
 

UNIVERSIDADE ESTADUAL PAULISTA 
“JÚLIO DE MESQUITA FILHO” 

FACULDADE DE MEDICINA 
 
 
 
 
 

Lucas Pontesde Camargo 
 
 
 
 
 
 

Alterações Metabólicas 6-11 anos pós nascimento 
em filhos de mães com síndrome metabólica na 

gestação 
 

 
 
 
 
 

Dissertação apresentada à 
Faculdade de Medicina, Universidade 
Estadual Paulista “Júlio de Mesquita 
Filho”, Câmpus de Botucatu, para 
obtenção do título de Mestre em 
Ginecologia, Obstetrícia e Mastologia.  

 
 
 
 
 
 

 
 

Orientadora: Prof.ª Emérita Dra. Marilza Viera Cunha Rudge 
Coorientador: Dr. Carlos Antonio Negrato 

Coorientadora: Dr.ª Grasiela Bossolan 
Coorientadora: Dr.ª Mariana Alvarez Arantes 

 
 
 
 
 

Botucatu 
2019 



2 
 

Lucas Pontes de Camargo 
 
 
 
 
 
 
 
 

Alterações Metabólicas 6-11 anos pós nascimento 
em filhos de mães com síndrome metabólica na 

gestação 
 
 
 

 
 

 
 

Dissertação apresentada à 
Faculdade de Medicina, 
Universidade Estadual Paulista 
“Júlio de Mesquita Filho”, 
Câmpus de Botucatu, para 
obtenção do título de Mestre 
em Ginecologia, Obstetrícia e 
Mastologia 

 
 
 
 
 
 
 

Orientadora: Prof.ª EméritaMarilza Viera Cunha Rudge 
Coorientador: Dr. Carlos Antonio Negrato 

Coorientadora: Dr.ª Grasiela Bossolan 
Coorientadora: Dr.ª Mariana Alvarez Arantes 

 
 
 

Botucatu 
2019 



3 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  



4 
 

 
 

 

 
 
 
 
 
 
 
 

 
Epígrafe 

 

 

 



5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
“Tudo é considerado impossível,  

até acontecer” 

Nelson Mandela 
 

 

 



6 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dedicatória 



7 
 

 

Dedico aos meus pais José Carlos e Marilena, por todo amor, carinho e 

força. Por estarem sempre ao meu lado nos momentos difíceis. Pelos incentivos 

diários, pelos cuidados devido à doença e barreiras enfrentadasdiariamente. 

Agradeço a Deus por ter vocês a todo instante.Amo vocês incondicionalmente. 

 

Ao meu irmão Thiago e minha cunhada Camila, pelos incentivos, carinho 

e amor que me proporcionam. Mas principalmente por todo cuidado a nossa maior 

riqueza, nossos pais. Pois em minha ausência, sei que vocês fizeram o máximo 

para diminuir minha falta junto à família. Amo vocês! 

 

À Carla Montilha Mathias, que esteve ao meu lado em todos os 

instantes, ajudando, incentivando, dividindo comigo meus nervosismos e tensões. 

Mais que namorada, companheira e melhor amiga. Obrigado por todo carinho e 

amor recebido por você. Te amo! 

 

Dedico a Prof.ª Emérita Marilza Viera Cunha Rudge por todos os 

ensinamentos, compreensão e paciência. Por mostrar que o conhecimento é a 

melhor forma para ensinar. Sou grato por tudo que fez.Obrigado Dr.ª!  

 

Aos meus coorientadores, Dr. Carlos Antonio Negrato, Dr.ª Grasiela 

Bossolan e Dr.ª Mariana Alvarez Arantes, que ajudaram em todos os momentos 

necessários, pelos ensinamentos profissionais e de vida. Agradeço imensamente 

por tudo.Obrigado! 

 

Dedico ao Senhor Deus, por todas as bênçãos concedidas, força, proteção 

e amor, em todos os momentos de minha vida.Deus é base de tudo.  

 

 

 

 

 



8 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Agradecimentos 



9 
 

Primeiramente agradeço aDeus que esteve a todo o momento presente em 

minha vida. Ao meu lado, guiando, orientando, mostrando e abrindo todos os 

caminhos. Por toda proteção, saúde, paz, amor e cuidado comigo e minha família. 

 

Agradeço imensamente meus pais José Carlos de Camargo e Marilena 

Gomes Peres de Pontes Camargo, por todo apoio e ajuda nos momentos bons e 

ruins. Pelas palavras confortantes, carinho e amor todos os dias. 

 

Ao meu irmão Thiago Pontes de Camargoe minha cunhada Camila 

Penha Zanoni Camargoe Carla Montilha Mathias,por estarem presentes em 

minhas lutas e conquistas, e por todo apoio aos meus sonhos. 

 

À Prof.ª Marilza Viera Cunha Rudge por toda convivência e 

ensinamentos, sendo fundamental para concluir mais esta etapa. Obrigado por 

tudo Dr.ª, sou imensamente grato! 

 

Agradeço a Dr.ª Grasiela Bossolanpor tudo que fez por mim no mestrado. 

Por todo ensinamento e ajuda nos momentos de dificuldades. 

 

Agradeço a Dr.ª Mariana Alvarez Arantespela convivência no meu 

mestrado. Obrigado por tudo que fez, pelos incentivos, conselhos e pelas 

correções necessárias para a conclusão deste trabalho. Por ser esta pessoa 

iluminada e humana. Serei eternamente grato a você Doutora! 

 

Ao meu amigo irmão Rodrigo Alex Calixto Mello por todos os momentos 

compartilhados e sempreincentivando para não desistir de minhas lutas. 

 

A Todos os meus Amigos que me apoiaram e incentivarão, mesmo durante 

a minha ausência, sempre estiveram presentes. Agradeço a todos. 

 



10 
 

Àtodos os funcionários da seção da Pós-graduação e em especial à 

Solange Sako portoda atenção e dúvidas tiradas. Obrigado por tudo. 

 

Ao Dr. Carlos Antonio Negrato pela ajuda na coorientação e 

acompanhamento nesses anos de estudo. Meu exemplo de profissional. Obrigado! 

 

Ao José Eduardo Corrente pelas análises estatísticas do meu estudo. 

 

À Capes pela bolsa concedida durante o Mestrado. 

