | horas

Canadian
Diabetes Pel_o menos 1 valor

. 759 TOTG maior ou igual aos | > 95 > 191 > 162 | -
Association limites
(CDA; 2013)
American
Diabetes Pel_o menos 1 valor

S 759 TOTG maior ou igual aos | > 92 > 180 > 153 | -
Association limites
(ADA; 2013)
Australasia Pello menos 1 valor
(ADIPS: 1998) 759 TOTG Ir?rs;?ersou igual aos | > 99 - > 144 | -
Inglaterra Pello menos 1 valor
(NICE; 2008) 759 TOTG Ir?rs;?ersou igual aos | > 99 - > 144 | -
S/ILgnadrI:';\ZIadQ;O Pel_o menos 1 valor
Saade (WHO; 759 TOTG Ima_ltor ou igual aos | > 126 - > 140 | -
1999) imites

Pelo menos 1 valor
IADPSG (2010) | 75g TOTG maior ou igual aos | > 92 > 180 > 153 | -
limites

Ministério da Pelo menos 2
Salde do 759 TOTG valores maiores ou | > 95 > 180 > 155 | -
Brasil (2010) iguais aos limites

TOTG: Teste oral de tolerancia a glicose; FONTE: Brasil. Ministério da Saude, 2010.
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2.4.6.— Tratamento do Diabetes Mellitus Gestacional

O tratamento do DMG baseia-se em cuidados com a alimentacdo, com a atividade
fisica, com medicamentos e monitoracdo metabolica e obstétrica continuadas

(OPPERMANN et al., 2011).

A orientagdo nutricional é a primeira op¢ao de tratamento para o DMG (READER,
2007). A restricao de carboidratos em até 42% das calorias diarias (MAJOR et al., 1998)
e a prescri¢cao de dieta com alimentos de baixo indice glicémico reduzem a necessidade
de tratamento farmacolégico (MOSES et al., 2009; OPPERMANN et al., 2011). Em um
ensaio clinico randomizado, Moses et al. (2009) avaliaram 63 mulheres com DMG que
foram alocadas para o grupo dieta de baixo indice glicémico (n = 31) ou dieta
convencional com alto teor de fibras (e alto indice glicémico; n = 32). Os resultados
demonstraram que 59% das mulheres do grupo dieta convencional necessitaram de
insulina, comparado a 29% das mulheres do grupo dieta de baixo indice glicémico (p =
0,023). Os desfechos fetais ndo apresentaram diferencas significativas. Recentemente,
foi analisada em uma metandlise a eficacia de interven¢des dietéticas nos desfechos
maternos e fetais em pacientes com DMG e verificou-se que uma dieta com baixo teor
glicémico foi associada com o uso menos frequente de insulina e menor peso do recém-

nascido quando comparadas as dietas controle (VIANA et al., 2014)

No DMG recomenda-se realizar 15 a 30 minutos de atividade fisica diaria
(METZGER et al., 2007; READER, 2007), com auto monitoracéo da atividade fetal e o
gue seria ideal, monitoramento da glicemia capilar antes e ap0s a atividade

(OPPERMANN et al.,, 2011). Esta abordagem sera melhor detalhada na secéo 2.4.
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(Exercicio fisico no tratamento e manejo do diabetes mellitus gestacional) desta revisdo

de literatura.

Brevemente, visto que ndo é o foco desta revisdo de literatura, o tratamento
farmacoldgico padrdo no DMG é ainsulina, por ser eficaz e seguro. Porém a metformina
e a (glibenclamida sado medicamentos recentemente estudados e utilizados

(OPPERMANN et al., 2011).

A insulinoterapia € indicada nas gestantes que nao atingem as metas de controle
glicémico com dieta ou que apresentam falha do tratamento com medicacdo oral ou
ainda, naquelas com preditores de falha do tratamento oral: glicemia de jejum > 140
mg/dL ou glicemia em 2h no TOTG > 200 mg/dL (OPPERMANN et al., 2011). As insulinas
humanas (NPH e regular) séo as preferidas por sua menor imunogenicidade (METZGER
et al., 2007; OPPERMANN et al., 2011). O ajuste das doses de insulina € baseado na
monitoracdo da glicemia capilar diaria, que tem como objetivo detectar o controle
glicémico inadequado e a necessidade de intensificar o tratamento. A American Diabetes
Association recomenda os seguintes valores para o DMG: glicemia de jejum: <95 mg/dL;

1h e 2h pdés-prandial < 140 mg/dL e < 120 mg/dL, respectivamente (ADA, 2009).

Apesar da efetividade e seguranca, a utilizacdo de insulina tem algumas
desvantagens, como a aplicagdo subcutanea, a dor, o desconforto e a inconveniéncia
das injecdoes (OPPERMANN et al.,, 2011). Esses fatores devem ser levados em
consideracao pelos Profissionais de Educag&o Fisica no momento de prescrever o

exercicio fisico para esta gestante.
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Um algoritmo para auxiliar na prescricdo do tratamento do DMG é utilizado nos

Servigos de Endocrinologia e de Ginecologia e Obstetricia do Hospital de Clinicas de

Porto Alegre, como indicado na

FIGURA 3.
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FIGURA 3: Algoritmo dos Servicos de Endocrinologia e de Ginecologia e
Obstetricia do Hospital de Clinicas de Porto Alegre para tratamento do diabetes
gestacional (WEINERT et al., 2010).
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2.5 — Exercicio Fisico na Gestacéao

2.5.1 — Prescricéo do Exercicio na Gestacao

O Colégio Americano de Obstetricia e Ginecologia (ACOG, 2003) publicou em

suas diretrizes as contraindicacdes, relativas e absolutas, do exercicio durante a gravidez

(Quadro 4).

QUADRO 4 — Contraindicacoes relativas e absolutas do exercicio na gravidez.

CONTRAINDICACOES ABSOLUTAS

CONTRAINDICACOES RELATIVAS

- Gravidez multipla (> 3 fetos)

- Sangramento persistente no 2° e 3°
trimestre

- Placenta prévia apds 26 semanas de
gestacao

- Trabalho de parto prematuro na atual
gestacao

- Ruptura de membranas

- Pré-eclampsia/ hipertensao induzida pela
gravidez

- Colo do utero apagado

- Crescimento restrito do feto

- Diabetes tipo | ndo controlada, doenca da
tirdide ou outra desordem séria
cardiovascular, respiratéria ou sistémica

- Gravidez de gémeos apos a 28°
semana

- M4 nutricdo ou desordem alimentar

- Anemia (Hb < 100g/L)

- Arritmia cardiaca materna néo
avaliada
- Diabetes tipo 1 pouco controlada

- Obesidade morbida extrema
- Baixo peso extremo (IMC<12kg/m?)
- Historico de vida sedentaria

- Bronquite crénica

- Hipertenséo nao controlada

- LimitacBes ortopédicas

- Hipertireoidismo pouco controlado
- Fumante

FONTE: Traduzido e adaptado de ACOG (2003).

A avaliacdo dos riscos associados ao exercicio materno pode ser realizada com
o Physical Activity Readiness Medical Examination (PARmed-X) for Pregnancy (WOLFE
& MOTTOLA, 2015). Este instrumento foi desenvolvido pelo Canadian Society for
Exercise Physiology (CSEP) e é amplamente utilizado em conjunto com as

recomendacdes do ACOG para avaliar a preparacao de uma mulher gravida que queira
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se exercitar (ACOG, 2003). O PARmed-X facilita a comunicagéo entre o meédico obstetra,
o profissional de Educacéo Fisica e a mulher gravida. E composto por quatro paginas
gue incluem um checklist pré-exercicio que a gestante pode preencher, contraindicacdes
para o exercicio que o médico obstetra deve preencher, uma avaliagdo de saude que
pode ser usada pelo profissional de Educacéo Fisica que vai trabalhar com a gestante.
Também inclui informacdes para a prescricdo de exercicios aerobicos, de
condicionamento muscular e dia-a-dia mais ativo. Este instrumento foi traduzido a

adaptado transculturalmente para o portugués (BGEGINSKI et al., 2015).

Uma vez que qualquer contraindicacao seja eliminada, os programas de exercicio
deverdo depender das gestantes, do nivel de aptidao fisica atual e dos seus objetivos.
Ao prescrever exercicio para mulheres gravidas, deve-se levar em consideracdo a
frequéncia, duracédo, intensidade e o modo de exercicio necessario para atingir os
melhores beneficios de salde, evitando os riscos potenciais para a mée e para o feto. O
programa de exercicio deve ser modificado ao longo do periodo gestacional,
dependendo sempre das respostas maternas e fetais aos exercicios propostos (WHITE,
1992; CLAPP, 1994; STEVENSON, 1997) e as gestantes devem ser encorajadas a
escolher atividades que minimizem o risco de perda de equilibrio e o trauma fetal
(DAVIES et al., 2003). As diretrizes recomendam que 30 minutos diarios de exercicio
sejam realizados, desde que ndo sejam realizados todos os dias da semana para a
maioria das gestantes (ARTAL et al.,, 2003; EVENSON et al., 2014), e s6 devem ser
realizados na total auséncia de qualquer anormalidade, mediante avaliagdo médica

especializada (LEITAO et al., 2000; ACOG, 2003).
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Os objetivos da pratica de exercico fisico em gestantes sao, pricipalmente, a
manutencdo da aptidao fisica e da saude, a diminuicdo de sintomas gravidicos, a
diminuicdo da tenséo no parto, e uma recuperagdo no pés-parto imediato mais rapida.
Outros beneficios da atividade fisica na gestante sdo o auxilio no retorno venoso,
prevenindo o aparecimento de varizes de membros inferiores, e a melhora nas condigdes
de irrigacéo da placenta (LEITAO et al., 2000). Também tem sido sugerido que, menores
intervenc6es médicas, por exemplo, intervengcdes com ocitocina, forceps e cesareana,
tém sido necessarias para as mulheres que se exercitaram durante toda a gestacao
(CLAPP, 1994). Santos et al. (2005), através de ensaio clinico randomizado de
treinamento aerodbico, na intensidade correspondente ao primeiro limiar ventilatério, de
trés horas semanais, em gestantes sedentarias e com sobrepeso, concluiram que é
possivel aumentar a capacidade aerébica submaxima através de um programa seguro e

eficaz.

Poucas pesquisas tém sido realizadas em relacdo aos beneficios da saide mental
na participacdo continuada em esportes durante a gestacédo. Entretanto, estes estudos
concluem gque a participacdo continuada em esportes e atividades fisicas sdo benéficos
em termos de saude mental e bem-estar emocional (particularmente auto-estima),
durante a gravidez e no pos-parto (WOLFE et al., 1989; CLAPP, 1994; STERNFIELD,
1997), assim como diminui a incidéncia de depresséo e ansiedade na mulher gravida
(WOLFE et al., 1989; GOODWIN, et al., 2000) e mantém a estabilidade no humor entre

o segundo e terceiro trimestres gestacionais (POUDEVIGNE & O’'CONNOR, 2005).

O exercicio pode melhorar o senso de controle do corpo da mulher, em situacdes

gue ela tem um controle reduzido. Muitas mulheres subjetivamente sentem que seus
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trabalhos de parto sdo mais faceis e que elas se recuperam mais rapidamente no pos-
parto (WOLFE et al., 1989), assim como relatam poucos sintomas fisicos da gestacao,

por exemplo, nausea, azia, caibras e insonia (STEVENSON, 1997).

Caminhada, ciclismo estacionario, exercicios aquaticos e aerdbicos de baixo
impacto sdo as modalidades preferidas de exercicio para gestantes, visto que envolvem
grandes grupos musculares e tém um potencial minimo de trauma para a mée e o feto
(DAVIES et al., 2003). Atividades que suportam o peso corporal, como a bicicleta
ergométrica e a natagdo podem ser uma opc¢ao segura e eficaz, quando comparadas a
caminhada. Essas modalidades minimizam as limitacdes fisiologicas especificas da
gravidez para o exercicio materno, tais como dor lombar, dor pélvica posterior e dor nas
articulagcdes sacro-iliacas, bem como alivia as dificuldades de equilibrio e o risco de les&o
associado com o aumento do ganho de peso e as mudancgas no centro de gravidade

(IRELAND & OTT, 2000).

Em relagdo a intensidade do exercicio, gestantes sdo incentivadas a se exercitar
em uma intensidade moderada (ACOG, 2003), o que equivale a um equivalente
metabdlico de 3-6 MET’s. Alternativamente, zonas-alvo de frequéncia cardiaca
modificadas foram desenvolvidas pelo CSEP (WOLFE & MOTTOLA, 2015; MOTTOLA
et al., 2006; DAVENPORT et al., 2008), representando 60-80% da capacidade aerdbica
maxima prevista para a idade, e podem fornecer um método simplificado de monitorar a

intensidade do exercicio durante a gravidez (QUADRO 5):

QUADRO 5: Zonas-alvo de frequéncia cardiaca modificadas para prescricdo de
exercicio na gestacao.

