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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." 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®* and metabolic
disease and are liable to develop neuropsychiatric and cognitive disorders.®> A
meta-analysis reveal that pre-pregnancy obesity is an important risk factor for
macrosomia (>4000 g) and childhood obesity.* 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.

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.®

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.”®

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.” These sometimes contradictory signals that regulate
placental function can contribute to the diversity of short and long-term results
seen in pregnant obese women® 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.'°
Gestational diabetes in pregnancy may increase the risk of developing T2DM,

obesity and cardiovascular complications either in mother or offspring later in

life."*™ Furthermore, a high rate of T2DM has been observed in the obese mothers
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and their children recently.® ' 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. *" *® 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.'® 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.?* %
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. * ?* 2 While, most studies discuss the rising issue of GDM and MetS,

are more focused on the development of MetS during early pregnancy.?*%

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.*® #” 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.?®

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 Il or obese
I11 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. 2**°

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. 1" 2131 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/CNPg/CT-
Saude/MS/Decit n° 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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Pregnant women with GDM screened
during 2004-2011 and interviewed
(n=534)

Death: 37
5-11 years later —— > 12 Mothers

25 Children

Mothers approached (2016)
(n=184)

Excluded
7 (n=32)

Lack of exams

Children (2016)
(n=152)
! !

Non-MetS MetS
(n=103) (n=49)

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.

2004 - 2011

Clinical pregnancy registry
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Figure 2. Research design and material and methods.
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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? 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:*? (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.**

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®)*100], and classification according to weight/gestational age
were calculated.®* 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®)*100], and classification according to weight/gestational age
(SGA, AGA, LGA)* and macrossomia (>4000g)* were calculated. **

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,*® WFL-z is the
anthropometric standard recommended by the American Academy of Pediatrics

for assessment of weight status in children aged <2 years.?" %

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? 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.*® The new IDF definition is derived according to
age-groups because of developmental challenges presented by age-related
differences in children and adolescents.*® 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™) 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**. 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), HbAlc (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 1. 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/m?) 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+ 1395 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
HbAlc (%) 539+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/mmg) 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 (HbAlc), Oral
glucose tolerance test (OGTT), Low density lipoprotein cholesterol (LDL), High density

lipoprotein cholesterol (HDL).
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Table 11 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 I1. Characteristics of the children of mothers by the maternal MetS status,

follow-up 6-11 years postpartum.

nfnn:%gs ('r\wﬂzeig) 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
HbAlc (%) 5.20+0.30 5.18+0.30 0.8205
Insulin (pUI/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 (/mmg) 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 (HbAlc), 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 I11,
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%
Cl 1.58-18.01)].
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Table I11. Relative risk of the characteristics of children by pre-pregnancy MetS

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

non-MetS MetS

(n= 103) (n= 49) p-value RR (95% C.1.)
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.1.)

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 (HbAlc), 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.*’*® 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.** At delivery, in Angolan** 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.** and 1.8 % based on Bartha et al.*

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.*These sometimes conflicting signals for placental function
can contribute to the diversity of short and long-term results observed in pregnant
obese women.*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.** These results confirm the “fuel-mediated

teratogenesis,” of Norbert Freinkel*® 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. *’

Moreover, it is further proved from this experiment that physical activity played a
minor role in determining the impact of MetS.*® 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.** 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.® The high calorie and unhealthy diet could also be a cause of
insulin resistance.”® 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.*

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
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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.?

It seems that relative risk factors for children of mothers suffering from MetS tend
to increase over the years.”® 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.” These children also tend to have a higher BMI and their bodies start
to adapt to an unhealthy and sedentary lifestyle.>® 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.*
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.?

Some studies stated that infants of mothers who suffered from MetS were more
likely to be at a higher risk of developing diabetes mellitus.>> 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®® 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.> 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.”® 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.*’

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.*®

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 weightheight 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.”” Each anthropometric index BMI-for-age, height-for-age and weight-for-

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

An editorial of The Journal of Pediatrics®® provides evidence to advise
pediatricians that it is time to revise the guidelines to assess the body mass index
in infancy. The WHO BMlI-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.?*® 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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Titulo da Pesquisa: Alteracdes Metabdlicas 5-11 anos pos nascimento em filhos de mé&es com sindrome
metabdlica na gestacéo

