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Abstract  Adaptation to pregnancy involves substantial metabolic changes in order to satisfy the increasing demands of 
the fetus. This article provides an insight into the recent findings on metabolic adaptations during normal pregnancy, with an 
overview of metabolic adaptations in obese women and possible effects of obesity on pregnancy outcomes. A comprehensive 
search was conducted during January, 2013 within  the Pubmed and OvidSP databases. Early gestation can be viewed as an 
anabolic stage with an increase in maternal fat deposits, changes in insulin sensitivity and protein metabolism. Late 
pregnancy, may be described as a catabolic state with decreased insulin  sensitivity, resulting in the increase in maternal 
glucose and free fatty acid concentration. Due to metabolic changes in pregnancy, decreased insulin sensitivity in particular, 
overweight pregnant women face higher risk of metabolic d isorder during pregnancy, as well as short and long-term adverse 
pregnancy outcomes. Child ren of obese women also face higher risk of metabolic dysfunction. Increased obesity among 
women of reproductive age stress the need for better knowledge and understanding of metabolic occurrences during 
pregnancy and their effects on child’s growth, development and long-term health, as well as mother’s health after the 
pregnancy. 
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1. Introduction 
Pregnancy is accompanied by a series of anatomical, 

physiological and biochemical adaptations and any of these 
changes begin soon after conception and continue 
throughout the pregnancy[1]. Most of the changes are a 
response to the physiological stimuli of the fetus and 
placenta. During normal pregnancy, changes occur in nearly 
every organ system. Metabolic changes occur due to 
increased demands of the growing fetus and placenta, and are 
numerous and intensive. No other physiological condition 
causes such major changes in the functioning of metabolism. 
By the third trimester, maternal basal metabolic rate increase 
by 10-20% when compared to the pre-gravid period, with an 
additional 10% increase for twin pregnancies[2]. Total 
energy requirements estimate 80000 kcal, respectively 300 
extra kcal a day[1]. 

Pregnancy  is a dynamic, anabo lic state. Physiolog ical 
adaptations can be classified according to gestational periods, 
e.g. the first and the second half, three trimesters or four 
quarters . The firs t  half o f p regnancy  is  p rimar ily  a 
preparation stage for the demands of rapid fetal growth in 
late pregnancy. Although over 90% of fetal growth occurs  
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during the second half of gestation, adaptations of nutrient 
metabolism are visib le from the first weeks of pregnancy. 
Within a few weeks following conception, a new endocrine 
organ, the placenta, develops and secretes hormones and 
cytokines affecting the metabolis m of all nutrients. These 
adaptations support fetal growth and development, and at the 
same time maintain homeostasis in the mother and prepare 
her for lactation. Depending on the nutrient, one or more 
adaptations take place: 1. growth of new tissue or deposition 
of nutrients in maternal reserves, 2. redistribution between 
tissues, and 3. increased turnover or metabolis m of 
substances[3]. 

Circulat ing concentrations of most nutrients decline by the 
end of the first ten weeks of pregnancy, before the increase of 
plasma volume. The concentration of serum albumin 
decreases by 8-10% in  the first ten weeks of pregnancy, and 
since albumin is the carrier for many nutrients, its significant 
decrease can explain the abrupt decrease of circulating 
nutrient concentrations[3]. 

Rapid fetal growth during the second half of pregnancy 
dictates the changes in basal metabolis m, proteins and 
deposition of minerals. Changes in glucose metabolism, and 
probably in fatty acids as well, occur simultaneously with 
mother and child’s increased energy demands, whereas 
adaptation of protein metabolism appears to occur in 
anticipation of maternal and fetal demands[4]. Glucose is the 
primary energy source for the fetus, whereas nit rogen 
accretion and protein deposition are essential components of 
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fetal growth and the synthesis of new fetal and maternal 
tissue. 

Utilizat ion of nutrients can be changed either by increased 
intestinal absorption, or decreased renal or gastrointestinal 
secretion. Changes in nutrient metabolis m can be described 
by several general statements: 1. they are caused by 
hormonal changes, fetal demands and maternal nutrient 
supply, 2. there is more than one potential adaptation for 
each nutrient, 3. changes in mother’s behaviour affect 
physiological adaptations and 4. physiological capacity of 
nutrient metabolis m adaptation has a limitation which, if 
exceeded, causes impaired fetal g rowth and development[3]. 

The purpose of this article is to provide an overview of 
recent findings on metabolic adaptations during pregnancy. 
The article focuses primarily on the metabolism of all main 
nutrients during normal pregnancy. It contains the 
descriptions of basal metabolism, changes in body 
composition and weight gain, as well as the metabolis m of 
water, minerals and electro lytes. There are also description 
of characteristics of metabolic adaptations in obese women 
and the possible effects of obesity on pregnancy outcomes. 

2. Methods 
A comprehensive database search was performed during 

January, 2013 within PubMed and OvidSP with the purpose 
of finding trials on metabolic adaptations in pregnancy. 
There were no limitations with respect to trial design or the 
time when art icles were published, apart from including 
exclusively papers in English dealing with the pregnant 
population. The search was concluded on January 31st 2013. 
The key terms and their combinations used for the search 
were: “pregnancy”, “metabolis m”, “metabolic”, 
“adaptation”, “weight gain”, “insulin resistance”, “obesity”, 
“fetus”, “lipid”, “carbohydrate” and “protein”. The 
procedure was concluded by using references found in all 
relevant papers. 