IDADE MATERNA NIVEL DE APTIDAO FAIXA DE FREQUENCIA
(anos) FISICA OU IMC CARDIACA (batimentos/minuto)
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Menos de 20 - 140-155
Baixa 129-144

Ativa 135-150

20-29 Condicionada 145-160
IMC >25 kg m-2 102-124

Baixa 128-144

Ativa 130-145

30-39 Condicionada 140-156
IMC >25 kg m2 101-120

IMC: indice de Massa corporal.

Levando em conta a variabilidade da frequéncia cardiaca materna, medidas

adicionais podem ser utilizadas, em conjunto com a frequéncia cardiaca, para monitorar

a intensidade do exercicio durante a gravidez. Estas incluem a escala de Percepcéo

Subjetiva de Esfor¢co (FIGURA 4; BORG, 1982), para o qual é indicado que mulheres

gravidas devam exercitar-se entre 12-14, "um pouco intenso", na escala 6-20, e o "teste

da fala", no qual a gestante deve ser capaz de sustentar uma conversa durante o

exercicio (DAVIES et al., 2003).

08 =

11
12
13
14
15
16
17
18
19
20

ESCALA RPE DE BORG

Sem nenhum esforco
Extremamente leve

Muito leve

Leve

Um pouco intenso

Intenso (pesado)

Muito intenso

Extremamente intenso

Maximo esforco

Escala RPE de Borg|
& Gunnar Borg, 1970, 1985, 1994, 1993
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FIGURA 4: Escala de Percepcao
Subjetiva ao Esfor¢o de Borg

2.6 — Exercicio Fisico no Tratamento e Manejo do Diabetes Mellitus Gestacional

O treinamento aerdbico e o de forga sdo recomendados pelas diretrizes
internacionais para mulheres com DMG como uma terapia complementar e néao-
farmacoldgica, uma vez que a inatividade fisica e a vida sedentaria podem colocar a mée
e o feto em risco de doencas através das adaptagcdes gestacionais (MOTTOLA, 2008).
Além disso, a pratica de exercicio durante a gestacdo também esté relacionada com a
prevencao da hipertensdo e do diabetes tipo 2 pos-gestacao, visto que ajuda a evitar o
ganho excessivo de peso (MOTTOLA et al., 2010). Pacientes sedentarias podem ser
orientadas a iniciar um programa de caminhadas regulares e/ou de outros exercicios de
baixo impacto e aquelas que ja praticavam exercicios regularmente podem manter
atividades fisicas habituais, evitando exercicios de alto impacto ou que predisponham a

perda de equilibrio (REICHELT et al., 2002).

Uma revisdo Cochrane examinou o efeito de programas de exercicios em relagéo
ao pré-natal usual ou a outras terapias, em mulheres com DMG, e concluiu que néo
houve diferenca significativa entre o exercicio e o grupo comparador na idade gestacional
de parto, nas taxas de parto pré-termo (< 37 semanas de gestacdo), parto cesariana,
natimortos, macrossomia (> 4000g) e APGAR < 7 aos 5 minutos, no uso de terapia com
insulina e no peso do bebé ao nascer (CEYSENS et al., 2006). Os autores concluiram
gue ndo ha evidéncias suficientes para recomendar ou desaconselhar, gestantes

diabéticas para participar de programas de exercicios, e que mais estudos, com maior
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tamanho amostral, envolvendo mulheres com DMG e, eventualmente, diabetes do tipo 1

e 2, sdo necessarios para avaliar esta intervencao.

Considerando que a revisdo Cochrane anteriormente citada ndo avaliou os
desfechos glicémicos, Portella et al. (2014) conduziram uma revisao sistematica com o
objetivo de verificar o efeito de diferentes tipos de treinamento fisico no manejo e
tratamento do DMG, principalmente sobre o controle glicémico, as necessidades de
insulina e os desfechos maternos e neonatais. Os autores localizaram 661 estudos sobre
esta tematica e incluiram seis estudos na andlise final. O exercicio aerdbico foi o
escolhido na maioria dos estudos incluidos. Treinamentos aerdbicos e de forca, com trés
sessfes semanais, variando entre 20 e 45 minutos e com intensidade moderada (50% a
70% VO2max OU percepcao subjetiva de esforgo) foram os que apresentaram melhores

resultados para o controle glicémico.

No que diz respeito ao efeito do treinamento aerdbico no controle glicémico do
DMG, Jovanovic-Peterson et al. (1989), encontraram menores valores percentuais de
hemoglobina glicada para o grupo tratado com dieta e exercicio (pré intervencéo: 4,83%
+ 0,33%; pOs intervencdo: 4,16% + 0,28%), em comparacao ao grupo tratado somente
com dieta (pré intervencdao: 4,86% * 0,39%; pds intervencao: 4,67% + 0,25%; p < 0,001).
Avery et al. (1997) ndo encontraram diferenca significativa entre os grupos dieta padrao
e exercicio. Em relacdo ao uso de insulina, trés estudos (JOVANOVIC-PETERSON et
al., 1989; AVERY et al., 1997; ARTAL et al., 2007) relataram n&o haver diferenca entre
0S grupos intervencgdao e controle para esta variavel. Em relacdo ao efeito do treinamento

de forca no controle glicémico, apenas dois estudos (BRANKSTON et al.,, 2004; de
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BARROS et al., 2010) foram encontrados e relataram que a exigéncia de insulina foi

menor no grupo intervencdo, comparada ao grupo controle (p < 0,05).

Recentemente, HALSE et al. (2014) aplicaram um treinamento aerdbico, em
bicicleta ergométrica, em 20 gestantes com DMG e compararam com um grupo controle
gue so recebeu o pré-natal usual. Os autores verificaram que a concentracdo de glicemia
capilar foi agudamente reduzida em resposta a cada sessao de exercicio (113,51 + 14,41
mg/dL para 88,28 £ 12,61 mg/dL, p < 0,001), e que 0 grupo que se exercitou apresentou
concentracfes de glicemia pdés-prandiais menores ao longo de toda a intervencao

comparado ao grupo controle.

Importante salientar que episédios de hipoglicemia podem ocorrer durante a
realizacdo do exercicio fisico e podem ser manejados seguindo os seguintes passos: 1)
Confirmar o diagnostico com medida de glicose capilar (< 70 mg/dL); 2) Em mulheres
gue se encontram conscientes, oferecer 1 copo de suco de laranja ou o equivalente a
10-15g de carboidratos de absorcéo rapida; 3) Resolvido o episodio agudo, seguir com
a ingestdo de alimentos com conteido maior de carboidratos de absor¢cdo mais lenta
para prevenir a recorréncia da hipoglicemia; 4) Em mulheres inconscientes, aplicar

glucagon subcutaneo (OPPERMANN et al., 2011).

A presente revisdo de literatura visou abordar os aspectos fisioldgicos da
gestacdo, das comorbidade gestacionais, em especial o DMG, e as adaptacdes que
ocorrem quando gestantes, com ou sem diagnostico de DMG, sdo submetidas a esfor¢o
fisico. Alem de ser muito escasso na literatura, esse tema é muito amplo e de dificil

estudo, pois, esta € uma populacdo que necessita de cuidados especiais.
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Dessa forma, ao serem observadas lacunas nesta area do conhecimento,
desenhou-se um experimento e uma metanalise que pretendem preencher um espaco

cientifico que ainda carece de maiores esclarecimentos.

2.7-Justificativa

A associacdo entre o DMG e o exercicio fisico esta parcialmente descrito na
literatura. Como descrito anteriormente, o exercicio fisico tem sido prescrito para
mulheres com DMG como parte do tratamento, para controlar a glicemia. Entretanto,
existe uma caréncia de dados na literatura, a respeito das respostas da glicemia de jejum
e sensibilidade a insulina de gestantes com DMG que realizam exercicios aerdbicos ao
longo da gestacao. Assim como, existem duvidas em relacdo aos desfechos neonatais
apoOs o treinamento aerobico nesta populacdo. Para tanto, com esta tese se espera
preencher uma lacuna no conhecimento cientifico, proporcionando aos profissionais da
area da saude uma nova informacao que possa auxilid-los na prescri¢do de treinamento

aerdbico para gestantes com DMG.

3 OBJETIVOS

3.1 Objetivo principal

Estudo 1: Conduzir uma revisdo sistematica, com metanalise de Ensaios Clinicos
Randomizados, para avaliar o efeito do exercicio supervisionado semanalmente e
estruturado e o efeito do aconselhamento de atividade fisica, em mulheres com DMG, e

comparar ao pré-natal usual para o controle da glicemia.
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Estudo 2: Verificar o comportamento da hemoglobina glicada (HbAlc) e do
Modelo de Avaliacdo da Homeostase (HOMA) de gestantes com DMG apds um

treinamento aerdbico em bicicleta ergométrica.

3.2 Objetivos secundarios

Estudo 1:

a) Avaliar o efeito do exercicio supervisionado semanalmente e do
aconselhamento de atividade fisica na glicemia de jejum, da idade gestacional de parto,
no peso do bebé ao nascer, nas taxas de bebés macrossémicos (maiores do que 4000

g) e de parto cesariana.

b) Realizar uma analise de sensibilidade para avaliar a glicemia de jejum para os
estudos que apresentaram um aconselhamento dietético integrado a intervencédo com
exercicio, para os estudos que apresentaram apenas exercicio do tipo aerébico e, para
0s estudos que apresentaram volumes semanais de exercicio de até 100 min/sem ou

maiores do que 100 min/sem.

Estudo 2:

a) Avaliar, através de ensaio clinico randomizado, o efeito de um programa regular
de exercicio aerobio ao longo da gestacdo sobre variaveis maternas e perinatais em

gestantes com DMG, utilizando exercicio submaximo em bicicleta ergométrica.
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b) Avaliar e comparar os seguintes desfechos maternos: Glicemia capilar e
HbAlc pré e pos-treinamento, tipo de parto, idade gestacional do parto, % parto pré-
termo (< 37 semanas).

c) Avaliar os seguintes desfechos perinatais: APGAR no primeiro e quinto minuto

p6s-nascimento, peso e estatura neonatal.
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ABSTRACT

BACKGROUND: Exercise as part of the treatment for gestational diabetes mellitus (GDM)
may help maintain fasting glucose concentrations.

OBJECTIVE: A systematic review with meta-analysis was performed to evaluate the
effect of weekly-supervised exercise or physical activity (PA) counseling in GDM women
compared to standard care (SC) on glycemic control.

RESEARCH DESIGN AND METHODS: Eligible trials were identified from MEDLINE,
EMBASE, Web of Science, Scopus and SportDiscus up to 4 June 2015. Data were
retrieved from randomized controlled trials comparing SC with SC plus weekly-supervised
(at least once a week) prenatal exercise or PA counseling for which fasting blood glucose
(FBG) values pre and post intervention were available. Random-effects meta-analysis
was conducted for mean difference in FBG post exercise intervention.

RESULTS: Our search yielded 664 publications of which 82 were assessed for eligibility.
Eight were analyzed and all were included in the meta-analysis. The overall effect of
exercise on absolute FBG concentrations was not different (P=0.11) compared to SC.
However, PA counseling versus SC showed a significant reduction in the absolute FBG
concentrations (weighted mean difference -3.88 mg/dL, 95% CI-7.33 to -0.42; I1%, 48%; P
for heterogeneity<0.15).

CONCLUSIONS: Supervised exercise or PA counseling in GDM women was not
significantly different compared to SC on FBG concentrations. Since SC includes some
type of PA recommendation, these results are not surprising. PA counseling with SC
including dietary modifications may help motivate GDM women to be more active and
adherent to nutrition advice, while structured exercise may be more difficult to achieve.

KEY WORDS: Pregnancy; Motor activity; Glycemic control; Insulin resistance;
Hyperglycemia.
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INTRODUCTION

Gestational diabetes mellitus (GDM) has been defined as any degree of
carbohydrate intolerance with onset or first recognition during pregnancy (1). It is
characterized by insulin concentrations that are insufficient to meet metabolic demands
(2). Approximately 7% of all pregnancies (ranging from one to 14%, depending on the
population studied and the diagnostic tests employed) are complicated by GDM, resulting

in more than 200,000 cases annually (1).

Exercise must be part of the GDM treatment since it enhances maternal insulin
sensitivity, helps maintain daily fasting and postprandial normoglycemia and decreases
the need for insulin (3,4,5,6). Indirectly, as the women who suffer from GDM are at
increased risk of developing type 2 diabetes in the future, exercise may also prevent this
long-term complication (7,8). However, structured exercise programs are not available for
all GDM women, and most women will receive only advice to increase physical activity

from their primary care providers.