 

Aos funcionários da Biblioteca que me ajudaram durante o período do 

Mestrado. Em especial à Rosangela e Sayuri. 

 

Agradeço a todos, que de forma direta ou indireta ajudaram a realizar meu 

trabalho. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sumário 



12 
 

 

Capítulo 

1 
Effects of Pre-pregnancy Metabolic Syndrome (MetS) 

on Short and Long-term Adverse Consequences for the 

Offspring: An Exploratory Secondary Data Analysis of a 

Cohort Study of Low Income Brazilian Mothers 

 

 Cover Letter .................................................................................. 14 

 Abstract ......................................................................................... 15 

 Introduction .................................................................................. 17 

 Methods ........................................................................................ 20 

 Results .......................................................................................... 26 

 Discussion ..................................................................................... 33 

 Conclusions .................................................................................. 37 

 References .................................................................................... 39 

Anexos   

 Comitê de Ética em Pesquisa ....................................................... 48 

 

 

 

 

 

  



13 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Capítulo 1 

 

Seção redigida como Artigo Original de acordo com as normas de publicação da 

Revista The Journal of Pediatrics para a qual será submetida. Qualis A2 para 

Medicina- FI: 3.66  



14 
 

Effects of Pre-pregnancy Metabolic Syndrome (MetS) on Short 

and Long-term Adverse Consequences for the Offspring: An 

Exploratory Secondary Data Analysis of a Cohort Study of Low 

Income Brazilian Mothers 

 

Lucas Pontes de Camargo
1
, Mariana Alvarez Arantes

1
, Carlos Antonio 

Negrato
1
, Grasiela Bossolan

1
, Hallur Lakshmana Shetty Raghavendra

1
, 

Claudia Garcia Magalhães
1
, Roberto Costa

1
, Guilherme Augusto 

Rago Ferraz
1
, Debora Cristina Damasceno

1
, Iracema de Mattos Paranhos 

Calderon
1
, Angélica Mercia Pascon Barbosa

2 
and Marilza Vieira Cunha 

Rudge
1* 

 

1
Department of Gynecology and Obstetrics, Botucatu Medical School, São Paulo 

State University (UNESP), Sao Paulo, Brazil; 

2
Department of Physiotherapy and Occupational Therapy, School of Philosophy 

and Sciences, São Paulo State University (UNESP), Marilia, Sao Paulo, Brazil.  

 

 

 

 

 

 

 

*Corresponding Author:  

Marilza V. C. Rudge, MD, PhD, 

Department of Gynecology and Obstetrics 

Botucatu Medical School 

São Paulo State University (UNESP) 

Sao Paulo, Brazil. 

Email: marilzarudge@gmail.com 

Phone: +55 (14) 3880-1631  

 

 

 

 

mailto:marilzarudge@gmail.com


15 
 

Abstract 

Objective: To assess the pre-pregnancy metabolic syndrome (MetS) exposure and 

its effects on the perinatal outcomes (large-for-gestational age infants, macrosomic 

and preterm birth) and on short and long-term risk for the development of MetS 

and metabolic repercussions among offspring of low income population of 

Brazilian mother. 

 

Study design: This unplanned, exploratory analysis includes a cohort of pairs of 

mother-offspring diagnosed and treated in the Perinatal Diabetes Research Center-

University Hospital-UNESP, Brazil from 2004-2011. This study evaluated women 

with previous gestational diabetes mellitus and the risk of developing type 2 

diabetes after 6-11 years after delivery and the data was collected from February 

2016 to July 2018. Mothers and infants (n=152) were selected as pairs and a 

follow up study was conducted as secondary data analysis of the effects of pre-

pregnancy MetS. Follow-up examinations, including maternal and offspring  were  

performed at 0-2 years and from 6-11 years after delivery. All analyzes were 

performed using SAS for windows, v.9.4. In all tests the significance level of 5% 

or the corresponding p-value was used.  

 

Results:The prevalence of pre-pregnancy MetS was 9.1%, a contributor for the 

occurrence LGA, macrosomic infants and preterm at birth. Our results confirmed 

that, the pre-pregnancy MetS mothers had correlation (p<0.0001) between the hip 

circumference, waist circumference and weight which were also directly leading 

to higher levels (p<0.05) of hypertension as compared to that of non-MetS 

mothers. Follow-up study showed that children of pre-pregnancy MetS mothers 

had increased abdominal obesity as per the z score. The children suffering from 

MetS between 6 to 11 years are 2.09 times more likely to have obesity as per the 

waist circumference (RR=2.09; 95% CI 1.32-3.31) and 51% chance of being 

obese. 
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Conclusions: Pre-pregnancy MetS has become an important contributor to the 

occurrence of adverse perinatal, short and long-term outcomes in low income 

Brazilian mother. 

 

Keywords: metabolic syndrome, pregnancy outcomes, large for gestational age, 

preterm birth, macrosomia, cardiovascular, assessment, obesity 
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Introduction 

 

Childhood obesity is a public health problem either in developed or 

underdeveloped countries.
1
 Obesity has reached epidemic proportions and 

pregnancies have increased the risk of complications in obese mothers, including 

gestational diabetes, C-section, pre-term birth and hypertensive disorders. 

Children of these mothers are more likely to develop obesity
2,3 

and metabolic 

disease and are liable to develop neuropsychiatric and cognitive disorders.
3 

A 

meta-analysis reveal that pre-pregnancy obesity is an important risk factor for 

macrosomia (>4000 g) and childhood obesity.
4
 In a systematic review and meta-

analysis in a paper from 26 countries demonstrated that high birth weight is a 

predictor of overweight/obesity during childhood and later in life.
5
 

 

In a mediation analysis, a recent paper demonstrated that pre-pregnancy body 

mass index (BMI), especially obesity have a direct effect on childhood BMI-for-

age, weight-for-age and weight-for-height outcomes, not mediated by offspring’s 

birth weight. In this paper the authors consider the potential pathways between 

pre-pregnancy BMI, offspring’s birth weight and childhood anthropometric 

measures taken together the influence of gestational diabetes mellitus (GDM) and 

hypertension development during pregnancy in birth weight as mediator 

parameters.
6 

 

Metabolic Syndrome (MetS), is referred to as a cluster of various conditions that 

occurs inside the human body. These conditions include high blood pressure, 

increased sugar level, abnormality of cholesterol and obesity, which are the prime 

causes for increased risk of type 2 diabetes (T2DM) and cardiovascular disease.
7, 8

 

 

There are a lot of papers related to maternal obesity and offspring repercussion 

although  the  intrauterine environmental in  MetS could be altered  as 

hyperglycemia  and obesity are more linked to increase the fetal growth and  

hypertension with reduced placental vascularity, blood flow and restrict placental 
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nutrient delivery to the developing fetus more likely to the development of 

intrauterine restriction.
9 

These sometimes contradictory signals that regulate 

placental function can contribute to the diversity of short and long-term results 

seen in pregnant obese women
3
 and probably in MetS mothers. So, longitudinal 

outcome studies and further research on the progression and etiology of the 

metabolic syndrome are required in order to detect early and severe signals of 

offspring of pre-pregnancy MetS mothers not only during delivery but also in the 

first year of life that could be used in at-risk children as long-term markers of 

MetS development. 

