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Abstract

:

A higher body mass index (BMI) before pregnancy is associated with an increased risk of maternal and perinatal complications. This study aimed to analyze selected parameters of carbohydrate and lipid metabolism, including adipokines, in obese pre-pregnant women, and their influence on the birth weight of newborns. Materials and Methods: The study group (O) consisted of 34 pregnant women with higher BMI (obese) before pregnancy. The control group (C) was 27 pregnant women with target BMI and physiological pregnancy. The BMI index: body weight [kg]/(height [m]2 was assessed on the first obstetrical visit. The research material was the serum of pregnant women collected in the third trimester of pregnancy and umbilical cord blood collected immediately after delivery. Selected parameters of carbohydrate and lipid metabolism and adipokines were determined. Results: There were no statistically significant differences between the study group and the control group concerning the concentrations of insulin, glucose, VLDL, adiponectin, TNF-α, HOMA-IR, as well as LDH and cholesterol in maternal blood serum and umbilical cord blood serum. Total cholesterol and HDL in both maternal blood serum and umbilical cord blood were statistically significantly lower than those in the control group. The concentration of triglycerides (TG) and resistin in the blood serum of obese mothers were higher than those in the control group (p < 0.05). However, no statistically significant differences were found between the two groups regarding the concentrations of TG and resistin in the umbilical cord blood. The concentration of LDL cholesterol in the umbilical blood serum in the obese group was statistically significantly lower than that in the control group. The concentration of leptin in maternal blood serum and umbilical cord blood serum in the study group was statistically significantly higher than that in the control group. Conclusions: Pregestational obesity does not substantially affect the basic parameters of carbohydrate metabolism in pregnant women, but it disturbs the lipid profile, which is manifested by a significant increase in triglycerides and a decrease in the level of HDL cholesterol in the serum. Preexisting obesity increases the concentration of leptin and resistin in the serum of pregnant women, which may be caused by the increased volume of adipose tissue. The concentrations of leptin and resistin in the blood of pregnant women correlate positively, and the concentrations of adiponectin and TNF-α negatively correlate with pre-pregnancy BMI values. There is a positive correlation between the concentration of leptin in the serum of umbilical cord blood and the birth weight of the newborn, which suggests that this parameter contributes to the pathomechanism of macrosomia.
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1. Introduction


1.1. Obesity as a Clinical Problem


Obesity in women is an important element that determines the health of a future mother and her newborn baby [1]. A commonly used definition of obesity was proposed by the WHO in 1997 [2]. It is described as a condition characterized by an increase in body weight through hypertrophy and/or hyperplasia of adipose tissue, above 25% of the proper body weight in men and over 30% in women, posing a health risk [3]. One of the most frequently used weight indicators is Quetelet II, more commonly known as the Body Mass Index (BMI). It is calculated according to the following formula: body weight [kg]/(height [m2]). Overweight is defined as a BMI of 25 to 29.9, and obesity is defined as a BMI of 30 kg/m2 or higher [4]. The pathogenesis of obesity is complex, where genetic, environmental, social, cultural, metabolic, and endocrine factors play equal roles [5]. It has been proven that the excessive bodyweight of one of the parents increases the risk of obesity in a child by four–five times, and obesity of both of parents can even increase the risk by thirteen times [6].



The risk of obstetric complications, especially in the perinatal period, increases with the mother’s BMI by increasing the number of cesarean sections and surgical deliveries, gestational diabetes, and large for gestational age neonates [7,8]. Maternal obesity may also cause later health problems for the child, including the risk of obesity in the preschool age. The literature suggests that not only obesity itself, but also excessive weight gain especially in the third trimester of pregnancy, increases the frequency of these complications—particularly in the cases of overweight and obese women diagnosed before pregnancy [9]. Su et al. revealed that macrosomic newborns are born almost exclusively to obese mothers or mothers with excessive weight gain during pregnancy [10]. A similar tendency was also observed in the conducted studies, confirming the occurrence of macrosomia in 35% of newborns in pre-pregnancy obese women and only in 7.4% of children of mothers with lower body weight.



Obesity causes regulatory disturbances in many metabolic pathways including carbohydrate metabolism, and especially insulin. Obese women have higher serum levels of this hormone compared with those with lower body weight [11,12]. The literature indicates that it is mainly due to a chronic subclinical inflammatory process occurring systemically, especially in insulin-sensitive tissues, including skeletal muscle and adipose tissue [13]. However, it should not be forgotten that the increase in insulin concentration in a pregnant woman and the intensification of insulin resistance are a physiological change during pregnancy, ensuring the proper delivery of nutrients to the fetus [11,12].



The theory of “intrauterine programming” assumes that some features, such as the intrauterine environment or genetic factors, can affect the ability of the maternal-placental transport of substances responsible for the growth and development of the fetus [14]. Pre-pregnant obesity also increases the risk of developing diseases later in life, especially type 2 diabetes [7,15,16]. It has been found that newborns of obese mothers, in addition to the above-mentioned macrosomia, are at greater risk of developing many other complications, such as prematurity, periventricular leukomalacia, and birth defects. Moreover, these children more often achieve lower Apgar scores [7,17].



During the pregnancy, there are changes in the lipid metabolism caused by the response to the increased concentration of estrogens and progesterone. The HDL and LDL lipoprotein fractions responsible for the transport of cholesterol cause the accumulation of adipose tissue, and reduced lipolysis increases the risk of obesity [18]. Lipid metabolism at the beginning of pregnancy has an anabolic effect via accumulating energy. Catabolism prevailing in the third trimester generates substrates for the developing fetus. Dyslipidemia disorder during pregnancy causes complications for the woman, the fetus, and also for the newborn [19,20]. Similarly, disturbances in carbohydrate metabolism caused by hyperinsulinism, physiological insulin resistance, and increased levels of cortisol and placental lactogen significantly mobilize adipose tissue [21]. To sum up, pre-pregnancy obesity in women is one of the most important obstetric problems, increasing the risk of both maternal and fetal complications [22].




1.2. Characteristics of Selected Adipokines


The adipose tissue serves as an energy store, thermal insulation and protection, and also as an endocrine organ, delivering biologically active substances with hormonal properties called adipokines to the bloodstream.



1.2.1. Leptin


The brain, stomach, breast gland, and placenta release leptin in modest levels 2–3 h after a meal [23]. Blocking neuropeptide Y and suppressing hunger, it regulates appetite. Gluconeogenesis intensifies glucose metabolism, energy utilization, tissue insulin sensitivity and secretion, blood pressure, and angiogenesis [24]. The serum leptin concentration is principally affected by adipose tissue, insulin, glucose, glucocorticosteroids, and TNF-α [25,26]. Leptin is increased in healthy pregnant women’s blood serum [27]. Its serum concentration peaks in the second trimester and lasts until delivery. The placenta produces leptin throughout pregnancy [28].




1.2.2. Adiponectin


Only adipose tissue secretes adiponectin, a protein with anti-inflammatory, anti-atherosclerotic, and anti-diabetic effects. This hormone prevents atherosclerosis, obesity, and insulin resistance by promoting insulin secretion, tissue insulin sensitivity, muscle glucose uptake, inflammation reduction, and lipid reduction. Healthy adults have 5–30 μg/mL of it in their blood serum, but obese people have less [29]. Adiponectin concentration increases in the first trimester due to nutrient storage, then declines by 60% in the second half [30]. Obese pregnant women have decreased adiponectin levels [31]. Umbilical cord blood contains four–seven times more than birthing blood serum [32]. Adiponectin production by the human placenta is contradictory [33,34]. It may regulate placental nutrition transfer to regulate fetal growth [31,35].




1.2.3. Resistin


Resistin increases liver gluconeogenesis to maintain blood glucose [36]. This cytokine inhibits isolated fat cell insulin-stimulated glucose absorption, which may increase hepatic insulin resistance. Low resistin levels may increase insulin sensitivity and de-crease induced hyperglycemia. These findings implicate resistin in diabetes and obesity [37]. Human monocytes and macrophages generate resistin, with adipocytes producing less [38,39,40]. Human plasma resistin ranges from 7 to 22 ng/mL and is favorably linked with fat tissue [29]. The placenta secretes resistin, which may help the developing embryo have enough energy [40]. This may explain its relationship with infant weight [41].




