Bioelectrical Impedance Analysis for Pregnant
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Pregnancy is a time of significant changes occurring in the composition of a woman’s body in order to provide support for
the growth and development of the fetus. Bioelectrical impedance analysis (BIA) is used to assess the body composition
and hydration status. This technique represents a non-invasive, reliable, and fast clinical approach, which is well tolerated
by patients. A segmental impedance measurement might be advantageous in pregnant women, particularly in late
pregnancy.
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| 1. Weight Gain in Pregnancy and Gestational Diabetes Mellitus

The BIA method can be successfully used to study the effect of excessive gestational weight gain in pregnancy on the
development of obstetric complications. The incidence of excessive gestational weight gain (EGWG) in pregnhancy is
increasing worldwide and it is associated with complications of pregnancy, including gestational diabetes mellitus (GDM),
preeclampsia (PE), preterm labour, foetal macrosomia and obesity in the offspring [Xl. GWG is positively associated with
the fat mass gain but not fat-free mass. The lean mass (FFM) includes the mass of the total body water (TBW), bone,
protein, and non-bone mineral mass. Unfortunately, FM and FFM cannot be divided into the maternal and foetal units by
means of this method. In clinical trials, the main goal of the maternal body composition assessment is to evaluate
changes in the fat mass (FM) and FFM before, during and after pregnancy . However, a study by Zhang et al. showed
that all indicators of BIA (total body water, fat mass, fat-free mass, percent body fat, muscle mass, visceral fat levels,
proteins, bone minerals, basal metabolic rate and lean trunk mass), age, weight and BMI were risk factors that
significantly increased the occurrence of GDM 2. In the case of pregnant women, an increase in TBW, FM, FFM, body
cell mass (BCM) and extracellular water (ECW) was observed. It is related to the physiological changes taking place
during pregnancy, adapting the woman’s body to the developing pregnancy and subsequent lactation B!, These changes
are progressive and increase as pregnancy continues. From early to late pregnancy, the rate of fat accumulation was
comparable . An increase in the fluid retention as well as an increase in the blood volume are both reflective of elevated
levels of TBW and ECW 4. However, during pregnancy, the mean percentage of TBW decreases 2. Overweight or obese
women present significantly lower percentages of TBW. Body fat percentage (BFP), FM and TBW have been observed to
be considerably greater in obese women [, In healthy women, FM increases during pregnancy despite a slight increase
in total energy expenditure and no change is observed in the energy intake (€],

It seems that BIA has a better prognostic potential for gestational and post-partum outcomes than BMI B with the
metric system, the formula for BMI is weight in kilograms divided by height in meters squared. However, Asian individuals
have more body fat than Caucasians with the same BMI values LU Additionally, it is known that the correlation
between BMI and body fat content is age and gender dependent. BMI is a crude marker for general fat, and cannot
distinguish between the fat and lean body masses 1213l |n the case of women with a high content of the muscle tissue,
BMI does not fulfil its function properly. BMI, along with gestational weight gain, inform about the real nutritional status in
pregnancy, however, these parameters do not provide information regarding the distribution of fat [&. The body fat
composition, on the other hand, can be assessed in detail with the use of BIA. Recently, the fat and free-fat masses are
known to be more accurate predictors of the maternal nutritional status than BMI 2. The studies have shown that obesity
and EGWG are associated with more frequent adverse maternal and neonatal complications (Table 1) [A[141[15](16]

Table 1. Obesity and excessive gestational weight gain—the risk of development of the diseases for the mother and her
offspring.



Early Risk Long-Term Risk
gestational diabetes mellitus diabetes mellitus type 2
Mother gestational hypertension and preeclampsia cardiovascular diseases

caesarean delivery and vacuum/forceps delivery

prematurity cardiovascular diseases
macrosomia obesity
Offspring
Intensive Neonatal Care Unit admission after delivery hypertension
lower Apgar score insulin resistance and diabetes mellitus type 2

Higher rates of newborns with a low Apgar score have been observed in obese women compared to women with normal
BMI 18171 The studies showed that babies born to obese women had an increased risk of admission to the Intensive
Care Unit for newborns and their birth weight was above 4000 g 28118 The BFP is considered to be a stronger predictor
of GDM than BMI 18, The mean BFP varies significantly during pregnancy 2.

