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Resumo da Tese 

  



 

Menezes, M.O. Diferentes estratégias de Rastreamento e Diagnóstico do Diabetes 

Mellitus Gestacional: estudo de coorte retrospectiva. 2023. Tese (Doutorado) – 

Faculdade de Medicina de Botucatu, Universidade Estadual Paulista, Brasil. 

 

Introdução: A Diabetes Mellitus Gestacional (DMG) e a Hiperglicemia Gestacional Leve 

(HGL) são condições que apresentam complicações perinatais graves e representam 

riscos significativos para o desenvolvimento futuro de Diabetes Mellitus Tipo 2 (DM2) e 

síndrome metabólica tanto para mães quanto para seus filhos. No entanto, a falta de 

consenso na definição e no diagnóstico dessas condições resulta em resultados 

divergentes sobre sua prevalência, dificultando a tomada de decisão dos gestores de 

saúde em relação ao investimento necessário para o diagnóstico e tratamento 

adequados. A prevalência de hiperglicemia durante a gestação varia globalmente, mas 

possui uma média de 16% e pode chegar a mais de 35% em determinados contextos. 

No Brasil, estima-se que a prevalência de DMG seja de 18% entre todas as gestações, 

sendo a epidemia de obesidade um fator contribuinte. O diagnóstico preciso da DMG é 

fundamental em termos de saúde pública, pois possibilita o planejamento e a 

implementação de medidas preventivas para o DM2 tanto para as mães quanto para 

seus filhos. Estudos têm mostrado que mulheres com histórico de DMG apresentam 

maior risco de desenvolver DM2 e enfrentam graves complicações, como mortalidade 

materna, problemas renais e cardíacos. Além disso, seus filhos têm maior probabilidade 

de sofrer com mortalidade neonatal precoce, obesidade, hiperglicemia e resistência à 

insulina. Entretanto, não há um padrão uniforme para o rastreamento e diagnóstico da 

DMG em todo o mundo.  

Justificativa: A diversidade de abordagens destaca a importância de os sistemas de 

saúde e os tomadores de decisão compreenderem os impactos clínicos de cada 

estratégia, a fim de garantir um diagnóstico preciso da DMG e um acompanhamento 

adequado para as mulheres e seus filhos, com o objetivo de controlar o aumento do DM2 

e suas complicações na população brasileira, além dos efeitos adversos decorrentes da 

hiperglicemia gestacional. 

Objetivos: 

1) A presente análise teve como objetivo investigar a adesão a protocolos vigentes 

localmente para rastreamento e diagnóstico de DMG em uma coorte retrospectiva de 

risco obstétrico misto. 

2) A presente análise teve como objetivo investigar a incidência de DMG em uma coorte 

de gestantes de risco obstétrico misto, aplicando retrospectivamente quatro diferentes 



 

critérios diagnósticos aos resultados de exames laboratoriais coletados durante a 

gestação. Adicionalmente, objetivou-se também investigar diferenças nas características 

clínicas e demográficas entre subgrupos de gestantes que teriam sido diagnosticadas 

com DMG se cada critério diagnóstico tivesse sido aplicado no mundo real. 

Métodos: 

1) Trata-se de uma coorte retrospectiva baseada em revisão de prontuários de partos de 

risco obstétrico misto de nascidos vivos ocorridos no ano de 2018 no Hospital das 

Clínicas de Botucatu. Partos ocorridos fora do hospital, cujos prontuários não estivessem 

disponíveis no sistema hospitalar ou de pacientes com diagnóstico prévio de DM1, DM2 

ou Diabetes Mellitus overt foram considerados inelegíveis. A listagem de partos ocorridos 

no ano de 2018 foi organizada em ordem alfabética do nome da gestante (para evitar 

qualquer sazonalidade nos resultados) e 660 casos consecutivos foram rastreados para 

elegibilidade, número estimado necessário para que a amostra contasse com ao menos 

246 sujeitos com uma glicemia de jejum antes de 20 semanas e um teste oral de 

tolerância a glicose (TTOG) 75 gramas de 2 horas durante a gestação. Variáveis 

sociodemográficas, antecedentes pessoais, fatores de risco para DMG, resultados e 

datas de exames para rastreamento e diagnóstico de DMG como glicemia de jejum (GJ), 

TTOG, hemoglobina glicada (A1C) e perfil glicêmico (PG), conforme disponíveis, foram 

coletados dos prontuários hospitalares. Dados de desfechos maternos e perinatais foram 

obtidos, porém não integram a presente análise. A adesão a três diferentes protocolos 

vigentes à época para rastreamento e diagnóstico de DMG (CAB32, MS2017 e Rudge) 

foi analisada aplicando os algoritmos de cada protocolo aos dados disponíveis na base.  

As gestantes foram classificadas como ‘com adesão’ a cada protocolo sempre que 

possuíam exames adequados conforme cada algoritmo. Características 

sociodemográficas e clínicas da amostra foram comparadas de acordo com a presença 

de testes mínimos para rastreamento e diagnóstico de DMG no prontuário (GJ e TTOG). 

Uma análise multivariada foi conduzida para examinar variáveis potencialmente 

relacionadas à adesão a protocolos de rastreamento e diagnóstico de DMG na amostra. 

2) Trata-se de uma coorte retrospectiva baseada em revisão de prontuários de partos de 

risco obstétrico misto de nascidos vivos ocorridos no ano de 2018 no Hospital das 

Clínicas da Faculdade de Medicina de Botucatu (UNESP). Partos ocorridos fora do 

hospital, cujos prontuários não estivessem disponíveis no sistema hospitalar ou de 

pacientes com diagnóstico prévio de DM1, DM2 ou Diabetes Mellitus overt foram 

considerados inelegíveis. A listagem de partos ocorridos no ano de 2018 foi organizada 

em ordem alfabética do nome da gestante (para evitar qualquer sazonalidade nos 



 

resultados) e 660 casos consecutivos foram rastreados para elegibilidade, número 

estimado necessário para que a amostra contasse com ao menos 246 sujeitos com uma 

glicemia de jejum antes de 20 semanas e um TTOG 75 gramas de 2 horas durante a 

gestação. Variáveis sociodemográficas, antecedentes pessoais, fatores de risco para 

DMG, resultados e datas de exames para rastreamento e diagnóstico de DMG (GJ, 

TTOG, A1C e PG, conforme disponíveis), diagnóstico de DMG definido pelo profissional 

pré-natalista e desfechos maternos e perinatais potencialmente associados a DMG 

foram coletados dos prontuários hospitalares. Quatro diferentes critérios diagnósticos 

para DMG foram aplicados retrospectivamente aos resultados de exames laboratoriais 

para rastreamento e diagnóstico de DMG presentes nos prontuários: CAB32, MS2017, 

ADA23 e Rudge. Cada algoritmo foi utilizado para simular cenários hipotéticos em que 

todas as gestantes com exames suficientes em seus prontuários (amostra com adesão) 

tivessem sido adequadamente rastreadas conforme a diretriz correspondente, 

independentemente do critério efetivamente adotado pelo profissional pré-natalista. Três 

grupos foram comparados em termos de suas características clínicas e 

sociodemográficas: i) DMG diagnosticado por qualquer critério, ii) não-DMG com pelo 

menos um TTOG 75g de 2 horas disponível no prontuário e iii) testes insuficientes para 

excluir ou confirmar DMG no prontuário. As incidências de DMG em cada cenário 

hipotético (CAB32, MS2017, ADA23 e Rudge) foram calculadas utilizando como 

denominador a amostra com adesão à diretriz específica (ou seja, com exames 

suficientes para aplicar o algoritmo previsto na diretriz). Como desfechos relacionados à 

DMG foram raros na amostra, a incidência de um desfecho composto potencialmente 

relacionada à DMG também foi comparada entre os 3 grupos de interesse no estudo: 

polidramnia, macrossomia, distócia de ombros, hipoglicemia neonatal, icterícia neonatal 

requerendo fototerapia, admissão em UTI neonatal por qualquer causa excluindo 

anomalias fetais e síndromes genéticas. 

Resultados: 1) Dentro da amostra de 660 prontuários avaliados, foram excluídas 

duplicatas (gestações gemelares) e diagnósticos prévios de diabetes, resultando em 645 

casos elegíveis. A maioria desses casos havia realizado pelo menos um teste de glicemia 

de jejum (84,3%) e, destes, 46,9% realizaram GTT em qualquer idade gestacional. De 

toda a amostra elegível, 13% não realizou nenhum teste relacionado à DMG. Quanto às 

características sociodemográficas e clínicas da amostra, a maioria tinha entre 19 e 34 

anos (76,6%), classificada como branca (82,7%) e com pré-natal realizado na atenção 

primária no serviço público (74,8%). A maioria dos casos iniciou o pré-natal no primeiro 

trimestre (81,1%) e fez ao menos 6 consulta de pré-natal (91,4%). Na análise bivariada, 



 

as variáveis idade, local de acompanhamento pré-natal, número de consultas pré-natais, 

presença de hipertensão crônica antes da gravidez ou diagnóstico de hipertensão 

crônica durante a gravidez atual apresentaram diferenças significativas quando as 

mulheres que realizaram pelo menos uma GJ e um TTOG foram comparadas àquelas 

que não possuíam esses exames no prontuário. Foi observada uma maior adesão para 

o protocolo CAB32 (46,8%). A realização de TTOG durante a gravidez foi observada em 

40,9% da amostra, porém apenas 25,9% do total da amostra realizaram o teste no 

período gestacional recomendado (24-28 semanas). A adesão a qualquer protocolo de 

rastreamento e diagnóstico de DMG foi observada em 57,1% da amostra. Sobre a idade 

gestacional em que o TTOG foi realizado, variou de 6 a 43 semanas de gestação 

(mediana de 27 semanas, intervalo interquartil de 4). Entre aquelas que realizaram o 

TTOG, 36,7% fizeram o teste fora do período gestacional recomendado (mais 

comumente após 28 semanas). Na regressão logística multivariada, para todas as 

diretrizes, o número de consultas pré-natais aumentou a chance de adesão (de 1,10 a 

1,19 vezes para cada visita adicional). A hipertensão crônica antes da gravidez foi 

significativamente associada a uma maior adesão às recomendações para todas as 

diretrizes, exceto o CAB32 (Odds Ratio [OR] variando de 2,16 para o MoH2017 a 3,15 

para Rudge et al). 