1.2.4. TNF-α


TNF-α’s anticancer and immunomodulatory properties contribute to the development of many illnesses, notably those with an inflammatory background [42,43]. This cytokine was found to regulate body weight in adipose tissue in the early 1990s. Obese people had greater serum TNF-α levels, proportional to their adiposity. Short-term TNF-α exposure inhibited adipose tissue development [44]. However, increased body fat develops TNF-α resistance [45]. TNF-α concentration and receptor affinity may explain the role of this cytokine in obesity pathophysiology. TNF-α is a therapeutic target for inflammatory illnesses such as rheumatoid arthritis, Crohn’s disease, atherosclerosis, sepsis, and obesity [46]. In the third trimester, serum TNF-α concentrations peak [47]. Maternal, fetal, and placental macrophages release TNF-α throughout this time. Many studies have linked pregnancy complications such as preterm fetal bladder rupture, hypertension, and intrauterine growth restriction to increased serum TNF-α levels [47,48].






2. Aim of the Study


This study aimed to analyze selected parameters of carbohydrate metabolism, such as: glucose, insulin, insulin resistance index-HOMA-IR and lipid metabolism; total cholesterol, its HDL, LDL, VLDL fractions, triglycerides, as well as adipokines; and leptin, adiponectin, resistin, and TNF-α in maternal and umbilical cord blood sera in pregnancy complicated with preexisting obesity and target BMI. A secondary research goal was to assess the relationship between the assessed adipokines and the BMI of pregnant women and the birth weight of newborns.




3. Materials and Methods


3.1. Characteristics of the Study and Control Groups


The 61 women in the third trimester of pregnancy hospitalized due to labor at the Department of Obstetrics and Pathology of Pregnancy of the Medical University of Lublin in 2014–2017 gave their informed and written consent to participate in the study. The consent to conduct the research was issued by the Bioethics Committee at the Medical University of Lublin (KE-0254/97/2012). Before starting the study, all patients were interviewed regarding their current health condition, past illnesses, medications, and drug use. The study group (O) consisted of 34 pre-pregnancy obese women whose BMIs, assessed according to WHO criteria, at the beginning of pregnancy were equal to or exceeding 30 kg/m2. The control group (C) included 27 pregnant women with lower body weight before pregnancy (BMI 18.5–24.9 kg/m2).The study did not include pregnant women diagnosed with factors or comorbidities, such as gestational hypertension, gestational diabetes, connective tissue diseases, autoimmune diseases, or multiple pregnancies.




3.2. Methods


The research materials for determining the concentration of the above-mentioned parameters were fasting serum samples separated from the peripheral blood of pregnant women before delivery and from blood collected immediately after delivery from the umbilical vein. About 9 mL of blood was collected in disposable S-Monovette tubes (Sarstedt, Nümbrecht, Germany) containing a blood clotting activator. After 30–40 min, the samples were centrifuged in a centrifuge (Sigma 1–6P, Polygen, Wroclaw, Poland) for 10 min at room temperature. The obtained serum was 200 μL aliquoted in 0.5 mL Eppendorf tubes (Medlab Products, Raszyn, Poland) and stored at −75 °C until the tests were performed. In serum, the concentrations of insulin and glucose, total cholesterol with its fractions (HDL, LDL, VLDL), and triglycerides were determined using standard methods. In the collected material, the concentrations of selected adipokines were also determined using commercial ELISA kits (Enzyme-Linked Immunosorbent Assay): leptin (DRG Instruments GmbH, Marburg, Germany), adiponectin (Mediagnost, Reutlingen, Germany), resistin (Mediagnost, Reutlingen, Germany), and TNF-α (ID Labs™ Biotechnology, Ontario, Canada). In the study and control group, the birth weight of newborns was analyzed and the percentage of macrosomic newborns was assessed. This condition was defined according to the ACOG recommendation as a newborn weight exceeding 4000 g, regardless of the fetal age. For the study and control groups, an analysis of the relationship between selected adipokines and pre-pregnancy BMI of mothers and birth weight of newborns was performed jointly. Based on the concentration of glucose and insulin in the blood serum, the insulin resistance coefficient was calculated according to the following formula: HOMA-IR = (fasting glucose (mmol/L) × fasting insulin (μU/mL))/22.5.




3.3. Statistical Analysis


The values of the analyzed parameters measured on the nominal and ordinal scale were characterized by the number and percentage, while those measured on the interval scale by the arithmetic mean, standard deviation, median, 25th, and 75th percentiles, and the range of variation. Due to the skewed distribution of the measured parameters assessed using the W. Shapiro–Wilk test and the heterogeneity of variance assessed using the F-Fischer test, non-parametric tests were used to analyze the existence of differences between the studied subgroups. The Mann–Whitney U-test was used to compare two indep endent groups. The R. Spearman correlation coefficient significance test was used to assess the existence of a relationship between the analyzed measurable parameters. A p < 0.05 was assumed as a statistically significant relationship. Statistical analyses were performed based on the Statistica v. 10.0 computer software (StatSoft, Cracow, Poland).





4. Results


The clinical characteristics of the study and control groups are presented in Table 1.



The birth weight of newborns in group O was statistically significantly higher than that in group C (p < 0.01) (Table 2). The percentage of macrosomic newborns (birth weight > 4000 g) in the O group was statistically significantly higher than that in the C group, 35% (n = 12) and 7.4% (n = 2), respectively; (p < 0.05).



In group O, a statistically significantly higher percentage of caesarean sections was found compared with that of the control group, respectively, 65% (n = 22) and 37% (n = 10) (p < 0.05). No statistical significance was found between the groups in terms of parity and sex of the newborn.



4.1. Comparative Analysis of Selected Parameters of Carbohydrate Metabolism in the Study and Control Group


There were no statistically significant differences between group O and group C concerning insulin, glucose, and HOMA-IR concentrations in both maternal and umbilical blood serum. (Table 3)




4.2. Comparative Analysis of Selected Parameters of Lipid Metabolism


The concentration of total cholesterol and HDL cholesterol fraction in both maternal blood serum and umbilical cord blood was statistically significantly lower compared with that of the control group (p < 0.001). The concentration of TG in the blood serum of the mothers of the studied group was statistically significantly higher compared with that of the control group, the median values (range) were, respectively, 317.5 (123.2–540.4) mg/dL and 280.9 (123.5–376 7) mg/dL, (p < 0.05). There were no statistically significant differences between the two groups concerning the concentrations of TG in the umbilical cord blood. There were no statistically significant differences between the study group and the control group about the concentration of LDL cholesterol in the maternal serum. The concentration of LDL cholesterol in the umbilical blood serum in the study group was statistically significantly lower than that in the control group; the median (range) values were 20.6 (1.6–61.2) mg/dL and 31.4, respectively, (19.9–56) mg/dL, (p < 0.001). There were no statistically significant differences between the study group and the control group concerning VLDL cholesterol concentrations in maternal blood serum and umbilical cord blood serum (Table 4).




4.3. Comparative Analysis of Serum Concentrations of Leptin, Adiponectin, Resistin, and TNF-α in the Study and Control Groups


Leptin levels in both maternal blood serum and umbilical cord blood in the study group were statistically significantly higher than that in the control group. (Table 5).



There were no statistically significant differences between group O and group C concerning adiponectin concentrations in both maternal blood serum and umbilical cord blood. On the other hand, the concentration of resistin in the blood serum of mothers in group O was statistically significantly higher than that in group C and did not differ between groups in the serum of umbilical cord blood.



In terms of TNF-α concentrations in both maternal blood serum and umbilical cord blood, no statistically significant differences were found between group O and group C.




4.4. Analysis of the Relationship between the Concentration of Leptin, Adiponectin, Resistin, TNF-α, and Pre-Pregnancy BMI of the Mothers


A positive correlation (r = 0.454) was found between maternal serum leptin concentration and pre-pregnancy BMI (p < 0.001).



There was a negative correlation (r = −0.265) between maternal serum adiponectin concentration and pre-pregnancy BMI (p < 0.05)



A positive correlation (r = 0.309) was found between the concentration of resistin in maternal blood serum and pre-pregnancy BMI.



A negative correlation (r = −0.277) was found between the concentration of TNF-α in maternal serum and pre-pregnancy BMI (p < 0.05).