 

A strong results confirms that adult offspring of women who were obese during 

pregnancy have increased cardiometabolic risk factors and increased risk of 

premature death and hospitalization for cardiovascular events. These results are 

worrisome since offspring of overweight women also have higher risk of adverse 

events in later life. All cause of mortality and hospital admissions for 

cardiovascular events in adult offspring who were born between 1950 and 1976 

were followed up till January 2012. It was detected that all cause of premature 

mortality was increased in offspring of obese mothers (BMI >30) compared with 

offspring of mothers of normal BMI after adjustment for maternal age at delivery, 

socioeconomic status, sex of offspring, birth weight, gestation at delivery, and 

length of gestation at measurement of BMI (hazard ratio 1.35, 95% confidence 

interval 1.17 to 1.55). In adjusted models, the offspring of obese mothers had also 

increased the risk of hospitalization to a cardiovascular event (1.29, 1.06 to 1.57) 

compared to the offspring of normal BMI mothers. The offspring of overweight 

mothers also had a higher risk of adverse outcomes. The authors assume that the 

link between maternal obesity and adverse outcome in offspring will persist as 

rates of maternal obesity rise.
10

 

 

Gestational diabetes in pregnancy may increase the risk of developing T2DM, 

obesity and cardiovascular complications either in mother or offspring later in 

life.
11-15 

Furthermore, a high rate of T2DM has been observed in the obese mothers 
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and their children recently.
16, 17

 Hence, cardiovascular and renal disease are 

significant consequences of the GDM, which can be found during and after 

pregnancy. The epigenetic process affects the fetus during the pregnancy. It is 

identified that hyperglycemia, hyperlipidemia and altered maternal hormones are 

significant reasons behind the development of maternal obesity. 
17, 18

 As defined, 

besides the presence of such stated subtracts, potential diet and lifestyle factors 

also play an impeccable role in developing metabolic disorders in mothers and 

their offspring.
19 

Therefore, the significance of the Developmental Origins of 

Health and Disease (DOHaD) concept can be explained. The notions of DOHaD 

reflect on the environmental factors that determine the development of diseases in 

later life. 

 

It has been found that 30% of the youth in the United States are overweight and on 

the risk of developing atherosclerotic cardiovascular disease and T2DM.
20, 21 

However, studies show that babies could be of normal weight when they born, but 

in later years (3 to 11), the child could become seriously overweight. At this point 

people realize that the child is developing health issues that can become difficult 

to control. 
3, 22, 23 

While, most studies discuss the rising issue of GDM and MetS, 

are more focused on the development of MetS during early pregnancy.
24-26

 

 

With rise in the number of people suffering from MetS across the world, recent 

studies conducted in Brazil have revealed alarming results regarding the 

occurrence of MetS in the adult population of Federal District.
16, 27 

Studies have 

found that women in Brazil are at a higher risk of MetS and it is mainly because of 

the inequality in the education sector. The first Brazilian nationwide study- 

ERICA demonstrated that the prevalence of MetS in adolescents was 2.6%. The 

most common combinations of components, referring to 3/4 of combinations were 

includes enlarged waist circumference (WC), low HDL-cholesterol (HDL-c) and 

high bloodpressure; followed by enlarged WC, low HDL-c and high triglycerides; 

and enlarged WC, low HDL-c, high triglycerides and blood pressure. Low HDL 
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was the second most frequent component, but the highest prevalence of metabolic 

syndrome (26.8%) was observed in the presence of high triglycerides.
28

 

The women are unaware of this harmful condition and the adverse effect that 

MetS brings to their children in future. Research states that obesity and birth 

weight have a strong connection; women who are classified as obese II or obese 

III give birth to overweight infants as compared to women with normal weight. 

Moreover, obese women tend to develop diabetes, which lead to alterations in 

their placental development. This directly impacts the nutrients flowing to the 

growing fetus. 
29, 30 

 

 

The idea for this paper was motivated as numerous research studies revealed the 

existence of the MetS and its growth in major parts of the world, especially in the 

west. 
17, 21, 31 

To find evidence for the impact of maternal MetS environment on 

their offspring, this research was initiated and it mainly focuses on the impact of 

pre-pregnancy MetS on children short and long-term health. The research question 

of this study was to find out whether pre-pregnancy MetS associated with an early 

and increased risk of child health weight and metabolic compromise not only at 

birth but also in the short and long-term outcomes? Furthermore, the aim of this 

research was to assess the pre-pregnancy MetS exposure and its effects on the 

perinatal outcomes (large-for-gestational age infants (LGA), macrosomic and 

preterm birth (PTB)) and on short and long-term risk for the development of MetS 

and metabolic repercussions among offspring of low income population of 

Brazilian mother. 

 

Methods 

 

Participants 

This study was a secondary analysis of a cohort that consisted of women recruited 

from the Perinatal Diabetes Research Center -University Hospital of Botucatu 

Medical School-UNESP, Brazil. This analysis was approved by the Institutional 

Review Board (IRB) of Botucatu Medical School- UNESP/ Brazil 
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(CAAE:67543417.3.0000.5411) and conducted in accordance with the Declaration 

of Helsinki. 

 

Study design 

The data for this unplanned, exploratory secondary analysis were derived from a 

prospective cohort of pairs of mother- offspring that were diagnosed, treated and 

followed at Perinatal Diabetes Research Center- FMB-UNESP; Brazil from 2004-

2011 as a part of Project (Proc. 563808/2010-1). Pregnancy complicated by mild 

gestational hyperglycemia and GDM as a window of susceptibility, identified by 

maternal, placental and cord blood biomarkers for the prevention of T2DM) with 

financial support from CNPq/Brazil Health Ministry (MCT/CNPq/CT-

Saúde/MS/Decit nº 42/2010). 