2) Foram avaliados 660 partos resultando em 645 gestantes elegíveis na amostra. Dos 

casos incluídos neste estudo, 84,3% realizaram pelo menos um exame de glicemia em 

jejum. Dentre esses casos 46,8% também realizaram o teste de tolerância à glicose 

(TTOG) em algum momento durante a gestação. No entanto, é importante ressaltar que 

cerca de 13% da amostra elegível não passou por nenhum teste relacionado ao 

diagnóstico de DMG. A DMG foi diagnosticada em 80 gestantes utilizando qualquer um 

dos quatro critérios em análise e 201 gestantes realizaram pelo menos um TTOG e foram 

classificadas como não-DMG porque nenhum teste anormal relacionado à DMG foi 

identificado nos prontuários. Insuficiência de testes para confirmar ou excluir a DMG foi 

observada em 364 gestantes (56,4%). As seguintes variáveis foram estatisticamente 

diferentes entre os subgrupos na análise bivariada: idade igual ou superior a 35 anos, 

local de atendimento pré-natal, mínimo de 6 consultas pré-natais, obesidade/sobrepeso, 

hipertensão crônica antes da gravidez, história de hipertensão gestacional ou pré-

eclâmpsia em uma gestação anterior, história de diabetes gestacional em uma gestação 

anterior e hipertensão crônica diagnosticada na gravidez atual. A incidência de DMG 

variou de 5,3% (critérios CAB32) a 22.6% (critérios MoH2017) nos cenários hipotéticos, 

enquanto a incidência real diagnosticada pelo provedor de cuidados pré-natais foi de 



 

7,1% (independentemente dos critérios diagnósticos utilizados). A alteração no 

metabolismo da glicose, conforme definido pela ADA23, estava presente em 4,9% da 

amostra, enquanto a hiperglicemia gestacional leve (Grupo Rudge Ib) foi identificada em 

8,5% da amostra conforme as diretrizes de Rudge et al. Vale ressaltar que a maioria dos 

casos diagnosticados pelos critérios MoH2017 teria sido diagnosticada pela GJ < 20 

semanas (isto é, DMG precoce). A incidência considerando qualquer um dos critérios foi 

de 21,6%.  

O diagnóstico perdido representa 10,5% da amostra conforme qualquer uma das 

diretrizes (apresentavam um teste anormal registrado no prontuário médico, mas não 

foram diagnosticadas com DMG pelo provedor). O desfecho composto potencialmente 

relacionado à DMG foi estatisticamente diferente entre os subgrupos, sendo mais comum 

entre aquelas com DMG de acordo com qualquer critério. Não houve diferença entre os 

grupos não-DMG e com testes insuficientes para confirmar ou excluir a DMG. Em termos 

de desfechos individuais relacionados à DMG, diferenças estatisticamente significativas 

foram observadas apenas para icterícia neonatal que requer fototerapia (DMG segundo 

qualquer critério 37,5% vs. Não DMG com pelo menos um TTOG 22,9% vs. 25,3% no 

subgrupo com testes insuficientes para rastrear DMG) e internação em UTI neonatal, 

excluindo síndromes genéticas e anomalias (23,7% vs. 11,9% vs. 17,9%, 

respectivamente). 

Conclusão: 1) Nossos achados sugerem que a adesão às diretrizes locais disponíveis 

para rastreamento e diagnóstico de DMG é inadequada em nossa amostra, com uma 

proporção significativa de mulheres não realizando os testes recomendados para DMG 

ou realizando-os fora do prazo adequado. Essa observação levanta preocupações em 

relação à subdiagnóstico de DMG e seus potenciais efeitos prejudiciais. Isso não apenas 

dificulta o manejo adequado da DMG durante a gravidez, mas também representa riscos 

de longo prazo tanto para as mulheres quanto para seus filhos devido à DMG não 

tratada. 

2) Nossos achados indicam que a incidência de DMG é altamente dependente dos 

critérios diagnósticos adotados, mas também da adesão às recomendações de triagem 

e diagnóstico de DMG no contexto clínico. As diretrizes nacionais atuais para DMG 

resultariam em uma incidência três vezes maior do que a frequência de DMG 

diagnosticada pelo provedor de cuidados pré-natais. As mulheres com DMG em nossa 

amostra eram mais velhas e apresentavam mais comorbidades e fatores de risco do que 

os casos não DMG ou casos com testes ausentes para excluir ou confirmar DMG. 
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Menezes, M.O. Strategies for screening and diagnosis of gestational diabetes:  a 

retrospective cohort study. Thesis (Doctorate) - Botucatu Medical School (FMB), 

São Paulo State University (UNESP), Brazil. 

 

 

Introduction: Gestational Diabetes Mellitus (GDM) and Mild Gestational Hyperglycemia 

(MGH) are conditions that present severe perinatal complications and represent 

significant risks for the future development of Type 2 Diabetes Mellitus (T2DM) and 

metabolic syndrome for both mothers and their children. However, the lack of consensus 

in the definition and diagnosis of these conditions results in divergent findings regarding 

their prevalence, making it challenging for health policymakers to make informed 

decisions regarding the necessary investment for proper diagnosis and treatment. The 

prevalence of hyperglycemia during pregnancy varies globally but has an average of 16% 

and can reach over 35% in certain contexts. In Brazil, it is estimated that the prevalence 

of GDM is 18% among all pregnancies, with the obesity epidemic being a contributing 

factor. The accurate diagnosis of GDM is crucial in terms of public health as it enables 

the planning and implementation of preventive measures for T2DM for both mothers and 

their children. Studies have shown that women with a history of GDM have a higher risk 

of developing T2DM and face serious complications such as maternal mortality, renal and 

cardiovascular diseases. Furthermore, their children are more likely to experience early 

neonatal mortality, obesity, hyperglycemia, and insulin resistance. However, there is no 

uniform standard for the screening and diagnosis of GDM worldwide. 

Justification: The diversity of approaches highlights the importance of healthcare 

systems and decision-makers understanding each strategy's clinical impacts to ensure 

accurate GDM diagnosis and appropriate lifetime follow-up for women and their children. 

This has the potential to impact the increasing prevalence of T2DM and its complications 

in the Brazilian population, as well as mitigate the adverse effects resulting from 

gestational hyperglycemia. 

Objectives: 1) The present analysis aimed to investigate adherence to locally 

established GDM screening and diagnosis protocols in a retrospective cohort of mixed 

obstetric risk. 



 

2) The present analysis aimed to investigate the incidence of GDM in a cohort of pregnant 

women with mixed obstetric risk by retrospectively applying four different diagnostic 

criteria to laboratory test results collected during pregnancy. The study also aimed to 

investigate differences in clinical and demographic characteristics among subgroups of 

pregnant women who would have been diagnosed with GDM if each diagnostic criterion 

had been applied in the real world. 

Methods: 1) This is a retrospective cohort based on medical records review from live 

births with mixed obstetric risk that occurred in 2018 at Hospital das Clínicas de Botucatu. 

Deliveries that took place outside the hospital, whose medical records were not available 

in the hospital system, or patients with a previous diagnosis of Type 1 Diabetes Mellitus 

(DM1), Type 2 Diabetes Mellitus (DM2), or overt Diabetes Mellitus were considered 

ineligible. The list of deliveries that occurred in 2018 was organized in alphabetical order 

by the pregnant woman's name (to avoid any seasonality in the results), and 660 

consecutive cases were screened for eligibility – an estimated number necessary to have 

at least 246 subjects with fasting plasma glucose (FPG) before 20 weeks and a 2-hour 

75-gram oral glucose tolerance test (GTT) during pregnancy. Sociodemographic 

variables, personal history, risk factors for GDM, screening and diagnostic test results 

(FPG, GTT, glycosylated hemoglobin, and glycemic profile) as available were collected 

from the medical records. Maternal and perinatal outcome data were obtained but were 

not included in the present analysis. Adherence to three different protocols for GDM 

screening and diagnosis (CAB32, MS2017, and Rudge) was analyzed by applying the 

algorithms of each protocol to the available data. Pregnant women were classified as 

adherent to each protocol if they had appropriate tests according to each algorithm. The 

sociodemographic and clinical characteristics of the sample were compared based on the 

presence of minimal tests for GDM screening and diagnosis in the medical records (FPG 

and GTT). A multivariate analysis was conducted to examine variables potentially related 

to adherence to GDM screening and diagnostic protocols in the sample. 

2) This is a retrospective cohort based on a review of medical records from live births with 

mixed obstetric risk that occurred in 2018 at the Hospital das Clínicas da Faculdade de 

Medicina de Botucatu (UNESP). Deliveries that took place outside the hospital, whose 

medical records were not available in the hospital system, or patients with a previous 

diagnosis of Type 1 Diabetes Mellitus (DM1), Type 2 Diabetes Mellitus (DM2), or overt 

Diabetes Mellitus were considered ineligible. The list of deliveries that occurred in 2018 

was organized in alphabetical order by the pregnant woman's name (to avoid any 



 

seasonality in the results), and 660 consecutive cases were screened for eligibility – an 

estimated number necessary to have at least 246 subjects with FPG before 20 weeks 

and a 2-hour 75-gram oral glucose tolerance test (GTT) during pregnancy. 

Sociodemographic variables, personal history, risk factors for GDM, screening and 

diagnostic test results (FPG, GTT, glycosylated hemoglobin, and glycemic profile as 

available), GDM diagnosis made by the prenatal care provider, and maternal and 

perinatal outcomes potentially associated with GDM were collected from the medical 

records. Four different diagnostic criteria for GDM were retrospectively applied to the 

laboratory test results abstracted from medical records: CAB32, MS2017, ADA23, and 

Rudge. Each algorithm was used to simulate hypothetical scenarios in which all pregnant 

women with sufficient tests in their medical records (compliant sample) had been 

adequately screened according to the corresponding guideline, regardless of the criterion 

actually adopted by the prenatal care provider. Three groups were compared in terms of 

their clinical and sociodemographic characteristics: i) GDM diagnosed by any criterion, ii) 

non-GDM with at least a GTT available in the medical record, and iii) insufficient tests to 

exclude or confirm GDM in the medical record. The incidences of GDM in each 

hypothetical scenario (CAB32, MS2017, ADA23, and Rudge) were calculated using the 

compliant sample to the specific guideline as the denominator (i.e., with sufficient tests to 

apply the algorithm specified in the guideline). As outcomes related to GDM were rare in 

the sample, the incidence of a composite outcome potentially related to GDM was also 

compared among the three groups of interest in the study: polyhydramnios, macrosomia, 

shoulder dystocia, neonatal hypoglycemia, neonatal jaundice requiring phototherapy, 

neonatal admission to the NICU for any cause excluding fetal anomalies and genetic 

syndromes. 

Results: 1) Within the 660 evaluated medical records sample, duplicates (twin 

pregnancies) and previous diabetes diagnoses were excluded, resulting in 645 eligible 

cases. Most of these cases had undergone at least one FPG test (84.3%), and of those, 

46.9% had undergone an oral GTT at any gestational age. Of the entire eligible sample, 

13.0% did not undergo any tests related to GDM. Regarding the sociodemographic and 

clinical characteristics of the sample, the majority were between 19 and 34 years old 

(76.6%), classified as white (82.7%), and received prenatal care in primary healthcare 

within the public healthcare system (74.8%). Most cases initiated prenatal care in the first 

trimester (81.1%) and attended at least 6 prenatal visits (91.4%). In the bivariate analysis, 

age, location of prenatal care, number of prenatal visits, presence of chronic hypertension 

before pregnancy or a diagnosis of chronic hypertension during the current pregnancy 



 

showed significant differences when comparing women who underwent at least one FPG 

and one oral GTT to those who did not have these tests in their medical records. A higher 

adherence rate was observed for the CAB32 protocol (46.8%). A GTT during pregnancy 

recorded in the hospital chart was observed in 40.9% of the sample, but only 25.9% of 

the total sample underwent the test during the recommended gestational period (24-28 

weeks). Adherence to any screening and diagnostic guideline for GDM was observed in 

57.1% of the sample. Regarding the gestational age at which the GTT was performed, it 

ranged from 6 to 43 weeks of gestation (median of 27 weeks, interquartile range of 4). 