3. Results 
3.1. Basal Metabolism and Weight Gain 

Average weight gain in pregnancy is approximately 12.5 
kg[1]. Around 40% of the total weight gain is related to the 
weight of the fetus, placenta and amniotic flu id, whereas the 
remain ing 60% represents the increased mass of maternal 
tissue, including  the uterus, breasts, blood, adipose tissue and 
extracellular fluid[5]. Some other organs also increase in  size, 
e.g. the liver, kidneys and heart[4]. The weight of the fetus, 
supporting tissues (uterus, placenta and amniotic fluid), and 
tissues preparing for lactation (mammary  glands) account for 
approximately 6.5 kg, whereas the rest is related to increased 
water retention and adipose tissue in the pregnant woman’s 
organism. 

There are one or more adaptations for the preservation of 
energy: 1. decreasing lip id synthesis and the deposition of 

maternal adipose tissue, 2. changing the intensity of physical 
activity and 3. increasing food and energy intake[3]. The 
total resting energy expenditure, and adipose and lean tissue 
gained during pregnancy, range from 60000 to 170000 kcal, 
whereas in  theory, estimated energy needs are 80000 kcal[6]. 
Additional energy needs during normal pregnancy, reported 
in 10 healthy pregnant women, ranged between 210 and 570 
kcal/a day, whereas most women ingested more than the 
extra 300 kcal recommended for pregnant women[6]. A 
higher cumulative increase in basal metabolic rate is related 
to increased birth weights and the tendency to deposit less 
adipose tissue. Energy metabolism and fetal growth depend 
on the pre-pregnancy energy status and the quality of living 
conditions during pregnancy[7]. Increase in 
pregnancy-related energy expenditure is a fairly flexib le 
value, because some women consume a lot less, and some 
considerably more energy than recommended. 

By the th ird t rimester, maternal basal metabolic rate 
increase by 10-20% in comparison to the pre-gravid period, 
with an additional 10% increase for twin pregnancies[2]. 
Basal metabolic rates are 20% h igher in pregnant obese 
women, as opposed to non-gravid obese women[8]. These 
women enter pregnancy with large fat deposits, causing a 
boost in their basal metabolism, in  order to level out further 
deposition of adipose tissue. 

Increase in adipose tissue deposits correlates positively 
with gestational weight gain and indicates that women with 
higher weight gain also deposit more fat. There is also an 
inverse relation between maternal fat deposits before 
pregnancy and adipose tissue gain during pregnancy, which 
is consistent with the observation that obese women gain less 
weight during pregnancy. Deposition of fat  occurs primarily 
during the second and third quarter of pregnancy i.e. between 
the 13th and 35th week and is assumed to represent the energy 
deposits to be used in the final quarter, when fetal energy 
demands are the highest. The total estimated adipose tissue 
gain is 3.35 kg, but can range from -2 to 10 kg in healthy 
women[7], i.e. from 1.9 to 5.8 kg[9]. High amounts of gained 
adipose tissue increase the risk of obesity after birth. In 
women with normal body weight, energy intake and fat 
deposits are not related, which is in contrast with the 
expectations that larger fat deposits are related to higher 
energy intakes[7]. 

In underweight women basal metabolism is reduced in 
early p regnancy, as opposed to women with normal weight, 
who show quite opposite tendencies. Maternal energy status, 
i.e. fat deposits at the moment of conception, is the main 
determinant of basal metabolic rate trends during pregnancy. 

Excessive fat deposits can have adverse effects on the 
health of both fetus and mother. Maternal obesity is related 
to a linear risk increase fo r a large number of complications 
during pregnancy[9]. Fat is mainly deposited centrally i.e. 
combined in the subcutaneous truncal and visceral adipose 
tissue. Visceral adipose tissue is related to metabolic 
disorders. Excessive levels of central adipose tissue are 
related to cardiovascular diseases and diabetes in adults, as 
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well as glucose intolerance/gestational diabetes and 
gestational hypertension/preeclampsia during pregnancy. In 
obese pregnant women, there are elevated levels of 
circulat ing leptin concentrations, as well as elevated levels of 
inflammatory mediators, including IL-6. Considering the 
known relation between the inflammatory state and 
preeclampsia, this contributes to increased risks in obese 
pregnant women. 

Due to the variab ility of energy expenditure during 
pregnancy, it is difficult  to set nutrition standards. For 
women with normal body weight and obese women liv ing in 
developed countries, estimated addit ional energy needs are 
less than 300 kcal/a day, especially in case of decreased 
physical activ ity. Food intake above these recommended 
values results in excessive adipose tissue deposition, due to a 
generally anabolic state during pregnancy. In 
undernourished women and women performing strenuous 
physical activit ies, consumption of nutritional supplements, 
however brief, during 90 days of pregnancy is beneficial for 
fetal growth[10]. 

In 1990 new standards were proposed on weight gain 
during pregnancy[11], acknowledging the fact that weight 
gain varies significantly among women who have given b irth 
to healthy infants of optimal body weight. New guidelines 
set different standards for undernourished, well-nourished 
and obese pregnant women, g iving a wide range of 
weight-gain recommendations for each of the three groups. 

3.2. Carbohydrate Metabolism 

Normal pregnancy is characterised by mild fasting 
hypoglycaemia, postprandial hyperglycaemia and 
hyperinsulinemia. After o ral g lucose ingestion in pregnant 
women, there is prolonged hyperglycaemia and 
hyperinsulinemia, as well as increased suppression of 
glucagon secretion[12]. Th is response is related to the 
induced state of peripheral insulin resistance, whose purpose 
is probably to maintain a postprandial supply of glucose to 
the fetus. The fetus is estimated to utilize 20-25 g of glucose 
a day in late pregnancy[13]. In  early pregnancy, basal 
glucose and insulin concentrations do not differ significantly 
from pre-gravid values. Until the third trimester, the basal 
glucose concentration is 10-15 mg/dL (0.56-0.83 mmol/L) 
lower, whereas insulin concentration is almost double when 
compared to non-gravid  women[13]. Postprandial glucose 
concentration is significantly  elevated, whereas peak glucose 
concentration is retained longer. Basal endogenous hepatic 
glucose production is increased by 16-30%[13]. 