 

The original study allocated women with GDM during pregnancy and compare the 

long-term risk to develop T2DM after 6-11 of years pregnancy and was collected 

in 2016 (Figure 1). The Perinatal Diabetes Research Centre (PDRC) is located at 

Botucatu University Hospital- UNESP, a public, tertiary referral health unit with 

financial support from the Brazilian Public Health System (SUS). The study 

population was obtained from an existing clinical pregnancy registry at the PDRC, 

between January, 2004 and December, 2011. The newborn birth weight and 

gestation age at birth were abstracted from the original obstetric records. All 

women and newborn who completed the baseline survey were eligible for this 

study. Further, as inclusion criteria, these women needed to have had singleton 

pregnancy, underwent  screening, GDM diagnosis between 24-28 weeks 

ofgestation, prenatal care assistance  and long-term  follow-up at PDRC (n=534). 
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Figure 1. Flowchart of study participants. 

 

Data source  

All women who performed a screening and treatment for GDM during pregnancy 

at PDRC between 2004 and 2011were followed during two years after delivery 

and were invited for long-term follow-up study in 2016. A total of 534 women and 

their offsprings wer econtacted by our research team and invited to participate the 

study. Of these, 37 were not eligible (death) and 43 refused to participate in study. 

One hundred and eighty four mother-infant returned for the follow-up visit and 32 

were excluded for missing values. A total of 152 childrens were included in this 

secondary analysis according to the estabilished groups at pre-pregnancy: non-

MetS and MetS (Figure 1). Follow-up examinations were performed during the 

first two years, at every 3 months and after 6 years until 11 years thereafter 
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(Figure 2). The data was collected over the two years span from February 2016 to 

July 2018. 

 

 

 

 

Figure 2. Research design and material and methods. 

 

 

Exposure  

For the present analysis, the primary exposure were pre-pregnancy MetS. All 

women were classified either as having MetS, if before pregnancy they had central 

obesity (pre-pregnancy body mass index -BMI ≥30kg/m
2 

 or waist circumference 

(WC) ≥80cm), plus any two of the following four factors criteria according to the 

International Diabetes Federation- The consensus worldwide definition of the 

MetS:
32 

(i) systolic blood pressure (SBP) ≥130 mmHg or diastolic blood pressure 

(DBP) ≥85 mmHg; triglycerides (TG) level ≥150 mg/dL; (iii) hight density 

lipoprotein (HDL) level ≤50 mg/dL; fasting plasma glucose (FPG) ≥100 mg/dL.
32, 

33
 

Measurements  

Demographic and Family health hystory 
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The questionnaire collected information on maternal hystory of MetS, obstetric 

hystory including prepregnancy weight, height and pregnancy gain weight; 

perinatal and postnatal complications; sex, birth weight, infant feeding and 

gestational ageat delivery. Based of these informations the ponderal index 

[PI=(weight/lenght
3
)*100], and classification according to weight/gestational age 

were calculated.
34

 These children followed at PDRCfor 1-2 years and returned for 

the 6-11 years follow-up visit, and 32 were excluded for missingvalues. The pre-

pregnancy weight was obtained by self-reports at the time of the first prenatal 

visit, or during the informed consent application process. 

 

Children's Anthropometric measures 

Newborn 

Data at delivery were obtained from delivery database at our center and included 

gestation age (in days), infant birth weight and height, gender, mode of delivery 

and apgar scores. Based on these informations the ponderal index 

[(weight/lenght
3
)*100], and classification according to weight/gestational age 

(SGA, AGA, LGA)
34

 and macrossomia (>4000g)
35

 were calculated. 
34

 

 

1-2 years 

Anthropometric measurements were taken for infants. The weight (in kilograms) 

and length (in centimeters) were measured using a length board. Based on these 

information, the weight-for-length z score (WFL-z) was calculated,
36

 WFL-z is the 

anthropometric standard recommended by the American Academy of Pediatrics 

for assessment of weight status in children aged <2 years.
37, 38

 

 

6-11 years 

Trained researchers measured child weight, and standing height was measured 

without cloths and shoes and waist circumference was measured at the end of 

normal expiration with a non-elastic tape held midway between the lower rib 

margin and the iliac crest. American Academy of Pediatrics recomended body 

mass index (BMI) for the assessment of weight status in children >2 years.  We 
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calculated BMI, derived age- and sex specific height and BMI z score using 

WHO
36

 reference data, and defined as obesity, if BMI value shows ≥ +2 z score. 

 

Definitions of MetS for children and adolescents have been even more varied than 

the definitions used for adults.
39

 The new IDF definition is derived according to 

age-groups because of developmental challenges presented by age-related 

differences in children and adolescents.
40

 IDF suggest that the MetS should not be 

diagnosed in children younger than 10 years, but that a strong message for weight 

reduction should be delivered for those with abdominal obesity. MetS cannot be 

diagnosed, but further measurements should be made if there is a family history of 

MetS, T2DM, dyslipidemia, cardiovascular disease, hypertension and/or 

obesity.For children age 10 or older, MetS can be diagnosed with abdominal 

obesity (WC ≥90
th

) and the presence of two or more other clinical features: (i) 

elevated tryglycerides (TG) ≥150 mg/dL; (ii) low HDL ≤40 mg/dL; (iii) high 

blood pressure ≥130/85 mmHG; (iv) increased plasma glucose ≥100 mg/dL. 

 

Metabolic measurements 

Blood samples were collected according to the study protocol. Blood samples 

were collected for fasting glycemia, glycosylated hemoglobina (HbA1c), insulin, 

total cholesterol, hight density lipoprotein (HDL) and TG estimation. The insulin 

resistance (HOMA-IR) was calculated to determine the degree of insulin 

resistance, according to the following equation, proposed by Mattews et al
41

. The 

calculation is as follows, HOMA-IR = ((glycaemia (mMol) X insulin (U/mL)) 

/22.5L). 