There was no correlation between the concentration of leptin, adiponectin, resistin, and TNF-α measured in the umbilical blood serum and the pre-pregnancy BMI of the mothers.




4.5. Analysis of the Relationship between the Concentration of Leptin, Adiponectin, Resistin, TNF-α, and the Birth Weight of the Newborn


In the scope of the analyzed adipokines, only a positive correlation (r = 0.379) was found between the concentration of leptin in the umbilical blood serum and the birth weight of the newborn (p < 0.001).





5. Discussion


Obesity is becoming one of the greatest challenges of the modern world, being a significant health problem for maternal–fetal medicine. Our research aimed to reveal the impact of higher BMI on mothers’ and fetuses’ carbohydrates and lipid metabolism. All studied pregnant women with obesity were screened with 75 g of oral glucose tolerance test on the first obstetrical visit, and only those without any disturbance were enrolled in the study.



In our work, no significant differences were found between the blood glucose concentration in obese and lower-weight pregnant women. This result is similar to the observation of other authors [13,49]. Similar to the results of other studies, no differences in the concentration of glucose in the blood serum of the umbilical cord in obese pregnant women compared to those with lower body weight were found [13,41,49]. When analyzing HOMA-IR in maternal serum, no statistically significant differences were found between obese pregnant women and those with lower body weight. Different results were obtained by Tinius et al. and Catalano et al., presenting a significantly higher HOMA-IR index in obese pregnant women [13,50]. Our studies did not show any differences between the HOMA-IR index in the umbilical cord blood of obese pregnant women compared to those with lower body weight. Other researchers obtained similar results [13,49]. The literature data indicate lower values of HOMA-IR in the serum of umbilical cord blood compared with those obtained in the blood serum of pregnant women, both in the obese and lower body weight categories, which was also confirmed by our study [13,49,50].



In our results, no statistically significant differences were found between the group of pre-pregnant obese women and those of lower weight in relation to serum insulin levels. These results differ from the observations of Tinius et al. and Barker et al., who found higher serum insulin levels in obese pregnant women [13,49]. Our study also did not show a significant difference between obese and lower-weight pregnant women with regard to the concentration of insulin in the umbilical cord blood. The results presented by other researchers are contradictory in this case. For example, Catalano et al. showed an increase in the levels of this parameter in obese mothers, while Barker et al., Tinius et al., and Thakali et al. found no such correlation [13,49,50,51]. It is worth emphasizing, however, that in many of these studies the analyzed groups were heterogeneous, that is, pre-pregnancy obesity coexisted with already existing carbohydrate metabolism disorders, for example insulin-dependent diabetes or gestational diabetes. Moreover, both obese and overweight patients were enrolled in them. This made it difficult to make simple comparisons with the results of our study, which qualified only obese women without the above-mentioned metabolic disorders.



In our research, a significantly lower concentration of total cholesterol in the blood serum of obese pregnant women was reported as compared with lower-weight pregnant women. Similar results were also reported by other authors [24,52,53]. In our study, we also found a significantly lower concentration of total cholesterol in the umbilical blood in the group of obese pregnant women compared with those with lower body weight. This is consistent with the observations of Solis-Paredes et al. [24]. We showed that the concentration of triglycerides in the serum of obese pregnant women was significantly lower compared with the value of this parameter in the serum of pregnant women with lower body weight. These results are consistent with the observations of other authors [24,52,53]. However, in contrast to Solis-Paredes et al., no significantly lower concentration of triglycerides in the umbilical cord blood of obese pregnant women compared to those of lower body weight was found [24]. Analyzing the concentration of HDL cholesterol, lower concentrations of this parameter in the blood serum were found in obese pregnant women compared with those of lower weight, similarly to other authors [24,53]. This relationship also concerned the levels of this parameter in the serum from umbilical cord blood. Contrary to Bozkurt et al., Meyer et al., and Solis-Paredes et al., we did not find significant differences between the group of obese pregnant and non-obese pregnant women concerning serum LDL cholesterol levels. The cited authors observed statistically lower values of this parameter in the first of these groups [24,52,53]. Only a few studies have investigated the adipokines in mother–newborn pairs during pregnancy complicated by obesity and healthy ones and reported about interactions with clinical obstetric variables or other metabolic parameters. Furthermore, a comparison of existing studies is difficult due to differences between assays, sample collection, gestational age, and patient characteristics.



In our research, statistically significantly higher serum leptin levels were found in obese pregnant women compared with those with lower body weight. These correlations were observable both in the blood serum of the subjects and in the umbilical cord blood, which is consistent with the other authors’ reports [54,55,56]. As already mentioned, leptin acts as a growth factor for the fetus, depending on the nutritional status of the mother. In our study, we did not point any correlation between the concentration of leptin in the blood serum of pregnant women and the birth weight of their offspring. This is consistent other literature data; a few of them described such a relationship [54,57,58,59]. In our study, the concentration of leptin in the umbilical cord blood of obese pregnant women was significantly higher than that in those with lower body weight. Additionally, we observed a positive correlation between the values of this parameter in umbilical cord blood and the birth weight of the newborn, which is consistent with the reports of other authors [60,61,62].



Another adipokine that plays a role in the pathomechanism of insulin resistance (IR) is adiponectin. Indeed, an inverse relationship has been demonstrated between its plasma concentrations and IR [63]. It has been suggested that adiponectin reduces hepatic glucose production, enhances insulin action in this organ, and stimulates the supply of glucose in skeletal muscles [64,65]. Contrary to other adipokines, such as the previously discussed leptin and TNF-α, the level of adiponectin in the blood serum is lower in obese people, including non-pregnant women, compared with that in people with lower body weight [29,66]. In our research, however, no such differences were found between obese pregnant women and those with lower body weight. This is consistent with most of the literature data [32,48,55]. However, Zembala-Szczerba et al. found a significantly lower concentration of adiponectin in the blood serum of obese pregnant women compared with those with target BMI. It should be noted that they also included patients with GDM and hypertension, which could have influenced the results [67]. Nevertheless, in our study, a negative correlation was found between the concentration of adiponectin in the blood serum of pregnant women and their pre-pregnancy BMI. Vernini et al. also noted a negative correlation between the concentration of adiponectin and the gestational BMI, suggesting that the greater the obesity, the greater the insulin resistance and the lower the adiponectin [68]. This result is different from that obtained by Wang et al. [69]. Similar to other authors, we found no correlation between maternal adiponectin concentration and the birth weight of the newborn [55]. In turn, according to Lowe et al., the level of this adipokine in the blood serum of healthy pregnant women with lower body weight negatively correlates with the birth weight of their children [70]. However, taking into account the role of adiponectin in glucose metabolism and tissue insulin sensitivity and its participation in the transplacental transport of insulin-dependent amino acids, it seems that it may be a regulator of fetal body weight [32,71,72]. For example, it has been shown that its higher concentrations in umbilical cord blood are associated with a higher birth weight of the newborn [53]. Although the high molecular weight of adiponectin should prevent it from penetrating the placental barrier, the reported differences in its concentrations between maternal serum and umbilical cord blood suggest the existence of specific transport mechanisms [69]. Chen et al. believe that it occurs with the participation of other cytokines, such as TNF-α, interferon-α, IL-6, and leptin [73]. In our study, no significant differences were found in umbilical cord blood adiponectin levels between obese pregnant women and those with lower body weight. Similar results were obtained by Lindsay et al. [71]. However, they differ from the observations of Brynhildsen et al., who found significantly higher concentrations of this adipokine in the umbilical cord blood of obese pregnant women, which were also two or three times higher compared with the levels observed in the blood serum of healthy adults [55]. Additionally, Wang et al. observed a negative correlation between the umbilical adiponectin concentration and the mother’s BMI, which was not confirmed in our study [69]. The results presented in the literature may indicate the role of adiponectin in fetal growth and its potential influence on the occurrence of neonatal macrosomia [74,75].



