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Abstract

Background: The metabolic syndrome affects more and more global people. Although it shows in-
creasing prevalence in general population, the syndrome affects more women than men, what
makes its risk of being developed during pregnancy period. Also, possible perinatal adverse ef-
fects are always lurking. Objective: the objective was demonstrated what’s new in literature on
metabolic syndrome and pregnancy. Methods: A literature review was performed to extract the
articles published on metabolic syndrome and pregnancy, its prevalence, obstetrical complica-
tions and its perinatal adverse effects. This review was conducted by online researching in
PubMed, Lilacs, Medline, Embase, Scopus, Medscape, Libertas Academica and CINAHL database,
Science database and also by researches in books. 27 selected articles on metabolic syndrome af-
ter this research were all published between 1988 and 2015. Results: Among those 27 articles and
two books studied, SM rate in obstetric population ranged from 3% to 42% depending on the pre-
viously manifested components of the syndrome, age and region. Women with previously mani-
fested components showed more adverse perinatal effects. Conclusion: Women with pregesta-
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tional DM or SM and SM develop more during pregnancy, obstetric complications and adverse pe-
rinatal outcomes.
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1. Introduction

Metabolic syndrome (MS) is a complex disorder that affects more and more people nowadays. It’s considered as
an epidemic of the 21% century. Nowadays, it’s a cause for concern in both today, considered as an epidemic of
XXI century. Today, it is a matter of concern in both developed and developing countries [1].

MetS was first described as a syndrome by Reaven in 1988 [2]. With the increasing worldwide prevalence of
obesity and MS, pregnant women with preeclampsia have many of the characteristics of MS, which makes it a
provocative subject [3].

The prevalence of MS is commoner in females and increases with the age and urban housing [4].

It is associated with the rising incidence of obesity in developed and developing countries and is reaching ep-
idemic proportions affecting between 24% and 34% of the US population and up to 36% of Europeans aged 40 -
55 years [5].

In a recent study in Greece, the prevalence of metabolic syndrome was 25% in adult men and 15% in women
according to the National Cholesterol Education Program, Adult Treatment Panel 111 [6].

Metabolic syndrome is not a universally-accepted entity and, although certain cardiovascular risk factors un-
doubtedly occur together more often than expected by chance, the underlying pathophysiology of the syndrome
is unclear [7]. However, so far several definitions have been proposed [8], namely by the World Health Organi-
zation (WHO), the International Disease Federation (IDF), the National Cholesterol Education Program (NCEP),
and the fourth was the modified definition of the NCEP/ATP Il (ATP I1l/ American Heart Association (AHA)/
National Heart, Lung and Blood Institute (NHLBI)) [1] [2]. Among these, the report of the panel of NCEP called
“Adult Treatment Panel I11 (ATP I11)” has been widely used as a common definition in literature [9]-[11]. Now,
the JIS proposed is frequently used when we couldn’t find metabolic syndrome [12].

The ATP IIl method for diagnosing MetS is the presence of three or more of the five criteria-emphasis on
high waist circumference (WC > 102 cm in men and WC > 88 cm in women), high blood pressure (BP > 130/80
mm/Hg), high triglyceride (TG > 150 mm/dl), high glucose (FBG > 110 mg/dl, and low HDL (HDL < 40 mg/dl
in men and HDL < 50 mg/dl in women) [2]. On the other hand, abdominal obesity, defined by high WC is a
compulsory criterion on two or more of the other four criteria in IDF definition [11].

SM is defined by an interconnected set of factors that directly increases the risk of cardiovascular disease—
coronary heart disease (DCC), other forms of atherosclerotic cardiovascular disease (CVD) and metabolic dis-
eases (diabetes mellitus type 2 (T2DM)).

Its main components are: dyslipidemia, characterized by elevated triglycerides and apolipoprotein B (apoB),
containing lipoproteins, low and high density lipoproteins (HDL cholesterol), elevated blood pressure (BP) and
hyperglycemia, abdominal obesity and/or insulin resistance (IR).

As the research was developed, other abnormalities have been found in people with this syndrome such as
pro-inflammatory state, pro-thrombotic non-alcoholic fatty liver disease and sleep apnea [13].

In the United States, about a quarter of the adults suffer from Metabolic Syndrome [14].