Fasting glucose levels decrease progressively as 
pregnancy advances. These levels decrease even further in 
case of prolonged fasting. The mechanism is complex, 
whereas potential contributing factors include: 1. effects of 
dilution (elevated plasma volume in early pregnancy), 2. 
elevated glucose consumption (or increased fetoplacental 
glucose consumption, or increased maternal glucose 
deposition, due to elevated β-cell function) and/or 3. 
insufficient glucose production (limited hepatic production 

in relation to circulating glucose concentrations)[14]. 
Despite decreased fasting glucose and elevated fasting 

insulin concentrations, hepatic glucose production (normally 
suppressed by insulin) is elevated. Th is contributes to 
decreased insulin sensitivity and results in decreased 
suppression of hepatic glucose production in women with 
normal g lucose tolerance. Additionally, in obese pregnant 
women with abnormal g lucose tolerance, occurs a decreased 
ability to completely  suppress hepatic glucose production in 
late pregnancy after admin istering intravenous insulin, when 
compared to measurements before and during early 
pregnancy. These findings indicate a further decrease in 
insulin sensitivity in obese women. 

There are significant changes in insulin  sensitivity during 
pregnancy. It is characterised as a postreceptor defect 
resulting in decreased insulin ability to stimulate GLUT4 
mobilisation from the interior to the surface of the cell[15]. 
Although until now the human placental lactogen has main ly 
been mentioned as the source of decreased insulin sensitivity 
(HPL)[16], recent research draws attention to the role of 
cytokines and elevated lipid concentrations during 
pregnancy, which correlate positively  with longitudinal 
changes in insulin sensitivity, in both non-gravid[17] and 
pregnant women[18, 19]. 

In early pregnancy, insulin sensitivity varies and depends 
on maternal pre-gravid insulin sensitivity, as well as other 
speculative mechanisms. Changes in late pregnancy are 
accompanied by significantly decreased insulin sensitivity, 
whereas the stimulus for the decrease of insulin sensitivity in 
muscles and adipose tissue stems probably from hormone 
and cytokine production in the placenta. In pregnant women 
with little adipose tissue there is a 10% decrease, and in 
obese pregnant women a 15% increase in  insulin  sensitivity 
during early pregnancy, as opposed to the pre-gravid 
period[20]. Decreased need for insulin in early pregnancy 
observed in some women may  be the result of a relative 
insulin sensitivity increase. This is particularly  prominent in 
obese women with decreased insulin sensitivity prior to 
conception. Peripheral insulin sensitivity further decreases in 
late pregnancy, with the decrease ranging from 33-78%. 
Women with less adipose tissue have a lower overall 
decrease in insulin sensitivity. 

A normal β-cell response to insulin resistance is an 
increase in insulin secretion, i.e. a decrease of the effects of 
insulin resistance on circulating glucose levels. Increased 
insulin secretion (or increased β-cell function) during 
pregnancy is most likely compensation for progressive 
insulin resistance, and not the other way around, because 
insulin resistance occurs even if endogenous insulin 
secretion is absent. Taking into consideration, however, that 
insulin secretion increases as much as 50% early in the 
second trimester, before the manifestation of insulin 
resistance, hormonal characteristics of pregnancy may prove 
to be responsible for increased insulin secretion, regardless 
of insulin  resistance. The mechanisms leading to increased 
insulin secretion in pregnancy, primary or compensatory to 
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resistance, are not entirely known. They are partly related to 
metabolic effects of several hormones and cytokines which 
are elevated in maternal circulat ion during pregnancy. There 
is a confirmed parallel between the pattern of insulin 
resistance during pregnancy and the simultaneous growth of 
the fetoplacental unit, and the increase of the concentration 
of placental hormones. An elevated concentration of 
circulat ing free fatty acids can also increase tissues’ 
resistance to insulin[21]. 

Likewise, circulat ing concentrations of TNF-α are 
inversely correlated with insulin sensitivity. Together with 
leptin, cortisol, HPL, HCG, estradiol, progesterone and 
prolactin, TNF-α is the only relevant predictor of insulin 
sensitivity change, from the pre-gravid state, to late gestation 
[14]. Elevated TNF-α concentrations can suppress the insulin 
signalling pathway and result in observed decreased insulin 
sensitivity. The source of elevated TNF-α is probably 
placental. 

In late pregnancy, there is increased carbohydrate 
contribution to the oxidative metabolis m. Using respiratory 
calorimetry, the measured 24-hour respiratory quotient is 
significantly higher in late pregnancy than postpartum; 
carbohydrate oxidation  expressed as a percentage of the 
consumption of non-protein energy sources decreases from 
66% in late pregnancy, to 58% six months postpartum, 
whereas absolute carbohydrate oxidation values are 
significantly higher during pregnancy (282 g a day) than 
postpartum (210 g a day)[13].  

The effects of obesity on these adaptations are significant 
and there is a  particular decrease in fasting glucose during 
early pregnancy. There is also a significant peripheral and 
hepatic insulin resistance, manifested as decreased 
insulin-mediated deposition of glucose, decreased 
insulin-stimulated carbohydrate oxidation, and decreased 
insulin suppression of endogenous glucose production. In a 
postprandial state, obesity-related insulin resistance 
increases the circulating nutrient levels, e.g. g lucose, lip ids 
and amino acids. Consequently, this leads to impaired 
glucose uptake and fetal exposure to hyperglycaemia; the 
inability to suppress lipolysis leads to increased levels of free 
fatty acids to be transferred in the placenta; a decreased 
insulin ability to suppress amino acid turnover causes 
elevated maternal concentrations of branched-chain amino 
acids and facilitates the transfer of excessive amounts of 
nutrients to the fetus. All these factors contribute to fetal 
macrosomia. 