Among those who underwent the GTT, 36.7% had the test performed outside the 

recommended gestational period (most commonly after 28 weeks). In multivariate logistic 

regression, for all guidelines, the number of prenatal visits increased the likelihood of 

adherence (ranging from 1.10 to 1.19 times for each additional visit). Chronic 

hypertension before pregnancy was significantly associated with higher adherence to 

recommendations for all guidelines, except CAB32 (Odds Ratio [OR] ranging from 2.16 

for MoH2017 to 3.15 for Rudge et al.). 

2) A total of 660 deliveries were evaluated, resulting in 645 eligible pregnant women in 

the sample. GDM was diagnosed in 80 pregnant women using any of the four criteria 

under analysis, and 201 pregnant women underwent at least one GTT and were classified 

as non-GDM because no abnormal test related to GDM was identified in their medical 

records. Insufficient testing to confirm or exclude GDM was observed in 364 pregnant 

women (56.4%). The following variables were statistically different among the subgroups 

in the bivariate analysis: age equal to or greater than 35 years, location of prenatal care, 

a minimum of 6 prenatal visits, obesity/overweight, chronic hypertension before 

pregnancy, history of gestational hypertension or preeclampsia in a previous pregnancy, 

history of gestational diabetes in a previous pregnancy, and chronic hypertension 

diagnosed in the current pregnancy. The incidence of GDM varied from 5.3% (CAB32 

criteria) to 22.6% (MoH2017 criteria) in the simulated hypothetical scenarios, while the 

actual incidence diagnosed by prenatal care providers was 7.1% (regardless of the 

diagnostic criteria used). Abnormal glucose metabolism, as defined by ADA23, was 

present in 4.9% of the sample, while mild gestational hyperglycemia (Rudge Group Ib) 

was identified in 8.5% of the sample according to Rudge et al guidelines. Notably, most 

cases diagnosed by the MoH2017 criteria would have been diagnosed by the FPG test 

before 20 weeks (i.e., early GDM). The incidence considering any of the criteria was 

21.6%. Missed diagnosis accounted for 10.5% of the sample according to any of the 

guidelines (women who had an abnormal test recorded in the medical records but were 



 

not diagnosed with GDM by the provider). The composite outcome potentially related to 

GDM was statistically different among the subgroups, being more common among those 

with GDM according to any criteria. There was no difference between the non-GDM 

groups and those with insufficient testing to confirm or exclude GDM. In terms of individual 

outcomes related to GDM, statistically significant differences were observed only for 

neonatal jaundice requiring phototherapy (GDM according to any criteria 37.5% vs. non-

GDM with at least one GTT 22.9% vs. 25.3% in the subgroup with insufficient testing to 

screen for GDM) and neonatal intensive care unit (NICU) admission, excluding genetic 

syndromes and anomalies (23.7% vs. 11.9% vs. 17.9%, respectively). 

Conclusion: 1) Our findings suggest that compliance with locally available GDM 

screening and diagnosis guidelines is inadequate in our sample, with a significant 

proportion of women not undergoing recommended GDM tests or performing tests 

outside the appropriate timeframe. This observation raises concerns regarding the 

underdiagnosis of GDM and its potential detrimental effects. It not only hinders the 

appropriate management of GDM during pregnancy but also poses long-term risks for 

both women and their offspring due to untreated GDM. 

2) Our findings indicate that GDM incidence is highly dependent on the diagnostic criteria 

adopted, but also the overall compliance to GDM screening and diagnosis 

recommendations in the clinical setting. The current national GDM guidelines would result 

in an incidence 3 times higher than the frequency of GDM as diagnosed by the antenatal 

care provider in the sample. Women with GDM in our sample were older and had more 

comorbidities and risk factors than non-GDM cases or cases with missing tests to exclude 

or confirm GDM. 

Keywords: gestational diabetes mellitus; diagnosis; blood glucose; tests for maternal 

serum screening; cohort study 
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 Durante minha formação, tive a oportunidade de me envolver em várias 

experiências de pesquisa desde cedo. No ensino médio, na escola Pueri Domus 

Jardim, tive acesso a disciplinas inovadoras como o "Núcleo de Estudos e Pesquisas", 

que tinha como foco identificar um problema de interesse para o grupo e embasar 

discussões sobre o assunto por meio de uma revisão bibliográfica. 

Na graduação em Obstetrícia na Escola de Artes, Ciências e Humanidade da 

Universidade de São Paulo (EACH-USP 2005-2008), a importância do uso de 

evidências científicas para fornecer um cuidado de qualidade foi amplamente 

abordada. Aprendemos a pensar criticamente e a questionar por meio do "Guia para 

Atenção Efetiva na Gravidez" de Enkin, na época referência para o debate acerca da 

aplicação de evidências científicas na assistência ao parto. Além disso, tive a 

oportunidade de participar de uma disciplina de dois módulos chamada "Resolução 

de Problemas", na qual desenvolvíamos e executávamos projetos de pesquisa a partir 

de problemas identificados. Um desses projetos resultou em minha primeira 

apresentação de um trabalho em formato de pôster na "II Conferência Internacional 

Sobre Humanização do Parto e Nascimento (II CIHPN)" realizada no Rio de Janeiro 

em 2005. 

Foi somente após me formar na graduação que participei efetivamente da 

publicação de um artigo, auxiliando na coleta de dados e redação. Em seguida, 

ingressei no mestrado na Faculdade de Saúde Pública (FSP-USP, 2010-2012) para 

dar meus primeiros passos como pesquisadora. Naquela época, explorei a pesquisa 

qualitativa com base em etnografia, focando no parto de povos indígenas guarani-

mbya. Mantendo um olhar mais amplo sobre meus interesses de estudo, também 

atuei como monitora na disciplina de "Epidemiologia" para estudantes de Obstetrícia. 
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Por algum tempo, concentrei-me mais na assistência e no ensino, aprimorando 

minha leitura das evidências, mas afastando-me da produção delas. No ensino, 

lecionei na graduação de Obstetrícia da EACH-USP como professora contratada em 

dois períodos diferentes, além de ter lecionado na pós-graduação de enfermagem 

obstétrica da Universidade Anhembi Morumbi (UAM). 

Em torno de 2018, decidi me reaproximar e trilhar o caminho de me tornar 

pesquisadora. Conduzimos e publicamos uma revisão sistemática sobre Mulheres 

Lésbicas e Infecções Sexualmente Transmissíveis (e Vaginose Bacteriana) (Anexo 1). 

Foi gratificante trabalhar em um projeto sobre um tema muitas vezes invisibilizado, e 

tive a satisfação de contar com a participação de três mulheres lésbicas na elaboração 

desse trabalho. No mesmo ano da publicação (em periódico A1 na Medicina III, 

conforme avaliação QUALIS 2017-2020) iniciei o doutorado, em 2019. 

Durante a pandemia, juntei-me a um grupo de profissionais em busca ativa de 

publicações sobre SARS-CoV-2 e mortalidade materna. Dado o impacto negativo que 

doenças respiratórias costumam ter nessa população, procurávamos evidências 

nessa direção. No entanto, a maioria dos primeiros artigos encontrados falava o 

contrário, ou seja, que não havia um risco aumentado de desfechos negativos 

aumentados nessa população. Por causa disso, começamos a investigar ativamente 

os casos de mortalidade materna relacionados à COVID-19 no Brasil, resultando em 

10 publicações relevantes sobre o tema (Anexos 2-11 – Sendo anexos 4, 6 e 8 

publicados em periódico A1 na Medicina III, conforme avaliação QUALIS 2017-2020) 
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Durante o doutorado, também estive envolvida em outros projetos que 

resultaram em mais publicações (Anexo 12-15 – sendo anexo 15 em periódico A2 na 

Medicina III, conforme avaliação QUALIS 2017-2020). Destaco o artigo sobre a custo-

efetividade da inserção de obstetrizes e enfermeiras obstétricas no pré-natal da 

assistência suplementar (Anexo 15 - em periódico A1 na Medicina III, conforme 

avaliação QUALIS 2017-2020), que a princípio foi financiado coletivamente e enviado 

de forma integral à Agência Nacional de Saúde Suplementar (ANS) para apreciação 

de entrada no rol de procedimentos obrigatórios, resultando em uma resolução 

normativa que permite consultas com obstetrizes e enfermeiros obstétricos para 

mulheres que acessam planos de saúde. 

Outro ponto importante da produção técnica foi a participação direta no grupo 

de estudo DIAMATER, liderado pela professora Marilza Vieira Cunha Rudge. A 

professora tem décadas de conhecimento e pesquisas relacionadas a Diabetes 

Mellitus Gestacional (DMG) e, junto de um grupo de alunos e professores 

provenientes de diversas formações e instituições, atualmente dedica-se em particular 

a investigar a resposta muscular e incontinência urinária relacionadas à patologia. A 

pesquisa envolve desde estudos teóricos, experimentais e pré-clínicos até estudos 

clínicos e incluem parcerias internacionais e tem extensa produção sobre o tema, em 

que participo ativamente desde 2019 como parte integrante do Diamater Study Group 

(Anexo 16-21) em discussões, planejamento, desenvolvimento e inclusive por 

momentos na própria coleta de dados. 
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Nesse período, com muito orgulho, contribuí com a produção de dois capítulos 

do livro Obstetrícia por Jorge Rezende Filho. A convite da Professora Dra. Melania 

Maria Ramos Amorim, eu, juntamente com Maíra Libertad Soligo Takemoto, fui autora 

dos capítulos "Gravidez Prolongada" (Anexo 22) e "Distócia de Ombros" (Anexo 23). 

Também fui uma das autoras de um capítulo do Manual de Obstetrícia da Associação 

de Obstetrícia e Ginecologia do Estado de São Paulo (SOGESP, 2021) (Anexo 24) e 

de um capítulo em um livro sobre luto intitulado "Perdi meu bebê: Uma companhia 

para atravessar o luto gestacional, perinatal e neonatal" (Anexo 25). 

Durante um semestre, realizei estágio docente em campo, acompanhando 

estudantes de enfermagem no atendimento a gestantes no Centro de Parto Normal 

do Hospital Estadual de Botucatu. Lecionei aulas de planejamento reprodutivo, pelve 

materna e estática fetal. Também participei de treinamentos teórico-práticos para 

residentes em enfermagem obstétrica, abordando temas como exame obstétrico, 

sutura perineal e resolução de distocia de ombros. Além disso, atuei como membro 

da banca avaliadora de duas monografias de conclusão da residência de alunas de 

enfermagem obstétrica. Esses anos foram transformadores, proporcionando uma 

base sólida para meu desenvolvimento como pesquisadora e aprimoramento na 

docência. 
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Contextualização 
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Diabetes Mellitus Gestacional 

 

Diabetes Mellitus Gestacional (DMG) e Hiperglicemia gestacional leve (HGL) 

estão associadas com complicações perinatais graves,(1–4) e são fatores de risco 

relevantes para o desenvolvimento futuro de Diabetes Mellitus Tipo 2 (DM2) e 

síndrome metabólica tanto para a mãe quanto para seus filhos.(5–10) Um consenso 

da International Federation of Gynaecology and Obstetrics (FiGO) em 2015 optou por 

denomina-las em conjunto como hiperglicemia na gestação(11) e o Consenso 

Brasileiro denominou-as como DMG.(12)  

Apesar da gravidade dessa patologia tanto para mãe como para o seu filho a 

curto e longo prazo, ainda encontram-se publicações em revistas de impacto usando 

diferentes estratégias diagnósticas e diferentes denominações que levam a resultados 

controversos de prevalência da doença,(13–17) como consequência, resultados 

clínicos díspares são disponibilizados para o sistema de saúde o que dificulta a 

tomada de decisão do gestor em saúde em relação aos investimentos a serem 

alocados para o diagnóstico e tratamento do DMG. 