A Cochrane Review examined the effect of exercise programs compared to no
specific program or to other therapies in GDM women, and concluded that no significant
difference was found between exercise and the other regimen in several outcomes
evaluated, however, fasting blood glucose was not evaluated (9). The authors did not
analyze the effect of different supervised exercise modalities or physical activity
counseling in maternal and perinatal outcomes. To our knowledge, no systematic review
analyzed the effects of exercise programs on fasting blood glucose, specifically in GDM

women.
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The aim of the present study was to conduct a systematic review with a meta-
analysis of randomized controlled trials (RCTs) to evaluate the effect of weekly-
supervised exercise or physical activity counseling in women diagnosed with GDM

compared to standard care treatment (control) on glycemic control.

RESEARCH DESIGN AND METHODS

The present systematic review and meta-analysis were performed according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)

statement (10; Supplementary Material Table S1).

Search strategy and study selection

Eligible trials were identified by a structured electronic search in the following databases:
MEDLINE, EMBASE, Web of Science, Scopus and SportDiscus up to 4 June 2015.
Electronic databases were searched using similar search strategies focusing on four main

groups of terms: “exercise”, “pregnancy’, “gestational diabetes mellitus” and “randomized
controlled trial”. These terms were adjusted to fit the requirements specified in each
database. The complete search strategy used for the PubMed database is shown in the
Supplementary Material Table S2. The lists of references from each study were also

searched to identify additional studies. Relevant review articles were evaluated for

information on additional trials.

Eligibility criteria

Studies including pregnant women diagnosed with GDM in which treatment allocation

was randomized, with a control group receiving standard prenatal care for GDM were
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considered for further eligibility assessment. The RCTs were required to have at least
one intervention arm of either weekly-supervised exercise, defined as exercise sessions
performed with study personnel at least once a week throughout the program, or physical
activity counseling in which GDM women received counseling for physical activity or
performed exercise without a weekly supervision. For inclusion, studies were required to
provide before- and after-intervention absolute values of fasting blood glucose or
differences between means and dispersion values. Excluded studies had criteria
summarized as follows: 1) interventions consisting solely of pelvic floor exercises,
stretching or relaxation; 2) studies regarding pregnant women diagnosed with diabetes
type 1 or type 2; 3) studies that analyzed exercise interventions in the risk or prevention
of GDM; 4) interventions that lasted less than four weeks; 5) studies that did not provide
data on blood glucose; 6) studies not published in English, Spanish, Italian or Portuguese;
7) observational, case reports, study protocol and systematic review studies. No

restrictions regarding the year of publication were applied.

Study selection and data extraction

Two independent authors (R.B. and P.A.B.R.) reviewed the titles and/or abstracts to
exclude any clearly irrelevant studies. Reviewers were not blinded to journal of
publication, author names or their institutions. All abstracts that provided insufficient
information on the inclusion and exclusion criteria were selected to evaluate the full text.
Corresponding authors of potentially eligible studies were contacted if the required data
could not be located in the published report. The full texts of the remaining studies were

then retrieved and read in full by the same authors to determine whether the studies met
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inclusion criteria. Disagreement was solved by a third author (J.G.L.R.) who

independently examined the studies.

Using a standardized data extraction sheet, the following information (if available)
was extracted in duplicate and recorded from studies: authors, year of publication, country
of origin, total sample size, age, criteria for diagnose GDM, fasting blood glucose
concentrations, trial duration (in weeks), insulin requirements, pre-pregnancy body mass
index, weight gain during pregnancy, gestational age at birth, birth weight and length and
APGAR scores in 1 and 5 minutes. Information on adherence to protocols and dropout

rates were also extracted.

Assessment of risk of bias and quality of studies

Risk of bias in RCTs was evaluated according to the Cochrane handbook (11). Study
guality assessment was conducted independently by two investigators (R.B. and
P.A.B.R.), and disagreements were solved by consensus or by a third investigator
(J.G.L.R.). The criteria for methodological quality of studies included were as follows:
adequate sequence generation, allocation concealment, blinding of participants or
personnel, blinding of outcome, description of losses and exclusions, intention-to-treat
analysis, incomplete outcome data and selective reporting. Studies without a clear
description of these features were considered as unclear. The complete assessment of

risk of bias is shown in the Supplementary Material Table S3.

Data synthesis and analysis

Meta-analysis was carried out using software Review Manager 5.3 (11). Absolute
changes in fasting blood glucose were considered as the primary outcome of the present
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study and were reported as differences between arithmetic means after interventions. For
continuous outcomes, mean differences between exercise and control groups were
examined. Gestational age, birthweight at delivery, pre-pregnancy body mass index,
weight gain during pregnancy, macrosomia, preterm delivery and cesarean section were
considered secondary outcomes. Random-effects models were applied because clinical
heterogeneity between trials was expected (because of different intervention regimens).
Results of the meta-analysis were expressed as weighted mean differences for
continuous outcomes and odds ratio for dichotomous outcomes, both with 95%
confidence intervals (Cl), and with I? values as markers of intertrial heterogeneity. The
assumption of homogeneity of true effect sizes was assessed by the Cochran’s Q test
and the degree of inconsistency across studies was calculated 12 (12). 12 describes the
percentage of total variation across studies that is due to heterogeneity rather than
sampling error and ranges between 0% (no inconsistency) and 100% (high heterogeneity)
with values of 25, 50, and 75% suggesting low, moderate, and high heterogeneity (12).
In the case of 12 greater than 40%, heterogeneity was explored with subgroup and
sensitivity analysis and the overall result was presented using random-effect model.
Meta-analysis comprised the comparisons of weekly-supervised exercise versus prenatal
standard care (control), and physical activity counseling versus prenatal standard care
(control). Sensitivity analysis considering the type of exercise and weekly volume of
interventions involving weekly-supervised exercise, and studies with diet counseling
combined with the intervention were performed to examine the dose response effect. The
presence of publishing bias for the hypothesis of an association between weekly-

supervised exercise during pregnancy and blood glucose control was assessed informally
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by visual inspections of funnel plots (13). An a value < 0.05 was considered statistically

significant.

RESULTS

Description of studies

A flow diagram of the search results is shown in Figure 1. The initial literature search
resulted in 664 potentially relevant citations. After exclusion of duplicates, titles and
abstracts review and full text review, eight studies were included in the meta-analysis
(Table 1), and of these, five studies were RCTs of weekly-supervised exercise and three

were RCTs of physical activity counseling.

The study characteristics for weekly-supervised exercise and physical activity
counseling are shown in Tables 1 and 2, respectively. The eight RCTs included in our
analysis included a total of 469 pregnant women, of which 91 GDM women engaged in
weekly-supervised exercise and 143 GDM women were given physical activity
counseling. Four trials had an exclusively aerobic supervised intervention (3,6,14,15) and
one study examined the effects of a supervised circuit-type resistance exercise alone (5).
For the physical activity counseling analysis, only one trial had an exclusively aerobic
exercise counseling intervention (16). The control groups received standard prenatal care
for GDM women. Four studies (3,5,6,15) added a dietary advice to the supervised
intervention, while all the physical activity counseling trials (4,16,17) had dietary advice

added to the physical activity counseling intervention.

For the weekly-supervised exercise trials the frequency ranged from 2 to 3 times
per week and the time of each supervised session ranged from 20 to 45 minutes. The
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duration of the inventions ranged from 4 to 7 weeks ending in the late third trimester or
delivery. Mode of supervised exercise included walking, stationary cycling, arm cycling,
and circuit-type resistance training. Exercise intensity was assessed by heart rate

monitors (3,6,14,15) and the Borg Scale of Perceived Exertion (5,6,14).

Quality Assessment (Risk of Bias)

Among the weekly-supervised exercise 80% presented adequate sequence generation
(4 of 5), 40% reported allocation concealment (2 of 5), 20% had blinding of participants
or personnel (1 of 5), none had blinded assessment of outcomes, 100% described losses
to follow-up and exclusions, 20% used the intention-to-treat principle for statistical
analyses (1 of 5), 100% described incomplete outcome data, and 80% were free of
selective reporting (4 of 5). Among the physical activity counseling studies, 100%
presented adequate sequence generation (3 of 3), 100% reported allocation concealment
(3 of 3), 33.3% had blinding of participants or personnel (1 of 3), 33.3% had blinded
assessment of outcomes, 100% described losses to follow-up and exclusions, 33.3%
used the intention-to-treat principle for statistical analyses (1 of 3), 100% described
incomplete outcome data, and 66.6% were free of selective reporting (2 of 3). Funnel plot
was asymmetrical and presented bias (see Supplementary Material Figure S1). The
nature of the interventions did not allow blinding of the women and blinding of the study

personnel to the type of intervention.

Effect of interventions on fasting blood glucose

The overall effect of exercise, supervised or counseling, was not significantly different (P

= 0.11) compared to control interventions on fasting blood glucose concentrations
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(weighted mean difference -2.76 mg/dL, 95% CI -6.13 to 0.61; 1%, 87%; P for heterogeneity
< 0.00001; Figure 2). However, when the different exercise interventions were tested,
physical activity counseling showed a significant decrease in fasting blood glucose
concentrations of -3.88 mg/dL versus control (weighted mean difference -3.88, 95% CI -
7.33 to -0.42; 12, 48%; P for heterogeneity < 0.15; Figure 2). The effect of a weekly-
supervised exercise intervention versus control on fasting blood glucose concentrations
was not significantly different (weighted mean difference -1.92 mg/dL, 95% CI -7.50 to

3.65; 12, 91%; P for heterogeneity < 0.00001; Figure 2).

Sensitivity analyses and exploration of heterogeneity

Studies that had dietary advice integrated with the exercise intervention were analyzed
(7 interventions, 444 patients). The overall effect of exercise, supervised or counseling,
was not significantly different (P = 0.08) compared to controls on fasting blood glucose
concentrations (weighted mean difference -3.20 mg/dL, 95% CI -6.82 to 0.42; I1%, 88%; P
for heterogeneity < 0.00001; Supplementary Material Figure S2A). However, when the
different exercise interventions were tested, physical activity counseling showed a
significant decrease in fasting blood glucose concentrations of 3.88 mg/dL versus control
(weighted mean difference -3.88, 95% CI -7.33 to -0.42; 1%, 48%; P for heterogeneity <
0.15; Supplementary Material Figure S2A). The effect of a weekly-supervised exercise
intervention versus control on fasting blood glucose concentrations was not significantly
different (weighted mean difference -2.57 mg/dL, 95% CI -9.08 to 3.94; 12, 93%; P for

heterogeneity < 0.00001; Supplementary Material Figure S2A).
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Sensitivity analysis of the effect of the type of the exercise intervention in absolute
changes in fasting blood glucose was performed. Aerobic exercise was chosen for the
majority of the studies, thus analysis of data including only aerobic exercise as the
intervention was performed. The overall effect of the aerobic exercise (5 interventions,
219 patients), supervised or counseling, was not significantly different (P = 0.30)
compared to control on fasting blood glucose concentrations (weighted mean difference
-2.75 mg/dL, 95% CI -7.98 to 2.48; 12, 90%; P for heterogeneity < 0.00001; Supplementary

Material Figure S2B).

Sensitivity analyses of data according to the weekly amount of exercise was
performed according to ACOG guidelines that recommends moderate-intensity exercise
for at least 20—30 min/day on most of days of the week for pregnant women (18). This
recommendation leads to a range of 100 to 150 min/week of exercise (20-30 min/day x 5
days/week). However, participants of only one study (6) reached the 150min/week of
exercise. We then stratified by the lower limit of 200min/week of exercise and our results
showed that the overall effect of the weekly amount of exercise (5 interventions, 182
patients), supervised or counseling, was not significantly different (P = 0.46) compared to
controls on fasting blood glucose concentrations (weighted mean difference -2.12 mg/dL,
95% CI -7.75 to 3.52; 1%, 91%; P for heterogeneity < 0.00001; Supplementary Material

Figure S2C).

Effect of interventions on secondary outcomes

The secondary outcomes were analyzed only for the weekly-supervised exercise trials,

since the physical activity counseling trials did not report the necessary information.
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Overall, weekly-supervised exercise had no effect on gestational age of delivery
(weighted mean difference 0.01 weeks, 95% CI -0.33 to 0.36; 1%, 0.0%; P for heterogeneity
= 0.75) and birthweight at delivery (weighted mean difference -69.41 g, 95% CI -202.05
to 63.22; 1%, 0.0%; P for heterogeneity = 0.52; See Supplementary Material Figure S3).
The odds of having a macrosomic newborn (birthweight at birth greater than 4000 g) was
not influenced by weekly-supervised exercise (OR 0.79, 95% CI 0.24 to 2.62; 12, 20.0%;
P for heterogeneity = 0.57), as well as a preterm delivery (< 37 weeks of gestation) (OR
1.16, 95% CI 0.39 to 3.41; 1%, 20.0%; P for heterogeneity = 0.93) or a cesarean delivery
(OR 0.75, 95% CI1 0.37 to 1.55; 12, 20.0%; P for heterogeneity = 0.95; See Supplementary
Material Figure S4). Only two weekly-supervised exercise trials (6,15) reported data on
pre-pregnancy body mass index and weight gain during pregnancy, so analysis of these

secondary outcomes were not performed.