Although precise mechanisms of regulat ing insulin 
sensitivity are not yet known with certainty, it does appear 
that fat mass plays the principal role. Women with less 
adipose tissue have an inverse correlation between the 
changes in insulin sensitivity and fat mass. Obese women 
show a negative relation between decreased insulin 
sensitivity and increased fat mass, from the pre-gravid stage, 
to late pregnancy. Additionally, although changes in insulin 
sensitivity in late pregnancy are mediated on the peripheral 
level primarily, and on the hepatic level secondarily, 

elevated levels of non-esterified  free fatty acids in late 
pregnancy also contribute to peripheral and hepatic insulin 
resistance, with estrogen facilitating fu rther lipid increase. 

3.3. Lipid Metabolism 

Although changes in glucose metabolis m are often 
regarded as the primary metabolic adaptations during 
pregnancy, significant changes also occur in lip id 
metabolism. Non-obese women deposit approximately 3.5 
kg of fat during normal pregnancy, however, with significant 
individual variations[7]. Subcutaneous fat mass, primarily 
centrally distributed, increases significantly during 
pregnancy. Additionally, the ratio  of preperitoneal and 
subcutaneous adipose tissue changes, indicating an increase 
in intra-abdominal adipose tissue, whereas an increase in 
visceral adipose tissue may be related to decreased insulin 
sensitivity[14].  

Lipid, lipoprotein and apolipoprotein concentrations in the 
plasma significantly increase during pregnancy. Total 
triglyceride concentrations increase 2-4 t imes, total 
cholesterol by 25-50%, LDL by 50%, whereas HDL 
increases by 30% by mid pregnancy, after which it declines 
as term approaches[14]. 

Maternal hyperlip idemia is one of the most consistent and 
most prominent changes in lipid metabolis m during 
pregnancy. This increase is most prominent in pregnant 
women suffering from gestational diabetes[22]. The 
mechanis ms responsible for these changes include increased 
lipolyt ic activ ity and decreased activity of lipoprotein lipase 
in ad ipose tissue[23]. The effects of estradiol and 
progesterone on the liver also play an important role[24]. 
After birth, the concentrations of lip ids, lipoproteins and 
apolipoproteins decrease, which is even more accelerated by 
lactation[25]. 

Decreased insulin sensitivity during pregnancy is not 
limited merely to glucose metabolis m, but is also related to 
lip id metabolis m[22]. Increased concentrations of free fatty 
acids are related to decreased insulin ability to suppress 
lipolysis in late pregnancy. Freinkel[26] uses the term 
«accelerated starvation in pregnancy» to describe the 
increased risk of ketosis in pregnant women. Elevated levels 
of free fatty acids are a useful energy source for maternal 
needs in late pregnancy, when energy demands are the 
highest. This is also related to higher birth weight rates[27]. 
Recent trials conducted by Di Cianni and associates[28] and 
Schaefer-Graf and associates[29] show a significantly 
positive correlation between maternal triglyceride 
concentrations in late pregnancy, and fetal growth/adiposity. 
Increased concentrations of fatty acids and glycerol in the 
plasma are consistent with the mobilisation of fat deposits. 
This shift from an anabolic towards a catabolic state 
stimulates the use of lipids as maternal energy sources, while 
preserving glucose and amino acids for the fetus. 

Changes in lipid metabolis m stimulate the accumulation 
of maternal fat reserves in early and mid  pregnancy, and 
improve adipose tissue mobilisation in  late pregnancy. 
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Adipose tissue is deposited primarily mid-pregnancy[30, 31], 
with more deposits centrally than peripherally. Adipose 
tissue is available for transfer to the placenta during the last 
trimester, when fetal growth is at its maximum and there are 
high demands for essential fatty acids[23, 32]. 

Lipid metabolis m differs among women with little  
adipose tissue and obese women. Lean women experience 
the predominance of lipogenesis in the first stage of 
pregnancy, and lipolysis in the late stage. In obese women, 
on the other hand, lipogenesis occurs only in the pre-gravid 
period, whereas lipolysis predominates in both stages of 
pregnancy[14]. These data confirm insulin’s inability to 
suppress lipolysis in  all women as pregnancy advances, and 
offer further evidence of increased insulin  resistance in obese 
women, as opposed to women with normal weight in earlier 
stages of pregnancy[14]. 

In obese pregnant women, hyperlip idemia is even more 
prominent. Total and VLDL triglycerides tend to be even 
more elevated, whereas plasma HDL is even lower, as 
opposed to LDL, which remains unchanged. Relative insulin 
inability to suppress lipolysis in the entire body leads to a 
significant increase of free fatty acids in the plasma. 
Oxidative susceptibility of LDL, related to endothelial 
dysfunction, atherosclerosis and cytotoxicity, further 
increases with maternal obesity. 