 

Outcomes 

The primary outcomes for the present analysis were fetal and offspring growth and 

metabolic parameters of MetS as measured by using the following: (1) at birth-

weight-for-gestational (2) ponderal index, (3) Infant growth percentiles using 

large-for-gestational-age plus macrossomia measures and (4) MetS for children 

and adolescents. All neonatal outcome data were extracted from medical records. 
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For children under 2 years the WHO curve with weight/lenght z scores and for 

children ≥5 years the BMI z scores was used.  

 

Statistical Analysis 

Descriptive statistics were used to characterize and compare sociodemographic 

variables according to BMI category. Initially descriptive analysis were obtained 

for the quantitative variables with the calculation of mean and standard deviation 

and for categorized variables, obtaining frequencies and percentages stratifying by 

groups with and without metabolic syndrome for mothers and children.The 

comparisons between averages of the quantitative variables were made using 

Student's t-test for mothers and children with and without metabolic syndrome. 

The association between categorized variables and the presence or absence of 

metabolic syndrome was performed through chi-square test, obtaining the relative 

risk considering the follow-up of mothers and children. In all tests the significance 

level of 5% or the corresponding p-value was used. All analyzes were performed 

using SAS for windows, v.9.4. 

 

 

Results 

 

The anthropometric, clinical and biochemical parameters of the mothers and 

newborn are presented in Table I, according to pre-pregnancy MetS status. In pre-

pregnancy, the MetS group had higher BMI at pre-gestational period (p<0.0001), 

as well as weight (p<0.0001), waist circumference (p<0.0001), hip circumference 

(p=0.0003), higher relation in between the index waist/hip (p<0.0001) and 

hypertension (p=0.0071) compared to the non-MetS.  

 

The biochemical analyzes of pre-pregnancy MetS mothers at 24-28 weeks showed  

significantly higher fasting plasma glucose (p=0.0141), HbA1c (p<0.0238), 

fasting glucose at OGTT (p=0.0001), 2 hours post load at OGTT (p<0.0001) and 

red blood cells (p=0.0025) and low for total cholesterol (p=0.0088) and LDL 
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(p=0.0041) compared with of pre-pregnancy non-MetS mothers. At birth, children 

of pre-pregnancy MetS mothers had significantly higher mean birth weight 

(p=0.0342), higher mean of the ponderal index (p=0.0005), higher percentage of 

LGA (p=0.0013), macrosomic (p=0.0008) and premature. (p=0.0322). There were 

no significant interactions between maternal pre-pregnancy MetS and non-MetS 

pre-pregnancy group, HDL-c, TG, hemoglobin, hematocrit, white blood cells, 

postpartum age gestation (in days), length, male sex, breast milk (in days) and 

breast milk + formulas at 24-28 weeks of gestation (Table I). 
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Table I. Characteristics of study participants by pre-pregnancy maternal MetS 

status (2004-2011). 

  non-MetS (n= 103) MetS (n= 49) p-value 

Maternal characteristcs prepregnancy (2004-2011) 

  Maternal prepregnancy BMI (kg/m²)  25.53 ± 6.24 33.31 ±7.57 <0.0001 

Weight (kg) 66,98 ± 13,81 86,42 ± 20,75 <0.0001 

Waist circumference (cm) 77.61 ± 10.41 97.40 ± 15.88 <0.0001 

Hip circumference (cm) 100.14 ± 7.4 111.75 ± 13.95 0.0003 

Waist/hip index (cm) 0.77 ± 0.07 0.87 ± 0.09 <0.0001 

Maternal prepregnancy hypertension (%)  16.5% (17) 34.6% (17) 0.0071 

Biochemical Parameters (24 - 28 Weeks) 

   Fasting glucose (mg/dL) 85.73 ± 25.26 102.09 ± 30.95 0.0141 

HbA1c (%) 5.39 ± 1.13 5.99 ± 1.07 0.0238 

Fasting glucose at OGTT (mg/dL) 82.66 ± 17.58 107.01 ± 33.37 0.0001 

2 hours postload at OGTT (mg/dL) 129.17 ± 31.82 191.51 ± 79.10 <0.0001 

Total cholesterol (mg/dL) 238.49 ± 49.03 207.86 ± 45.59 0.0088 

LDL cholesterol (mg/dL) 131.82 ± 34.82 105.03 ± 43.12 0.0041 

HDL cholesterol (mg/dL) 64.68 ± 14.77 57.92 ± 15.45 0.0621 

Triglyceride (mg/dL) 192.07 ± 89.79 207.13 ± 66.32 0.4458 

Red blood cells (million/mm³) 3,94 ± 3,61 4,19 ± 3.02 0.0025 

Hemoglobin (g/dL) 11.70 ± 1,16 11.96 ±1 .08 0.3323 

Hematocrit (%) 35.05 ± 3.26 36.06 ± 2.81 0.1790 

White blood cells (/mm³) 9684 ± 2256 10144 ± 2109 0.3840 

Offspring non-MetS (n= 103) MetS (n= 49) p-value 

Newborn 

   Ethnicity 

   white  81.55% (84) 59.18% (29) 0.0083 

Gestation (days) 267.98 ± 10.95 264.7 ± 10.10 0.0889 

Weight (g) 3199.1 ± 473.4 3383.0 ± 523.9 0.0342 

Length (cm) 48.27 ± 2.32 48.22 ± 2.21 0.9080 

Ponderal index (cm.kg-1/3) 2.83 ± 0.26 3.01 ± 0.32 0.0005 

Male sex (%) 48.5% (50) 46.9% (23) 0.8531 

LGA (%) 10.7% (11) 26.5% (13) 0.0013 

Macrosomic (%) 2.91% (3) 14.29% (7) 0.0008 

Premature (%) 13.59% (14) 20.4% (10) 0.0322 

Breast milk (days) 180.82 ± 281.18 208.00 ± 307.87 0.6247 

Breast milk + Formulas (days) 147.88 ± 120.68 157.73 ± 109.58 0.8174 
Data are presented as mean ± (SD) or % (number)  

Chi-square or ANOVA. Statistically significant p value < 0.05  

Larger for gestational age (LGA), Macrosomic (>4kg), Premature (<37 weeks). 