A prevalência de algum grau de hiperglicemia na gestação (HGG) tem uma 

média mundial de 16%, estando acima de 35% em alguns contextos, dependendo dos 

critérios diagnósticos utilizados em cada estimativa, sendo que DMG representa a 

maior parcela destes casos.(12) Usando teste oral de tolerância a glicose de 75g 

associado ao perfil glicêmico, no Centro de Investigação do Diabete Perinatal (CIDPN) 

da Faculdade de Medicina de Botucatu-Unesp, foram encontrados  cerca de 20% de 

distúrbios hiperglicêmicos na gestação.(1) 

No Brasil, estima-se que, com os novos critérios diagnósticos propostos através 

de consenso entre diversas instituições em 2017 (Organização Panamericana de 

Saúde/OPAS, Ministério da Saúde/MS, Federação Brasileira das Associações de 
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Ginecologia e Obstetrícia e Sociedade Brasileira de Diabetes/FEBRASGO), a 

prevalência de DMG seja de 18% de todas as gestações.(12)  Além disso, é fato 

reconhecido globalmente que a prevalência da condição vem aumentando e deve 

continuar em elevação, em razão da epidemia de obesidade que atinge inúmeros 

contextos no mundo, incluindo o Brasil.(17) 

Deste modo, o diagnóstico adequado de DMG tem impacto direto sobre os 

desfechos perinatais, mas também relevância destacada do ponto de vista da saúde 

pública, uma vez que permite planejar e implementar ações para prevenção do DM2 

no pós-parto e ao longo da vida da mãe e seus filhos.(8,10) Para compreender a 

magnitude do impacto dessas ações, estima-se que a prevalência de DM2 na 

população adulta brasileira tenha dobrado da década de 1980 para a de 2010,(18) 

sendo que estudo multicêntrico nacional avaliando mais de 15.000 pessoas entre 35 

e 74 anos identificou uma prevalência de 19,7%, sendo 50,4% de casos não 

previamente diagnosticados.(19) Com base nestes números, poderia se estimar que 

1 a cada 5 brasileiras venha a desenvolver DM2, sendo que o subdiagnóstico parece 

ainda ser uma realidade na nossa população. A possibilidade, então, de um 

diagnóstico acurado de DMG que leve ao acompanhamento em longo prazo dessas 

mulheres e sua prole é estratégia racional para conter o crescimento do DM2 e suas 

complicações na população brasileira, para além dos efeitos perinatais da HGG. Em 

tese defendida em 2018 no Programa de Pós-Graduação em Ginecologia, Obstetrícia 

e Mastologia PGGOM-FMB-UNESP Arantes M e Rudge MV acompanharam pares de 

mães e recém-nascidos 5-11 anos pós-parto e detectaram que o DMG  prévio 

aumentou o risco de DM2 nas  mães e teve grave repercussão com morte de 12 de 

534 mães nesse período sendo 3 por problema renal e 3 por problema cardíaco.(20) 

Associou-se também a aumento de mortalidade neonatal precoce e de aparecimento 
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de sinais iniciais de obesidade, hiperglicemia e resistência a insulina nessas crianças 

de 5-11 anos filhas de mães diabéticas.   

Não há, no entanto, um padrão único para rastreamento e diagnóstico do DMG 

no mundo, havendo variedade de propostas definidas de acordo com o risco basal da 

população (dados epidemiológicos) e prática clínica corrente em cada contexto. Na 

realidade brasileira, ainda é bastante disseminado o uso dos critérios propostos pelo 

Ministério da Saúde em 2012, através de seu Caderno de Atenção Básica 

(CAB32),(21) uma vez que este regula a prática na atenção primária, nível do sistema 

de saúde que alcança a maioria da população. Em 2017, no entanto, uma reunião de 

especialistas com a participação da Organização Panamericana de Saúde (OPAS), 

Ministério da Saúde (MS), Federação Brasileira das Associações de Ginecologia e 

Obstetrícia (FEBRASGO) e Sociedade Brasileira de Diabetes (SBD), propôs novas 

diretrizes, baseadas em dois cenários: viabilidade financeira e disponibilidade técnica 

total (propondo a realização de glicemia de jejum no primeiro trimestre e TTOG75 no 

segundo trimestre, com detecção esperada de 100% dos casos) e viabilidade 

financeira e disponibilidade técnica parcial (baseada apenas na realização de glicemia 

de jejum, com detecção esperada de 86% dos casos).(12) 

Em serviços específicos, em particular de nível secundário ou terciário e 

serviços universitários ou no âmbito da saúde suplementar, são adotados ainda os 

critérios propostos pela American Diabetes Association (ADA) em 2016 e suas 

atualizações mais recentes, incluindo a versão publicada em 2023.(22) No CIDPN da 

Faculdade de Medicina da UNESP em Botucatu (FMB-UNESP), utilizam-se os 

critérios da ADA 2016 em associação com o perfil glicêmico realizado entre 24 e 28 

semanas, para detectar os casos de hiperglicemia gestacional leve. Deste modo, no 

Brasil e no mundo há grande variação nas propostas de rastreamento e diagnóstico, 
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sendo relevante para o sistema de saúde e os tomadores de decisão compreender os 

impactos clínicos de cada proposta. 

 

 

6 Objetivos 

 

6.1 Artigos 

Os resultados desta Tese estão apresentados em 2 artigos de acordo o 

respectivo objetivo: 

 

1 - “Adherence to screening and diagnostic guidelines for gestational diabetes mellitus: 

a retrospective cohort" 

Objetivo: A presente análise teve como objetivo investigar a adesão a protocolos 

vigentes localmente para rastreamento e diagnóstico de DMG em uma coorte 

retrospectiva de gestantes de risco obstétrico misto. 

 

2 - “Incidence of gestational diabetes mellitus according to different diagnostic criteria: 

a retrospective cohort" 

Objetivo: A presente análise teve como objetivo investigar a incidência de DMG em 

uma coorte de gestantes de risco obstétrico misto, aplicando retrospectivamente 

quatro diferentes critérios diagnósticos aos resultados de exames laboratoriais 

coletados durante a gestação. Adicionalmente, objetivou-se também investigar 

diferenças nas características clínicas e demográficas entre subgrupos de gestantes 

que teriam sido diagnosticadas com DMG se cada critério diagnóstico tivesse sido 

aplicado no mundo real. 
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“Adherence to screening and diagnostic guidelines for gestational diabetes 

mellitus: a retrospective cohort" 

 

INTRODUCTION 

Gestational diabetes mellitus (GDM) is a pregnancy common complication, 

characterized by glucose intolerance that typically develops during the late second 

trimester.(1) It is associated with adverse maternal and perinatal outcomes, including 

an increased risk of cesarean section, preeclampsia, macrosomia, neonatal 

hypoglycemia, and long-term metabolic complications for both the mother and the 

offspring.(2–5) Early identification and appropriate management of GDM are essential 

to optimize maternal and neonatal health outcomes and also prevent lifetime 

complications that may impair people’s quality of life and burden the healthcare 

system. 

Appropriate use of standardized screening and diagnostic protocols plays a crucial role 

in the identification and management of GDM. Guidelines from several organizations 

recommend different approaches, leading to variations in clinical practice worldwide 

and much uncertainty about the best diagnostic pathway to be implemented.(6–11) 

These variations can significantly impact the identification and subsequent 

management of GDM cases. 

In this context, adherence to established screening and diagnostic protocols is critical. 

However, studies assessing adherence to these protocols are limited,(12,13) and there 

is a need to evaluate their implementation and impact on clinical outcomes. In Brazil, 

updated GDM screening and diagnosis recommendations were issued by a conjoint 

group of organizations in 2017 (Pan American Health Organization/PAHO, Ministry of 

Health/MS, Brazilian Federation of Gynecology and Obstetrics Associations, and 

Brazilian Diabetes Society/FEBRASGO), proposing early diagnosis based on first-

https://cadernos.ensp.fiocruz.br/csp/
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trimester fasting plasma glucose (FPG).(9) However, the previous 2012 Brazilian 

Ministry of Health Antenatal Care Guidelines for Primary Health Care Facilities 

(CAB32)(8) are still widely used, since updates in the specific context of primary health 

care have not been issued. Thus, understanding the level of adherence to screening 

and diagnostic protocols for GDM is crucial for optimizing healthcare practices and 

improving patient outcomes in Brazil. The present study aimed to investigate 

compliance to locally available GDM screening and diagnosis guidelines in a 

retrospective cohort of mixed-risk pregnant women. We hypothesized that there is a 

poor adherence to these guidelines likely resulting in reduced GDM diagnosis and 

management. 

 

METHODS 

This retrospective cohort study enrolled subjects who gave birth to a live born at the 

Clinical Hospital of Botucatu during 2018. The Hospital Perinatal Diabetes Research 

Center (PDRC) provides antenatal care (ANC) for high-risk pregnancies and 

intrapartum and postpartum care for both low and high-risk pregnant women referred 

by primary care services from over 20 cities in the region, as well as is responsible for 

inpatient admissions to manage both GDM and type 1 and 2 Diabetes Mellitus (DM). 

Most tests for GDM diagnosis as fasting plasma glucose (FPG), glycated hemoglobin 

(A1C), glucose tolerance test (GTT), and glycemic profile (GP) from patients attended 

at the PDRC are processed by the Hospital laboratory using standardized methods. 

Subjects were deemed eligible if their birth occurred at the hospital and their medical 

chart was available in the hospital system. Subjects with a previous diagnosis of Type 

1 or 2 DM or overt DM during early pregnancy were excluded. We intended to identify 

at least 246 subjects with an FPG before 20 weeks and a 75g 2 hours GTT, based on 

a sample size calculation to estimate a population parameter (frequency of GDM 

diagnosis) assuming a 20% frequency of GDM diagnosis previously described for the 

Hospital (1) and a 95% confidence interval of 15% to 25%. To identify those cases, 

660 consecutive participants were included. 

Ethical approval was obtained from local ethics committees on August 7, 2019, with 

approval number 17333619.3.0000.5411, and a waiver of informed consent was 

requested and granted due to the study’s retrospective nature. Data was abstracted 
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from the electronic medical record system that includes information about the 

admission for birth (from both the parturient and the baby), but also about the antenatal 

care (ANC) received, including laboratory tests. Medical charts were reviewed by two 

authors (Mariane de Oliveira Menezes-MOM and Maíra Libertad Soligo Takemoto-

MLST) and the following variables were retrieved and included in the study database: 

city of origin, age, level of education, ethnicity, parity, maternal height, maternal weight, 

body mass index, number of visits to ANC, gestational age of ANC initiation, ANC 

setting (primary care, high risk, private care or none), previous diseases and risk 

factors (chronic hypertension before pregnancy, gestational 

hypertension/preeclampsia or gestational diabetes in previous pregnancy, smoking), 

laboratory tests for GDM screening and diagnosis, hypertensive disorders of 

pregnancy during the current pregnancy and GDM diagnosis. Variables concerning 

maternal and perinatal outcomes were collected but were not included in the present 

analysis.  