The results of research on resistin in obese patients are inconclusive. Some of them indicate higher concentrations of this adipokine in the blood serum of patients with obesity compared with people with a target BMI, while others prove that it is quite the opposite [59,62,63,64,65,66,67,68]. This may be due to imperfect methodology with the laboratory tests used, as well as the possibility of cross-reactions with resistin-like particles circulating in the blood serum [24]. The concentration of resistin increases with the development of pregnancy; a positive correlation of its concentration with gestational age was observed with the subsequent decrease in its concentration after delivery [69]. In our study, statistically significantly higher concentrations of resistin in the serum of obese pregnant women were found compared with those with lower body weight. These results differ from those obtained by Nien et al., who showed no difference. However, not only pregnant, obese, but also overweight ones were qualified for their research [76]. When analyzing the concentration of resistin in the umbilical cord blood, no significant differences were found between the group of obese pregnant women and those of lower weight. Similar results were presented by Wang et al. [69].



The studies conducted by Kirwan et al. presented that the concentration of TNF-α in the serum of pregnant women was the most important independent predictor of insulin sensitivity, and the higher concentrations achieved in the third trimester of pregnancy inversely correlated with insulin resistance [77]. In in vitro studies, the cited authors showed that most, as much as 94%, of placental TNF-α is released into the mother’s circulation, and only 6% is released into the fetal circulation. It has been proven that high levels of this parameter in the blood serum inhibit the secretion of adiponectin from fat cells and lower its concentration in the serum, which in turn increases insulin resistance [77]. In our study, no statistically significant differences were found between the serum TNF-α concentration in obese pregnant women compared to those with lower body weight before pregnancy. Similar results were presented by other researchers [67,78]. In our study, no statistically significant difference was found in the concentration of TNF-α in the serum of umbilical cord blood between the group of obese and lower-weight pregnant women. Conflicting results were obtained by Challier et al., where the compared groups of pregnant women were heterogeneous, including both obese and overweight pregnant women, while the control group consisted of women with both lower and deficient body weight [79]. We found a negative correlation between the concentration of TNF-α in the serum of pregnant women and BMI before pregnancy. On the other hand, Aye et al. obtained opposite results [80]. In our study, no correlation was found between TNF-α in the serum from umbilical cord blood and the birth weight of the newborn. The presented reports on this subject are inconsistent. Some, such as Aye et al., obtained similar results, while others, such as de Toledo Baldi et al., presented a positive correlation between the above mentioned parameters [79,80]. Additionally, the study by Aye et al. is coherent with the observations of other authors suggesting that the inflammation associated with maternal obesity affects the developing fetus not directly by increasing the concentration of proinflammatory cytokines in the umbilical blood serum, but possibly by altering the functioning of the placenta [79]. Long-term obesity may lead to the development of tissue resistance to TNF-α, which contributes to the development of insulin resistance [81]. Experimental studies from the 1990s showed that the administration of TNF-α led to a decrease in insulin sensitivity, and the use of anti-TNF-α antibodies led to a reversal of this phenomenon [82]. Additionally, the influence of TNF-α on the increase in serum leptin concentration was demonstrated, probably at the post-translational stage [83].



The clinical Implication of this study is a need to open a discussion on the policies and recommendations for pre-pregnant obese women undergoing medical treatment for, for example, antenatal corticosteroids therapy (ACS). Our team started a longitudinal, prospective observational/experimental study on the benefits of daily glucose monitoring in high risk (obese) pregnant patients during ACS. This study was approved by the Bioethical Commission at the Medical University of Lublin (Res No. KE-0254/98/04/2022) [84].



One of the limitations of our research is the performance of analyses in obese patients by calculating their BMI. The BMI index itself is an imperfect indicator of adiposity. The measurement of body composition, including body fat percentage, might more accurately identify the obese woman at risk [85,86].




6. Conclusions


It does not seem that obesity significantly affects the basic parameters of the carbohydrate metabolism of a pregnant woman, in particular the level of glucose, serum insulin, and the insulin resistance index (HOMA-IR). Obesity disturbs the lipid profile of a pregnant woman, which is manifested by a significant increase in the concentration of triglycerides and a decrease in the level of HDL cholesterol in the serum. Obesity increases the concentration of leptin and resistin in the serum of pregnant women, which hypothetically may be caused by the increased volume of adipose tissue. The concentrations of leptin and resistin in the blood of pregnant women correlate positively, and the concentrations of adiponectin and TNF-α negatively correlate with their pre-pregnancy BMI values. There is a positive correlation between the concentration of leptin in the serum of umbilical cord blood and the birth weight of the newborn, which suggests that this parameter contributes to the pathomechanism of macrosomia.
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	BMI
	Body Mass Index



	HOMA-IR
	Homeostatic Model Assessment Insulin Resistance



	VLDL
	Very Low Density Lipoproteins



	TG
	Triglycerides



	HDL
	High Density Lipoproteins



	LDL
	Low Density Lipoproteins



	TNF-α
	Tumor Necrosis Factor alpha



	IR
	Insulin Resistance







References


	



Relph, S.; Guo, Y.; Harvey, A.; Vieira, M.C.; Corsi, D.J.; Gaudet, L.M.; Pasupathy, D. Characteristics associated with uncomplicated pregnancies in women with obesity: A population-based cohort study. BMC Pregnancy Childbirth 2021, 21, 182. [Google Scholar] [CrossRef] [PubMed]

	



WHO/NUT/NCD/98.1; Obesity: Preventing and Managing the Global Epidemic: Report of a WHO Consultation on Obesity: Geneva, 3–5 June 1997. World Health Organization: Geneva, Switzerland, 1997.

	



WHO. Obesity and Overweight. Available online: http://www.who.int/mediacentre/factsheets/fs311/en/ (accessed on 31 January 2023).

	



Lim, C.C.; Mahmood, T. Obesity in pregnancy. Best Pract. Res. Clin. Obstet. Gynaecol. 2015, 29, 309–319. [Google Scholar] [CrossRef] [PubMed]

	



James, W.P.T. The epidemiology of obesity: The size of the problem. J. Intern. Med. 2008, 263, 336–352. [Google Scholar] [CrossRef] [PubMed]

	



Pietrzykowska, E.; Wierusz-Wysocka, B. Psychological aspects of overweight, obesity and dieting. Pol. Merk. Lek. 2008, 24, 472–476. [Google Scholar]

	



Sommer, C.; Mørkrid, K.; Jenum, A.K.; Sletner, L.; Mosdøl, A.; Birkeland, K.I. Weight gain, total fat gain and regional fat gain during pregnancy and the association with gestational diabetes: A population-based cohort study. Int. J. Obes. 2014, 38, 76–81. [Google Scholar] [CrossRef] [PubMed]

	



ACOG. ACOG Committee opinion no. 549: Obesity in Pregnancy. Obs. Gynecol. 2013, 121, 213–217. [Google Scholar] [CrossRef]

	



Mourtakos, S.P.; Tambalis, K.D.; Panagiotakos, D.B.; Antonogeorgos, G.; Alexi, C.D.; Georgoulis, M.; Saade, G.; Sidossis, L.S. Association between gestational weight gain and risk of obesity in preadolescence: A longitudinal study (1997–2007) of 5125 children in Greece. J. Hum. Nutr. Diet. 2017, 30, 51–58. [Google Scholar] [CrossRef]

	



Su, R.; Zhu, W.; Wei, Y.; Wang, C.; Feng, H.; Lin, L.; Hod, M.; Hadar, E.; Yang, H. Relationship of maternal birth weight on maternal and neonatal outcomes: A multicenter study in Beijing. J. Perinatol. 2016, 36, 1061–1066. [Google Scholar] [CrossRef]

	



Westermeier, F.; Sáez, P.J.; Villalobos-Labra, R.; Sobrevia, L.; Farías-Jofré, M. Programming of fetal insulin resistance in pregnancies with maternal obesity by ER stress and inflammation. BioMed Res. Int. 2014, 2014, 917672. [Google Scholar] [CrossRef]

	



Imoh, L.C.; Ocheke, A.N. Correlation between maternal weight and insulin resistance in second half of pregnancy. Niger. Med. J. 2014, 55, 465–468. [Google Scholar] [CrossRef]

	



Tinius, R.A.; Cahill, A.G.; Strand, E.A.; Cade, W.T. Altered maternal lipid metabolism is associated with higher inflammation in obese women during late pregnancy. Integr. Obes. Diabetes 2015, 2, 168–175. [Google Scholar] [CrossRef] [PubMed]

	



Seremak-Mrozikiewicz, A.; Barlik, M.; Drews, K. Fetal programming as a cause of chronic diseases in adult life. Ginekol. Pol. 2014, 85, 43–48. [Google Scholar] [CrossRef] [PubMed]