Dyslipidemia can contribute to vascular complications, 
including preeclampsia – maternal hypertrig lyceridemia is 
characteristic in  women who develop preeclampsia. 
Observed triglyceride changes in preeclampsia were 
accompanied by an almost triple increase of VLDL1 and a 
double increase of VLDL2 levels, a  significant increase of 
fatty acids and a triple increase of LDL levels. Low-density 
LDL particles, which are enlarged in  both preeclampsia and 
obesity, are highly atherogenic and capable of inducing the 
formation of fatty foam cells and endothelial dysfunction, 
causing further damage to endothelial function, due to 
increased free fatty acids[9]. Obese women or women with 
excessive weight gain, with previously diagnosed or recently 
developed cases of dyslipidemia, are more susceptible to the 
development of acute placental atherosis and preeclampsia. 
Furthermore, this relation, in addition to inflammat ion, 
potentially provides an explanation for the strong 
epidemiological connection between preeclampsia and 
pre-pregnancy BMI and excessive weight gain  in  non-obese 
women[9]. 

However, Saarlainen and associates[33] have discovered 
that endothelium-dependent vasodilator responses actually 
improve during pregnancy. This improvement is part ly the 
result of elevated HDL cholesterol concentrations that are 
most likely inhibiting the oxidation of low-density 
lipoprotein, thus protecting the endothelium. Their findings 
indicate that the cause of increased risk of cardiovascular 
diseases in mult iparous women should be sought among the 
factors not related to maternal hypercholesterolemia. 

One must not forget that, recently, understanding the role 
of adipocytes has improved immensely. Adipose tissue is not 

only a source of maternal calories, but rather an active 
metabolic tissue with a key role in one’s metabolism. 
Adipocytes and adipose stromal cells are a rich source of 
cytokines and inflammatory mediators, which can either 
increase insulin resistance (TNF-α), o r reduce it 
(adiponectin). Their ro le in the modulation of metabolic 
changes in pregnancy is not entirely  known. The interaction 
between the cytokines in maternal ad ipose and placental 
tissue could play a much larger role in maternal metabolism 
than previously believed. 

3.4. Leptin and Ghrelin 

Leptin is a peptide hormone secreted primarily by adipose 
tissue and plays a key role in the regulation of body fat and 
energy reserve expenditure. Leptin levels increase in 
pregnancy and reach their peak in the second trimester, 
whereas until birth they remain in a 2-4-fold h igher 
concentration than in non-pregnant women[34]. Serum 
leptin levels continuously increase from the 6th-8th week to 
the 38th-40th week of pregnancy, with a drastic decline after 
birth[35]. 

This increase is only  partly a result of weight gain, 
because substantial amounts of leptin are also produced by 
the placenta. The production of leptin is observed in the 
placental trophoblast and amniot ic cells, as well as 
syncytiotrophoblast cells. In fact, the mass of the placenta 
positively correlates with leptin levels[36]. Hauguel-de 
Mouzon and associates[37] established a hypothesis that 
increased leptin production is critical for the regulation of 
increased energy demands in pregnant women. Leptin could 
also play a role in the regulation of fetal growth, the 
incidence of macrosomia, as well as fetal growth restriction 
[38-41]. There is more and more evidence that leptin serves 
as a detector of long-term energy source availability, as well 
as a signal of sufficient maternal reserves of adipose tissue 
for the in itiation of reproduction[13]. 

It is presumed that low leptin concentrations in women 
with extremely low amounts of adipose tissue disable 
reproduction, due to insufficient secretion of gonadotropins 
[42]. Elevated leptin concentrations in obese women do not 
have adverse effects on gonadotropin concentrations, but can, 
however, directly  inhib it estrogen production, thus 
contributing to fertility problems. Decreased leptin levels are 
indicative of pregnancy termination, either through birth, or 
a pathological process. 

In pregnant women, differences in  appetite, thermogenesis 
and lip id metabolis m could  partly  be leptin-regulated. It  is 
know that leptin  inhib its the release of neuropeptide Y, a 
strong appetite stimulant. Elevated leptin  concentrations 
during pregnancy may appear to be a paradox, due to an 
assumed increase in food intake, which practically causes 
resistance to leptin. The role of leptin in pregnancy must be 
examined in more detail. 

Ghrelin is another hormone related to adipose tissue and 
probably plays a role in fetal growth and cell pro liferation. It 
is likewise produced in placental tissue and regulates the 
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secretion of growth hormone. Maternal levels of serum 
ghrelin increase and reach their peak mid-pregnancy, after 
which they begin declin ing until term[43]. It is known that 
ghrelin  levels also decrease in  other conditions related to 
insulin resistance, such as the metabolic syndrome[44]. 

3.5. Protein Metabolism 

During pregnancy, significant adaptations also take place 
in protein  metabolis m, in order to satisfy the increasing 
needs of the fetus. These adaptations are complex and 
change gradually during the course of the pregnancy. While 
the adaptations of glucose and fatty acids metabolis m occur 
simultaneously with increased energy demands of mother 
and fetus, changes in protein metabolism are anticipatory of 
those demands. There is a  decrease in  the overall α-amino 
nitrogen, a decrease in urea synthesis and in the rates of 
transamination of branched-chain amino acids[4]. 
Adaptation responses of nitrogen metabolism in pregnancy 
are directed towards the deposition of nitrogen and protein, 
initially in the mother’s organism, and later in the fetus, as 
well. The exact mechanism of this adaptation is unknown, 
but is probably related to pregnancy-induced insulin 
resistance[4]. 

At the end of pregnancy, the fetus and placenta reach the 
mass of approximately 4 kg  and contain approximately  500 g 
of protein, i.e. around half of the total protein growth in 
pregnancy, estimated at 925 g[45]. The remain ing amount is 
deposited in the uterus in the form of contractile proteins, in 
the mammary glands and in the blood[34]. 