Metabolic Syndrome (Mets), Body mass index (BMI), Glycosylated hemoglobin (HbA1c), Oral 

glucose tolerance test (OGTT), Low density lipoprotein cholesterol (LDL), High density 

lipoprotein cholesterol (HDL). 
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Table II describes the children´s follow-up 6-11 years according to pre-pregnancy 

MetS status. At 2 years, the risk of overweight + overweight by weight/height z 

score classification were higher (p=0.0002) for offspring of mothers with pre-

pregnancy MetS. Follow-up 6-11 years postpartum, 51% offspring of mother with 

pre-pregnancy MetS and 29.1% of offspring of mothers non-MetS were with 

obesity (p=0.0145) by of BMI z score classification, presenting the same for 

offspring’s waist circumference (p=0.0034) classification with MetS (48.9%) and 

with non-MetS (25.2%) mothers according to IDF, in children and adolescents 

group >6 years and <10 years presented abdominal obesity plus family. 

 

There were no significant interactions between MetS and non-MetS groups, 

weight/height zscore classification to 1 year, 6–11 years, physical activity, 

puberty, insulin resistance, dyslipidemia, fasting glucose, HbA1C, Total 

Cholesterol, LDL, TG, hemoglobin, hematocrit and white cells. The MetS 

classification according to IDF in children and adolescents, is high in the pre-

pregnancy MetS group at age 6-9 (Table II). 

 

IDF classification for MetS in the age-group 6-9 years was abdominal obesity plus 

family factor. However, IDF suggest that MetS should not be diagnosed in 

children younger than 10 years, but need message for weight reduction of these 

children. In our study, we observed higher prevalence of suggested MetS in the 

pre-pregnancy MetS group at age 6-9 years. 
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Table II. Characteristics of the children of mothers by the maternal MetS status, 

follow-up 6-11 years postpartum. 

  
non-MetS 

(n=103) 

MetS 

(n=49) 
p-value 

Offspring characteristics 1-2 years postpartum 
  1 year 

   Weight/height z score classification  

       Risk overweight + overweight  8.7% (09) 14.2% (07) 0.4479 

    Obesity  0% (00) 0% (00) - 

2 years 

   Weight/height z score classification  

       Risk overweight + overweight  9.7% (10) 30.6% (15) 0.0002 

    Obesity  1.0% (01) 2% (01) 1 

Offspring characteristics 6-11 years postpartum 

BMI z score classification 

       Eutrophic  49.5% (51) 34.6% (17) 0.1228 

    Overweight  18.4% (19) 12.2% (06) 0.4650 

    Obesity  29.1% (30)  51% (25) 0.0145 

Waist circumference classification (cm) 

       Obesity  25.2% (26) 48.9% (24) 0.0034 

Physical Active (%) 61.17% (63) 67.3% (33) 0.5764 

Puberty (%) 27.1% (28) 14.2% (7) 0.1189 

Insulin resistance (%) 6.7% (06) 12.2% (06) 0.2937 

Dyslipidemia (%) 31% (32) 38.7% (19) 0.4491 

Fasting glucose (mg/dL) 87.26 ± 7.93 86.96 ± 9.92 0.8437 

HbA1c (%) 5.20 ± 0.30 5.18 ± 0.30 0.8205 

Insulin (μUI/mL) 6.45 ± 5.02 7.61 ± 7.07 0.2572 

Total cholesterol (mg/dL) 171.00 ± 28.86 163.60 ±35.19 0.1813 

LDL cholesterol (mg/dL) 102.04 ± 24.94 97.59 ±26.51 0.3296 

HDL cholesterol (mg/dL) 51.25 ± 10.84 48.41 ±12.72 0.1615 

Triglyceride (mg/dL) 83.17 ± 40.51 94.72 ±63.32 0.1827 

Red blood cells (million/mm³) 4.87 ± 0.35 4.80 ±0.34 0.2532 

Hemoglobin (g/dL) 13.21 ±0.77 12.96 ±0.81 0.0778 

Hematocrit (%) 39.13 ± 3.36 38.95 ±1.80 0.7307 

White blood cells (/mm³) 7471 ± 2445 6918 ± 1483 0.1630 

Metabolic Syndrome 

       6 - 9 years (%) (MetS) 18.9% (14) 51.2% (22) 0.0031 

    10 - 11 years (%) (MetS) 3.4% (1) 33.3% (02) 0.1143 
Data are presented as mean ± (SD) or % (number); 

Chi-square or ANOVA. Statistically significant p< 0.05.  
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Suggestive of MetS for> 6 years and <10 years was, with a percentile ≥90ofwaist circumference + 

family factors, according to International Diabetes Federation (IDF).  
The definition MetS for> 10 years was, with a percentile ≥90 or cut factors for the adult, associated 

with two other factors among four, as reference IDF. 

Body mass index (BMI), Glycosylated hemoglobin (HbA1c), Low density lipoprotein cholesterol 

(LDL), High density lipoprotein cholesterol (HDL). 
 

Relative risk (RR) of the characteristics of children of mothers by maternal MetS 

status, follow-up 1-2 years and 6-11 years postpartum, are presented in Table III, 

showing as postpartum predictor for: LGA [2.71 (95% CI 1.61-4.55)], 

macrosomic [3.74 (95% CI 2.16-6.48)] and premature [2.25 (95% CI 1.23-4.13)]. 

There were no significant differences (p>0.05) and RR between pre-pregnancy 

MetS and non-MetS groups for: weight/height z score classification for age 1 year. 

 

At 2 years, RR of overweight + overweight by weight / height z score 

classification [1.69 (95% CI 1.04 - 2.77)]; the follow-up 6 - 11 years presented RR 

predictor for obesity by BMI z score classification [1.84 (95% CI 1.71-2.89)]; 

obesity by waist circumference classification [2.09 (95% CI 1.32-3.31)]; MetS 

according to IDF in children and adolescents, group > 6 years and < 10 years 

presented abdominal obesity plus family factors [2.12 (95% CI 1.36-3.32)] and 

MetS classification according to IDF, group > 10 years and < 16 years [5.33 (95% 

CI 1.58-18.01)]. 
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Table III. Relative risk of the characteristics of children by pre-pregnancy MetS 

status, follow-up 1-2 years and 6-11 years postpartum. 

 
non-MetS 

(n= 103) 

MetS 

(n= 49) 
p-value RR (95% C.I.) 