	



Kessous, R.; Davidson, E.; Meirovitz, M.; Sergienko, R.; Sheiner, E. Prepregnancy obesity: A risk factor for future development of ovarian and breast cancer. Eur. J. Cancer. Prev. 2016, 26, 151–155. [Google Scholar] [CrossRef] [PubMed]

	



Ryckman, K.; Borowski, K. Pregnancy complications and the risk of metabolic syndrome for the offspring. Curr. Cardiovasc. Risk Rep. 2013, 7, 217–223. [Google Scholar] [CrossRef]

	



Shin, D.; Lee, K.W.; Song, W.O. Pre-Pregnancy Weight Status Is Associated with Diet Quality and Nutritional Biomarkers during Pregnancy. Nutrients 2016, 8, 162. [Google Scholar] [CrossRef]

	



Butte, N.F. Carbohydrate and lipid metabolism in pregnancy: Normal compared with gestational diabetes mellitus. Am. J. Clin. Nutr. 2000, 71, 1256S–1261S. [Google Scholar] [CrossRef]

	



Grimes, S.B.; Wild, R. Effect of Pregnancy on Lipid Metabolism and Lipoprotein Levels. In Endotext; Feingold, K.R., Anawalt, B., Boyce, A., Eds.; MDText.com, Inc.: South Dartmouth, MA, USA, 2000. Available online: https://www.ncbi.nlm.nih.gov/books/NBK498654/ (accessed on 31 January 2023).

	



Reynolds, L.P.; Caton, J.S. Role of the pre- and post-natal environment in developmental programming of health and productivity. Mol. Cell Endocrinol. 2012, 354, 54–59. [Google Scholar] [CrossRef]

	



Şengül, O. Maternal and Fetal Carbohydrate, Lipid and Protein Metabolisms. Eur. J. Gen. Med. 2014, 11, 299–304. [Google Scholar] [CrossRef]

	



Gutaj, P.; Wender-Ożegowska, E.; Mantaj, U.; Zawiejska, A.; Brązert, J. Maternal body mass index and gestational weight gain with gestational diabetes. Ginekol. Pol. 2011, 82, 827–833. [Google Scholar]

	



Chehab, F.F. 20 years of leptin: Leptin and reproduction: Past milestones, present undertakings, and future endeavors. J. Endocrinol. 2014, 223, T37–T48. [Google Scholar] [CrossRef]

	



Solis-Paredes, M.; Espino y Sosa, S.; Estrada-Gutierrez, G.; Nava-Salazar, S.; Ortega-Castillo, V.; Rodriguez-Bosch, M.; Bravo-Flores, E.; Espejel-Nuñez, A.; Tolentino-Dolores, M.; Gaona-Estudillo, R.; et al. Maternal and fetal lipid and adipokine profiles and their association with obesity. Int. J. Endocrinol. 2016, 2016, 7015626. [Google Scholar] [CrossRef] [PubMed]

	



Gargari, B.P.; Houjeghani, S.; Farzadi, L.; Houjeghani, S.; Safaeiyan, A. Relationship between Serum Leptin, Ghrelin and Dietary Macronutrients in Women with Polycystic Ovary Syndrome. Int. J. Fertil. Steril. 2015, 9, 313–321. [Google Scholar]

	



Al-Suhaimi, E.A.; Shehzad, A. Leptin, resistin and visfatin: The missing link between endocrine metabolic disorders and immunity. Eur. J. Med. Res. 2013, 18, 12. [Google Scholar] [CrossRef]

	



Sivan, E.; Whittaker, P.G.; Sinha, D.; Homko, C.J.; Lin, M.; Reece, E.A.; Boden, G. Leptin in human pregnancy: The relationship with gestational hormones. Am. J. Obstet. Gynecol. 1998, 179, 1128–1132. [Google Scholar] [CrossRef] [PubMed]

	



Masuzaki, H.; Ogawa, Y.; Sagawa, N.; Hosoda, K.; Matsumoto, T.; Mise, H.; Nishimura, H.; Yoshimasa, Y.; Tanaka, I.; Mori, T.; et al. Nonadipose tissue production of leptin: Leptin as a novel placenta-derived hormone in humans. Nat. Med. 1997, 3, 1029–1033. [Google Scholar] [CrossRef]

	



D’Ippolito, S.; Tersigni, C.; Scambia, G.; Di Simone, N. Adipokines, an adipose tissue and placental product with biological functions during pregnancy. BioFactors 2012, 38, 14–23. [Google Scholar] [CrossRef]

	



Mazaki-Tovi, S.; Kanety, H.; Pariente, C.; Hemi, R.; Wiser, A.; Schiff, E.; Sivan, E. Maternal serum adiponectin levels during human pregnancy. J. Perinatol. 2007, 27, 77–81. [Google Scholar] [CrossRef]

	



Balsan, G.A.; Vieira, J.L.D.C.; Oliveira, A.M.; Portal, V.L. Relationship between adiponectin, obesity and insulin resistance. Rev. Assoc. Med. Bras. 2015, 61, 72–80. [Google Scholar] [CrossRef] [PubMed]

	



Kotani, Y.; Yokota, I.; Kitamura, S.; Matsuda, J.; Naito, E.; Kuroda, Y. Plasma adiponectin levels in newborns are higher than those in adults and positively correlated with birth weight. Clin. Endocrinol. (Oxf) 2004, 61, 418–423. [Google Scholar] [CrossRef]

	



Ichida, K.; Moriyama, T.; Morita, H.; Kondo, T.; Yoshida, S.; Ohara, N.; Maruo, T. Plasma adiponectin concentrations and placental adiponectin expression in pre-eclamptic women. Gynecol. Endocrinol. 2007, 23, 238–243. [Google Scholar] [CrossRef]

	



Lappas, M.; Yee, K.; Permezel, M.; Rice, G.E. Release and regulation of leptin, resistin and adiponectin from human placenta, fetal membranes, and maternal adipose tissue and skeletal muscle from normal and gestational diabetes mellitus-complicated pregnancies. J. Endocrinol. 2005, 186, 457–465. [Google Scholar] [CrossRef] [PubMed]

	



Aye, I.L.M.H.; Powell, T.L.; Jansson, T. Review: Adiponectin-the missing link between maternal adiposity, placental transport and fetal growth? Placenta 2013, 34, S40–S45. [Google Scholar] [CrossRef] [PubMed]

	



Steppan, C.M.; Bailey, S.T.; Bhat, S.; Brown, E.J.; Banerjee, R.R.; Wright, C.M.; Patel, H.R.; Ahima, R.S.; Lazar, M.A. The hormone resistin links obesity to diabetes. Nature 2001, 409, 307–312. [Google Scholar] [CrossRef]

	



Jiang, S.; Park, D.W.; Tadie, J.M.; Gregoire, M.; Deshane, J.; Pittet, J.F.; Abraham, E.; Zmijewski, J.W. Human resistin promotes neutrophil proinflammatory activation and neutrophil extracellular trap formation and increases severity of acute lung injury. J. Immunol. 2014, 192, 4795–4803. [Google Scholar] [CrossRef] [PubMed]

	



Jung, H.S.; Park, K.H.; Cho, Y.M.; Chung, S.S.; Cho, H.J.; Cho, S.Y.; Kim, S.J.; Kim, S.Y.; Lee, H.K.; Park, K.S. Resistin is secreted from macrophages in atheromas and promotes atherosclerosis. Cardiovasc. Res. 2006, 69, 76–85. [Google Scholar] [CrossRef] [PubMed]

	



Patel, L.; Buckels, A.C.; Kinghorn, I.J.; Murdock, P.R.; Holbrook, J.D.; Plumpton, C.; Macphee, C.H.; Smith, S.A. Resistin is expressed in human macrophages and directly regulated by PPARγ activators. Biochem. Biophys. Res. Commun. 2003, 300, 472–476. [Google Scholar] [CrossRef] [PubMed]

	



Cortelazzi, D.; Corbetta, S.; Ronzoni, S.; Pelle, F.; Marconi, A.; Cozzi, V.; Cetin, I.; Cortelazzi, R.; Beck-Peccoz, P.; Spada, A. Maternal and foetal resistin and adiponectin concentrations in normal and complicated pregnancies. Clin. Endocrinol. (Oxf) 2007, 66, 447–453. [Google Scholar] [CrossRef] [PubMed]