The SM setting in pregnancy is controversial because the criteria for detection of SM overlap to the physi-
ologic changes of pregnancy. During pregnhancy, a woman experiences a set of periodic transformations that
disappear after delivery, among many quoted phenomena: insulin resistance, increased anabolism in the first half
of pregnancy, increased adiposity, hyperlipidemia, prothrombotic state [15]. Studies published on Diabetes Care,
shows that women who have not lost the weight gained during pregnancy up to twelve months after the birth of
the baby or put up on weight at this stage, are at serious health risks [16].

The role of insulin resistance in the pathophysiology of pregnant women with SM components (pre-eclampsia,
eclampsia, gestational diabetes) or even SM allow healthcare professionals to intervene properly and on time in
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pregnant women to prevent obstetric and neonatal disasters.

The prevalence of SM markers (obesity, high levels of glucose, triglycerides, total cholesterol and LDL cho-
lesterol) shows increasing trend with the evolution of pregnancy.

There are various diagnosing criteria for metabolic syndrome, but just Bartha and Chatzi presented modifica-
tions to diagnosis of the metabolic syndrome in obstetric people. Bartha introduced changes to the criteria of
WHO and NCEP-ATP I11, while Chatzi did it in the criteria of the NCEP ATP Ill and the NHLBI/AHA [17]
(Table 1 and Table 2).

In 2009, Chatzi et al. also submitted proposals for diagnosis of metabolic syndrome in obstetric population.
Based on the NCEP ATP Ill and on the NHLBI/AHA criteria, waist circumference is not considered as obesity
and neither criterion. While obesity is defined as a body mass index greater than CERTAIN = pre-pregnancy >
30 kg/m*, in particular, metabolic syndrome is diagnosed if 3 or more of the following risk factors are present:
pre-pregnancy body mass index > 30 kg/m?; level of triglyceride > 150 mg /dL; cholesterol level HDL < 50
mg/dl; fasting plasma glucose level > 100 mg/dL, and blood pressure level > 130/85 mm Hg [18]-[19].

Metabolic alteration in pre-pregancy is a determinant complication factor in pregnancy, post-pregnancy, in
life after birth and adverse perinatal outcomes. High maternal before pregnancy increased the risk of adverse
pregnancy outcomes, obesity has been demonstrated to be an independent risk factor for: macrosomia, delivery
by cesarean section, pregnancy induced hypertension, congenital malformation and lead to fetal death [20].

The diagnosis of MS during pregnancy identifies women at increased risk for developing cardiovascular and
metabolic complications later in life and that are potentially candidate to develop pathologies related to preg-
nancy, making it a proper situation to evaluate the perinatal adverse effects [21].

Table 1. NCEP-ATP Il adaptation of MS settings to pregnancy.

Proposal for Adaptation of MS definition of the NCEP—ATP |1 to preg-

Clinical NCEP—ATP Il for defining SM nancy [15]

Any of the following 3

Visceral obesity, defined as waist circumference > 88 cm

(in women)

Plasma triglycerides > 150 mg/dI

<HDL cholesterol 50 mg/dl (in women)
Blood Pressure > 130/> 85 mm/Hg

Fasting glucose > 110 mg/dL

Any of the following 3

Visceral obesity , defined as waist circumference > 2 SD for gestational
age in the 1% half of pregnancy or pre-pregnancy BMI > 30 kg/m?

Plasma triglycerides > 2 SD for gestational age
HDL cholesterol < 2 SD for gestational age
Blood Pressure > 130/> 85 mm/Hg
Fasting glucose > 110 mg/dL

Table 2. WHO adaptation of MS settings to pregnancy.

WHO clinical criteria for defining SM

Resistance to insulin by one of the following
Type 2 Diabetes
Impaired fasting glucose
Impaired Glucose Tolerance
Insulin resistance defined euglycemic hyper-
insulinemic clamp using the
More any two of the following
Antihypertensive and/or high blood pressure
(systolic or diastolic > 140 > 90 mm/Hg)
Plasma triglycerides > 150 mg/dI
<HDL cholesterol 39 mg/dl (in women)

>BMI 30 kg/m? and/or the waist/hip > 0.85
(in women)

Urinary albumin excretion rate > 20 g/min or
albumin creatinine ratio > 30 mg/g

Proposal for Adaptation to Pregnancy SM definition of WHO [15]