Hypoaminoacidemia and a reduced response of amino 
acids to protein intake occur during pregnancy, indicating an 
increased uptake of amino acids in  visceral organs. 
Hypoaminoacidemia during fasting, which occurs in early 
pregnancy and persists throughout pregnancy, can be related 
to the effects of pregnancy-related hormones. Moreover, 
during fasting, there is a much larger decrease in glucogenic 
amino acids – alan ine, serine, threonine, g lutamine and 
glutamate, which can indicate that they are responsible for 
fasting hypoglycaemia, although there is no direct evidence 
to corroborate this assumption[4]. The concentration of 
amino acids is higher in the fetus than the mother[46, 47]. 

The increase of amino acid concentration in the fetus is 
regulated by the placenta, which is not only responsible for 
the concentration of amino acids in fetal circu lation, but also 
for the synthesis of proteins, oxidation and transamination of 
certain amino acids[48]. There is a  positive correlation 
between the total concentration of amino acids, the 
concentration of serine, lysine, pro line, orn ithine, argin ine, 
and neonatal birth weight[49]. These correlations do not 
necessarily mean that the mentioned amino acids play a key 
role in fetal g rowth, because some of them (e.g. serine) are 
not transported to the fetus in substantial amounts. Thus, 
changes in the concentrations of certain amino acids can 
reflect other metabolic processes that in turn can modify the 
metabolism of these specific amino acids. 

During pregnancy, most amino acids are used for protein 

synthesis, with a decrease in  their oxidation by 
approximately 10%[45]. Although, contrary to expectations, 
there is no increase in measured protein synthesis in the first 
trimester, there is a 15% increase in the second and a 25% 
increase in  the third t rimester[45]. These changes are not 
proportionate to the highly active protein synthesis in the 
fetus and placenta, thus indicating a general increase in 
protein synthesis in maternal tissues. The effects of the 
turnover of maternal proteins on the fetus are considerable, 
with higher levels of maternal synthesis in the second 
trimester, related to increased birth length and also affecting 
birth weight. 

King[50] concluded a while ago that nitrogen retention in  
a pregnant woman’s organism is greater than the estimated 
protein uptake in  pregnancy. Nit rogen retention reaches its 
full potential during the final quarter of pregnancy, whereas 
adaptations of maternal nitrogen metabolis m occur in early 
gestation, before significant increases of nitrogen supply to 
the fetus. Calloway[51] calculated that between the 20th and 
40th week there is nitrogen retention of approximately 1.3 g/a 
day. Measuring nitrogen balance proves that a more efficient 
utilisation of p roteins from food does occur, and that 
nitrogen retention levels are on average 0.2 g/a day before 
pregnancy, -0.4 g/a day in  the 12th week of pregnancy, 0.5 g/a 
day in the 23rd week and 1.2 g/a day in  the 34th week, which 
are somewhat lower values than those previously 
estimated[52]. The same authors also measured the urinary 
excretion of 3-methylhistidine and came to the conclusion 
that in order to cater to the metabolic demands, it is not 
necessary to use maternal muscle proteins. Additional 
confirmat ion to the thesis on maternal nitrogen retention is 
provided by Kalhan and associates[53], who have discovered 
a decrease in the production of non-essential serine. 

Increased nitrogen retention in late pregnancy occurs due 
to reduced urinary excret ion of nitrogen, with the reduction 
amounting to approximately 1.5 g/a day[3]. Reduced urinary 
excretion of nitrogen occurs due to reduced excretion of urea, 
which is in turn caused by the reduced synthesis of urea. It is 
approximately 30% lower during the first trimester, and 45% 
lower by the third trimester[3]. Lower concentrations of 
blood urea are visible in early gestational stages and are 
attributed to increased renal clearance. Decreased urea 
synthesis can also be attributed to a reduced supply of 
necessary substrates to the liver. Excretion of other nit rogen 
compounds (e.g. ammonia, creatinine and uric acid ) is 
elevated during pregnancy, especially in the late stages. 
Increased excretion of these substances is probably caused 
by increased glomeru lar filtrat ion. Insulin clearance is 
increased by approximately 50% in the 16th week of 
pregnancy, and 80% by term[1]. 

Requirements for food proteins during pregnancy are 
inconsistent, and based on the factor approach, the estimated 
requirements from the first to the fourth quarter are 0.64 g, 
1.84 g , 4.76 g and 6.10 g respectively. Current nutrition 
recommendations propose an intake of 6 to 10 g of p rotein a 
day[45]. However, there is no simple connection between 
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protein intake through food and fetus size[45].  
At present, the effects of obesity on amino acid  

metabolism are unknown. In obese non-gravid women, 
however, protein synthesis is less stimulated in 
hyperinsulinemia, as opposed to women without much 
adipose tissue, although there are no differences with respect 
to protein oxidation. Visceral lean t issue correlates positively 
with maternal protein  turnover. Overall, this could indicate 
that in obese women there is a possibility of impaired 
anabolic response to pregnancy, as well as the possibility of a 
mechanis m limit ing fetal growth in case of 
hyperinsulinemia.  

3.6. Water, Electrolytes and Minerals Metabolism 

Increased water retention is a normal physiological 
occurrence during pregnancy and appears in the early stages. 
It is partly caused by decreased plasma osmolality of 
approximately 10mOsm/kg, induced by changes in osmotic 
threshold for thirst and vasopressin secretion[54, 55]. Until 
term, the amount of water in the fetus, placenta and amniotic 
flu id is approximately 3.5 L. Additional three lit res of water 
are accumulated due to increased blood volume, uterus and 
breast size.  Thus, the min imal amount of additionally 
accumulated fluid in normal pregnancy is approximately 6.5 
L. There is visible peripheral and tibial oedema, especially at 
the end of the day. This fluid build up, which amounts to 
approximately  one litre, is caused by increased venous 
pressure below the level of the uterus and is a result of partial 
vena cava occlusion. Oedema is also facilitated by the 
decrease of interstitial colloid os motic pressure[56]. 