	



Farid, S.D.; Najati, N.; Gharebaghi, M.M.; Haghjo, A.G.; Ghojazadeh, M. Resistin in cord blood of small for gestation age and appropriate for gestation age term neonates. Iran. J. Pediatr. 2013, 23, 659–663. [Google Scholar]

	



Kalliolias, G.D.; Ivashkiv, L.B. TNF biology, pathogenic mechanisms and emerging therapeutic strategies. Nat. Rev. Rheumatol. 2016, 12, 49–62. [Google Scholar] [CrossRef]

	



Jang, D.I.; Lee, A.H.; Shin, H.Y.; Song, H.R.; Park, J.H.; Kang, T.B.; Lee, S.R.; Yang, S.H. The Role of Tumor Necrosis Factor Alpha (TNF-α) in Autoimmune Disease and Current TNF-α Inhibitors in Therapeutics. Int. J. Mol. Sci. 2021, 22, 2719. [Google Scholar] [CrossRef]

	



Hotamisligil, G.S.; Arner, P.; Caro, J.F.; Atkinson, R.L.; Spiegelman, B.M. Increased adipose tissue expression of tumor necrosis factor-alpha in human obesity and insulin resistance. J. Clin. Invest 1995, 95, 2409–2415. [Google Scholar] [CrossRef] [PubMed]

	



Romanowska-Próchnicka, K.; Felis-Giemza, A.; Olesińska, M.; Wojdasiewicz, P.; Paradowska-Gorycka, A.; Szukiewicz, D. The Role of TNF-α and Anti-TNF-α Agents during Preconception, Pregnancy, and Breastfeeding. Int. J. Mol. Sci. 2021, 22, 2922. [Google Scholar] [CrossRef] [PubMed]

	



Brogin Moreli, J.; Cirino Ruocco, A.M.; Vernini, J.M.; Rudge, M.V.C.; Calderon, I.M.P. Interleukin 10 and tumor necrosis factor-alpha in pregnancy: Aspects of interest in clinical obstetrics. ISRN Obstet. Gynecol. 2011, 2012, 230742. [Google Scholar] [CrossRef]

	



Azizieh, F.Y.; Raghupathy, R.G. Tumor Necrosis Factor-α and Pregnancy Complications: A Prospective Study. Med. Princ. Pract. 2015, 24, 165–170. [Google Scholar] [CrossRef] [PubMed]

	



Howell, K.R.; Powell, T.L. Effects of maternal obesity on placental function and fetal development. Reproduction 2017, 153, 97–108. [Google Scholar] [CrossRef]

	



Barker, G.; Lim, R.; Georgiou, H.M.; Lappas, M. Omentin-1 is decreased in maternal plasma, placenta and adipose tissue of women with pre-existing obesity. PLoS ONE 2012, 7, e42943. [Google Scholar] [CrossRef]

	



Catalano, P.M.; Presley, L.; Minium, J.; Hauguel-de Mouzon, S. Fetuses of obese mothers develop insulin resistance in utero. Diabetes Care 2009, 32, 1076–1080. [Google Scholar] [CrossRef]

	



Thakali, K.M.; Saben, J.; Faske, J.B.; Lindsey, F.; Gomez-Acevedo, H.; Lowery, C.L.; Badger, T.M.; Andres, A.; Shankar, K. Maternal pregravid obesity changes gene expression profiles toward greater inflammation and reduced insulin sensitivity in umbilical cord. Pediatr. Res. 2014, 76, 202–210. [Google Scholar] [CrossRef]

	



Meyer, B.J.; Stewart, F.M.; Brown, E.A.; Cooney, J.; Nilsson, S.; Olivecrona, G.; Ramsay, J.E.; Griffin, B.A.; Caslake, M.J.; Freeman, D.J. Maternal obesity is associated with the formation of small dense LDL and hypoadiponectinemia in the third trimester. J. Clin. Endocrinol. Metab. 2013, 98, 643–652. [Google Scholar] [CrossRef]

	



Bozkurt, L.; Göbl, C.S.; Hörmayer, A.T.; Luger, A.; Pacini, G.; Kautzky-Willer, A. The impact of preconceptional obesity on trajectories of maternal lipids during gestation. Sci. Rep. 2016, 6, 29971. [Google Scholar] [CrossRef]

	



Misra, V.K.; Straughen, J.K.; Trudeau, S. Maternal serum leptin during pregnancy and infant birth weight: The influence of maternal overweight and obesity. Obesity 2013, 21, 1064–1069. [Google Scholar] [CrossRef]

	



Brynhildsen, J.; Sydsjö, G.; Blomberg, M.; Claesson, I.M.; Theodorsson, E.; Nyström, F.; Sydsjö, A.; Josefsson, A. Leptin and adiponectin in cord blood from children of normal weight, overweight and obese mothers. Acta Paediatr. 2013, 102, 620–624. [Google Scholar] [CrossRef]

	



Karakosta, P.; Georgiou, V.; Fthenou, E.; Papadopoulou, E.; Roumeliotaki, T.; Margioris, A.; Castanas, E.; Kampa, M.; Kogevinas, M.; Chatzi, L. Maternal weight status, cord blood leptin and fetal growth: A prospective mother-child cohort study (Rhea study). Paediatr. Perinat. Epidemiol. 2013, 27, 461–471. [Google Scholar] [CrossRef]

	



Valsamakis, G.; Papatheodorou, D.C.; Naoum, A.; Margeli, A.; Papassotiriou, I.; Kapantais, E.; Creatsas, G.; Kumar, S.; Mastorakos, G. Neonatal birth waist is positively predicted by second trimester maternal active ghrelin, a pro-appetite hormone, and negatively associated with third trimester maternal leptin, a pro-satiety hormone. Early Hum. Dev. 2014, 90, 487–492. [Google Scholar] [CrossRef]

	



Lepercq, J.; Guerre-Millo, M.; André, J.; Caüzac, M.; Hauguel-de Mouzon, S. Leptin: A potential marker of placental insufficiency. Gynecol. Obstet. Invest 2003, 55, 151–155. [Google Scholar] [CrossRef]

	



Smith, J.T.; Waddell, B.J. Leptin distribution and metabolism in the pregnant rat: Transplacental leptin passage increases in late gestation but is reduced by excess glucocorticoids. Endocrinology 2003, 144, 3024–3030. [Google Scholar] [CrossRef]

	



West, J.; Wright, J.; Fairley, L.; Sattar, N.; Whincup, P.; Lawlor, D.A. Do ethnic differences in cord blood leptin levels differ by birthweight category? Findings from the Born in Bradford cohort study. Int. J. Epidemiol. 2014, 43, 249–254. [Google Scholar] [CrossRef] [PubMed]

	



Fonseca, M.J.; Santos, A.C. Umbilical cord blood adipokines and newborn weight change. Arch. Gynecol. Obstet. 2015, 291, 1037–1040. [Google Scholar] [CrossRef]

	



Varvarigou, A.; Mantzoros, C.S.; Beratis, N.G. Cord blood leptin concentrations in relation to intrauterine growth. Clin. Endocrinol. (Oxf) 1999, 50, 177–183. [Google Scholar] [CrossRef]

	



Weyer, C.; Funahashi, T.; Tanaka, S.; Hotta, K.; Matsuzawa, Y.; Pratley, R.E.; Tataranni, P.A. Hypoadiponectinemia in obesity and type 2 diabetes: Close association with insulin resistance and hyperinsulinemia. J. Clin. Endocrinol. Metab. 2001, 86, 1930–1935. [Google Scholar] [CrossRef]

	



Zavalza-Gómez, A.B.; Anaya-Prado, R.; Rincón-Sánchez, A.R.; Mora-Martínez, J.M. Adipokines and insulin resistance during pregnancy. Diabetes Res. Clin. Pract. 2008, 80, 8–15. [Google Scholar] [CrossRef] [PubMed]

	



Lord, E.; Ledoux, S.; Murphy, B.D.; Beaudry, D.; Palin, M.F. Expression of adiponectin and its receptors in swine. J. Anim. Sci. 2005, 83, 565–578. [Google Scholar] [CrossRef] [PubMed]

	