 

GDM screening and diagnosis protocols and tests 

The following GDM-related diagnostic tests results and dates were abstracted from 

inpatient medical charts and ANC records (both available in the Hospital data system): 

Fasting Plasma Glucose up to 20 weeks of pregnancy; A1C (the first available test 

during pregnancy if more than one was available); 2-hour 75 g glucose OGTT; a 

glycemic profile (GP) consisting of serial plasma glucose every 2 hours (from 8 am to 

6 pm) following a standardized 2840 calories diet divided into 5 meals. For the GP, 

normal values adopted by the PDRC following Rudge et al(14–16) were 90 mg/dL for 

fasting and 130 mg/dL postprandial. 

Three different protocols for GDM diagnosis were considered in the present analysis: 

Brazilian Ministry of Health 2012 Low-Risk Antenatal Care Guidelines (CAB32),(8) 

Brazilian Ministry of Health 2017 GDM Screening and Diagnosis Guidelines 

(MoH2017),(9) and the Rudge protocol.(14–16) They are summarized in Figure 1. 

CAB32 was selected due to its widespread use in the context of primary care in Brazil 

and MoH2017 because it had been recently published when the sample pregnancies 

occurred and is the current official Brazilian guideline. Rudge recommendations to 

combine GP and OGTT for GDM diagnosis emerged from studies conducted in the 

study site and they are adopted by the high-risk pregnancy PDRC outpatient clinic. 
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The information about the specific protocol for GDM diagnosis adopted by the ANC 

provider was not available on medical charts, hence we applied the three diagnosis 

algorithms to the data abstracted during data collection to assess potential compliance 

to each guideline. 

 

Figure 1. Criteria for compliance for each of the examined GDM screening and 
diagnosis guidelines 

A1C, glycated hemoglobin; CAB32, Brazilian Ministry of Health 2012 Antenatal Care 

Guidelines for Primary Health Care Facilities; FPG, fasting plasma glucose; GDM, Gestational 

Diabetes Mellitus; GP, glycemic profile; GTT, 2-hours oral 75g glucose tolerance test; 

MoH2017, Brazilian Ministry of Health GDM Screening and Diagnosis Guideline 

 

Statistical analysis  

Subjects were classified as compliant or non-compliant to the three GDM screening 

and diagnosis guidelines considered in this analysis (CAB32, MoH2017, and Rudge) 

based on the compliance to the screening and diagnosis algorithm presented in each 

protocol. The criteria for compliance were nevertheless flexible with the gestational age 

in which the GTT and GP were collected due to the significant discrepancy between 

guideline recommendations and the observed data in the sample. Gestational age for 

FPG and A1C was strictly followed as per each guideline. Descriptive statistics were 

used to present the proportion of compliance to the full guideline and different 

components of the screening and diagnosis algorithms. Sociodemographic and clinical 

characteristics were compared between subgroups defined by having received 

FPG

A1C

GTT
75g 2-hours

GP

CAB32 MoH2017 Rudge et al

• Up to 24 weeks, combined with GDM 

risk factors assessment
• Up to 20 weeks

• If FPG <85-90mg/dL with GDM risk 

factors

• If FPG 90-109 mg/dL regardless of 

GDM risk factors

• If FPG <92mg/dL

• Cases with FPG 92-125mg/dL are 

diagnosed with early GDM

• All pregnant people who do not have 

contraindications

• All pregnant people who do not have 

contraindications combined with GTT
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minimum GDM diagnostic tests (ann FPG before 20 weeks and a 2-hour 75g OGTT) 

using the chi-squared test. FPG and GTT were defined as the minimum GDM 

screening and diagnosis tests for the subgroup analysis both because they are the 

most common tests in most GDM guidelines and because they are recommended by 

the Brazilian most updated protocol in effect at the time of data collection (MoH2017).  

Multivariate logistic regression analyses were performed to estimate the association 

between exposure variables and compliance to each GDM diagnosis guideline. 

Variables with p<0.10 in the univariate analysis were initially included in the model and 

a stepwise backward approach was used for variables selection (removing terms with 

p ≥ 0.1 and adding those with p < 0.05). Results were presented with odds ratios (OR) 

and their 95% confidence intervals (CI). Statistical analysis was done using STATA 

16/MP 16.1 and a level of significance of p<0.05. 

 

RESULTS 

Within the screened sample of 660 medical records, duplicates due to twin 

pregnancies and pre-existing diabetes diagnoses were excluded, resulting in 645 

eligible cases. As shown in Figure 2, most of these cases had undergone at least one 

FPG (84.3%), while 13% of the sample did not undergo any GDM-related tests. 
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Figure 2. Study flowchart 

A1C, glycated hemoglobin; FPG, fasting plasma glucose; GA, gestational age; GP, glycemic profile; 

GTT, 2-hours oral 75g glucose tolerance test; T2DM, Type 2 Diabetes Mellitus; T1DM, Type 1 Diabetes 

Mellitus 

 
 
Table 1 shows the sociodemographic and clinical characteristics of the sample and the 

bivariate analysis performed to investigate between-subgroup differences. The 

variables age, antenatal care setting, number of antenatal care visits, having chronic 

hypertension before pregnancy, or being diagnosed with chronic hypertension during 

the current pregnancy were significantly different between women who had undergone 

an FPG and a GTT. 

 

660 births

653 pregnancies

7 sets of twins identified 
as duplicates

645 eligible pregnancies 
(All sample)

4 T2DM2 before 
pregnancy

1 T1DM before pregnancy
3 T2DM during pregnancy

544 (84.3%) with FPG < 
20 weeks

101 (15.7%) without FPG 
<20 weeks

255 (46.9%) with 75g 
GTT in any GA

289 (53.1%) without 75g 
GTT in any GA

9 (8.9%) with 75g GTT in 
any GA

180 (70.6%) with GP in 
any GA

75 (29.4%) without GP in 
any GA

72 (40.0%) with A1C <15 
weeks

108 (60.0%) without A1C 
< 15 weeks

14 (13.9%) with GP in 
any GA

4 (4.0%) with A1C <15 
weeks

84 (13.0%) with no GDM 
tests



51 
 

 

 

 
Table 1. Sample characteristics according to compliance to minimum GDM 
screening and diagnosis tests 
 

All sample 
(n=645) 

FPG + GTT 
(n=255) 

No FPG and/or 
GTT (n=390) 

p-
value* 

N % N % n % 

Age        

   <19 years 67 10.3 17 6.7 50 12.8  
<0.001    19-34 years 494 76.6 194 76.1 300 76.9 

   35+ years 84 13.0 44 17.3 40 10.3 

Ethnicity/skin color        

   Black/brown 106 16.4 38 14.9 68 17.4  

   White 533 82.7 216 84.7 317 81.3 0.586 

   Yellow 2 0.3 0 0.0 2 0.5  

   Not reported 4 0.6 1 0.4 3 0.8  

Antenatal care setting 
(n=642) 

       

   Primary care public service 480 74.8 148 58.0 332 85.8  

   High risk public service 153 23.8 104 40.8 49 12.7  

   Private practice 6 0.9 3 1.2 3 0.8 <0.001 

   No antenatal care 3 0.5 0 0.0 3 0.8  

Antenatal care initiation in 
1st trimester (n=603) 

       

   Yes 489 81.1 200 83.0 289 79.8 0.333 

   No 114 18.9 41 17.0 73 20.2  

Minimum of 6 antenatal 
appointments (n=581) 

       

   Yes 531 91.4 225 96.1 306 88.2 0.001 

   No 50 8.6 9 3.9 41 11.8  

Obesity (vs. non-obesity) 
(n=558) 

168 30.1 84 35.6 84 26.1 0.016 

Nulliparity 218 33.8 80 31.4 138 35.4 0.292 

History of abortion 136 21.1 59 23.1 77 19.7 0.302 

Chronic hypertension before 
pregnancy 

46 7.1 28 11.0 18 4.5 0.002 

Hypertensive disorders of 
pregnancy in previous 
pregnancy 

47 7.2 23 9.0 24 6.0 0.171 

Previous gestational 
diabetes mellitus 

9 1.4 6 2.4 3 0.8 0.094 

Smoking 72 11.0 29 11.4 43 10.8 0.891 

Weight gain in this 
pregnancy (n=536) 

       

   Excessive 299 55.8 137 59.3 162 53.1 0.153 

   Non-excessive 237 44.2 94 40.7 143 46.9  

Chronic hypertension 
diagnosed in this pregnancy 

15 2.3 10 3.9 5 1.3 0.030 

Gestational hypertension in 
this pregnancy 

88 13.6 33 12.9 55 14.1 0.674 
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Preeclampsia in this 
pregnancy 

85 13.2 33 12.9 52 13.3 0.886 

*Pearson's chi-squared test 

The highest adherence was observed for CAB32 (46.8%), as shown in Table 2. Having 

at least one GTT during pregnancy was observed in 40.9% of the  sample, but only 

25.9% had the test in the recommended gestational age window (24-28 weeks). 

Compliance to any GDM screening and diagnosis protocol was observed for 57.the 

1% of the sample. 

 

Table 2. Compliance to different GDM screening and diagnosis guidelines 

(n=645) 
 

All sample 

n % 95% CI 

Compliance to Ministry of Health CAB32 protocol 302 46.8 42.9-50.7 

   FPG before 20 weeks 544 84.3 81.3-87.1 

   Risk factors for GDM* (n=544) 483 74.9 71.3-78.2 

   FPG < 85-90 mg/dL without risk factors (n=544) 125 23.0 19.5-26.7 

   FPG < 85-90 mg/dL with risk factors (n=544) 365 67.1 63.0-71.0 

   FPG 90-109 mg/dL (n=544) 52 9.6 7.2-12.4 

   FPG ≥ 110 mg/dL (n=544) 2 0.4 0.04-1.3 

   75g GTT 24-28 weeks being eligible (n=544) 136 21.1 18.0-24.4 

   75g GTT in any GA being eligible (n=544) 215 33.3 29.7-37.1 

   75g GTT in any GA when already had GDM according to a 
previous test 

1 0.2 0.0-0.8 

Compliance to Ministry of Health 2017 protocol - Full 
technical and financial feasibility 

250 38.8 35.0-42.6 

   FPG before 20 weeks  544 84.3 81.3-87.1 

   FPG < 92 mg/dL (n=544) 501 92.1 89.5-94.2 

   FPG 92-125 mg/dL (n=544) 43 7.9 5.8-10.5 

   75g GTT 24-28 weeks being eligible (n=544) 147 22.8 19.6-26.2 

   75g GTT in any GA being eligible (n=544) 231 35.8 32.1-39.6 

   75g GTT in any GA when already had GDM according to a 
previous test 

24 3.7 2.4-5.5 

Compliance to Rudge protocol 188 29.1 25.7-32.8 

   GP 24-28 weeks if eligible (n=645) 116 18.0 15.1-21.2 

   GP in any GA if eligible (n=645) 222 34.4 30.7-38.2 

   GP + 75g GTT 24-28 weeks if eligible 23 3.6 2.2-5.3 

   GP + 75g GTT in any GA if eligible 188 29.1 25.7-32.8 

75g GTT with 24-28 weeks (regardless of other tests) 167 25.9 22.5-29.4 

75g GTT in any GA (regardless of other tests) 264 40.9 37.1-44.8 

Compliance to any GDM screening and diagnosis 
protocol 

368 57.1 53.1-60.9 

No GDM screening/diagnosis tests 84 13.0 9.7-14.9 

*The following factors were considered: Age of 35 years or older; overweight, obesity, or excessive 
weight gain during this pregnancy; short stature; adverse obstetric history or previous gestational 
diabetes mellitus (GDM).  
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Figure 3 presents the variation in the gestational age in which the GTT was performed, 

ranging from 6 to 43 weeks of gestation (median 27 weeks, interquartile range 4). 