During normal pregnancy a woman retains approximately  
1000 mEq of sodium and 300 mEq of potassium[57]. Despite 
elevated glomerular filtrat ion of sodium and potassium, 
excretion of these electrolytes does not change during 
pregnancy due to tubular reabsorption[5, 59], whereas 
despite the increase in  their overall accumulat ion, their 
serum concentrations are mild ly reduced, due to expanded 
plasma volume. The concentrations do, however, remain 
very close to the normal values for non-gravid women[60].  

Pregnancy is related to substantial changes in calcium and 
bone metabolis m, as well as changes in bone-mineral status. 
The overall level of serum calcium concentration decreases 
during pregnancy, thus reflecting decreased plasma albumin 
concentration, as well as the consequential decrease in 
calcium-binding proteins. The levels of serum ionized 
calcium remain the same[61]. A developing fetus has a 
considerable effect on maternal calcium homeostasis. For 
instance, fetal skeleton accumulates approximately  30 g of 
calcium by term, 80% of which is accumulated during the 
third trimester. Most of the accumulated calcium is taken 
over from maternal calcium deposits. The mother satisfies 
the increased fetal calcium demands by doubling intestinal 
calcium absorption, part ly mediated by 1.25-dihydroxyvita
min D3[62]. Pregnancy is a state of hyperestrogenemia and 
weight gain, both of which produce protective effects for 
bones. Additionally, later stages of pregnancy are 

characterised by increased levels of active vitamin D and 
increased calcium absorption, thus protecting skeletal 
integrity. The effects of pregnancy on the skeletal-mineral 
status are difficu lt to determine due to a lack of adequate 
methods, as well as the fact that postpartum measurements 
can be influenced by lactation. 

Breastfeeding is also accompanied  by decreased 
skeletal-mineral status, as well as increased skeletal 
remodelling, and decreased excret ion of calcium in urine. 
During the first four months, maternal calcium loss is 
approximately  150 mg a day[63]. These effects are 
reversible, whereas after weaning, several skeletal regions 
have higher levels of skeletal minerals than after birth. These 
changes do not depend on calcium intake through food. The 
change patterns support the hypothesis that there are 
physiological mechanisms which provide sufficient supplies 
of calcium for fetal growth and  milk production, without 
relying on calcium from food. There is, however, evidence 
that pregnant women with normally low calcium intake 
could benefit from calcium supplements during pregnancy. 
In addition, low calcium intake is related to a higher risk of 
pregnancy-induced hypertension and other related obstetric 
complications, whereas calcium supplementation has been 
proven to reduce blood pressure in pregnant women[64]. 

Serum magnesium levels also decline during pregnancy. 
Bard icef and associates[65] have come to the conclusion that 
pregnancy is in fact a state of ext racellular deplet ion of 
magnesium deposits. When compared to non-pregnant 
women, pregnant women have considerably lower levels of 
total and ionised magnesium[66]. Serum phosphate levels 
remain  the same in both pregnant and non-pregnant women. 
The renal threshold for inorganic phosphate excret ion is 
increased during pregnancy, due to elevated calcitonin 
levels[67]. Pregnancy does not affect the metabolis m of 
other minerals and elements, except for their retention in 
amounts necessary for fetal growth. The only exception is 
the increased need for iron. 

4. Discussion 
Due to metabolic changes during pregnancy, especially  

because of decreased insulin sensitivity, overweight 
pregnant women face a higher risk of metabolic 
dysregulation during pregnancy. This particularly refers to 
gestational diabetes, preeclampsia and fetal macrosomia. 
Pregnancy can, thus, be considered a state of metabolic stress 
and a risk factor for metabolic syndrome in the future. 
Knowing and  understanding this risk opens a possibility for 
prevention. For instance, pregnancy planning provides an 
opportunity to regulate body weight before the actual 
conception. Avoiding excess weight gain during pregnancy 
enables the prevention of obesity after pregnancy. Likewise, 
on the basis of the «in utero  programming» concept, 
life-style regulation can produce short and long-term benefits 
for the health of both mother and child. Increased infant 
adiposity at birth presents a risk factor for ch ildhood obesity 
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and long-term metabolic dysfunction[68]. 
Obese women face a higher risk of many unwanted 

pregnancy outcomes. The metabolic syndrome in pregnancy 
includes a higher risk of hypertension, impaired nutrient 
metabolism and increased inflammatory parameters. 
Although there is normally  a clin ical remission of this 
condition after birth, affected women do retain a latent 
subclinical metabolic disorder and face an increased risk of 
metabolic syndrome later in life, especially if gain ing weight 
postpartum[69]. Much like the increase in persons with 
impaired fasting glucose levels (33.8%), or impaired glucose 
tolerance (15.4)[70], there could also be an increase in 
women with  gestational diabetes. Pathophysiology of 
gestational diabetes results in a 50-60% increase in type II 
diabetes, ten years after being diagnosed with gestational 
diabetes[71]. 

The risk of premature card iovascular diseases is closely 
related to the severity of metabolic disorders during 
pregnancy[72]. Although there are massive amounts of data 
relating metabolic complications in pregnancy to future 
cardiovascular diseases, obstetric medical h istory has not yet 
been included in everyday medical practices or in the latest 
guidelines for the prevention of cardiovascular diseases in 
women[73]. Hypertensive disorders in pregnancy double the 
risk of developing hypertension and cardiovascular diseases 
later in life[74]. The assumption is that normal pregnancy in 
itself stimulates the inflammatory response, which in 
preeclampsia is excessive, and triggers endothelial 
dysfunction in uterine circulation, thus probably making the 
placenta the ultimate source of inflammatory stimulus[75].  