Resistance to insulin by one of the following
Type 2 Diabetes
Impaired fasting glucose > 105 mg/dL

Insulin resistance defined using the euglycemic hyperinsulinemic clamp or other
sensitivity measuring method insulin, adjusted for gestational age

More any two of the following

Antihypertensive and/or high blood pressure (systolic or diastolic > 140 > 90 mm/Hg )

Triglicerideos plasmaticos > 2 DP para a idade gestacional

Cholesterol HDL < 2 DP for gestational age

IMC pre-pregnancy > 30 Kg/m? and/or waist/hip ratio > 0.85
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Women with MS have a higher risk of developing GDM and because of that they can develop about 30% risk
for future development of diabetes type 2 (DM2) [22].

There are few studies on metabolic syndrome in pregnancy. In pregnant women with GDM it was reported a
prevalence of 10% [17]-[24]. In pregnant adolescents, the prevalence is 3% - 5% [25]. Women with gestational
hypertension have increased risk for developing insulin resistance postpartum, thus increasing likelihood of de-
veloping the metabolic syndrome. Drebes et al. 2009 detected a prevalence of MS in puerparas who had been
diagnosed pre-eclampasia of 13.9%, [26] 7.6% [27].

In Brazil, a PhD thesis developed in the PG Program in Gynecology, Obstetrics and Mastology (PGGOM) at
Unesp by Negrato et al. in 2008 found 24% to 36%, while another study conducted by Drebes [26] “Disease
Gestational Hypertension and Metabolic Syndrome” in Pontifical Catholic University of Rio Grande do Sul,
found 42% pregnant women with MS [26].

Once diagnosed Metabolic Syndrome in Pregnancy (MSG) or elements of it, it’s possible to provide rapid in-
tervention to prevent complications in pregnancy and adverse perinatal outcomes [28].

Maternal dietary conditions and changes in the intra uterine environment are directly related to the outcome of
pregnancy. Childbirth preterm, restricted intra uterine growth and newborn with low weight have a higher risk
of developing cardiovascular disease and insulin resistance in the future. Previous studies have reported associa-
tions between pre-pregnancy obesity, chronic hypertension, dyslipidemia, and inflammation in early pregnancy
to higher risks of preterm birth and intrauterine growth restriction [18].

Perinatal Adverse Effects

Concerning the adverse perinatal outcomes, the LGA and SGA neonates have augmented chances of developing
metabolic syndrome later [29].

The nourishment of the mother, of the embryo, of the fetus and of the newborn, plays an important condition
for a generation in developing or not diseases in future life. Lifestyle and feeding characteristics such as being
natural, synthetic, with or without pesticides etc. are directly related to ontogeny and diseases development [19].

Pregnant women with metabolic syndrome components are still considered at high risk despite all the scien-
tific efforts that have occurred along the years to promote quality more and more. Yet, the control of this is low-
er than desired. Thus, perinatal adverse effects (malformations, neonatal, neonatal hypoglycemia, and neonatal
macrosomia jaundice) continue to increase and this increase is directly proportional to the values and Compo-
nents numbers of MS presented [30].

Pregnant women with “insulin dependent DM” give birth to offspring with risk two to three times superior
than the normal rate of having malformation, whereas this risk is not observed in pregnant women with gesta-
tional diabetes. Multiple malformations are more frequent in diabetics” offspring than in nondiabetics [22]. The
macrosomia newborns have increased rate of hypoglycemia, hyperbilirubinemia, hypocalcemia, respiratory dis-
tress syndrome and hypertrophic cardiomyopathy [22].

The high levels of maternal glycemia lead to fetal hyperglycemia, and then to hyperglycemia in both mother
and fetus. Subsequently, the augmented insulin production occurred as an attempt of metabolism of the available
glycosis, causes hypertrophy and hyperplasia of pancreatic b-cells.

Hyperinsulinemia and hyperglycemia in the intrauterine environment is common in pregnancies complicated
by diabetes, what cause bigger fetal organs development than they should be and therefore favors the emergence
of macrosomia. Moreover, the excessive and continuous supply of glucose, amino acids and lipids from the
mother to the fetus stimulates the increase of newborn weight. Other determinant factors of fetal growth and ad-
ditional elements such as the presence of some hormones triglycerides, of free fatty acids, ketones, leptin, amino
acids and growth factors insulin-like (IGF) and insulin, are recognized as causative agents of exacerbated fetal
development [30].