Pesquisador: LUCAS PONTES DE CAMARGO

Area Tematica:
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CAAE: 67543417.3.0000.5411

Instituicdo Proponente: Departamento de Ginecologia e Obstetricia
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER

Numero do Parecer: 3.014.937

Apresentacdo do Projeto:

Trata-se de emenda solicitando alteragé&o de titulo. O projeto de pesquisa onde o pesquisador discorre sobre
o diabetes mellitus gestacional (DMG) que & definido como qualquer grau de intolerdncia a glicose iniciado
ou detectado pela primeira vez na gestacdo. O DMG aparece em geral na segunda metade da gravidez e
afeta principalmente o ritmo de crescimento fetal. A importancia do diagnostico do diabetes durante a
gravidez fol sugerida por relatos de maior frequéncia de abortamentos, macrossomia e mortalidade perinatal
em filhos de mulheres que desenvolveram DMG, em comparacéo as do grupo-controle. Essa alteracéo no
meio intra-uterino pode ser a razdo do aumento alarmante da obesidade e do diabete tipo 2 na infancia e na
adolescéncia que o mundo hoje esta observando. Este projeto esta sendo proposto considerando: 1) Os
conhecimentos ja adquiridos pelo Grupo Académico: Diabete e Gravidez: Clinico e Experimental da
Faculdade de Medicina de Botucatu_UNESP; 2) As duvidas existentes com relacéo a presenca ou néo de
duas entidades clinicas diferentes (DMG e hiperglicemia gestacional leve) ou de uma mesma doenca em
estagios distintos; 3) A repercusséo biométrica e metabolica destas entidades clinicas nas mées e seus
conceptos depois de 2 a 10 anos ap06s o parto. O objetivo da pesquisa & investigar as concentragdes
sanguineas de glicose e perfil lipidico, que foram diagnosticadas durante a gestacdo com HGL, DMG e
avaliar a incidéncia do desenvolvimento de Sindrome Metabdlica (SM) 2 a 10 apds a gestacéo. Determinar a
associacéo entre as concentracfes glicémicas na gestagdo de mulheres com DMG ou HGL, o

desenvolvimento de SM.
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Trata-se de um estudo de coorte histérica de méaes diabéticas, a partir do banco de dados (Projeto:
“FOLLOW-UP METABOLICO E BIOMETRICO DE PACIENTES COM HIPERGLICEMIA NA GESTACAO E
SEUS CONCEPTOS™, CAAE: 56912316.1.000.5411; Numero do parecer: 1.641.871), que contém
informacgdes sobre a evolugéo da gestacéo, classificag&o do diabete materno, condigdes de nascimento e
evolugéo neonatal e dados clinicos do seguimento ambulatorial. Para o preenchimento do banco de dados
do projeto principal, as mées e criancas incluidas foram submetidas aos seguintes procedimentos: 1.
Aplicac&o de questionario de dados epidemiologicos e clinicos; 2. avaliagdes antropométricas e dos niveis
pressoricos; 3. coleta de sangue (15 ml) para: glicemia de jejum, colesterol total e fracdes, triglicérides. Os
exames biogquimicos e hormonais, o TTG75g (somente nas mées) foi realizado no Laboratorio Clinico
Central e no Centro de Avaliacdo do Bem-Estar Fetal, nas dependéncias do Hospital de Clinicas da
FMB/UNESP, que foi devidamente ressarcido por estes procedimentos.

Sera realizado levantamento do prontuario médico para coletar informacdes referentes a evolucéo da
gestacéo, dados do parto e de nascimento e exames do recém-nascido referentes a consultas feitas
anteriormente. O tamanho amostral minimo sera de 96 pacientes e seus respectivos filhos. Os critérios de
incluséo e de exclus&o, bem como as variaveis de controle, dependentes e independentes estdo bem

definidas e claras.

Objetivo da Pesquisa:

. Investigar as concentracdes sanguineas de glicose e perfil lipidico, que foram diagnosticadas durante a
gestacdo com HGL, DMG e avaliar a incidéncia do desenvolvimento de SM 2 a 10 apos a gestacéo.
Determinar a associac&o entre as concentragtes glicémicas na gestac&o de mulheres com DMG ou HGL, o
desenvolvimento de SM.