CONCLUSIONS

The present systematic review provides evidence from eight RCTs, involving 469
pregnant participants. The overall effect of exercise, supervised or counseling, was not
significantly different compared to controls on fasting blood glucose concentrations. Since
standard care (control) for women with GDM includes some type of activity
recommendation, these results are not surprising. All control women are receiving some
type of additional nutritional and activity counseling because they have been diagnosed
with GDM. However, when the different exercise interventions were tested, physical
activity counseling showed a significant decrease in absolute fasting blood glucose
concentrations of 3.88 mg/dL compared to control. Physical activity counseling sessions

in addition to standard care may help to motivate GDM women to be more active, while
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structured exercise may be more difficult to achieve. To our knowledge, this study
represents the first systematic review and meta-analysis of RCTs that stratified the

studies in weekly-supervised exercise or physical activity counseling.

The present study has several strong methodological points, such as formulating
a specific research question, performing a sensitive, broad and systematic review of the
literature with explicit and reproducible eligibility criteria and without date limitation. Other
strengths of this meta-analysis are the selection of the studies, data extraction and
analysis of the methodological quality of the articles included performed by two
independent reviewers, with the support of a third independent reviewer if necessary, and
use of meta-analysis, increasing the power of evidence. Moreover, only women with GDM
were reviewed, the analyses were stratified in weekly-supervised exercise or physical
activity counseling, and the included articles exhibit geographical diversity leading to high

generalizability with trials in North America, South America, Europe, Asia, and Oceania.

The limitations of the present study are mainly from the quality of the included
studies (Supplementary Material Table S3) and the substantial evidence of heterogeneity
and potential publication bias. The random-effects model was chosen to account for
heterogeneity of the studies that was considered high for the most of the analyses.
Overall, general quality of the studies was low, reflecting an increased risk of bias in many
of the included studies. The observed asymmetrical funnel plot presents bias because of
the small and statistically insignificant effects, with lower methodological quality. The
oldest study included was performed 26 years ago, and the criteria to diagnose GDM has
changed substantially over the past several years. Despite these limitations, our

systematic review with meta-analysis provides a general overview of the research
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literature addressing the role of exercise, with or without supervision, to blood glucose

control in GDM women.

It is important to point out methodological differences between our study and the
Cochrane review (9). Fasting blood glucose was not considered as an outcome in the
latter, however it was analyzed as a primary outcome in the present study. The Cochrane
review did not analyze the effect of different exercise interventions in maternal and
perinatal outcomes, and consisted of only four trials, different from the present review that
analyzed eight trials. Most of the meta-analyses comparisons in the previous review were

performed by including one study only, decreasing the power of their results.

Persistent hyperglycemia during pregnancy is associated with increased risk of
fetal malformations, macrosomia, and neonatal hypoglycemia at delivery (1,2,19). The
literature reports that exercise affects body composition, carbohydrate and lipid
metabolism and stimulates glucose uptake, lowering blood glucose concentrations
(20,21). Exercise increases the rate of glucose uptake into the skeletal muscle, a process
that is regulated by the translocation of the glucose transport protein GLUT-4 (22,23,24).
Thus, it would be logical to introduce exercise to neutralize the negative effects of GDM,

thereby improving health during pregnancy.

In order to understand the possible factors underlying the lack of an overall effect
of the exercise on fasting blood glucose we used sensitivity analysis stratified by dietary
advice integrated with exercise type and volume of the exercise. Concerning dietary
advice as a co-intervention to exercise, a significant fasting blood glucose reduction of

3.55 mg/dL was observed when diet counseling was integrated to physical activity
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counseling as an intervention. A partial explanation for these results is the number of
participants and the time of follow-up that was greater for the physical activity counseling
trials. In addition, the heterogeneity of the physical activity counseling trials was smaller

than the weekly-supervised exercise (48% vs 93%).

We did not observe a clear trend for the weekly volume of exercise or the type of
exercise that affected fasting blood glucose. ACOG guidelines recommends moderate-
intensity exercise for at least 20—-30 min/day on most of days of the week for pregnant
women (18). Only few pregnant women meet the upper range of 150 min/week of exercise
(25). BORODULIN et al (26) reported that the prevalence of sufficient activity varied
between 3% and 38%, depending on the type of activity and measurement of intensity
included. The present review showed that only one study (6) met the current
recommendation of 150 min/week of exercise. It is clear that further research is needed
to tailor exercise programs that reach the target amount of exercise recommended, and
then verify the effect of the exercise program on GDM and perinatal outcomes. There is
evidence that to achieve at least 150 min/week or more is advantageous for blood glucose
control, as shown in previous studies with type 2 diabetes in non-pregnant individuals

7).

The analyses of the secondary outcomes were performed with weekly-supervised
exercise only because data were not available for the physical activity counseling studies.
Weekly-supervised exercise did not affect gestational age, and the odds of having a
preterm delivery or a cesarean delivery compared to controls. To date no studies have
shown an increased risk of preterm labour or an increased incidence of premature rupture

of membranes among exercising pregnant women not already at risk for these conditions.
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The physical activity counseling trials evaluated did not report data of gestational age and
birthweight at delivery, incidence of macrosomia, pre-pregnancy body mass index and
gestational weight gain. It is strongly encouraged that future RCTs report these important
outcomes to understand the extension of the effect of non-supervised interventions, in

terms of public health.

Our review suggests that additional studies are required before reaching specific
conclusions regarding the effect of weekly-supervised exercise or physical activity
counseling on blood glucose control in women with GDM. We understand that weekly-
supervised exercise will not be available to all GDM women, and, in this situation, physical
activity counseling should be encouraged or both interventions could be combined

throughout pregnancy.

In conclusion, the overall effect of exercise in women diagnosed with GDM,
supervised or counseling, was not significantly different compared to control interventions
on fasting blood glucose concentrations. When the different exercise interventions were
tested, physical activity counseling showed a significant decrease in absolute fasting
blood glucose concentrations. There is insufficient evidence to recommend, or advice
against, GDM women to enroll in exercise programs. Physical activity counseling
sessions in addition to standard care may help to motivate GDM women to be more
active, while structured exercise may be more difficult to achieve. For future studies, we
suggest that larger RCTs be designed to compare weekly-supervised exercise sessions

to physical activity counseling.
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Table 1. Characteristics of the weekly-supervised exercise and physical activity counseling studies included in the meta-analysis (mean * standard deviation).

Exercise intervention

Author/ Frequency . Time of Drop- Di(_?t
Country igg%ﬁ ( égf}s) G,(A\Wa;eir;t)ry (times per Intensity ;rr::]nei Type follow up Adherence out rate C(;SHOI advice
(Year) y week) (weeks) (n) group
WEEKLY-SUPERVISED EXERCISE
2 with Dietary
Averyetal/ |14 :32.2¢449  1:28.7+3.0  supervision  70% HRmax 4, gryco'fn cter  NR \R 1 g‘nec;"ﬂjal Ves
USA (1997) C: 14 C:30.445.1 C:26.338.1 1-2 without and RPE gome C:3 X
- or walking physical
supervision >,
activity
Insulin
Bungetal/ 1:21 1:31.0£4.5 I: 30.3£1.9 3 50% of the 45 Recumbent  Minimum > 90% I: 4 therapy NR
USA (1991) C:20 C:32.015.7 C: 30.3+x2.0 last VOzmax. bicycle of 4 0 C:3 and diet
protocol
2 with Circuit
gle/%ag;(\)s et 1:32 I:32.4£5.4 [:31.0+2.3 supervision EsoEmse-vf\s/ha 30-40 type 7 NR 1 F(;St?r?éal Yes
y C: 32 C:31.8+4.8 C:31.5+2.2 1 without ” resistance C:1
(2010) L t hard”) L care
supervision training
Interval:
3 with 55%-85% Usual
Halse etal./ 1: 20 I: 345 I: 28.8+0.8  supervision age- 25 to Cycle 641 96% 0 physical Yes
AUS (2014) C: 20 C: 32+3 C:28.8+1.0 2 without predicted 45 ergometer - activity
supervision HRmax. and regimen
RPE 9-16
Jovanovic-
Petersonet 1:10 1:29.5+£2.5 I: 28 70% Arm .
al./ USA C:9 C:31.1¢+28 C:28 s reserve HR 20 ergometer  ° NR 0 Diet Yes
(1989)
PHYSICAL ACTIVITY COUNSELING
Bo et al./ I: 51 I: 35.9+4.8 Range 24- At least . o I 0 :
ITA (2014) C: 50 C-33.9453 26 7 RPE 12-14 20 Walking 12-14 68.8% c 0 Diet Yes
Branskston Circuit type 26-32 Standard
et al./ CAN I _16 I _30'5i4'4 I _29'012'0 2.0+0.9 Som?wha NR resistance weeks NR 6 diabetic Yes
C: 16 C:31.3t5.0 C:29.6£2.1 t hard L pregnancy .
(2004) training to delivery diet
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Youngwani-

Standard
chsethaet 1:85 I: 32.54#5.0 Range 24- o I:5 :
al./ THA C:85  C:31.2+#45 30 5 NR 1520 Yoga 8 > 80% C:5 gfrzetes Yes
(2014)

I: intervention group; C: control group; GA: gestational age; BMI: body mass index; RPE: ratings of perceived exertion; NR: not reported; HR: heart rate;
Max.: maximum; VOz: oxygen consumption;
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Table 2. Newborn characteristics of the weekly-supervised exercise and physical activity counseling studies included in the meta-analysis.

Author/ Country

Gestational age at birth

Birth weight (g)

Birth length (cm)

APGAR score

APGAR score

(weeks) in 1 minute in 5 minutes

WEEKLY-SUPERVISED EXERCISE

I: 39.4+1.2 I: 34194528 I8 ;9
Avery etal. (1997)/ USA C: 39.740.9 C: 3609+428 NR C: 9 C:9

l: 38.9¢1.7 I: 3369+534 I 49.32.0 B I: >8
Bung et al. (1991)/ USA C: 38.32.0 C: 34821502 C: 51.023.0 C: >8 C: >8

I: 38.5+1.2 I: 3230+450
de Barros et al. (2010)/ BRA C: 38 6+1.1 C: 33304490 NR NR NR

I: 38.6+1.7 I: 31764526 I: 49.842.5 I 91 I: 9+0
Halse et al. (2014)/ AUS C: 38.7+1.2 C: 3319478 C: 49.9+2.9 C: 921 C: 920
Jovanovic-Peterson et al. I: range 39.5 - 40.5 I: 3634317 NR NR NR
(1989)/ USA C: range 39.4 — 40.0 C: 3465343
PHYSICAL ACTIVITY COUNSELING
Bo et al. (2014)/ ITA NR NR NR NR NR
Branskston et al. (2004)/ CAN NR NR NR NR NR
Youngwanichsetha et al. NR NR NR NR NR

(2014)/ THA

I: intervention group; C: control group; NR: not reported;
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Supplementary Material

Supplementary Material Table S1. PRISMA checkilist.

Section/topic # | Checklist item Page
TITLE
Title 1 | Identify the report as a systematic review, meta-analysis, or both. 61
ABSTRACT
Structured 2 | Provide a structured summary including, as applicable: background; 62
summary objectives; data sources; study eligibility criteria, participants, and
interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of what is already 63
known.
Objectives 4 | Provide an explicit statement of questions being addressed with 64
reference to participants, interventions, comparisons, outcomes, and
study design (PICOS).
METHODS
Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed -
registration (e.g., Web address), and, if available, provide registration information
including registration number.
Eligibility 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and 64
criteria report characteristics (e.g., years considered, language, publication
status) used as criteria for eligibility, giving rationale.
Information 7 | Describe all information sources (e.g., databases with dates of 64
sources coverage, contact with study authors to identify additional studies) in the
search and date last searched.
Search 8 | Present full electronic search strategy for at least one database, 64
including any limits used, such that it could be repeated.
Study 9 | State the process for selecting studies (i.e., screening, eligibility, 65
selection included in systematic review, and, if applicable, included in the meta-
analysis).
Data 10 | Describe method of data extraction from reports (e.g., piloted forms, 65
collection independently, in duplicate) and any processes for obtaining and
process confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, 66
funding sources) and any assumptions and simplifications made.
Risk of biasin | 12 | Describe methods used for assessing risk of bias of individual studies 66

individual
studies

(including specification of whether this was done at the study or
outcome level), and how this information is to be used in any data
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synthesis.