Many studies refer to BMI bigger than 25 kg/m? interference with parturition birth weight greater than 4000
grams. Other studies make reference to the fact that the pre-gestational hyperglycemia and hyperinsulinemia in
the first trimester of pregnancy might be associated with macrosomia. Pregnant women with hyperglycemia in
the first quarter, when out of control, have increased in five times the risk of developing macrofeto [22].

Hyperglycemia harms the PAX gene-3, which is responsible for the closure of the neural tube. The oxygen
free radicals concentration increases because of hyperglycemia and this can have teratogenic effects. Fetal lungs
also suffer with this situation and may develop respiratory distress syndrome (20% - 30%) due to the fact that
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the hyperglycemia and hyperinsulinemia retard fetal lung maturity [31].

Fetal macrosomia is linked to perinatal complications such as: maternal morbidity, trauma at birth, fetal dis-
tress during labor (25%), neonatal hypoglycemia (8% - 22%), hiperbilurrubinemia (15% - 20%) and neonatal
mortality [31].

The hiperinsulinemia inhibits the action of cortisol in the lung, what leads to lecithin inhibition production by
type 1l pneumocytes. Lecithin is a fosfolipideo present in the surfactant, which stabilizes the pulmonary alveoli
during the expiration. Its decrease leads to the syndrome of respiratory discomfort, SRD [32].

The neonatal hiperbilurribunemia, defined as bilirubin bigger than 13 mg/dl complicates the evolution of new-
borns in 20% of diabetic mothers and infants. Polycythemia and hyperbilirubinemia set a situation in 3% - 5% of
diabetic mothers and infants. Diabetic pregnancy causes an increase in viscosity, providing clinical sequelae
such as heart failure, renal impairment, renal vein thrombosis, necrotizing enterocolitis and damage to the cen-
tral nervous system, leading to decreased blood oxygenation and stimulation of erythropoiesis [32].

Congenital malformations are commonly more frequent and severe in children born of pregnant women who
have gestational diabetes than in the population without this condition. The most common kinds of malforma-
tion are: anencephaly, spina bifida, hydrocephalus, rectal/anal atresia, renal anomalies, cardiac hypertrophy, or-
ganomegaly and increase in blood volume. These are all associated with gestational diabetes. It’s worth recalling
that children of diabetic mothers have a higher risk of later obesity and often are in obesity class IlI; they also
develop diabetes and problems in psychomotor development [33]. Regarding the obstetric and neonatal compli-
cations related to MS in pregnancy, gestational diabetes, hiperisulinemia, presence of acute co-morbidities or
chronic complications are directly related to morbidity and maternal and fetal mortality. For this association is
urgent to pay more attention in the treatment and diet to prevent diseases that cause disorders in the lives of
mother/fetus and society. 50% to 70% of diabetic pregnant women improve their glycemic rates with dietary
improvement [34].

2. Methodology

We reviewed the literature to demonstrate the current state of metabolic syndrome and pregnancy, its prevalence,
obstetric complications and its adverse perinatal factors. To support this review, surveys were conducted in 27
articles and in two books of obstetric publications from 1988 to 2015. PubMed, Lilacs, Medline, Embase, Sco-
pus, Medscape, Libertas Academica, CINAHL and Science databases were used to search for articles published
on metabolic syndrome in pregnancy. We searched all those databases using the key words: metabolic syndrome
in pregnancy, the MS prevalence in pregnancy, perinatal adverse effects in pregnant women with MS. 71 articles
published in English and Portuguese were identified.

All the identified articles were reviewed to find and avoid possible duplication and then arranged for further
survey. By analyzing the titles of the articles, the ones whose design differed from inclusion criteria (metabolic
syndrome in pregnancy, adverse perinatal outcome) were excluded. Summaries of the articles were read and se-
lected and we excluded those which did not mention the features of metabolic syndrome in pregnancy and its
adverse perinatal outcomes. The complete text of selected articles were retrieved and reviewed independently.
After data extraction, a new review of articles was made as a means to ensure that the data of the selected ar-
ticles were included only once in the analysis, which resulted in only 27 remaining articles taking part with this
review.