A study by Zhang et al. revealed that bone minerals in early pregnancy were a significant risk factor for GDM 2.
Pathological changes in the maternal TBW detected by means of BIA measurements have been related to gestational
maladaptation 2. It is worth noting that the BIA measurements must be interpreted considering the background of
adequate reference values for the population of interest as both bioelectrical properties and their relationship to the body
composition are affected by the height, weight, hydration status and stage of life of individual women [22129],

The amount and composition of a healthy GWG varies greatly among women who are underweight, normal weight,
overweight and obese 2. Studying the mother's body composition and correlating it with her energy balance could
facilitate the development of dietary recommendations for women that would help to ensure adequate weight gain during
pregnancy. Obesity is a major risk factor for cardiovascular disease [22. In the studies by Piuri et al. it has been shown
that women with hypertensive disorders caused by overweight and obesity had increased TBW and ECW already in early
pregnancy &l In contrast, women who delivered Small-for-Gestational-Age (SGA) newborns, especially when associated
with foetal growth restriction, were more likely to have lower TBW and ECW values &, However, the studies were
conducted on a small number of women.

EGWG and GDM can have an important effect on the foetal development, which is manifested by an increased
predisposition to obesity, insulin resistance, diabetes, hypertension and other diseases in the later life of the offspring. The
“foetal programming” hypothesis suggests that adverse effects early in the development lead to permanent changes in the
structure, physiology and metabolism of the foetus (2312412511261 These processes make the offspring vulnerable to obesity
and related diseases such as diabetes mellitus type 2 (T2DM), hypertension, cardiovascular disease and others
throughout their lives, from childhood to adulthood 2324271 These adverse effects are especially noticeable in the
presence of maternal nutritional imbalance and metabolic disorders during pregnancy as well as redox dysregulation in
the mother—placenta—foetus unit 24,

GDM causes both short- and long-term complications for mothers and foetuses, so it is important to identify the risk
factors as early as possible and implement appropriate measures to prevent their development.

Liu et al. investigated a relationship between the body composition measured by BIA at 13 weeks of gestation and GDM
diagnosed at 24—-28 weeks of gestation (28], They observed that in those pregnant women whose fat mass percentage
(FMP) was above 28% the risk of developing GDM was higher than in the women who presented with normal FMP. In
Wang's studies, the percentage of body fat was the strongest risk factor for GDM after adjusting the BMI before
pregnancy 22, On the other hand, the skeletal muscle mass percentage (SMMP) was inversely related to the increased
risk of developing GDM [28. The fat mass index (FMI) in early pregnancy has been shown to be a predictor of GDM. FMI
may be an indicator of the effectiveness of an intervention to reduce the risk of GDM (28] |n Balani's research, the visceral
fat mass (VFM) was found to influence the development of GDM 4. Maternal hyperglycaemia may also be a risk factor
for foetal programming, as it has been shown to reduce both foetal glucose tolerance and insulin sensitivity 24!,

| 2. Gestational Hypertension and Preeclampsia

BIA is also used as one of the additional tests in assessing the risk of developing GH and PE 223233, pE js 3 serious
disease diagnosed in 2—8% of pregnancies 2433 and it is associated with the risk of preterm labour. For this reason, it is