Summary 13 | State the principal summary measures (e.g., risk ratio, difference in 66
measures means).
Synthesis of 14 | Describe the methods of handling data and combining results of studies, | 66
results if done, including measures of consistency (e.g., 1) for each meta-
analysis.
Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative 66
across studies evidence (e.g., publication bias, selective reporting within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup 67
analyses analyses, meta-regression), if done, indicating which were pre-specified.
RESULTS
Study 17 | Give numbers of studies screened, assessed for eligibility, and included | 68
selection in the review, with reasons for exclusions at each stage, ideally with a
flow diagram.
Study 18 | For each study, present characteristics for which data were extracted 68
characteristics (e.g., study size, PICOS, follow-up period) and provide the citations.
Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome | 68
within studies level assessment (see item 12).
Results of 20 | For all outcomes considered (benefits or harms), present, for each 69
individual study: (a) simple summary data for each intervention group (b) effect
studies estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 | Present results of each meta-analysis done, including confidence 69
results intervals and measures of consistency.
Risk of bias 22 | Present results of any assessment of risk of bias across studies (see -
across studies Item 15).
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup | 70
analysis analyses, meta-regression [see Item 16]).
DISCUSSION
Summary of 24 | Summarize the main findings including the strength of evidence for each | 72
evidence main outcome; consider their relevance to key groups (e.g., healthcare
providers, users, and policy makers).
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at | 73
review-level (e.g., incomplete retrieval of identified research, reporting
bias).
Conclusions 26 | Provide a general interpretation of the results in the context of other 76
evidence, and implications for future research.
FUNDING
Funding 27 | Describe sources of funding for the systematic review and other support | 77

(e.g., supply of data); role of funders for the systematic review.
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Supplementary Material Table S2. Literature search strategy used for the PubMed database.

#1- Search ((((((((((((((exercise) OR "Physical Exercise") OR "lIsometric Exercise") OR
"Aerobic Exercise") OR "Resistance Exercise") OR "Strength Training") OR "Plyometric
Exercise") OR "Muscle Stretching Exercises") OR "Weight Bearing") OR Weightbearing)
OR "Pilates-Based Exercises") OR "Pilates Training") OR "Motor Activity") OR
"training"[All Fields]) OR Walking

#2- Search ((((Pregnancy) OR Gestational) OR "pregnant"[All Fields]) OR Pregnancies)
OR Maternal

#3- Search (((((("Gestational Diabetes Mellitus") OR "Gestational Diabetes") OR
"Pregnancy-Induced Diabetes"”) OR "Insulin Resistance"”) OR "Insulin Sensitivity") OR
"Glucose Intolerance") OR hyperglycemia

#4- Search (((((((((("Randomized controlled trial") OR "controlled trial") OR "randomized
controlled trials"™) OR "random allocation") OR "double-blind method") OR "single-blind
method") OR "clinical trial") OR "clinical trials") OR "follow-up studies") OR "pilot study")
OR "pilot studies”

#1 AND #2 AND #3 AND #4
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Supplementary Material Table S3. Risk of bias of studies included in the meta-analysis: weekly-supervised exercise and physical activity counseling
groups.

Adequate . Blinding of N Description Intention Incomplet .
Allocation L Blinding of Selective
Author sequence - iment participants outcome of losses and to treat e outcome reportin
generation or personnel exclusions analysis data P 9
Weekly-supervised exercise
Avery et al. Yes Unclear No No Yes No Yes Free
Bung et al. Unclear Unclear Unclear Unclear Yes No Yes Free
de Barros et al. Yes Yes Yes Unclear Yes Yes Yes Free
Halse et al. Yes Yes No Unclear Yes No Yes Not free
Jovanovic-Peterson etal. Yes Unclear Unclear Unclear Yes No Yes Free
Physical activity counseling
Bo et al. Yes Yes Yes Yes Yes No losses Yes Free
Brankston et al. Yes Yes Unclear Unclear Yes Yes Yes Not free
Youngwanichsetha et al. Yes Yes Unclear Unclear Yes No Yes Free
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Supplementary Material Figure S1. Funnel plot of each trial observations for weekly-supervised exercise
and physical activity counseling in fasting blood glucose change.
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A) Fasting blood glucose - Diet counseling integrated with the exercise intervention

Exercise Control Mean Difference Mean Difference
_ Study ot Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% C1 IV, Random, 95% C1
Supervised exercise
Bung ot ol 9389 54 17 2885 83 17 151% 5.04(1.10,299) s
de Bamos et al 10289 788 32 1003 937 32 147% 2501.65,683) 1T
Haise et al 7387 18 20 7567 18 20 181%  -1804292-068) -
Jovanovic-Peterson e al 701 66 10 876 62 9 128% -175042326,-1174) _—
Subtotal (95% C1) 79 78 60.6% -2.571-9.08, 3.94) R
Heterogenelty. Tau® = 39.90; Ch = 44.06, df = 3 (P « 0.00001); = 93%
Testfor overall effect Z=0.77 (P = 0.44)
Physical activity counseling
Boetal 725 101 51 741 101 50 152% 180 554,234 -t
Bransksion et 3 8649 1081 7 991 1081 9 7% -1261£2329,-193)
Youngwankhsethaetal 8339 763 85 8735 794 85 171%  -3951631,-161) -
Subtotal (95% C1) 143 144 394%  3.88(.7.33,.0.42) L 3
Heterogenelty Tau'= 4 3¢, Chi*= 381, df= 2 (P =0.15), "= 48%
Tes! for overall effect Z= 220 (P=003)
Totat (95% CN 22 222 100.0% -3.201-6.82,0.42) k-3
?mmmwYaf:;!sg;:;‘-:;‘z;_a:ea)-oooom),rgas 50 .‘ 2:5 5.0
estforoverall effect Z= 1 =
Testfor subaroup diferences: Che= 012, df= 1 (P= 0.73), F= 0% S POV T oy
B) Fasting blood glucose - Aerobic exercise only

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 85% C1
Supervised exercise
Avery et al 78 98 12 7T 76 13 167% 1001591,791) —p—
Bung etal 9363 54 17 8885 B3 17 208% 504[1.10,898) -
Halse et al 7387 18 20 7567 18 20 233%  -1801292,-068) -
Jovanovic-Petersonetal 701 66 10 876 62 9 183% -1750F2326,-11.74] —
Subtotal (95% Cl) 59 59 79.2%  -3.14[-10.25, 3.98) <B>
Heterogenety. Tau®= 46.73, Ch* = 40.75, df= 3 (P < 0.00001), P= 93%
Test for overall effect Z= 0.86 (P = 0.39)
Phiysical activity counseling
Boetal 725 101 51 741 101 50 208% “1601554,234) —r-
Subtotal (95% C 51 50 20.8% 1.60(.554,2.34) E-3
Heterogenety Not applicable
Testfor overall effect 2= 080 (P=043)
Total (95% C1) 110 109 100.0% 2.75(-7.98, 2.48) q
Heterogenedy. Tau®= 30.19; Ch* = 40.76, df = 4 (P < 0.00001); P = 90% % _35 S % %

Test for overall effect Z= 1.03 (P = 0.30)
Test for subqroup differences Chi*= 014, df= 1 (P=0.71), = 0%

C) Fasting blood glucose - Weekly amount of exercise

Favours [exparimental] Favours fcontrol]

Exercise Control Mean Difference Mean Difference
_ Study o Subgroup Mean SO Total Mean SO Total Weight IV, Random, 95% CI IV, Random, 95% CI
Up 1o 100 minutes per week
Avery et 3l 7 98 12 78 98 13 163% 000769, 769 . s
de Barros et al 10289 788 32 1003 837 32 207% 2501165683 ™
Jovanovic-Peterson et al 701 66 10 876 62 9 188% -175042326,-11.74) -
Subtotal (95% CI) 54 54 S58%  4.97[-18.13,8.18] S

Heterogenedty. Tau® = 12567, Chi*= 31 41, of= 2 (P « 0.00001), I*= 94%
Testfor overall effect Z= 074 (P = 0.46)

Mote than 100 minutes per week

Bung etal 9369 54 17 8865 63 17 21.0%
Halse etal 7387 18 20 7567 18 20 232%
Subtotal (95% CI) 37 37 A%

Heterogenedty Tau*= 21,21, Chi*= 10.70,dr= 1 (P=0.001), F=91%
Testfor overall effect Z= 040 (P =069

Total (95% Ch 9 91 100.0%
Heterogenedty Tau'= 3531, Chi*= 4422, df= 4 (P < 0. 00001, F= 1%
Testfor overall effect Z= 074 (P = 046)

Test1or subaroup diferences. Chi*=0.71.df= 1 (P= 0.40), P= 0%

504(1.10,898)
-1801292,-068)
1.35(.5.33,8.03)

21421.7.75,3.52)

.*
-
e
R N S

Favowrs jexpenmental] Favours fcontrol]

Supplementary Material Figure S2. Weighted mean difference and 95% confidence interval (Cl)
for A) studies with a diet counseling integrated with the exercise intervention, B) aerobic exercise
only performed during pregnancy, and C) weekly amount of exercise in fasting blood glucose.
Squares represent study-specific estimates; diamonds represent pooled estimates of random-

effects meta-analyses.
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A) Gestational age at delivery

Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Avery et al. 394 12 15 397 09 14 202% -0.30[-1.07,047] e
Bung et al. 389 17 17 382 2 17 7.7% 0.70 [-0.55, 1.95) el
de Barros etal. 386 113 32 3857 1.24 32 354% 0.03 [-0.55, 0.61] —f—
Halse etal. 386 1.7 20 387 1.2 20 144% -010[1.01,081) —_—h
Jovanovic-Peterson et al. 395 1 10 394 08 9 223% 0.10[-0.63,0.83] —
Total (95% CI) 94 92 100.0%  0.01[-0.33,0.36] +
Heterogeneity: Tau?= 0.00; Chi*=1.92, df= 4 (P = 0.75); F= 0% 34 52 S é j
Test for overall effect Z= 0.07 (P = 0.95) Favours [experimental] Favours [control]
B) Birthweight at delivery

Exercise Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Avery et al. 3,419 528 15 3,609 428 14 145% -190.00[-538.80, 158.80] —
Bung et al. 3,369 534 17 3,482 502 17 145% -113.00 [-461.40, 235.40) —
de Barros etal. 3,230 450 32 3,330 490 32 331% -100.00[-330.50,130.50] —T
Halse et al. 3176 526 20 3319 478 20 18.1% -143.00[-454.49,168.49] 1
Jovanovic-Petersonetal. 3,634 317 10 3,465 343 9 19.8% 169.00[-129.02,467.02) —Tr
Total (95% CI) 94 92 100.0%  -69.41[-202.05, 63.22] ?
Heterogeneity: Tau®= 0.00; Chi*= 3.26, df= 4 (P = 0.52); F= 0% 51000 _5500 P 560 1000‘

Test for overall effect: Z=1.03 (P=0.31)

Favours [exercise] Favours [control]

Supplementary Material Figure S3. Weighted mean difference and 95% confidence interval (CI) for A)
gestational age of delivery, and B) birthweight at delivery for weekly-supervised exercise during pregnancy.
Squares represent study-specific estimates; diamonds represent pooled estimates of random-effects meta-

analyses.

92



A) Macrosomia

Exercise Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avery et al. 3 15 3 14 445% 0.92[0.15,5.53) ——
Bung et al. 2 17 4 17 41.8% 0.43(0.07, 2.76) —]
de Barros et al. 1 32 0 32 13.7% 3.10[0.12,78.87]
Total (95% CI) 64 63 100.0% 0.79[0.24, 2.62] R
Total events 6 7
Heterogeneity: Tau®= 0.00; Chi*=1.12, df=2 (P = 0.57); F= 0% 50001 051 150 10005
Testfor overall effect Z= 0.38 (P = 0.70) Favours [exercise] Favours [control]
B) Preterm delivery ) E X
Exercise Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avery et al, 0 15 0 14 Not estimable
Bung et al. 2 17 2 17 26.8% 1.00(0.12, 8.08)
de Barros et al. 3 32 3 32 41.2% 1.00(0.19,5.37] —
Halse etal. 3 20 2 20 32.0% 1.59(0.24,10.70] —
Jovanovic-Peterson et al. 0 10 0 9 Not estimable
Total (95% ClI) 94 92 100.0% 1.16 [0.39, 3.41] i
Total events 8 7
Heterogeneity: Tau*= 0.00; Chi*= 0.15, df= 2 (P = 0.93); F= 0% 0 0 011 1:0 100=
Test for overall effect. Z=0.27 (P=0.79) Favours [exercise] Favours [control]
C) Cesarean delivery . . .
Exercise Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Avery et al. 3 15 3 14 161% 0.92[0.15,5.53] . [ —
Bung et al. 2 17 3 17 14.0% 0.62(0.09, 4.29] [
de Barros et al. 21 32 24 32 445% 0.64[0.22,1.88) ——
Halse et al. 5 20 5 20 254% 1.00([0.24, 4.18) T
Total (95% ClI) 84 83 100.0% 0.75[0.37, 1.55]
Total events N 35
g N . 2 - = 12— 1 1 ' 'l
Heterogeneity: Tau®= 0.00; Chi*= 0.33, df= 3 (P=0.95); F= 0% 001 01 10 100

Test for overall effect: Z=0.76 (P = 0.45)

Favours [exercise] Favours [control]

Supplementary Material Figure S4. Odds ratio and 95% confidence interval (ClI) for A) macrosomia (birth
weight at birth greater than 4000 g), B) preterm delivery (< 37 weeks of gestation) and C) cesarean delivery
for weekly-supervised exercise during pregnancy. Squares represent study-specific estimates; diamonds

represent pooled estimates of random-effects meta-analyses.
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6- ARTIGO 2

Effects of an aerobic training in pregnant women diagnosed with gestational
diabetes mellitus

A brief report of the preliminary results

Efeitos de um treinamento aerébico em gestantes diagnosticadas com diabetes

mellitus gestacional

Um breve relato dos resultados preliminares
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Abstract:

Regular physical exercise is highly encouraged in women with gestational diabetes
mellitus (GDM). This pilot study investigated the effects of an aerobic training in pregnant
women diagnosed with GDM. Until this moment, nine GDM women were randomly
assigned to either a supervised aerobic exercise or a stretching group. After 10 weeks of
intervention, glycosylated hemoglobin increased for all participants, and HOMA-IR
increased for all participants in the aerobic group and decreased for two (out of 5)
participants in the stretching group.