Newborn 

    LGA (%) 10.7% (11) 26.5% (13) 0.0013 2.71 (1.61 - 4.55) 

Macrosomic (%) 2.91% (3) 14.29% (7) 0.0008 3.74 (2.16 - 6.48) 

Premature (%) 13.59% (14) 20.4% (10) 0.0322 2.25 (1.23 - 4.13 

Offspring characteristics 1-2 years postpartum 

 1 year 

    Weight/height z score 

classification  

        Risk overweight + overweight  8.7% (09) 14.2% (07) 0.4479 1.20 (0.77 – 1.88) 

    Obesity  0% (00) 0% (00) - - 

2 years 

    Weight/height z 
scoreclassification  

        Risk overweight + overweight  9.7% (10) 30.6% (15) 0.0002 1.69 (1.04 – 2.77) 

    Obesity  1.0% (01) 2% (01) 1 1.36 (0.34 – 5.44) 

Offspring characteristics 6-11 years postpartum 

BMI z score classification 

        Eutrophic 49.5% (51) 34.6% (17) 0.1228 1.52 (0.93 - 2.50) 

    Overweight  18.4% (19) 12.2% (06) 0.4650 1.41 (0.67 - 2.95) 

    Obesity  29.1% (30) 51% (25) 0.0145 1.84 - (1.71 - 2.89) 

Waist circumference classification (cm) 

    Obesity  25.2% (26) 48.9% (24) 0.0034 2.09 (1.32 – 3.31) 

Metabolic Syndrome 

        6 - 9 years (%) (MetS) 18.9% (14) 51.2% (22) 0.0031 2.12 (1.36 - 3.32) 

    10 - 11 years (%) (MetS) 3.4% (1) 33.3% (02) 0.1143 5.33 (1.58 - 18.01) 

Data are presented as mean ± (SD), % (number) and RR (95% C.I.) 

Chi-square or ANOVA. Statistically significant p value < 0.05 
Suggestive of MetS for> 6 years and <10 years was, with percentile ≥90 of waist circumference + 

family factors, according to International Diabetes Federation (IDF).  
The definition MetS for> 10 years was, with a percentile ≥90 or cut factors for the adult, associated 

with two other factors among four, as reference IDF. 

Body mass index (BMI), Glycosylated hemoglobin (HbA1c), Low density lipoprotein cholesterol 

(LDL), High density lipoprotein cholesterol (HDL). 
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Discussion 

 

The present study shows 9.1% of pre-pregnancy MetS prevalence according to the 

IDF consensus with important repercussions on the occurrence of LGA, 

macrosomic infants and PTB at birth.  In previous papers we met that the 

pregnancy MetS prevalence varies according to the analyzed population and to the 

lifetime considered as pre-pregnancy or during pregnancy.
42,43 

The pregnancy 

MetS prevalence varies according to the analyzed population, the criteria used to 

define MetS and with the life time considered. In previous papers, we met the 

prevalence of MetS increases with the worsening of glucose tolerance; 0%, 20.0%, 

23.5% and 36.4% in normoglycemic, mild hyperglycemic, GDM, and overt GDM 

groups, respectively.
43 

At delivery, in Angolan
42

 pregnant women the crude 

prevalence of MetS was 36.6 % based on the JIS definition, 29.2 % based on 

NCEP ATPIII, 12.6 % based on Chatzi et al.
44

 and 1.8 % based on Bartha et al.
45

 

Although the most important is that the maternal characteristics of the pre-

pregnancy MetS allow us to describe the maternal environmental where the fetus 

will be developed. The intrauterine MetS environmental is characterized by 

maternal obesity, chronic hypertension, hyperglycemia and low total cholesterol 

and LDL compared with of non-MetS mothers. These results describe two 

opposite maternal environmental: one that could be altered  as hyperglycemia  and 

obesity  that are more linked to increase the fetal growth and the other is  

hypertension  with reduced placental vascularity, blood flow and restrict placental 

nutrient delivery to the growing fetus more likely to the development of 

intrauterine restriction.
9
These sometimes conflicting signals for placental function 

can contribute to the diversity of short and long-term results observed in pregnant 

obese women.
3
and probably in MetS mothers. In our results the hyperglycemia 

and obesity were the most usual maternal environmental and, therefore, high 

prevalence of LGA and macrosomic fetus in the pre-pregnancy MetS group were 

found endorse our previous results.
43 

These results confirm the ―fuel-mediated 

teratogenesis,‖ of Norbert Freinkel
46 

reflecting the effects of fetal hypernutrition 
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and setting the stage for further amplification of the pathophysiological effects of 

encountering an obesogenic environment postnatally. 
47

 

 

Moreover, it is further proved from this experiment that physical activity played a 

minor role in determining the impact of MetS.
48  

While both non-MetS and MetS 

participants had almost the same level of physical activity, obesity was again 

differentiating factor between the two categories of participants. Despite relatively 

same level of physical activity, obesity percentage was higher for MetS 

participants. This reflects that the MetS could be a cause of high-calorie and low 

fiber diet.
48 

This could mean that women taking a diet low in fresh fruits and 

vegetables, and high in junk food and sugary items were more prone to suffer from 

metabolic syndrome.
16 

The high calorie and unhealthy diet could also be a cause of 

insulin resistance.
29

 The offspring of pre-pregnancy MetS mothers that was 

developed in intrauterine over nutrition environment and shared the same familial 

and postnatal factors confirm the development over nutrition hypothesis that is 

responsible for the process of maintaining of a non-virtuous cycle of obesity.
49

 

 

It is interesting to analyze the evolution of LGA and macrossomic newborn in 

mothers of both groups during the first 2 years of life. These children show similar 

growth pattern from 0-2 years mean while there is an increased risk of overweight 

+ overweight using z score weight/height classification in offspring of pre-

pregnancy MetS mothers. Considering the high prevalence of LGA and 

macrossomic newborn in pre-pregnancy MetS mother and the impact of these 

characteristics at 2 years after birth, an effective intervention to reduce the 

prevalence of MetS in pre-pregnant women could have significant beneficial 

effects on 2 years off spring outcomes. It is the familial effect.  

 

Another interesting finding from this secondary analysis of a cohort is that the 

children of pre-pregnancy MetS women had higher risk of obesity from the age of 

6 to 11 years. The initial results showed obesity as an alarming health condition in 

children in the first two years. Later from the follow-up study it was found that 



35 
 

children of MetS women had increased abdominal obesity as per the zscore. This 

was further proved by the CI indicating obesity by classification of waist 

circumference to be 2.09 (95% CI 1.32-3.31) for children between 6 to 11 years. 