Among those who had a GTT recorded in the medical charts, 36.7% had the test 

performed outside the recommended gestational age (most commonly after 28 weeks).  

 

 
Figure 3. Gestational age in which oral GTT was collected 

 

Table 3 presents the results of the multivariate logistic regression for compliance by 

guideline. For all guidelines, the number of antenatal visits increases the chance of 

adherence (from 1.10 to 1.19 times for each additional visit). Chronic hypertension 

before pregnancy was significantly associated with increased odds of adherence to 

GDM screening and diagnosis recommendations for all guidelines except CAB32 

(Odds Ratio[OR] ranging from 2.16 for MoH2017 to 3.15 for Rudge et al).  

 
Table 3. Multivariate analysis logistic regression analysis for compliance to 
GDM screening and diagnosis protocols for specified variables  

GDM 
diagnosis 
protocol 

Exposure variables retained in the final 
model 

Odds 
Ratio 

95% 
Confidence 

Interval 

CAB32 Obesity 1.39 0.95-2.04 
 Number of ANC visits 1.10 1.03-1.18 

MoH2017 Chronic hypertension before pregnancy 2.16 1.10-4.25 
 Number of ANC visits 1.15 1.08-1.23 

Rudge et al Obesity 1.65 1.08-2.53 
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 Chronic hypertension before pregnancy 3.15 1.54-6.43 
 Number of ANC visits 1.19 1.10-1.29 
 Gestational age at first ANC visit 1.03 0.99-1.07 

Any of the 
three 
protocols 

Chronic hypertension before pregnancy 2.18 1.04-4.54 

Number of ANC visits 1.16 1.08-1.23 

At least a 2-
hour 75g GTT 

Obesity 1.51 1.01-2.27 

Chronic hypertension before pregnancy 2.37 1.15-4.89 

Number of ANC visits 1.16 1.08-1.24 

 
 

DISCUSSION 

Our findings indicate that compliance to GDM screening and diagnosis guidelines 

remains a significant concern, both from the standpoint of individual clinical outcomes 

and from a public health perspective. Our study examined the adherence to these 

recommendations and found a surprisingly low adherence rate. Sufficient tests to apply 

the diagnostic algorithm recommended by the updated Brazilian Ministry of Health 

guidelines issued in 2017 (the year before the data collection period) were available to 

less than 40.0% of the sample. Only 57% of the sample could be classified as being 

compliant to any of the GDM screening and diagnosis guidelines locally available at 

the time sample pregnancies and births occurred, while 13.0% of the sample had no 

GDM-related tests recorded in medical charts. Adherence to recommended GDM tests 

was associated with an increased number of antenatal visits and having chronic 

hypertension for most investigated scenarios. 

This finding is consistent with previous studies that have also reported poor compliance 

to GDM screening and diagnosis recommendations.(12,13) Agbozo et al 2022(13) 

examined compliance to recommended appointments for GDM testing in Ghana. The 

proportion of pregnant women who completed FPG, 1-hour, and 2-hour GTT was 

54.6%, 54.3%, and 53.2%, respectively. The observed frequencies are lower than our 

findings for FPG and higher for GTT. Factors positively associated with compliance to 

recommended appointments in Agbozo et al sample were maternal age above 35 

years, secondary education, formal sector employment and having same-sex children. 

Murphy et al(12) investigated compliance to NICE risk-based screening for GDM in a 

cohort of 2432 women. Among those, 27% had at least one risk factor for GDM as 

described in NICE guidance from which only 60.8% were adequately screened. At the 

same time, 14.6% of women had no GDM risk factors according to NICE, and 

underwent an oral GTT. The authors also identified that ethnicity was the most 
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commonly missed risk factor and that GTT was collected in the recommended 

gestational age window for 56.6% of cases. 

Interestingly, our study identified factors that were associated with an increased 

chance of adherence to the recommended GDM diagnostic tests. Pregnant women 

with chronic hypertension, obesity and who attended more antenatal care visits seem 

more likely to undergo appropriate testing, even though those findings were not 

consistent across all hypothetical scenarios. These observations align with existing 

literature that highlights the increased risk of GDM in higher BMI populations.(17–19) 

However, there are conflicting recommendations from different guidelines about 

whether chronic hypertension should be considered a risk factor for GDM,(8,10,20,21) 

even though it is a well-established risk factor for type 2 DM(10) and is listed as a risk 

factor for GDM in the most recent Brazilian guideline.(9) The association between 

chronic hypertension and obesity with higher adherence to GDM screening guidelines 

may suggest that antenatal care providers may be more aware of these risk factors 

and thus more motivated to follow the recommended testing protocols. Nevertheless, 

it is not possible to rule out that these women are referred early in pregnancy to high-

risk healthcare facilities (particularly those with chronic hypertension) and that care 

providers in such settings may be more used to GDM testing guidelines due to their 

daily clinical practice with higher risk populations. 

Furthermore, we found that the number of antenatal care visits attended by pregnant 

women had a positive association with adherence to GDM screening and diagnosis 

guidelines. This finding suggests that the provision of regular and adequate prenatal 

care plays a crucial role in promoting compliance to GDM testing. Previous studies 

have reported several barriers to GDM screening and diagnosis from both the care 

provider and patients’ perspectives.(22–25) Even though these barriers assessed in 

the available literature varies depending on the study and specific contexts, it seems 

reasonable to affirm that factors related to a better quality of antenatal care provided 

by the health care system are markedly relevant to improve GDM testing and diagnosis 

both in lower and higher resource settings. 

Our study has some limitations that warrant consideration. Due to its retrospective 

nature, we cannot exclude the risk of information bias. The accuracy and completeness 

of medical records may vary, potentially leading to misclassification of guideline non-

compliance or missing data on exposure variables. Additionally, despite our attempts 
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to control for confounding variables, unknown confounders may still affect 

retrospective studies. Our analysis was limited by the variables available in the medical 

charts. For example, it is likely that characteristics of the antenatal care setting where 

women received care play a role in the observed adherence, but these aspects could 

not be explored by the study’s hospital-based approach. In terms of study strengths, 

our analysis included a large sample size of mixed-risk pregnant women with a high 

coverage of antenatal care visits and most of them performed antenatal tests in the 

hospital laboratory, decreasing the likelihood of missing information about GDM test 

results (a crucial variable to address adherence to guidelines outcomes).  Despite 

these limitations, our findings contribute to the overall understanding of GDM screening 

and diagnosis patterns within the public healthcare system in Brazil. They also highlight 

the need for strategies to improve adherence to national recommendations. Future 

prospective studies on GDM screening and diagnosis practices in real-world clinical 

settings could explore additional variables potentially linked to compliance with GDM 

guidelines, such as barriers to access healthcare for women and the knowledge and 

attitudes of antenatal care providers regarding GDM screening and diagnosis. 

In conclusion, our findings suggest that compliance with locally available GDM 

screening and diagnosis guidelines is inadequate in our sample, with a significant 

proportion of women not undergoing recommended GDM tests or performing tests 

outside the appropriate timeframe. This observation raises concerns regarding the 

underdiagnosis of GDM and its potential detrimental effects. It not only hinders the 

appropriate management of GDM during pregnancy but also poses long-term risks for 

both women and their offspring due to untreated GDM. 
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Artigo original elaborado de acordo com as normas de publicação da revista BMC 

Pregnancy and Childbirth para a qual será submetido.  

Qualis A1 Med III – FI: 3,007 https://bmcpregnancychildbirth.biomedcentral.com/ 

 

“Incidence of gestational diabetes mellitus according to different diagnostic 

criteria: a retrospective cohort" 

 

INTRODUCTION 

Gestational diabetes mellitus (GDM) is a common metabolic disorder that occurs 

during pregnancy and is characterized by glucose intolerance.(1) It poses significant 

health risks for both the mother and the offspring, including complications during 

childbirth, maternal and neonatal morbidity, and long-term metabolic 

consequences.(2–5) The prevalence of GDM varies worldwide with reports ranging 

from 2.0%-32.0%, depending on multiple factors such as ethnicity, maternal age, 

obesity, and family history of diabetes, as well as diagnostic criteria.(6–9) 

Accurate diagnosis and appropriate management of GDM are essential for optimizing 

maternal and neonatal health outcomes, in the short-term and long-term settings. 

However, there is a lack of consensus regarding the diagnostic criteria for GDM, which 

leads to variations in its reported prevalence. Several organizations and guidelines 

propose different diagnostic criteria, such as those set by the International Association 

of Diabetes and Pregnancy Study Groups (IADPSG), the American Diabetes 

Association (ADA), and the World Health Organization (WHO)(1,3,10,11) These 

variations in diagnostic criteria make it challenging to determine the true prevalence of 

GDM and may have implications for clinical practice and resource allocation. Also, 

uncertainty remains about the impact of those different diagnostic criteria on perinatal 

outcomes and if more intensive strategies lead to increased benefits.(12) 

Understanding the incidence of GDM according to different diagnostic criteria is 

fundamental for effective healthcare planning and the development of appropriate 

screening and management strategies. Additionally, there is solid evidence supporting 

an increased risk of long-term adverse metabolic and cardiovascular outcomes among 

those with a previous GDM diagnosis.(13–15) Thus, undiagnosed cases can be 

https://bmcpregnancychildbirth.biomedcentral.com/
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considered lost opportunities to implement preventive strategies to impact people’s 

overall lifetime health and also the consequences of such metabolic and 

cardiovascular disorders for the public health. By examining the incidence derived from 

different criteria, healthcare providers and policymakers can make informed decisions 

regarding screening practices and resource allocation. Thus, the present study aimed 

to investigate GDM incidence in a cohort of mixed-risk pregnant women by 

retrospectively applying four different diagnostic criteria to GDM test results as 

abstracted from medical records. We also aimed to investigate differences in 

sociodemographic and clinical characteristics to explore how they vary between 

subgroups of women that would have been diagnosed with GDM if each criterion had 

been applied in the real world. 