There is substantial evidence that intrauterine impairment 
of growth and development is related to a higher risk of 
cardiovascular and metabolic diseases in adulthood. The 
perinatal environment plays an important role in the 
programming of the regulation of metabolic axes in 
adulthood. A strong inverse relation has been discovered 
between birth weight and the risk of developing the 
metabolic syndrome in adulthood[76]. Persons who suffered 
from intrauterine growth restriction and have experienced 
“catch-up” growth in the postnatal period, have an increased 
amount of visceral fat and a resistance to insulin[77]. It is 
presumed that the reset of the HPA axis in intrauterine 
growth restriction participates in the pathophysiology of 
obesity and metabolic syndrome[78]. In fact, cortisol acts as 
a pathophysiological mediator for central obesity due to 
excess glucocorticoids, which, when related with 
hyperinsulinemia, contributes to increased lipogenesis and 
decreased lipolysis on the visceral level, in a combination 
with the stimulat ion of hepatic gluconeogenesis and the 
inhibit ion of peripheral g lucose uptake[79]. Neonates with 
extremely low b irth weight and cardiovascular risk factors 
have increased basal and stimulated cortisol secretion levels, 
which occurs in early stages of life and can be a result of 
intrauterine programming of the HPA axis[76]. Moreover, it 
is known that the functioning of glucocorticoids in adipose 
tissue does not only depend on the circu lating hormone 

concentrations, but rather its prereceptor and receptor 
metabolism, as well. One might suggest that nutritional 
changes responsible for intrauterine growth restriction and 
postnatal “catch-up” growth can program the visceral 
adipose tissue of glucocorticoid metabolis m, as well as the 
accompanying metabolic d isorders in adulthood[76]. High 
prevalence of maternal obesity and the epidemic of obesity 
among the very young population suggest that the risk of 
childhood obesity may be a d irect result of shared 
«obesogenic» environment between the mother and child in 
utero, or in the early postnatal period. 

The most consistent adverse outcome for mothers with 
excessive weight gain in pregnancy is increased postpartum 
weight retention, which  persists until the third  year after b irth, 
regardless of the pre-gravid BMI. This can contribute to 
adverse outcomes of subsequent pregnancies, where gain of 
3kg/m2 or more increases the risks of preeclampsia, 
gestational hypertension and gestational diabetes, caesarean 
delivery, fetal death and birth of infants too large for 
gestational age. The connection is linear to weight gain and 
is clearly  expressed in women with normal BMI prior to both 
pregnancies[69].  

Biochemical indicators indicate that pregnancy and 
breastfeeding are accompanied by the utilisation and release 
of skeletal calcium during pregnancy, and that the 
mobilisation of calcium continues during early months of 
lactation, whereas values return to their normal pre-gravid 
state during breastfeeding or after weaning. Th is would 
imply that changes must occur in mother’s skeletal minerals. 
If these changes are of sufficient magnitude to increase or 
decrease mother’s skeletal-mineral status, pregnancy and 
lactation could change the risk of osteoporosis later in life. 

Metabolic changes and demands of pregnancy must be 
further examined, especially during unusual conditions and 
events during pregnancy (e.g. certain d iseases or drug 
treatments), in order to produce detailed scientifically-based 
recommendations for nutrition during pregnancy. 
Comparing the pre-gravid and gravid  state is very 
complicated. Ideally, trials would be conducted with the 
same women, examined before and during pregnancy, 
allowing participants to be their own control subjects. In 
most trials, women are observed during pregnancy and 
postpartum, or the control group consists of different 
non-gravid women. Neither method is ideal, so the best 
option is to combine cross-sectional and longitudinal 
approaches. 

Increased number of obese women in their reproductive 
age and the existence of short and long-term complications 
for both mother and child due to obesity stimulate quick 
development of interventions for the improvement of 
pregnancy outcomes. Without a doubt, the most successful 
intervention for the prevention of obesity is the one 
conducted before the onset of a woman’s reproductive age. 
Knowledge of the factors influencing fetal growth and 
development is important, in order to more easily solve the 
public health issues of our time. 
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5. Conclusions 
Pregnancy consists of a series of continuous changes 

which affect the metabolis m of all nutrients. Likewise, 
pregnancy is only one of the stages in the female 
reproductive cycle. There is increasing evidence that the best 
time to prepare fo r the demands of pregnancy is the period 
immediately before conception. It is necessary to establish 
public health measures to enable optimal nutrition during all 
stages of the reproductive cycle, while providing detailed 
scientifically-based guidelines for nutrition during 
pregnancy. The amount of nutrients necessary for positive 
pregnancy outcomes is not a fixed value, but rather varies 
largely  among the population and depends on the nutritive 
status and health before pregnancy, fetus size, health and 
lifestyle during pregnancy, as well as genetic factors. 

Obesity in pregnancy and insulin resistance represent 
significant short and long-term risk factors for both mother 
and child. To obese women, pregnancy represents a 
metabolic stress and an increased risk of gestational diabetes 
and preeclampsia, which are related to metabolic syndrome 
incidence later in life. Ch ild ren of obese mothers also face a 
higher risk of metabolic dysfunction in childhood, which can 
potentially  lead to obesity and insulin resistance, thus closing 
the circle towards metabolic syndrome in adulthood. In order 
to successfully solve public health issues of the modern age, 
it is necessary to improve understanding of the metabolic 
adaptations in pregnancy and the consequences of metabolic 
dysfunction. The epidemic of maternal obesity calls for the 
development of efficient interventions for the improvement 
of pregnancy outcomes. New interventions should include 
detailed understanding of maternal metabolic environment 
and its consequences for the health of both mother and child. 
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