Keywords: exercise, pregnancy, cycle ergometer, glycosylated hemoglobin, HOMA-IR
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Introduction

Pregnancy has important anatomical, metabolic and cardiorespiratory adaptations
mediated by gestational hormones initiated early in the first trimester (WEISSGERBER
et al., 2006). In a normal pregnancy, there is a progressive physiologic increase of insulin
resistance, compensated by an increase in insulin secretion by pancreatic B-cells
(KIRWAN et al., 2002). When an imbalance between insulin resistance and insulin
secretion occurs, it results in an increased circulating glucose concentration and
gestational diabetes mellitus (GDM) may develop (HOMKO et al., 2001). Pregnancy has
been referred as a metabolic stress test to evaluate the future risk of developing metabolic
syndrome, thus, pregnant overweight/obese women, constitutionally insulin resistant,
could be considered at higher risk of glycometabolic and hypertensive disorders than
normal-weight pregnant women (IANNIELLO et al., 2013).

GDM is defined as glucose intolerance with first onset or recognition during
pregnancy (AMERICAN DIABETES ASSOCIATION, 2014; THOMPSON et al., 2013) and
affects approximately 7% of all pregnancies in United States (AMERICAN DIABETES
ASSOCIATION, 2014) and 7.6% in Brazil (SCHMIDT et al.,, 2000; REICHELT et al.,
1998). It appears as a preview to important adverse metabolic complications such as type
2 diabetes (FEIG et al., 2008; BELLAMY et al., 2009) and cardiovascular disease (CARR
et al., 2006; SHAH et al., 2008) in the years after delivery. The fetus can develop
macrossomia (> 4000 g), hypoglycemia and shoulder dystocia during birth (ROUSE &
OWEN 1999). Obesity, hypertension, dyslipidemia, atherosclerosis, and insulin
resistance represent some of the identified cardiometabolic risk factors associated with a
history of GDM (LAUENBORG et al., 2005; TARIM et al., 2006; RETNAKARAN et al.,
2010; TAM et al. 2012).

Regular physical activity plays a major role in the regulation of metabolism in
pregnant women (BESSINGER et al., 2003) and is highly encouraged in women with
GDM (ACOG, 2003; DAVENPORT et al., 2008; RUCHAT et al., 2012). Physical exercise
should be a part of the treatment of GDM, since the hypoglycemic effect of exercise can
linger for hours or even days after a training session (REICHELT et al., 2002; AMERICAN
DIABETES ASSOCIATION, 2014; THOMPSON et al., 2013). Similar to the effects of

insulin, exercise increases the rate of glucose uptake in skeletal muscle through
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translocation of GLUT-4 from intracellular compartments to the cell surface (GOODYEAR
et al., 1991; HAYASHI et al., 1997). This is primarily in response to an exercise-induced
increase in blood flow and resultant increased delivery of insulin to the working muscles
(GOODYEAR & KAHN, 1998).

The aim of the present study was to verify the effects of an aerobic training in
pregnant women diagnosed with GDM in the glycated hemoglobin (HbAlc) and in the
Homeostasis Model of Assessment (HOMA-IR). We hypothesized that there is a drop in
HbAlc and HOMA with aerobic exercise during pregnancy.

Methods

Participants

The study protocol was approved by the Ethics Committee of the Hospital de
Clinicas de Porto Alegre, Universidade Federal do Rio Grande do Sul (12-0008) and
Grupo Hospitalar Conceicédo. All participants gave written informed consent. The present
study is registered at ClinicalTrials.gov (NCT01885234).

Until the present moment, nine pregnant women diagnosed with GDM were
randomly assigned (list of random numbers generated by computer) to either aerobic
exercise in cycle ergometer (intervention group, n = 4) or stretching (control group n = 5)
for 10 weeks. Each potential participant was approached about the study in an interview
setting and given the information form and consent form. After giving consent, each
woman was interviewed to determine age, lifestyle status (e.g., smoking, alcohol,
education level, and occupational activity), medications, previous activity level, previous
pregnancies and gestational age. Women were approached if they were older than 20
years old, gestational age between 24 and 28 weeks (confirmed by ultrasonography), not
currently engaged in a structured exercise program (> 20min, > 2x/week), and were
medically cleared for exercise participation, with singleton pregnancy, diagnosed with
GDM, and with no orthopedic limitations. Women with type 1 or type 2 diabetes,
hypertension (> 140 mmHg systolic and/or > 90 mmHg diastolic), intrauterine growth
restriction, or fetal malformations were excluded. Smokers were also excluded because

it was important to control for confounding factors that could affect research outcomes.
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Of the nine women, five were active (regular exercise 3 times per week) prior to
pregnancy and two were practicing walking, but not on a regular basis, during pregnancy.

Pregnant women were screened to GDM between 24-28 weeks’ gestation. If the
fasting blood glucose test presented a value greater than 90 mg/dL (REICHELT, 2002)
they were asked to do the 75¢g oral tolerance test of glucose (OTTG). GDM was diagnosed
if fasting blood glucose > 92mg/dL, 1-hour post 180mg/dL or 2-hours post 153mg/dL
according to the International Association of Diabetes and Pregnancy Study Groups
(IADPSG; INTERNATIONAL ASSOCIATION OF DIABETES AND PREGNANCY STUDY
GROUPS, 2010).

Experimental design

After recruitment, each participant was scheduled the first visit to the laboratory. At
this visit, standard medical and obstetric demographic data were confirmed and baseline
assessment were done. Oxygen consumption and heart rate at the first ventilatory
threshold were assessed from a submaximal test in cycle ergometer. The detailed
methodology is described elsewhere (FINKELSTEIN et al., 2011).

Women were then randomized (random numbers list created electronically) to
receive an exercise intervention (EXE) in combination with prenatal standard care or to
continue with prenatal standard care alone (CON). Those allocated to EXE participated
in an aerobic exercise program involving three sessions per week, continued per 10
weeks. Participants allocated to CON continued with their usual physical activity regimen
for the duration of the intervention. The aerobic exercise and the stretching routine were
performed with one or two participants at each visit, and one group was not aware of the
other type of intervention. Prenatal standard care of GDM for both groups involved
assessment of glycemic control and counseling by an endocrinologist, in combination with
self-monitoring of daily fasting and 120 min postprandial glucose levels after breakfast,

lunch, and dinner, recorded individually using personal glucometers into a diary each day.

Exercise intervention (EXE)
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Participants randomized to the EXE group completed three supervised sessions
each week. The exercise program was commenced upon baseline assessment (24.3 +
2.9 weeks of gestation) and was conducted and supervised by an exercise physiologist
(R.B.) on an upright stationary cycle ergometer (360, EMBREEX, Brazil).

Each exercise session was composed by 1) a passive stretching and strengthening
of the lower limbs, as a warm up, for 5 min; 2) aerobic exercise on the cycle ergometer
for 50 min; 3) a passive stretching and strengthening of the lower limbs, as a cool down,
for 5 min. Periodization for the aerobic training in cycle ergometer was the following:
weeks 1 and 2: 5 x 9 min with 1 min 20 sec interval between sets; Weeks 3, 4 and 5: 4 x
12 min with 1 min 20 sec interval between sets; Weeks 6, 7 and 8: 3 x 16 min with 1 min
20 sec interval between sets; Weeks 9 and 10: 2 x 24 min with 1 min 20 sec interval
between sets. Participants were cycling at the heart rate of the first ventilatory threshold.
The cycling resistance was adjusted as appropriate to maintain the required intensity for
each woman. The interval protocol was adopted to provide women a comfortable way to
conclude 50 min of aerobic exercise since the first week of the program. Exercise
sessions were suspended if any warning signs were observed (ACOG, 2003).

Control protocol (CON)

The women in the control group had weekly visits to the laboratory as a placebo
protocol. One investigator conducted a passive stretching routine. The routine was always
the same during the 10 weeks of follow up, and was composed by 30 different positions
to stretch gently all main muscles groups. Participants were supposed to hold the position
for 30 seconds. Total time for the complete stretching intervention was 50 min, identical
to each session in the exercise group.

Both groups wore a heart rate monitor (FT1, Polar, Kempele, Finland) during the
aerobic/stretching session to control the intensity. Ratings of Perceived Exertion Scale
(BORG, 1982) were measured at regular intervals throughout the exercise, with the target
perceived exertion of 12-14 (“somewhat hard”) and also the talk test (DAVIES et al.,
2003), according to international guidelines (ACOG, 2003, EVENSON, 2014, WOLFE &
MOTTOLA, 2015). Blood pressure (BP) was measured following standard American
Heart Association guidelines (PERLOFF et al., 1993) before, during and after the session.
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Different BP cuff sizes were available, but, in the end, the same cuff size was utilized for

all women in the study.

Measurements

Fasting blood glucose, insulin and glycosylated hemoglobin were assessed before
the first session and 48h after the last session of the intervention. The HOMA-IR index
assess the insulin resistance and provides an indirect measure (MATTHEWS et al., 1985)
as a low cost, fast and easy application (VASQUES et al.,, 2008). HOMA-IR was
calculated using the equation: HOMA-IR = (fasting glucose (mmol/l) x fasting insulin
(LU/))/22.5)). The plasma glucose level was measured by the enzymatic method of
hexokinase (ADVIA 1800, SIEMENS, Germany). Plasma insulin was measured by the
chemiluminescence method (Centaur XP, SIEMENS, Germany). Glycosylated
hemoglobin was analyzed by high-pressure liquid chrornatography (VARIANT 1l Turbo,
Bio-Rad, California) and was certified by the National Glycohemoglobin Standardization
Program (NGSP).

Weight and capillary blood glucose pre- and post-exercise session (Optium Xceed
glycometer; Abbot blood glucose test strips; Accu-Chek Safe-T-Pro Uno single use
lancing devices) were measured at visits 1, 10, 20 and 30 in the intervention group, and
at visits 1, 3, 6 and 10 in the control group, which represents weeks 1, 3, 6 and 10 after
enrollement..

The secondary outcomes of the present study were gestational age at delivery,
rate of cesarean section, birth weight and birth length, rate of macrosomic babies (>
4000q), and first- and fifth-minute APGAR scores. Data were retrieved from the maternal

information card.

Data analysis
Excel™ software was used for descriptive analysis. Results are presented as mean
+ SD. Statistical comparisons were not performed because data was only available for

nine participants.

Results

Participant characteristics
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The baseline characteristics are showed in Table 1. Maternal characteristics were

similar between the experimental groups for all variables.

Supervised aerobic exercise program

One participant in the EXE group drop-out the study in the 6" week of follow up for
personal reasons. Mean compliance to the supervised cycling program for each woman
was 91% throughout the intervention. No adverse effects were reported in response to
exercise. Participants cycled an average of 16.6 = 4.2 km each session. Mean systolic
and diastolic BP during aerobic exercise was 119.4 + 6.9 mmHg and 62.5 £ 3.7 mmHg,
respectively, and mean RPE was 12 £ 1, indicating the exercise to be perceived as

“somewhat hard”.

Fasting blood glucose, insulin, glycosylated hemoglobin and HOMA-IR.
Fasting blood glucose, insulin response, glycosylated hemoglobin and HOMA-IR

pre- and post- 10 weeks of follow up are described in table 2.

Requirement for insulin therapy.

Three CON patrticipants were unable to maintain self-monitored capillary glucose
concentrations within the accepted clinical range during the intervention and so
commenced insulin (n=1), glyburide (n=1) and metformin (n=1) therapy according to
routine care. None of the EXE participants required pharmacological intervention to

control blood glucose.

Weight gain and capillary blood glucose.
The mean weight gain during the 10 weeks of follow up for the CON group (n=5)
was 2.9 £ 2.3 kg and 2.8 + 1.4 kg for the EXE group (n=3). The capillary blood glucose

response pre- and post-aerobic or stretching session is described in table 3.

Newborn characteristics.