 

METHODS 

This retrospective single-center cohort study enrolled subjects who gave birth to a live 

born at the Clinical Hospital of Botucatu in 2018. Details on methods and participants 

were published elsewhere. In brief, births that occurred at the hospital with medical 

records available in the hospital system were deemed eligible. A previous diagnosis of 

Type 1 or 2 Diabetes Mellitus (DM) or overt DM during early pregnancy was the sole 

exclusion criterion. Ethical approval was obtained from the Institutional Review Board 

on August 7, 2019, with approval number 17333619.3.0000.5411 including a waiver of 

informed consent due to the retrospective nature of data. The following variables were 

included in the present analysis: age, level of education, ethnicity, parity, smoking 

status, body mass index, gestational weight gain, number of prenatal care visits, 

gestational age of prenatal care onset, setting of the prenatal care received (primary 

care, high risk, private care or none), GDM risk factors (chronic hypertension before 

pregnancy, gestational hypertension or preeclampsia or gestational diabetes in 

previous pregnancy, hypertensive disorders of pregnancy during the current 

pregnancy), laboratory tests for GDM screening and diagnosis, and a GDM diagnosis 

as determined by the antenatal care (ANC) provider (regardless of the diagnostic 

criteria used).  
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GDM screening and diagnosis protocols and tests 

Results from Fasting Plasma Glucose (FPG) up to 20 weeks of pregnancy, glycated 

hemoglobin (A1C, the first available test during pregnancy if more than one was 

available), 2-hour 75 g glucose tolerance test (GTT), and a glycemic profile (GP, 

consisting of serial plasma glucose every 2 hours from 8 am to 6 pm following a 

standardized 2840 calories diet divided into 5 meals) were abstracted from medical 

records when available. Most laboratory tests performed by the study sample were 

processed in the Hospital laboratory using standardized procedures. Four different 

GDM diagnosis criteria were retrospectively applied to laboratory test results as 

defined in the following GDM screening and diagnosis guidelines: Brazilian Ministry of 

Health 2012 Low-Risk Antenatal Care Guidelines (CAB32),(16) Brazilian Ministry of 

Health 2017 GDM Screening and Diagnosis Guidelines (MoH2017),(17) American 

Diabetes Association 2023 GDM Screening and Diagnosis Recommendations 

(ADA23),(1) and the Rudge protocol(18–20) (Figure 1). Each guideline was used to 

explore hypothetical scenarios where all women with sufficient tests available in their 

medical charts (the guideline-compliant subsample) would have been screened using 

the guideline algorithm, despite the criteria actually adopted by the prenatal care 

provider. 

 

 

Figure 1. Criteria for GDM diagnosis in each guideline 

A1C, glycated hemoglobin; ADA23, American Diabetes Association Classification and Diagnosis of 

Diabetes: Standards of Care in Diabetes; AGM, abnormal glucose metabolism; CAB32, Brazilian 

Ministry of Health 2012 Antenatal Care Guidelines for Primary Health Care Facilities; FPG, fasting 

FPG

A1C

GTT
75g 2-hours

GP

CAB32 MoH2017 Rudge et al

• If>110mg/dL, repeat the test 

immediately and if >110mg/dL 

diagnose GDM

• Early GDM if 92-125mg/dL
• Not considered for screening 

or diagnosis on the guideline

• Not considered for screening 

or diagnosis on the guideline

• Not considered for screening 

or diagnosis on the guideline

• Not considered for screening 

or diagnosis on the guideline

• GDM if FPG > 110mg/dl and/or

2h > 140mg/dl

• GDM if at least one of the 

following: FPG 92-125mg/dL, 

1-hour ≥ 180mg/dL, 2h 153-

199 mg/dL

• GDM if at least one of the 

following: FPG 92-125mg/dL, 

1-hour ≥ 180mg/dL, 2-hour ≥ 

153mg/dL

• Not considered for screening 

or diagnosis on the guideline

• Not considered for screening 

or diagnosis on the guideline

• MGH if FPG ≥ 90mg/dL or post 

prandial glucose ≥ 130mg/dL

with normal GTT values

ADA23

• Early AGM if 110–125mg/dL

• Early AGM if 5.9–6.4%

• GDM if at least one of the 

following: FPG 92-125mg/dL, 

1-hour ≥ 180mg/dL, 2-hour ≥ 

153mg/dL

• Not considered for screening 

or diagnosis on the guideline
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plasma glucose; GDM, Gestational Diabetes Mellitus; GP, glycemic profile; GTT, 2-hours oral 75g 

glucose tolerance test; MGH, Mild Gestational Hyperglycemia; MoH2017, Brazilian Ministry of Health 

GDM Screening and Diagnosis Guideline 

 

 

Statistical analysis  

Data were explored as means and standard deviations for continuous variables and 

proportions for categorical variables. A bivariate comparison of sociodemographic and 

clinical characteristics was made between three groups according to GDM status: 

GDM diagnosed by any criteria, non-GDM with at least a 2-hour 75g OGTT available 

in the medical chart, the remaining sample with insufficient tests to exclude or diagnose 

GDM. GDM incidence was estimated using four hypothetical scenarios (CAB32, 

MoH2017, ADA23 and Rudge) using as numerator the number of diagnoses that would 

be made if each guideline algorithm had been applied and as denominator the 

subgroup with sufficient data to apply the algorithm (guideline compliant subgroups). 

As GDM-related outcomes were rare in the sample, we also explore differences in the 

frequency of a composite outcome combining potentially GDM-related events: 

polyhydramnios, macrosomia, shoulder dystocia, neonatal hypoglycemia, neonatal 

jaundice requiring phototherapy, or admission to neonatal ICU due to any causes 

excluding genetic syndromes or malformation. Statistical analysis was done using 

STATA 16/MP 16.1 and a level of significance of p<0.05. 

  

RESULTS 

Figure 1 depicts the study flowchart. 660 births were screened for eligibility resulting in 

645 pregnant people in the sample, which were classified into four guideline 

compliance subsamples. Compliance to GDM screening and diagnosis guidelines in 

the sample was overall inadequate, as previously reported. In the sample, 84.3% had 

at least one FPG before 20 weeks and of those, 46.9% had undergone an oral GTT at 

any gestational age. 13.0% had no GDM-related tests. 
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Figure 2. Study flowchart 

ADA2023, American Diabetes Association Classification and Diagnosis of Diabetes: Standards of Care 

in Diabetes; AGM, abnormal glucose metabolism; CAB32, Brazilian Ministry of Health 2012 Antenatal 

Care Guidelines for Primary Health Care Facilities; GDM, Gestational Diabetes Mellitus; MGH, Mild 

Gestational Hyperglycemia; MoH2017, Brazilian Ministry of Health GDM Screening and Diagnosis 

Guideline; T2DM, Type 2 Diabetes Mellitus; T1DM, Type 1 Diabetes Mellitus 

 

Table 1 presents the sample characteristics by the subgroup of interest based on the 

GDM status. GDM was diagnosed in 80 subjects, while 201 subjects had at least one 

GTT and were classified as non-GDM because no abnormal GDM-related tests were 

identified in medical charts. Insufficient tests to either confirm or exclude GDM were 

observed in 364 pregnant women (56.4%). The following variables were statistically 

different between subgroups in the bivariate analysis: age 35+ years, antenatal care 

setting, a minimum of 6 antenatal care visits, obesity/overweight, chronic hypertension 

before pregnancy, history of gestational hypertension or preeclampsia in a previous 

pregnancy, history of gestational diabetes in a previous pregnancy, and chronic 

hypertension diagnosed in the current pregnancy. 

660 births

653 pregnancies

7 sets of twins identified 
as duplicates

645 eligible pregnancies

4 T2DM2 before 
pregnancy

1 T1DM before pregnancy
3 T2DM during pregnancy

All Sample CAB32 MoH2017 ADA2023 Rudge

Guideline-compliant 
subsample

302 274 209 188

GDM diagnosis
46

(provider
criteria)

16 62 19 19

10
(AGM)

16
(MGH)

645
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Table 1. Sample characteristics according to GDM diagnosis according to 
different criteria  

All sample 
(n=645) 

GDM by any 
criteria (n=80) 

Non-GDM with 
at least GTT 

(n=201) 

Insufficient tests 
to screen for 
GDM (n=364) 

p-value* 

n % n % n % n % 

Age 35+ years 84 13.0 18 22.5 31 15.4 35 9.62 0.004 

Ethnicity/skin color           

   Black/brown 106 16.5 11 13.7 31 15.4 64 17.6  

   White 533 83.1 68 85.0 169 84.1 296 81.3 0.929 

   Yellow 2 0.3 0 0.0 0 0.0 2 0.6  

   Not reported 4 0.6 1 1.2 1 0.5 2 0.5  

Antenatal care setting (n=642)          

   Primary care public service 480 74.8 26 32.5 134 66.7 320 88.6  

   High risk public service 153 23.8 53 66.2 65 32.3 35 9.7 <0.001 

   Private practice 6 0.9 1 1.2 2 1.0 3 0.8  

   No antenatal care 3 0.5 0 0.0 0 0.0 3 0.8  

Antenatal care initiation in 1st 
trimester (n=603) 

489 81.1 61 80.3 157 82.6 271 80.4 0.807 

Minimum of 6 antenatal 
appointments (n=581) 

531 91.4 73 98.6 173 95.0 285 87.7 0.001 

Obesity/overweight (n=558) 312 55.9 57 73.1 98 53.5 157 52.9 0.004 

Nulliparity 218 33.8 19 23.7 69 34.3 130 35.7 0.120 

History of abortion 136 21.1 23 28.7 42 20.9 71 19.5 0.185 

Chronic hypertension before 
pregnancy 

46 7.1 14 17.5 17 8.5 15 4.1 <0.001 

Hypertensive disorders of 
pregnancy in previous 
pregnancy 

47 7.3 11 13.7 16 8.0 20 5.5 0.033 

Previous gestational diabetes 
mellitus 

9 1.4 4 5.0 3 1.5 2 0.6 0.009 

Smoking 72 11.0 13 16.2 20 9.9 39 10.7 0.292 

Excessive weight gain in this 
pregnancy (n=536) 

299 55.8 41 53.9 105 59.3 153 54.1 0.511 

Chronic hypertension 
diagnosed in this pregnancy 

15 2.3 6 7.5 5 2.5 4 1.1 0.003 

Gestational hypertension in 
this pregnancy 

88 13.6 13 16.2 23 11.4 52 14.3 0.493 

Preeclampsia in this 
pregnancy 

85 13.2 13 16.2 22 10.9 50 13.7 0.442 

*Pearson's chi-squared test 

 

Table 2 presents the incidence of GDM, abnormal glucose metabolism, and mild 

gestational hyperglycemia according to each diagnostic criteria, considering the 

compliant sample for each guideline. The GDM incidence ranged from 5.3% (CAB32 

criteria) to 22.6% (MoH2017 criteria) in the hypothetical scenarios, while the actual 

incidence as diagnosed by the antenatal care provider was 7.1% (regardless of the 

diagnostic criteria used). Abnormal glucose metabolism as defined by ADA23 was 
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present in 4.8% of the ADA23-compliant sample, while mild gestational hyperglycemia 

(Rudge Ib Group) was identified in 8.5% of the Rudge et al compliant sample. It is 

worth mentioning that most cases diagnosed by MoH2017 criteria would have been 

diagnosed by the FPG < 20 weeks (e.g., early GDM). The prevalence considering any 

of the criteria was 21.6%. Missed diagnoses represent 10.5% of the sample compliant 

with any of the guidelines (had an abnormal test reported in the medical chart but were 

not diagnosed with GDM by the provider). 