Objetivos especificos:

- Analisar a evolugé&o da insulino-resisténcia e sindrome metabdlica em mulheres que foram diagnosticadas
durante a gestacdo com hiperglicemia gestacional leve e diabéticas: DMG e clinico, através das
caracteristicas do perfil glicémico e lipidico.

- Avaliar os exames laboratoriais: perfil lipidico (triglicérides, colesterol total, HDL, LDL, VLDL) e glicemia de
jejum destas pacientes e seus filhos.

- Avaliar medidas antropomeétricas (peso, estatura e IMC) destas pacientes e seus filhos.

- Correlacionar medidas antropomeétricas maternas (peso, altura, e IMC antes da gestacéo e ganho de peso
durante a gestacé&o), com medidas maternas atuais e o desenvolvimento de seus filhos.
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Avaliagdo dos Riscos e Beneficios:
Riscos: N&o ha riscos para os pacientes.

Beneficios: Elucidacio da programacéo fetal na hiperglicemia e seus resultados.

Comentarios e Consideragdes sobre a Pesquisa:

Pesquisa relevante, elaborada adequadamente, contém todas as definicdes necessarias para seu
entendimento. De acordo com o pesquisador, seréo estudados apenas as informacdes de banco de dados e
de prontuario médico, com garantia de sigilo. O pesquisador informa que n&o havera gastos. Projeto ja foi
aprovado pelo CEP em 06/06/2017. Pesquisador solicita alterac&o no titulo do projeto, que & pertinente ao
objetivo da pesquisa.

Consideragdes sobre os Termos de apresentacdo obrigatoria:

Foram apresentados os seguintes documentos:

- folha de rosto da FMB: adequado;

- Anuéncia da instituicdo: EAP

- Oficio para alteracéo do titulo do projeto;

- Projeto de pesquisa: adequado;

- Solicita dispensa do TCLE. Justificativa: “o banco de dados inicial foi montado em cima de um projeto de
segmento e houve muita dificuldade no acolhimento destes pacientes, por isso néo é viavel reconvoca-los e
& pedido a dispensa do uso do Termo de Consentimento Livre e Esclarecido (TCLE)". Os pesquisadores

garantem o sigilo dos participantes.

Recomendagdes:

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Apos andlise, o Colegiado deliberou APROVACAQ da emenda apresentada.

Consideracdes Finais a critério do CEP:

Conforme deliberacéo do Colegiado em reuni&o ordinaria do Comité de Etica em Pesquisa da FMB/UNESP,
realizada em 05 de novembro de 2018, a solicitagc&o enviada na forma de “Emenda”, se encontra
APROVADA, sem necessidade de envio a CONEP.

Atenciosamente,

Comité de Etica em Pesquisa da Faculdade de Medicina de Botucatu — UNESP
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Este parecer foi elaborado baseado nos documentos abaixo relacionados:
Tipo Documento Arquivo Postagem Autor Situacéo
Informacdes Basicas| PB_INFORMACOES_BASICAS 121634] 23/10/2018 Aceito
do Projeto 3 E1l.pdf 14:41:18
Folha de Rosto folha_de_rosto. pdf 23/10/2018 |LUCAS PONTES DE| Aceito
14:39:43 |CAMARGO

Qutros oficio_cep . pdf 23/10/2018 |SARA ROSA Aceito
12:52:09 |STANLEY SAMPAIO

Outros oficio pdf 06/09/2018 |LUCAS PONTES DE| Aceito
17:57:21 CAMARGO

TCLE / Termos de | JustificativaAusencia pdf 19/04/2017 |LUCAS PONTES DE| Aceito

Assentimento / 16:25-13 |CAMARGO

Justificativa de

Auséncia

Outros Anuencia.pdf 19/04/2017 |LUCAS PONTES DE| Aceito
16:15:37  |CAMARGO

Cronograma LucasCronograma pdf 19/04/2017 |LUCAS PONTES DE| Aceito
16:13:07 |CAMARGO

Projeto Detalhado / | ProjetoLucas pdf 19/04/2017 |LUCAS PONTES DE| Aceito

Brochura 16:12:53 |CAMARGO

Investigador

Situacao do Parecer:

Aprovado
Necessita Apreciagdo da CONEP:
N&o
BOTUCATU, 12 de Novembro de 2018
Assinado por:
SILVANA ANDREA MOLINA LIMA
(Coordenador(a))
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