Mean gestational age at delivery, birth weight and birth length was 38.5 + 0.7
weeks, 3905 + 0.335 g and 50.2 + 2.3 cm, respectively for CON and 39.2 + 1.2 weeks,
3628 + 0.505 g and 49.8 + 1.6 cm, respectively for EXE. The women in the EXE group
delivered two male newborns compared to four in the CON group. Two CON (n=5) and

one EXE (n=3) participants delivered macrosomic babies (> 4000g). Four CON (n=5) and
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two EXE (n=3) delivered with a cesarean section. One CON newborn had first- and fifth-
minute APGAR scores of 1 and 3, respectively, and died four days after birth. None of the
EXE babies had first- and fifth-minute APGAR scores lower than 7.

Discussion

The main purpose of the present study was to verify the effects of an aerobic
training in pregnant women diagnosed with GDM in the HbAlc and HOMA-IR. Contrary
to our working hypothesis, our results showed an increase in HbAlc after 10 weeks of
intervention, for all participants. Also, all participants in the EXE group showed an
increase in HOMA-IR, while two participants in the CON group showed a drop in their
values.

With a similar methodology design, Halse et al. (2014) showed the percentage of
HbAlc to be higher at 6 weeks post-intervention assessment in both CON (prenatal usual
standard care) and EXE (supervised aerobic exercise) compared to pre-intervention
values, with no difference between groups. The post-intervention results of the present
study were similar to those found in the cited study (CON 5.6 + 0.4% vs 5.4% + 0.3%,
respectively; EXE 5.2 + 0.4% vs. 5.3% + 0.4%, respectively). Avery et al. (1997) found no
difference between the exercise and usual standard care groups for HbAlc. HbAlc is
indicative of glycemic control over the preceding 8-12 weeks (NATHAN et al., 2007),
however, it is very difficult to design a 12-week follow-up with GDM women, since
diagnose of GDM is done late in pregnancy (after 24 weeks’ pregnant).

HOMA-IR shows a good correlation with gold standard tests to verify insulin
resistance. In the present study, the majority of the women showed high insulin resistance
pre- and post-intervention, as expected by the pregnancy condition (KIRWAN et al.,
2002). Similar to this result, insulin concentrations increased for the majority of the
participants post-10 weeks of follow-up. Insulin sensitivity and responsiveness has been
shown to be improved for at least 2 days following a single session of exercise (MIKINES
et al., 1988; PERSEGHIN et al., 1996), and the magnitude of this effect is augmented by
a period of exercise training (PERSEGHIN et al., 1996; MIKINES et al., 1989), suggesting
that exercise influences insulin action by both acute and chronic mechanisms (GILL &
MALKOVA, 2006). However, in the present study the exercise training was not efficient

to such a response. This is probably due to the population tested, which develops an
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insulin-resistance due to placental secretions of antagonistic hormones to the action of
insulin (human placental lactogen hormone, growth hormone, cortisol, estrogen and
progesterone).

Mean fasting blood glucose concentrations were lower 10 weeks post-intervention
in both groups compared to baseline. These results are in agreement with previous
studies that also showed a decrease in blood glucose after intervention in GDM women
(AVERY et al., 1997; BUNG et al., 1991; HALSE et al., 2014; JOVANOVIC-PETERSON
et al., 1989). All women had counseling appointments with an endocrinologist, thus the
change in lifestyle (e.g. better diet) could be one reason why the CON group also showed
a drop in fasting blood glucose concentrations. Acutely, capillary blood glucose reduced
more at each cycling session compared to stretching (CON group). Chronically, none of
the EXE participants required insulin therapy to manage blood glucose. A possible
explanation is that exercise stimulates glucose uptake through insulin-dependent and
insulin-independent pathways, lowering blood glucose concentrations (ARTAL, 2003;
RUCHAT et al., 2012). This response may have significant benefits for both mother and
child, given the serious acute and long-term health consequences of maternal
hyperglycemia (METZGER, 2007; METZGER et al., 2008; RETNAKARAN et al., 2008a;
RETNAKARAN et al., 2008b).

Mean gestational age at delivery was similar for CON and EXE groups (38.5 = 0.7
vs. 39.2 + 1.2 weeks, respectively), as well as birth length (50.2 + 2.3 cm vs. 49.8 + 1.6
cm, respectively). However babies in the CON group were on average 277 g larger than
in the EXE group (CON: 3905 + 0.335 g; EXE: 3628 + 0.505 g), with 40% (2 of 5) of the
CON group delivering macrosomic babies (> 4000g) compared to 30% (1 of 3) of the EXE
group. Unfortunately, one newborn of the CON group (macrosomic at birth) had
complications during birth and died four days after delivery. GDM has been associated
with an increased perinatal morbidity, mainly with the association of fetal macrosomia
(LAZER et al., 1986; LIPSCOMB et al., 1995; ROUSE & OWEN 1999). One of the main
goals of blood control in GDM women is to prevent macrosomic babies, since it is well
stated that fetal environment is linked to the susceptibility of future chronic disease in the
offspring (HENRY et al., 2012; OKEN & GILLMAN, 2003; RAVELLI et al., 1999). The

“‘Developmental Origins of Health and Disease” (DoHaD) has received the attention of
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the scientific community to prevent chronic disease risk by manipulating the maternal and
fetal environment (BARKER, 1990).

It is important to note the limitations of this preliminary report. First, dietary intake
was not tracked and analyzed. However, the women in both groups received dietary
intervention through conventional prenatal standard care. Second, exercise sessions
were performed at a convenient time for the participant, with sessions distributed
throughout the day according to each woman’s daily living routine. Third, the number of
prenatal visits was not controlled. Fourth, the achievement or not of the daily blood
glucose targets was not controlled. Finally, since this study is a preliminary report, there
is a very small sample size. A larger sample size would be required before making any
confirming statements from these results.

In conclusion, contrary to our working hypothesis, until now our results showed an
increase in HbAlc after 10 weeks of intervention, for all participants, and an increase in
HOMA-IR for all participants in the EXE group, and a decrease for two (out of 5)
participants in the CON group.
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TABLE 1. Baseline maternal characteristics (mean + SD).

Characteristic CONTROL (n=15) EXERCISE (n=4)
Maternal age (yr) 28.6 +7.9 29.8 + 6.8
Gestational age at entry (wk) 249 +29 23.6 £ 3.2
Height (m) 1.7+0.1 1.6+0.1
E)re-pregnancy Body mass index (kg'm 321 +8.2 29 7+ 4.4
Gravidity 2+1 22

Parity 1+1 1+2
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TABLE 2. Fasting blood glucose, insulin, glycosylated hemoglobin and HOMA-IR delta
(post- pre intervention) of each participant in control and exercise group.

Participant Fasting blood glucose (a) Insulin | HOMA-IR | HbA1lc
CONTROL (8) (8) (8)
1 -7 3.0 0.0 0.2
2 2 27.4 5.5 0.2
3 -21 8.7 0.2 0.1
4 -29 -2.7 -1.4 0.3
5 -17 0.8 -0.5 0.8
Mean -14.4 7.4 0.8 0.3
SD 12.1 11.9 2.7 0.3
Participant ) Insulin | HOMA-IR | HbAlc
EXERCISE Fasting blood glucose (4) (a) (a) (a)
1 -7 6.4 1.1 0.5
2 -3 9.5 1.7 0.5
3 - - - -
4 -1 0.6 0.1 -0.2
Mean -3.7 5.5 1.0 0.3
SD 3.1 4.5 0.8 0.4

SD: standard deviation; HOMA-IR: Homeostasis Model of Assessment;
HbAlc: glycosylated hemoglobin
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TABLE 3. Capillary blood glucose values for each participant during follow up.

Participant Capillary blood glucose'(mg/dL) Capillary blood gllucose (mg/dL) A stretching routine (mg/dL)
pre-stretching routine post-stretching routine
CONTROL Visit1l Visit3 Visit 6 Visit 10 | Visit1  Visit3  Visit6  Visit 10 | Visit1  Visit 3 Visit 6 Visit 10
1 72 107 98 75 84 126 97 96 12 19 -1 21
2 107 127 107 93 91 88 117 92 -16 -39 10 -1
3 105 84 114 105 95 54 85 86 -10 -30 -29 -19
4 193 100 123 89 184 174 116 83 -9 74 -7 -6
5 116 98 161 99 107 97 112 94 -9 -1 -49 -5
Mean 118.6 103.2 120.6 92.2 112.2 107.8 105.4 90.2 -6.4 4.6 -15.2 -2.0
SD 44.8 15.7 24.4 11.4 41.0 45.0 13.9 5.5 10.7 45.1 23.6 14.5
Participant Capillary blood _qucosc_a (mg/dL) Capillary blood glucose_ (mg/dL) A aerobic session (mg/dL)
pre-aerobic session post-aerobic session
EXERCISE Visitl Visit10 Visit20 Visit30 |Visit1l Visit 10 Visit20 Visit 30 | Visit1 Visit 10 Visit 20 Visit 30
1 72 161 164 127 65 82 51 99 -7 -79 -113 -28
2 73 82 101 87 66 63 80 75 -7 -19 -21 -12
3 104 81 - - 86 79 - - -18 -2 - -
4 129 98 77 77 96 83 64 86 -33 -15 -13 9
Mean 94.5 105.5 114.0 97.0 78.3 76.8 65.0 86.7 -16.3 -28.8 -49.0 -10.3
SD 27.4 37.8 44.9 26.5 15.3 9.3 14.5 12.0 12.3 34.3 55.6 18.6

SD: standard deviation
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7 CONSIDERACOES FINAIS

a)

b)

d)

O efeito geral do exercicio fisico, em mulheres diagnosticadas com
GDM, nao foi significativamente diferente quando comparado ao
grupo controle nas concentracdes de glicemia de jejum. Porém,
guando as intervencbes foram analisadas separadamente, o
aconselhamento de atividade fisica demonstrou uma diminui¢cao
significativa de 3,88 mg/dL nas concentracfes absolutas da glicemia
de jejum quando comparado ao grupo controle.

Intervencbes com aconselhamento de atividade fisica ou exercicio
supervisionado semanalmente com aconselhamento dietético
integrado a intervencao com exercicio, ou intervencdes com apenas
exercicio do tipo aerObico e, para os estudos que apresentaram
volumes semanais de exercicio até 100 min/sem ou maiores do que
100 min/sem ndo demonstraram efeito na glicemia de jejum de
mulheres com DMG.

O exercicio supervisionado semanalmente ndo apresentou efeito na
idade gestacional de parto, no peso do bebé ao nascer, nas taxas de
bebés macrossémicos (maiores do que 4000 g) e de parto cesarea.
Ap6s 10 semanas de intervencdo com exercicio aerObico, as
variaveis HbAlc, HOMA-IR e insulina demonstraram aumento
comparado ao momento pré-intervencdo. A glicemia de jejum
demonstrou valores mais baixos poés-intervengdo para 0S grupos

exercicio e controle, comparada ao momento pré-intervencao.
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e)

f)

9)

h)

Agudamente, a glicemia capilar demonstrou maior reducdo apés as
sessfes de exercicio aer6bico comparado ao exercicio de
alongamento (grupo controle).

Cronicamente, trés gestantes do grupo controle iniciaram terapia
medicamentosa para controlar a glicemia. Foram utilizados os
medicamentos insulina (n=1), glibenclamida (n=1) e metformina (n=1)
de acordo com a rotina clinica. Nenhuma das participantes do grupo
exercicio necessitou de intervencdo medicamentosa para controle da
glicemia.

A média de idade gestacional de parto, peso e estatura do recém-
nascido foram similares entre os grupos controle e exercicio, porém
dois bebés no grupo controle e um bebé no grupo exercicio foram
considerados macrossémicos (peso > 4000g) no nascimento. Um
bebé do grupo CON apresentou escores de APGAR de um e cinco
minutos de 1 e 3, respectivamente. Nenhum dos bebés do grupo
exercicio apresentou escores de APGAR abaixo de 7.