 
Table 2. Gestational diabetes mellitus, abnormal metabolism of glucose and 
mild gestational hyperglycemia diagnosis according to different criteria  

 N % 95% CI 

Antenatal care provider criteria for GDM (All sample, n=645) 46 7.1 5.2-9.3 

   Had FPG 92-125 mg/dL up to 20 weeks (n=46) 20 46.5 31.2-62.3 

   Had at least one 75g GTT abnormal value in any GA (n=46) 25 54.3 39.0-69.1 

   Had abnormal GP in any GA (n=46) 15 32.6 19.5-48.0 

   It was not possible to identify the GDM diagnostic criteria 
used (n=46) 

7 15.2 6.3-28.9 

Classified as Rudge Ib group by the antenatal care provider 
(All sample, n=645) 

6 0.9 3.4-2.0 

Ministry of Health CAB32 criteria (CAB32 compliant sample, 
n=302) 

16 5.3 3.0-8.5 

   Had 75g GTT fast value ≥ 110 mg/dL  0 0.0 - 

   Had 75g GTT 2-hour value ≥ 140 mg/dL  16 100.0 - 

Ministry of Health 2017 criteria (MH2017 compliant 
subsample, n=274) 

62 22.6 17.8-28.0 

   FPG 92-105 mg/dL criteria  43 69.3 56.3-80.4 

   75g GTT criteria  19 30.7 19.6-43.6 

ADA 2023 criteria (ADA23 compliant subsample, n=209)    

   Abnormal glucose metabolism 10 4.8 2.3-8.6 

   75g GTT criteria 19 9.3 5.7-14.1 

Rudge criteria* (Rudge compliant subsample, n=188) 35 18.6 13.3-24.9 

   Mild gestational hyperglycemia (MGH, Rudge Ib group) 16 8.5 4.9-13.4 

   GDM 19 10.1 6.2-15.3 

GDM by any criteria (compliant to any protocol sample, 
n=371) 

80 21.6 17.5-26.1 

Missed GDM diagnosis (compliant to any protocol sample, 
n=371) 

39 10.5 7.6-14.1 

*GDM prevalence for Rudge et al was calculated by summing GDM cases plus mild gestational hyperglycemia 
 

The composite outcome potentially related to GDM was statistically different between 

subgroups, being most common among those with GDM by any criteria (Table 3). 

There was no difference between non-GDM and insufficient tests to confirm or exclude 

GDM groups. In terms of individual GDM-related outcomes, statistically significant 

differences were observed only for neonatal jaundice requiring phototherapy (37.5% 

vs. 22.9% vs. 25.3%) and admission to neonatal ICU excluding genetic syndromes and 
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anomalies (23.7% vs. 11.9% vs. 17.9%). 

 

Table 3. Outcomes potentially related to GDM in the sample. 

 GDM by any 
criteria (n=80) 

Non-GDM 
with at least 
GTT (n=201) 

Insufficient 
tests to 

screen for 
GDM (n=364) 

p-value 

N % n % n %  

Composite outcome 48 60.0 84 41.8 152 41.8 0.009 
   Macrosomia 12 15.0 21 10.4 27 7.4 0.085 
   Polyhydramnios 3 3.7 6 3.0 4 1.10 0.155 
   Shoulder dystocia 0 0.0 4 2.0 1 0.3 0.059 
   Neonatal hypoglycemia 3 3.8 13 6.5 22 6.1 0.683 
   Neonatal jaundice requiring phototherapy 30 37.5 46 22.9 92 25.3 0.037 
   Admission to neonatal ICU excluding genetic 
syndromes and anomalies 

19 23.7 24 11.9 65 17.9 0.039 

 

 

DISCUSSION 

 

Our data revealed significant variation in the incidence of GDM depending on the 

screening and diagnostic guidelines employed. The estimated incidence using the four 

diagnostic criteria widely varied from 5.3% to 22.6%, whereas the real-world frequency 

of GDM in our sample was 7.1%. These findings align with those described in the 

literature, which indicates a global prevalence of gestational hyperglycemia (GH) at an 

average of 16%, reaching levels above 35% in certain contexts depending on the 

diagnostic criteria used as well as sample characteristics.(18) A previous retrospective 

study conducted at our institution(19-20) reported an approximate incidence of 

hyperglycemic disorders in pregnancy of 20%, compatible with the higher estimates 

from our analysis.  

In a study conducted in sub-Saharan Africa, applying different screening and 

diagnostic protocols for GDM, prevalence ranging from 3.8% to 8.6% were found, with 

the highest point estimates observed when following the IADPSG protocol.(21) A 

systematic review of 64 studies demonstrated a wide range of GDM prevalence 

depending on the diagnostic criteria used, varying from 0% to 41.9%. Similarly, a meta-

analysis indicated that the utilization of the IADPSG criteria resulted in significantly 

higher rates of GDM diagnosis.(22) A Canadian scoping review on the trends of 

protocol recommendations for GDM screening and diagnosis showed a fourfold 
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increase in the prevalence of GDM over the past two decades. This increase is 

attributed to clinical and epidemiological changes (such as obesity, maternal age, and 

ethnic diversity) as well as changes in diagnostic criteria. The data revealed a rise in 

GDM prevalence from approximately 3.7-6.5% to 7-16%.(24) A study conducted in 

South India compared the prevalence of GDM and the risk of certain adverse outcomes 

using the National Institute for Health and Care Excellence (NICE) and the 

International Association of Diabetes and Pregnancy Study Groups (IADPSG) criteria. 

The authors diagnosed GDM in 11.6% and 25.1% of pregnant women, respectively. 

Furthermore, there was little agreement between the two diagnostic criteria, and 

pregnant women who tested positive according to IADPSG but negative according to 

NICE had a higher incidence of negative outcomes potentially associated with 

GDM.(25) In the Latin America setting, an incidence of 7.6% was reported in a study 

conducted in Argentina.(23) A Brazilian study compared two fasting plasma glucose 

cutoff points for the diagnosis of GDM. Using a cutoff point of FPG ≥95 mg/dL, the 

diagnosis was made in 8.7% of cases, whereas when the cutoff was changed to ≥92 

mg/dL, the diagnosis increased to 16.7%.(9) 

The lack of consensus in the literature and also among healthcare providers and health 

system managers regarding GDM diagnostic criteria results in pregnant women being 

susceptible to both under- and overdiagnosis.(10,12) This uncertainty about the actual 

GDM incidence may directly affect the availability of therapeutic resources within the 

healthcare system, as well as increase the odds of adverse outcomes. On one hand, 

the absence of a diagnosis can deprive a group of pregnant women with diabetes of 

necessary treatment, leading to increased risks for both the mother and the fetus 

during pregnancy and in the future.(13-14) Furthermore, potentially preventable 

adverse outcomes can place an additional burden on healthcare costs. On the other 

hand, excessive diagnoses can result in unnecessary treatment expenses and 

escalation in the level of care, categorizing the pregnant woman as high-risk and 

subjecting her to more interventions and potential iatrogenesis. The absence of a well-

established criterion based on solid evidence detrimentally affects individual health but 

also the ability of healthcare professionals to improve the care they provide for 

people.(4) 

Our analysis also explored a composite outcome potentially associated with GDM, 

which was as expected more frequent in the GDM group. Despite the fact that it was 
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not possible to observe differences between the non-GDM group and the group with 

insufficient tests, it is worth mentioning that the two individual outcomes (neonatal 

jaundice requiring phototherapy and admission to the neonatal intensive care unit) with 

statistically significant differences were more common among women with insufficient 

tests. The association between these outcomes and gestational hyperglycemia was 

well described in the foundational HAPO study,(2) thus our findings raise concerns 

about potentially missed cases that were left untreated.  As our study was not powered 

to address less frequent outcomes, this finding needs to be interpreted with caution.   

Our study has some limitations that need to be highlighted. Due to its retrospective 

nature, our analysis was limited by the variables currently available in the institution’s 

electronic medical record system. This may have impaired our ability to explore 

relevant confounders, particularly GDM risk factors related to previous pregnancies or 

family history (such as the history of macrosomia, previous GDM, GDM or T2DM 

history in first- and second-degree relatives, etc.). Additionally, it is not possible to 

exclude that some women in our sample did undergo GDM tests that were not 

processed in the hospital laboratory nor registered by care providers in the medical 

chart, thus potentially reducing the guideline-compliant samples and overestimating 

the incidence by decreasing the population at-risk. Nevertheless, we believe that the 

magnitude of such bias is likely small, once our institution provides laboratory services 

for several cities in the region, particularly the GTT and GP, which are centrally 

collected and processed. The potentially GDM-related outcomes were rare in our 

sample and this analysis may have been negatively affected by the small sample size 

of GDM cases. However, all outcomes were related to events occurring in our 

institution and well-documented in the medical charts, reducing the likelihood of 

information bias (ultrasound assessment of fetal growth and amniotic fluid volume, 

intrapartum care, and neonatal care). Further studies are needed to investigate GDM 

incidence using different criteria commonly adopted in Brazil using a prospective 

approach, thus addressing these limitations. Also, GDM screening and diagnosis 

strategies still need to be cautiously investigated in the context of pragmatic 

randomized clinical trials to better describe safety and effectiveness in the real-world 

clinical setting, as well as the cost-effectiveness of different tests and thresholds. 

In conclusion, our findings indicate that GDM incidence is highly dependent on the 

diagnostic criteria adopted, but also the overall compliance to GDM screening and 
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diagnosis recommendations in the clinical setting. The current national GDM 

guidelines would result in an incidence 3 times higher than the frequency of GDM as 

diagnosed by the antenatal care provider in the sample. Women with GDM in our 

sample were older and had more comorbidities and risk factors than non-GDM cases 

or cases with missing tests to exclude or confirm GDM. 
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Em termos de perspectivas acadêmicas e científicas, pretendo continuar 

buscando aperfeiçoamento e especialização nas áreas de assistência, docência e 

pesquisa em Obstetrícia. Pretendo dar seguimento às atividades de pesquisa 

acadêmica em projeto de Pós-Doutorado que ofereça continuidade ao processo de 

produção de conhecimento iniciado no âmbito do Doutorado, expandindo os achados 

de forma socialmente comprometida, com vistas a contribuir para a garantia de acesso 

a cuidado seguro da gestação ao pós-parto. Pretendo ainda fortalecer minha produção 

científica, mantendo o ritmo atual de publicação de artigos científicos relacionados aos 

projetos de pesquisa em que estou atualmente envolvida. Espero ainda poder 

contribuir para a formação de novos profissionais e para consolidação da carreira 

acadêmica de pesquisadores iniciantes dentro da área de Obstetrícia, atuando na 

docência e na orientação e coorientação de projetos de pesquisa. Tenho especial 

interesse na docência para a formação de novas parteiras profissionais (obstetrizes e 

enfermeiras obstetras), bem como em atuar em iniciativas de formação permanente 

para essas categorias profissionais. Em última análise, espero que minha trajetória 

acadêmica e científica possa contribuir em alguma medida para a promoção da saúde 

reprodutiva de mulheres e pessoas com útero. 
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