important that the risk of PE occurrence should be identified as soon as possible and appropriate treatment and care
methods should be immediately initiated. It has been shown that BIA assessment in conjunction with other tests (e.g.,
haemodynamics) can be used to identify early markers of an impaired cardiovascular adaptation and body composition
that may lead to complications in the third trimester of pregnancy 1. According to several study reports, women with PE
gained significantly more weight during pregnancy than women with normal blood pressure B8I371 Maternal obesity prior
to pregnancy is one of the most significant risk factors for PE 38 A relationship has been observed between the pre-
pregnancy BMI value and likelihood of PE occurrence [28l39 Nonetheless, the use of BMI in pregnancy is very limited and
the results are unreliable. BIA is an alternative method of assessing overweight and obesity on the basis of the amount of
body fat. In 2015, Sween et al. investigated a relationship between the content of adipose tissue in obese women in the
first trimester of pregnancy and the occurrence of PE in those mothers-to-be 9. It was shown that an increase in the
adipose tissue content increased the risk of developing PE. It was also found that body fat correlated more strongly with
the risk of PE than BMI. There is a viewpoint that adipose tissue is involved in the pathophysiology of PE because obesity
is related, inter alia, to oxidative stress (OS). In the case of normalised and overweight women, no correlation was
observed between the increase in both BMI and adipose tissue content and the increased risk of developing PE 9,

75% of PE patients had excessive GWG 1. The Da Silva study showed that TBW and ECW were higher in the group of
women with PE, while in both absolute and relative terms the percentage of ICW was lower in this group BIB2 |n the
study of Staelens, the ECW/ICW ratio is higher in preeclamptic patients compared to uncomplicated pregnancies and GH,
and ICW does not differ between the groups [2l.

In the study of McLennan et al., attention was drawn to the early postpartum period in women who developed PE 42, The
study found that six months after pre-eclampsia, the women presented significantly higher body weight, higher percentage
of fat mass, much higher BMI as well as higher insulin resistance (HOMA-IR) and reduced HDL levels in comparison to
the women with normal blood pressure during pregnancy. It was observed that women who were diagnosed with PE
during pregnancy led a less active lifestyle after delivery in comparison to the women who did not develop PE (2,
However, this may be related to the higher percentage of caesarean sections in this group, which is usually associated
with decreased activity after delivery #2143l Breastfeeding had no significant effect on total or activity-related energy
expenditure in both normal blood pressure and PE groups. Women with a history of PE consumed an average of 13%
less kilojoules than women with normal blood pressure during pregnancy. However, the composition of macronutrients in
the diets of women from both groups was similar 42,

Meta-analyses revealed a two- to three-times higher risk of chronic cardiovascular disease and T2DM in women after PE
compared to women with normotension during pregnancy “41145I[46](47]

Levario-Carrillo et al. investigated body composition in four groups of patients: women with uncomplicated pregnancy,
women with GH, women with mild PE and women with severe PE 48], |t was observed that maternal body composition
differed significantly in the patients with hypertensive complications during pregnancy. In the patients diagnosed with
elevated blood pressure, a higher pre-pregnancy BMI was observed. 66% of women diagnosed with GH, 78% with mild
PE and 70% with severe PE had increased total body water (above the 90th percentile). In all the studied groups, patients
presenting with co-morbid oedema showed increased TBW. It is suggested that these data may be related to a possible
inadequate water volume distribution due to the alteration in capillary permeability &I,

In a study by Yeboah et al., maternal serum leptin and lipid profile were analysed, also, body fat percentage was
determined during the first trimester 42 The study subjects were purposively selected. The authors tried to determine
whether in the first trimester of pregnancy, the serum concentration of leptin and the body fat percentage (%BF) are
altered in those pregnant women who subsequently develop PE, and whether these changes are significant enough to
enable determining which pregnant women are likely to develop PE. The use of BIA measurements made it possible to
determine %BF, whereas such obesity indicators as BMI, waist circumference, waist-to-height ratio and waste-to-hip ratio
cannot determine the percentage of body fat. The study of Yeboah et al. showed that significantly higher leptin levels
existed in those women who subsequently developed PE in comparison to their counterparts. Moreover, it was indicated
that obese women are at a greater risk of developing PE during the course of pregnancy, which corroborates earlier
studies reporting a link between obesity and an increased risk of developing PE 421,
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