This act as supporting evidence to most literature which states a positive 

correlation between women with MetS and short term impact on their children’s 

weight to be higher as compared to children of non-MetS women.
3
 

 

It seems that relative risk factors for children of mothers suffering from MetS tend 

to increase over the years.
50

 The research study has significantly proved that 

children are at high risk of  MetS as the relative risk index indicates higher risk 

(RR=1.69) of being overweight in children along with the z score classification for 

weight and height (p=0.0002). The postpartum and the follow-up study results 

depict that obesity percentage tends to increase for children of mothers suffering 

from MetS.
7 

These children also tend to have a higher BMI and their bodies start 

to adapt to an unhealthy and sedentary lifestyle.
51

 This can be said based on the 

IDF in children it appears that abdominal obesity plus family factors are higher for 

children between 6 to 10 years at p-value 0.0031. The Development Origins of 

Health and Disease (DOHaD) theory states that this develops at an early life stage 

but the risks of cardiovascular health issues tend to increase as the child grows.
48 

The IDF level also indicates that for children of women with pre-pregnancy MetS, 

the tissues and organs become particularly sensitive to environment changes and 

exposure therefore becoming more disease susceptible in later years of life.
29

 

 

Some studies stated that infants of mothers who suffered from MetS were more 

likely to be at a higher risk of developing diabetes mellitus.
52

 However, from the 

research experiment conducted between mothers suffering from MetS, little 

evidence is found based on the z-score on their infants having risk of diabetes 

based on the fasting glucose levels between MetS and non-MetS. The glucose 

levels are relatively similar hence it was difficult to evaluate the risk of diabetes 

mellitus in children. Although, important evidence found from the results of this 

research experiment is that obesity and BMI classification changed for children 
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from the time they were infants to the follow-up study that was for 6 to 11 years. 

This implies that risk of diabetes as an outcome of increased obesity
53 

is definitely 

evident for the children of mothers suffering from pre-pregnancy MetS. 

 

An interesting finding from research and data has been that the signs of obesity 

and MetS risks are less likely to be visible for children between the ages of 1 to 2 

years. The relative risks for the characteristics measured showed that LGA for 

women at 95% confidence interval was between 1.61 to 4.55, averaging to 2.71. 

This lead to the relative risk of being overweight and obese by waist 

circumference for children between 6 to 11 years to be highly probable based on 

95% confidence level (2.09). The symptoms become more evident as a child 

grows and enters the age range from 6 years to 10 years. This is a major reason 

due to which it is almost impossible to classify children suffering from MetS in 

the early years.
54 

Some literature states that the only visible factor to depict risks 

of MetS in children’s early years is their weight. As their weight increases and 

their BMI moves towards a higher index of 30 or above.
55 

In the long term 

however, increased health issues lead to the diagnosis of MetS for the children 

whose mothers had also suffered from it. The gestational exposures in the modern 

environment can be specifically targeted to reduce childhood obesity risk. Primary 

intervention in utero and in early life that attenuates obesity potential may be one 

of the most important public health efforts to enhance population health 

worldwide, particularly in low income population.
47

 

 

Our results demonstrate that long-term clinical and simple lab evaluations are 

important options to be followed in low-income countries. However, the literature 

has been looking for lab markers to identify the child of risk to develop MetS and 

or some of its components in order to stop the world obesity epidemic. In previous 

paper it was found that the GDM hyperglycemic intrauterine environment promote 

transcriptional alterations in BCL2 and miR-181a in umbilical-cord blood cells of 

neonates, and both GDM neonates and obese adult subjects share the same 

transcriptional alteration in BCL2. The relationship between obesity and the 
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functions regulated by these two genes, BCL2 and miR-181a could be adopted as 

potential biomarkers for childhood obesity. However, further studies are 

recommended to confirm this hypothesis.
56

 

 

Our findings enable us to confirm that the adverse maternal pre-pregnancy MetS 

environment influences the intrauterine milieu leading to increased risk for LGA 

and macrosomia and preterm at birth,with risk (1.69) for overweight plus 

overweight offspring at 2 years by weight∕height z score classification. MetS risks 

less likely to be visible for children between the age of 1 year, the appearance of 

signs of obesity risks at 2 years, the risk (2.09) of being overweight and obese by 

waist circumference between 6 to 10 years and the development of obesity after 10 

years.
57

 Each anthropometric index BMI-for-age, height-for-age and weight-for-

height may reflect a unique child nutrition status at specific ages.
58

 

 

An editorial of The Journal of Pediatrics
59

 provides evidence to advise 

pediatricians that it is time to revise the guidelines to assess the body mass index 

in infancy. The WHO BMI-for age percentiles curves is the suggestion to monitor 

weight gain in infant and toddlers. The literature has demonstrated that primary 

intervention in utero and in early life that attenuates obesity potentialmay be one 

of the most important public health efforts to enhance population. 

 

Conclusions 

 

The overall outcomes of this study depict that clinical and lab follow-up study 

showed increased risks on the health of children of pre-pregnancy mothers with 

MetS in alow-income population of Brazilian mother. The adverse pregnancy 

outcomes in pre-pregnancy MetS mother were characterized by increased risk for 

the LGA, macrosomia and preterm birth. There is significant statistical evidence 

that children of women with pre-pregnancy MetS presents risk of overweight + 

overweight (by z-score weight/height classification) at the second year after birth; 
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from 6 to 11 years there was an increase in overweight and after 10 to 11 years it 

was possible to characterize the increased MetS (IDF). 

 

Our results demonstrate the consequences of pre-pregnancy MetS milieu in a low-

income offspring population using clinical and lab markers. It was possible to 

define the tide of the physiological route of MetS development in offspring 

population from pre-pregnancy MetS women without nutritional guidance, 

acknowledged by intrauterine obesity environment, with progression to 

overweight during childhood and finally by MetS detection at 10-11 years creating 

a vicious cycle, particularly in female offspring.  

 

These short and long-term adverse offspring consequences confirm the concept of 

fetal programming or developmental origins of health and disease-DOHaD.
60-65

  In 

our view, these results suggest that strategies to prevent adult metabolic disease 

relies on interventions starting before pregnancy for a healthier next generation. 

To further evaluate other impacts of MetS in children, based on this study it is 

recommended that follow-up studies for children of MetS women should be 

conducted every 5 to 6 years to detect and control the issues that develop 

overtime. 
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