Winer, J.C.; Zern, T.L.; Taksali, S.E.; Dziura, J.; Cali, A.M.; Wollschlager, M.; Seyal, A.A.; Weiss, R.; Burgert, T.S.; Caprio, S. Adiponectin in childhood and adolescent obesity and its association with inflammatory markers and components of the metabolic syndrome. J. Clin. Endocrinol. Metab. 2006, 91, 4415–4423. [Google Scholar] [CrossRef] [PubMed]

	



Zembala-Szczerba, M.; Jaworowski, A.; Huras, H.; Babczyk, D.; Jach, R. Low-Grade Metabolically-Induced Inflammation Mediators Interleukin-6, Adiponectin, and TNF-α Serum Levels in Obese Pregnant Patients in the Perinatal Period. Med. Sci. Monit. Basic. Res. 2017, 23, 1. [Google Scholar] [CrossRef]

	



Vernini, J.M.; Moreli, J.B.; Costa, R.A.; Negrato, C.A.; Rudge, M.V.; Calderon, I.M. Maternal adipokines and insulin as biomarkers of pregnancies complicated by overweight and obesity. Diabetol. Metab. Syndr. 2016, 8, 68. [Google Scholar] [CrossRef]

	



Wang, J.; Shang, L.X.; Dong, X.; Wang, X.; Wu, N.; Wang, S.H.; Zhang, F.; Xu, L.M.; Xiao, Y. Relationship of adiponectin and resistin levels in umbilical serum, maternal serum and placenta with neonatal birth weight. Aust. N. Z. J. Obstet. Gynaecol. 2010, 50, 432–438. [Google Scholar] [CrossRef]

	



Lowe, L.P.; Metzger, B.E.; Lowe Jr, W.L.; Dyer, A.R.; McDade, T.W.; McIntyre, H.D.; HAPO Study Cooperative Research Group. Inflammatory mediators and glucose in pregnancy: Results from a subset of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) Study. J. Clin. Endocrinol. Metab. 2010, 95, 5427–5434. [Google Scholar] [CrossRef]

	



Lindsay, R.S.; Walker, J.D.; Havel, P.J.; Hamilton, B.A.; Calder, A.A.; Johnstone, F.D.; Scottish Multicentre Study of Diabetes in Pregnancy. Adiponectin is present in cord blood but is unrelated to birth weight. Diabetes Care 2003, 26, 2244–2249. [Google Scholar] [CrossRef]

	



Kajantie, E.; Hytinantti, T.; Hovi, P.; Andersson, S. Cord plasma adiponectin: A 20-fold rise between 24 weeks gestation and term. J. Clin. Endocrinol. Metab. 2004, 89, 4031–4036. [Google Scholar] [CrossRef]

	



Vatish, M.; Chen, J.; Karteris, E.; Zervou, S.; Digby, J.E.; Hillhouse, E.W.; Randeva, H.S. Secretion of adiponectin by human placenta: Differential modulation of adiponectin and its receptors by cytokines. Diabetologia 2006, 49, 1292–1302. [Google Scholar]

	



Lee, J.H.; Chan, J.L.; Yiannakouris, N.; Kontogianni, M.; Estrada, E.; Seip, R.; Orlova, C.; Mantzoros, C.S. Circulating resistin levels are not associated with obesity or insulin resistance in humans and are not regulated by fasting or leptin administration: Cross-sectional and interventional studies in normal, insulin-resistant, and diabetic subjects. J. Clin. Endocrinol. Metab. 2003, 88, 4848–4856. [Google Scholar] [CrossRef]

	



Noureldeen, A.F.; Qusti, S.Y.; Al-Seeni, M.N.; Bagais, M.H. Maternal leptin, adiponectin, resistin, visfatin and tumor necrosis factor-alpha in normal and gestational diabetes. Indian J. Clin. Biochem. 2014, 29, 462–470. [Google Scholar] [CrossRef]

	



Nien, J.K.; Mazaki-Tovi, S.; Romero, R.; Kusanovic, J.P.; Erez, O.; Gotsch, F.; Pineles, B.L.; Friel, L.A.; Espinoza, J.; Goncalves, L.; et al. Resistin: A hormone which induces insulin resistance is increased in normal pregnancy. J. Perinat. Med. 2007, 35, 513–521. [Google Scholar] [CrossRef]

	



Kirwan, J.P.; Hauguel-De Mouzon, S.; Lepercq, J.; Challier, J.C.; Huston-Presley, L.; Friedman, J.E.; Kalhan, S.C.; Catalano, P.M. TNF-α Is a Predictor of Insulin Resistance in Human Pregnancy. Diabetes 2002, 51, 2207–2213. [Google Scholar] [CrossRef]

	



Challier, J.C.; Basu, S.; Bintein, T.; Minium, J.; Hotmire, K.; Catalano, P.M.; Hauguel-de Mouzon, S. Obesity in pregnancy stimulates macrophage accumulation and inflammation in the placenta. Placenta 2008, 29, 274–281. [Google Scholar] [CrossRef]

	



Aye, I.L.; Lager, S.; Ramirez, V.I.; Gaccioli, F.; Dudley, D.J.; Jansson, T.; Powell, T.L. Increasing maternal body mass index is associated with systemic inflammation in the mother and the activation of distinct placental inflammatory pathways. Biol. Reprod. 2014, 90, 129. [Google Scholar] [CrossRef]

	



de Toledo Baldi, E.; Dias Bobbo, V.C.; Melo Lima, M.H.; Velloso, L.A.; Pereira de Araujo, E. Tumor necrosis factor-alpha levels in blood cord is directly correlated with the body weight of mothers. Obes. Sci. Pract. 2016, 2, 210–214. [Google Scholar] [CrossRef]

	



Zahorska-Markiewicz, B.; Janowska, J.; Olszanecka-Glinianowicz, M.; Zurakowski, A. Serum concentrations of TNF-alpha and soluble TNF-alpha receptors in obesity. Int. J. Obes. Relat. Metab. Disord. 2000, 24, 1392–1395. [Google Scholar] [CrossRef]

	



Cheung, A.T.; Ree, D.; Kolls, J.K.; Fuselier, J.; Coy, D.H.; Bryer-Ash, M. An in vivo model for elucidation of the mechanism of tumor necrosis factor-alpha (TNF-alpha)-induced insulin resistance: Evidence for differential regulation of insulin signaling by TNF-alpha. Endocrinology 1998, 139, 4928–4935. [Google Scholar] [CrossRef]

	



Kirchgessner, T.G.; Uysal, K.T.; Wiesbrock, S.M.; Marino, M.W.; Hotamisligil, G.S. Tumor Necrosis Factor-α Contributes to Obesity-related Hyperleptinemia by Regulating Leptin Release from Adipocytes. J. Clin. Invest. 1997, 100, 2777–2782. [Google Scholar] [CrossRef]

	



Stupak, A.; Geca, T.; Krzyzanowski, A.; Kwiatek, M.; Slowik-Kwiatkowska, I.; Kwasniewska, A. Obesity—A still underestimated risk factor during antenatal corticosteroids therapy. Ginekol. Pol. 2022. ahead of print. [Google Scholar] [CrossRef]

	



Wang, Y.; Mao, J.; Wang, W.; Qiou, J.; Yang, L.; Chen, S. Maternal fat free mass during pregnancy is associated with birth weight. Reprod Health 2017, 14, 47. [Google Scholar] [CrossRef]

	



Most, J.; Marlatt, K.L.; Altazan, A.D.; Redman, L.M. Advances in assessing body composition during pregnancy. Eur. J. Clin. Nutr. 2018, 72, 645–656. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Clinical characteristics of the study group (O) and control group (C).






Table 1. Clinical characteristics of the study group (O) and control group (C).