The results are summarized according to sample size, type of study, the definition used for metabolic syn-
drome in pregnancy and its prevalence. Risk factors were also evaluated. From all of these studies, 27 articles
focused mainly on the syndrome definition, its prevalence and its adverse perinatal outcomes (Figure 1).

3. Results

Women with pre gestational metabolic syndrome are more likely to develop complications during pregnancy,
such as pre eclampsia, eclampsia, gestational diabetes, and coma. Thereby increasing the possibility of being
born a baby with perinatal adverse effects such as malformations, hypoglycemia, macrofeto among others, while
when this syndrome begins in pregnancy, reduce the harm chances formations because they have relationships
with situations that occur in the first quarter pregnancy, with only the chances of having obstetric complications
and with respect to the newborn: Macrofeto, jaundice, hypoglycemia and respiratory distress syndrome.
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Figure 1. Search strategy.

Recommendation

Metabolic syndrome is an entity that must be diagnosed early so you can provide an opportunity for health pro-
fessionals to intervene in ways to promote health and prevent complications.

4. Our Experience at the Experimental Laboratory of Gynecology and Obstetrics of
Botucatu Medical University/Universidade Estadual Paulista

The unprecedented identification of pregnant women with mild gestational hyperglycemia—HGL (using the
following diagnostic tests: Tolerance Test to normal glucose and glycemic profile changes, proposed by
RUDGE, are now recognized by the international literature (HAPO, It was performed by the Diabetes Research
Group and Pregnancy: Clinical & Experimental Research from CNPq) which started in 1983 at the Botucatu
University of Medicine/UNESP. In the early projects and publications, the name of this group of pregnant
women with abnormal glucose profile was IB of Rudge. Research related to these 1B groups of mothers who
have HGL, correspond to 13.8% of the pregnant women with positive screening for GDM, which added to 7.0%
of the pregnancies complicated by diabetes and augmented the occurrence of hyperglycemic disorders in preg-
nancy to about 20%. The translational research has guided all the researches over the years (SGARBOSA et al.,
2006; RUDGE et al., 2006, 2007, 2009; CALDERON et al., 2007; CAMPOS et al., 2007, 2008; LIMA et al.,
2007; SPINNATO et al., 2008; SIBAI et al., 2008; VOLPATO et al., 2008, 2009; NEGRATO et al., 2008, 2009;
DE LUCA et al., 2009; de SOUZA et al., 2009, 2010; PIETRO et al., 2010). Investigations have shown that
pregnant women with HGL and DMG have several clinical parameters of MS during pregnancy. The history of
DMG (odds ratio 3.75; IC 95% 1.03 - 15.9), and BMI > 25/kg m? (odds ratio 3.63; IC 95%; 1.06 - 12.49) was
more relevant for MS occurrence during pregnhancy. Determinations HOMA-IR and HOMA-£ indicated in
pregnant women with HGL, an insulin resistance framework that persists 06 weeks postpartum and that asso-
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ciates pregnant women with GDM directly to the occurrence of MS during pregnancy [22].

Pregnant women who developed GDM or HGL usually were found to be born with lower weight and shorter
legs, showing the fetal programming of MS still in their intrauterine life. Nowadays, literature alerts to the risks
of association between MS and its components in pregnancies complicated by GDM or HGL Negrato et al.,
(2008), suggesting strong interrelationship between these conditions. Since there was no global definition for
MS during pregnancy, Negrato et al., in 2008, adopted the following criteria: any of the three primary criteria
(changes in glycemic profile and/or the GTT or hyperinsulinemia) plus at least two of the following criteria:
hypertension, dyslipidemia and obesity. The results showed that MS components had great impact on the prod-
uct of conception, increasing the adverse perinatal events—APO (Adverse Perinatal Outcome). The prevalence
of MS during pregnancy increased with worsening of glucose tolerance, reflected insulin resistance/hyperinsu-
linemia leading to increased fetal weight and was precursor of adverse perinatal outcome (APO). The diagnosis
of MS in the second half of pregnancy was an important indicator of fetal macrosomia in both DMG and HGL,
showing that the sum of MS components identifies a group of high-risk pregnant women about to develop APO
[22].

The results strongly recommend that people with MS during pregnancy need to be compared to the population
of other countries in the world to establish general criteria for the MS monitoring.
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