Para o estudo piloto, o numero amostral calculado, para um poder de
80% e um nivel de significancia de 5% nas variaveis HbAlc e HOMA-
IR, foi de 26 participantes divididos igualmente nos grupos exercicio
aerobico e controle. As estratégias de recrutamento utilizadas foram
o chamamento pelos principais meios de comunicacéao locais (radio,
jornal e programas de televisdo) e acesso aos pacientes com
acompanhamento pré-natal nos Hospital de Clinicas de Porto Alegre
e Conceicdo. Apos, quase 3 anos de recrutamento, apenas nove

participantes aceitaram participar do estudo. Os motivos mais citados
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para a recusa foram: falta de verba para ressarcir o deslocamento até
o local onde as sessdes de exercicio ocorreram e a falta de interesse
em ingressar em um programa de exercicio fisico. Tais dificuldades
foram igualmente encontradas durante o meu estagio sanduiche, na

The University of Western Ontario — London/ CanadaA.
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8 PERSPECTIVAS FUTURAS

Claramente, mais investigacdes sao necessarias nesta area de pesquisa, a fim

de facilitar a inclusao de exercicios como parte do manejo do diabetes gestacional na

rotina obstétrica. A partir dos resultados encontrados e conhecimentos adquiridos,

bem como as limitagdes do estudo, sugerimos futuras linhas de pesquisas:

a)

b)

d)

Desenvolver maiores Ensaios Clinicos Randomizados com
intervencdo com exercicios em mulheres diagnosticadas com DMG.
Diminuir progressivamente a quantidade de supervisdo necessaria, a
fim de manter as taxas de participacdo de aderéncia semelhantes
para alcancar resultados ideais de saude, mas, ao mesmo tempo,
reduzindo o custo total de implementacdo de uma intervencdo com
exercicios como parte da rotina cuidados clinicos de mulheres com
DMG. Este tipo de intervencao poderia ser bem-sucedida com o
auxilio de telecomunicacdes para manter a orientagcdo ao longo da
gestacdo, ao mesmo tempo em que ha a reducédo da dependéncia em
relacdo a presenca de um treinador fisico em todas as sessfes de
exercicio.

Investigar outras modalidades de exercicio, como o treinamento de
forca, as atividades aquaticas e o treinamento concorrente.

Oferecer um acompanhamento multidisciplinar, com obstetra,
profissional de educacéo fisica, nutricionista ou endocrinologista e
psicdlogo ou psiquiatra, nas intervencdes.

Desenvolver estudos que oferecam intervencdo com exercicio,
supervisionado e/ou aconselhamento até 3, 6 e/ou 12 meses poOs-

parto.
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f) Acompanhar a méae e o bebé 3, 6 e 12 meses pés-parto para verificar
o controle glicémico, as taxas de retencdo de peso e a incidéncia de

obesidade e diabetes do tipo 2.
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9 ANEXOS

9.1 PARECER CONSUBSTANCIADO DO COMITE DE ETICA EM PESQUISA DO

HOSPITAL DE CLINICAS DE PORTO ALEGRE

HCPA - HOSPITAL DE CLiNICAS' DE PORTO ALEGRE
GRUPO DE PESQUISA E POS-GRADUAGCAO

COMITE DE ETICA EM PESQUISA

O Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre (CEP/HCPA), que é reconhecido
pela Comissdo Nacional de Etica em Pesquisa (CONEP)MS e pelo Office For Human Research
Protections (OHRP)YUSDHHS, comao Institutional Review Board (IRB00000921) analisou o projeto:

Projeto: 120008
Data da Versdo do Projeto:  19/03/2012
Data da Versio do TCLE: 19/04/2012

Pesquisadores:

JOSE GERALDO LOPES RAMOS

LUIZ FERNANDO MARTINS KRUEL
SERGIO H DE ALMEIDA MARTINS COSTA
MARIA LUCIA D ELIA DA ROCHA
ROBERTA BGEGINSKI

RODRIGO SUDATTI DELEVATTI

Titulo: EFEITO DE UM TREINAMENTO AEROBICO EM GESTANTES DIABETICAS E EM
GESTANTES HIPERTENSAS CRONICAS: UM ENSAIO CLINICO RANDOMIZADO

Este projeto foi APROVADO em seus aspectos éticos e metodolégicos, bem como o respectivo
Termo de Consentimento Livre e Esclarecido, de acordo com as diretrizes e normas nacionais e
internacionais de pesquisa clinica, especialmente as Resolugbes 196/96 e complementares do Conselho
Nacional de Salde.

- Os membros do Comité de Etica em Pesquisa ndo participaram do processo de avaliagéo dos projetos
nos quais constam como pesquisadores.

- Toda e qualquer alteragio do projeto, assim como os eventos adversos graves, deverdo ser
comunicados imediatamente ao CEP/HCPA.

- O pesquisador devera apresentar relatorios semestrais de acompanhamento e relatério final ao
CEP/HCPA.

- Somente podera ser utilizado o Termo de Consentimento Livre e Esclarecido no qual conste o carimbo

de aprovag&o do CEP/HCPA.
ine ﬁl

GPPG e CEP/HCPA

Porto Alegre, 16 de maio de 2012.

Coorden
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9.2 REGISTRO NO CLINICALTRIALS.GOV

ClinicalTrials.gov

A service of the U.S. National Institutes of Health

Trial record 1 of 1 for: NCT01885234

Previous Study | Return to List | Next Study

Aerobic Training in Pregnant Women With Gestational Diabetes and Chronic Hypertension
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9.3 TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO APROVADO PELO

COMITE DE ETICA DO HOSPITAL DE CLINICAS DE PORTO ALEGRE
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

UNIVERSIDADE FEDERAL DO RIO GRANDE DO SUL

FACULDADE DE MEDICINA
PROGRAMA DE POS-GRADUACAO EM MEDICINA: CIENCIAS MEDICAS

Termo de Consentimento Livre e Esclarecido
Diabetes Mellitus Gestacional

Estamos convidando vocé a participar como sujeito do estudo intitulado “Efeito de um
treinamento aerdbico em gestantes diabéticas e em gestantes hipertensas crénicas: um ensaio
clinico randomizado”, que tem como objetivo verificar aspectos sangufneos, a pressio arterial ¢
batimentos cardiacos de gestantes e do bebé com diabetes mellitus gestacional apés um
treinamento aer6bico em bicicleta ergométrica.

A participagfio neste estudo poderd ser solicitada de duas maneiras, e faremos um
sorteio para determinar esse aspecto. Vocé podera participar em um dos dois grupos do estudo:

Grupo 1: Envolvimento com o estudo serd por 10 semanas, a partir da 20° semana de
gestagio, sendo que durante este perfodo serd necessiria a sua contribuicio uma vez por
semana, por um perfodo de, aproximadamente, 1 hora em cada dia e os encontros serfio no
Centro Obstétrico do Hospital de Clinicas de Porto Alegre (localizada na Rua Ramiro Barcelos,
2350, 11° andar).

Grupo 2: Envolvimento com o estudo serd por 10 semanas, a partir da 20® semana de
gestagfo, sendo que durante este periodo serad mecesséria a sua contribuigio trés vezes por
semana, por um periodo de, aproximadamente, 1 hora em cada dia e os encontros serio no
Centro Obstétrico do Hospital de Clinicas de Porto Alegre (localizada na Rua Ramiro Barcelos,
2350, 11° andar).

O risco relacionado & sua participagio nestes grupos é muito baixo, sendo a
possibilidade de desconforto pequena. A intensidade do exercicio sempre serd mantida em uma
intensidade confortdvel e serd imediatamente suspenso, se necessério for e vocé receberd o
atendimento adequado.

Os beneficios de participar deste estudo serfio controle da pressio arterial semanal e a
possibilidade de realizag8o de atividade fisica orientada por um profissional de educacfio fisica.

Caso vocé queira participar deste estudo, € necessario que entenda e assine a declaragio
escrita a seguir:

Eu, por meio deste, autorizo o Dr. José Geraldo Lopes Ramos, a doutoranda Roberta
Bgeginski e demais bolsistas envolvidos no estudo, a realizarem os seguintes procedimentos:

a) Fazer-me responder um questionario especifico sobre qualidade de vida;

b) Fazer-me medidas corporais de peso, altura, altura uterina, pressdo arterial,
batimentos cardiacos;

Eu entendo que, durante os testes:

1. Estio envolvidos riscos ¢ desconfortos, tais como dor e camsago muscular
temporério. Ha possibilidade de mudangas anormais da minha frequéncia cardiaca
e/ou da pressdo arterial durante os testes. Entretanto, os riscos sdo minimos, sendo o
treinamento muito seguro. Entendo que minha frequéncia cardiaca e pressdo arterial
serdo monitoradas durante todo o treinamento. A intensidade de treinamento &
adequada para o bem-estar da gestante e do feto, e eu posso terminar o teste em
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6.

qualquer momento, sob meu critério, assim como decidir sair da pesquisa sem
qualquer prejuizo 2 assisténcia recebida.

Todos os pesquisadores que estdo aplicando os testes tém formagdo em suporte
bésico para urgéncias, assim como estard disponivel uma linha telefonica para
Assisténcia Médica de Emergéncia.

Todos os dados relativos & minha pessoa serdo confidenciais, € disponfveis somente
sob minha solicitagdio escrita, Além disso, eu entendo que, no momento da
publicagdo, os dados publicados nfo seriio associados & minha pessoa.

Nio haveré compensag#io financeira pela minha participagfo no estudo.

Posso realizar contato com o Dr. José Geraldo Lopes Ramos e Roberta Bgeginski,
para quaisquer problemas referentes & minha participagdo no estudo, ou caso eu
sentir que haja violagio dos meus direitos, através do telefone (51) 9192-2961, ou
poderei entrar em contato com o Comité de Ftica em Pesquisa do HCPA, através do
telefone (51) 3359-8304.

Vocé receberd uma via deste documento para seu arquivo e outra ficard guardada

com os pesquisadores.

Os procedimentos expostos acima tém sido explicados para mim pela doutoranda

Roberta Bgeginski e pelo Dr. José Geraldo Lopes Ramos.

Porto Alegre, de de

Nome em letra de forma da gestante:

Assinatura:

Nome em letra de forma do pesquisador:

Assinatura;
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9.4 FICHA DE FICHA DE TREINAMENTO INDIVIDUAL — GRUPO EXPERIMENTAL

SEM | TREINO N° IG DATA | FCpré | PApré | BORG | PAexerc FCméax | FCméd | FCpés | PAp6s | RPM KM OBS
1
1 2
5x9min 3
cli=120 4
2 5
6
7
3 8
9
4x12min 10
4| cli=120 |22
12
13
5 14
15
16
6 17
18
3x16min 19
T ci=120 |22
21
22
8 23
24
25
9 26
2x24min 27
cli=1’20 | 28
10 29
30
Sessao 1: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 10: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 20: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 30: Glicemia capilar pré: Glicemia capilar p9ds: Peso: Altura uterina:
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9.5 FICHA DE FICHA DE TREINAMENTO INDIVIDUAL — GRUPO CONTROLE

SEM IG DATA FCpré PApré BORG PAexerc FCmax FCméd FCpos PApés OBS

1

2

3

4

5

6

7

8

9

10
Sessao 1: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 3: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 6 Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:
Sessao 10: Glicemia capilar pré: Glicemia capilar pos: Peso: Altura uterina:

126



9.6 QUESTIONARIO DE CARACTERIZACAO DA AMOSTRA

NOME:
DATA: / /
IDADE:
1 — Data da ultima menstruacao:
2 — Data provavel do parto:
3 — ldade gestacional (em semanas):
4 — Peso antes da gestacao:
5— Numero de gestacdes incluindo a atual:
6—Qual o seu grau de escolaridade:
7—Qual a sua atividade ocupacional:
8— Na atual gestacao, vocé apresenta ou apresentou algum dos sintomas abaixo? (marque
com um X)

A — Sangramento vaginal.

B — Dor ou edema nas pernas.

C — Nauseas e vOmitos.

D — InfecgBes (virais ou bacterianas).

E — Dores de cabeca fortes e persistentes.

F — Coélica abdominal.

G — Cansaco e perda de resisténcia.

H — Edema no rosto, maos e pés.
Se vocé marcou algum dos sintomas acima, explique com detalhes:

9— Assinale se vocé apresenta ou apresentou algum dos problemas abaixo:

A — Doenca cardiaca.

B — Doencas respiratorias.

C — Dor ou palpitagédo no peito.

D — Presséo alta.

E — Dor ou problemas 6sseos, articulares e ligamentares.

F — Diabetes.
Explique:
10 — Vocé fuma? Quantos cigarros por dia?
11 — Antes da gravidez, vocé praticava alguma atividade fisica?
Expligue quantas vezes por semana e modalidade:

12 — Cite as atividades que vocé esté praticando atualmente:

Obrigado por ter preenchido o questionario.
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9.7 FICHA DE DADOS DO TRABALHO DE PARTO E DO RECEM-NASCIDO

NOME MAE: ID:
1- Tipo de parto: 2- Duragéo do parto:

3- Analgesia: 4- |dade gestacional (em semanas):
5- Tempo de dilatagéo: 6- Tempo de expulséo:

7-Peso mée: 8-Condicéo:

9- Peso e alteracdes anatomopatoldgicas da placenta:

1 — Nome recém-nascido:

2 — Data e hora de nascimento: 3 — Sexo:

4 — Peso: 5- Estatura:

6- APGAR min 1: 7- APGAR min 5: 8- APGAR min 10:

9- Cor da pele: 10- Circunferéncia do cranio:

11- Circunferéncia abdominal ecografico:__ 12- Circunferéncia abdominal ao nascer.
13- Circunferéncia toracico ecogréfico:____ 14- Circunferéncia toracico ao nascer:

15-pH: 16- Excesso de base: 17-Oost:

18- Adequacéao peso:

128
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