	
General Characteristics

	
Median

	
Percentile

	
Range




	
25

	
75






	
Age (years)

	
O

	
30.5

	
28

	
33

	
25–43




	
C

	
27

	
25

	
32

	
21–38




	
Height (cm)

	
O

	
167

	
160

	
171

	
150–179




	
C

	
165

	
162

	
170

	
155–184




	
Weight before pregnancy

(kg)

	
O

	
94

	
79

	
103

	
69–130




	
C

	
59

	
54

	
63

	
45–73




	
BMI before pregnancy

(kg/m2)

	
O

	
32.7

	
30.1

	
35.6

	
30–44.5




	
C

	
21.2

	
19.4

	
22.8

	
18.5–25




	
Body weight in third trimester (kg)

	
O

	
108.5

	
95

	
115

	
85–138




	
C

	
73

	
67

	
78

	
59.5–100




	
Systolic blood pressure (mmHg)

	
O

	
131

	
117

	
131

	
109–136




	
C

	
118

	
105

	
128

	
110–134




	
Diastolic blood pressure (mmHg)

	
O

	
83

	
71

	
83

	
68–88




	
C

	
79

	
69

	
81

	
67–86




	
Weight gain during pregnancy (kg)

	
O

	
12

	
9

	
16

	
3–28




	
C

	
14.75

	
11.5

	
19

	
8–30




	
Gestational age (weeks)

	
O

	
40

	
39

	
40

	
37–41




	
C

	
40

	
39

	
40

	
37–42
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Table 2. Birth weight of newborns in the study (O) and control (C) groups.






Table 2. Birth weight of newborns in the study (O) and control (C) groups.





	
Neonatal Birth Weight (g)




	

	
Median

	
Percentile

	
Range

	
Statistical Analysis




	
25

	
75






	
Neonates

	
O

	
3745

	
3490

	
4170

	
2880–4420

	
p < 0.01




	
C

	
3310

	
3100

	
3630

	
2940–4500








Statistically significant results (p < 0.05) highlighted in italic. Values are median and interquartile range (25th–75th percentiles). p-values from unpaired t-test for continuous parametric variables.
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Table 3. Maternal (M) and cord blood (U) insulin, glucose concentration, and HOMA-IR in the study group (O) and control group (C).






Table 3. Maternal (M) and cord blood (U) insulin, glucose concentration, and HOMA-IR in the study group (O) and control group (C).





	

	
Median

	
Percentile

	
Min–Max

	
Statistical Analysis




	
25

	
75






	
Insulin (M)

(µlU/mL)

	
O

	
14.0

	
10.4

	
20.4

	
3.2–55.6

	
p = 0.7




	
C

	
12.9

	
9.2

	
21.4

	
4.4–68.4




	
Insulin (U)

(µlU/mL)

	
O

	
6.7

	
4.5

	
11.2

	
2.2–30

	
p = 0.88




	
C

	
8.1

	
4.5

	
9.4

	
2.8–14.1




	
Glucose (M)

(mmol/L)

	
O

	
4.7

	
3.6

	
5.4

	
1.9–6.7

	
p = 0.95




	
C

	
4.3

	
3.9

	
5.2

	
2–6.6




	
Glucose (U)

(mmol/L)

	
O

	
3.8

	
3.0

	
4.7

	
0.8–7.3

	
p = 0.59




	
C

	
3.7

	
3.1

	
5.7

	
0.6–6.4




	
HOMA-IR (M)

	
O

	
2.4

	
1.6

	
4.4

	
0.6–15.3

	
p = 0.91




	
C

	
2.5

	
1.5

	
4.5

	
0.7–19.1




	
HOMA-IR (U)

	
O

	
1.1

	
0.7

	
2.0

	
0.2–3.7

	
p = 0.86




	
C

	
1.3

	
0.8

	
1.8

	
0.3–3.7








Values are median and interquartile range (25th–75th percentiles). p-values from unpaired t-test for continuous parametric variables and Mann–Whitney U-test for nonparametric variables.
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Table 4. Concentrations of selected parameters of lipid metabolism in the serum of mothers’ blood (M) and umbilical cord blood (U) in the study (O) and control (C) groups.
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Substance

	
Median

	
Percentile

	
Range

	
Statistical Analysis




	
25

	
75






	
Total cholesterol M (mg/dL)

	
O

	
265.5

	
242.4

	
288

	
205.1–385.1

	
p < 0.05




	
C

	
296.5

	
259

	
319.9

	
185–398




	
Total cholesterol U (mg/dL)

	
O

	
53.7

	
42

	
70.2

	
32.7–105.9

	
p < 0.001




	
C

	
78

	
67.6

	
87

	
53.2–110.6




	
TG

M

(mg/dL)

	
O

	
317.5

	
267.9

	
350.9

	
123.2–540.4

	
p < 0.05




	
C

	
280.9

	
203.0

	
303

	
123.5–376.7




	
TG U

(mg/dL)

	
O

	
26.1

	
13.8

	
43.7

	
1–73.4

	
p = 0.67




	
C

	
28.9

	
19.1

	
39.9

	
13.7–80.4




	
HDL M

(mg/dL)

	
O

	
61.2

	
53.2

	
68.8

	
36.7–102.9

	
p < 0.001




	
C

	
76.8

	
66.1

	
83

	
42.7–115




	
HDL U

(mg/dL)

	
O

	
18.2

	
11.3

	
30.7

	
9.4–41.2

	
p < 0.001




	
C

	
35.6

	
34.1

	
40.2

	
29.8–49.7




	
LDL M

(mg/dL)

	
O

	
162

	
138.6

	
190.7

	
98.7–267.7

	
p = 0.99




	
C

	
168.8

	
147

	
188.5

	
95–216.2




	
LDL U

(mg/dL)

	
O

	
20.6

	
14.6

	
30.2

	
1.6–61.2

	
p < 0.001




	
C

	
31.4

	
26.8

	
39.1

	
19.9–56




	
VLDL M

(nmol/mL)

	
O

	
546.5

	
498

	
1418.7

	
320.3–7422.6

	
p = 0.24




	
C

	
666.7

	
555.7

	
1085.8

	
415.5–7748.3




	
VLDL

U

(nmol/mL)

	
O

	
576

	
506.1

	
1566.6

	
360.5–7107.2

	
p = 0.48




	
C

	
697.9

	
522.1

	
1690.1

	
402.1–7050.4








TG—triglycerides, HDL—high density lipoproteins, LDL—low density lipoproteins, VLDL—very low density lipoproteins. Statistically significant results (p < 0.05) highlighted in italic. Values are median and interquartile range (25th–75th percentiles). p-values from unpaired t-test for continuous parametric variables and Mann–Whitney U-test for nonparametric variables.
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Table 5. Concentrations of selected adipokines in the serum of maternal blood (M) and umbilical cord blood (U) in the study group (O) and control group (C).
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Adipokines

	
Median

	
Percentile

	
Range

	
Statistical Analysis




	
25

	
75






	
Leptin M

(ng/mL)

	
O

	
36.4

	
27.9

	
54.1

	
4.1–124.4

	
p < 0.001




	
C

	
16.5

	
10.1

	
34.3

	
4.2–95




	
Leptin U

(ng/mL)

	
O

	
10.7

	
6.8

	
22.0

	
1.7–51.3

	
p < 0.05




	
C

	
7.0

	
4.4

	
13.1

	
1.1–20.1




	
Adiponectin M (μg/mL)

	
O

	
5.9

	
4.4

	
8.5

	
2.5–18.4

	
p = 0.08




	
C

	
8.4

	
5.1

	
10.4

	
2–18

	




	
Adiponectin U (μg/mL)

	
O

	
29.0

	
24.2

	
34.9

	
15.4–41.8

	
p = 0.4




	
C

	
33.4

	
24.0

	
37.1

	
10.9–4.0




	
Resistin M

(ng/mL)

	
O

	
13.4

	
9.1

	
17.8

	
5.4–30.4

	
p < 0.05




	
C

	
8.9

	
7.4

	
12.7

	
4.9–24.7




	
Resistin U

(ng/mL)

	
O

	
14.4

	
12.0

	
20.6

	
8.9–56.8

	
p = 0.24




	
C

	
12.6

	
11.4

	
18.6

	
8.2–22.7




	
TNF-α M

(pg/mL)

	
O

	
10.1

	
3.1

	
32.7

	
0.001–2001.9

	
p = 0.13




	
C

	
26.2

	
6.1

	
257.2

	
0.006–1906.5




	
TNF-α U

(pg/mL)

	
O

	
24.8

	
4.6

	
50.4

	
0.006–1526.3

	
p = 0.8




	
C

	
12.3

	
6.1

	
50.2

	
0.4–972.2








TNF-α—tumor necrosis factor alpha. Statistically significant results (p < 0.05) highlighted in italic. Values are median and interquartile range (25th–75th percentiles). p-values from unpaired t-test for continuous parametric variables and Mann–Whitney U-test for nonparametric variables.
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