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Abstract 

Male gender is considered a risk factor for several adverse perinatal outcomes. The effect of fetal 

gender on fetal heart rate (FHR) has been the subject of several studies with contradictory 

results. The importance of maternal heart rate (MHR) monitoring during labor has also been 

investigated, but less is known about the effect of fetal gender on MHR. The aim of this study is 

to simultaneously assess maternal and FHR variability during labor in relation with fetal gender. 

Simultaneous MHR and FHR recordings were obtained from 44 singleton term pregnancies 

during the last two hours of labour (H1,H2). Heart rate tracings were analyzed using linear (time- 

and frequency-domain) and non-linear indices. Both linear and nonlinear components were 

considered in assessing FHR and MHR interaction. Mothers carrying male fetuses (n=22) had 

significantly higher values for linear indices related with MHR average and variability and 

sympatho-vagal balance, while the opposite occurred in the high-frequency component and most 

nonlinear indices. Significant differences in FHR were only observed in H1 with higher entropy 

values in female fetuses. Assessing the differences between FHR and MHR, statistically 

significant differences were obtained in most non-linear indices between genders. A significantly 

higher cross-SampEn was observed in mothers carrying female fetuses (n=22), denoting a lower 

synchrony or similarity between MHR and FHR. The variability of MHR and the 

synchrony/similarity between MHR and FHR vary with respect to fetal gender during labor. 

These findings suggest that fetal gender needs to be taken into account when simultaneously 

monitoring MHR and FHR. 

Keywords: Fetal gender; Fetal heart rate; Fetal monitoring systems; Intrapartum; Maternal heart 

rate.   
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Introduction 

Male gender is considered a risk factor for lower prenatal survival (Ingemarsson, 2003), preterm 

delivery (Brettell, Yeh & Impey, 2008; McGregor, Leff, Orleans & Baron, 1992; Zeitlin, Ancel, 

Larroque & Kaminski, 2004), and spontaneous abortion, with a 30% higher rate in male fetuses 

(Hassold, Quillen & Yamane, 1983). In addition, several other adverse perinatal outcomes have 

been associated with male gender: macrosomia (Sheiner, Levy, Katz, Hershkovitz, Leron & 

Mazor, 2004), gestational diabetes (Sheiner  et al., 2004), hypertensive disorders of pregnancy 

(Elsmén, Källén, Marsál & Hellström-Westas, 2006; Weissmann-Brenner, Simchen, Zilberberg, 

Kalter & Dulitzky, 2015), shoulder dystocia (Torricelli, Voltolini, Conti, Bocchi, Severi & 

Petraglia, 2013), umbilical cord accidents (Sheiner et al., 2004), cesarean delivery (Ingemarsson, 

2003; Sheiner et al., 2004), and instrumental delivery (Hou, Wang, Li, Zou, Chen & Zhang, 

2014; Sheiner et al., 2004; Weissmann-Brenner et al., 2015). An independent association 

between male gender and pathological fetal heart rate (FHR) patterns during labor has been 

reported, as well for pH<7.1 and 1-minute Apgar score <7 (Yohai et al., 2016). Ingemarsson 

(2003) also reported a higher rate of acidemia (pH<7.0) in male fetuses. These differences may 

be result of a heightened male vulnerability to prenatal exposures and/or a higher adaptation 

capacity of female fetuses (Bale, 2009; McKenna, Ventolini, Neiger & Downing, 2006). 

FHR monitoring is conventionally used during late pregnancy and in labor (Gonçalves, Ayres-

de-Campos & Bernardes, 2016a). The effect of fetal gender in FHR and its variability has been 

subject of several studies, but the reported results are contradictory (Bernardes, Gonçalves, 

Ayres-de-Campos & Rocha, 2008; Dawes, Dawes, Moulden & Redman, 1999; DiPietro, 

Hodgson, Costigan, Hilton & Johnson, 1996; Lange, Van Leeuwen, Geue, Hatzmann & 
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Grönemeyer, 2005; Oguch and Steer, 1998;). The importance of maternal heart rate (MHR) 

monitoring during labor has also been investigated. Gonçalves, Pinto, Silva, Ayres-de-Campos & 

Bernardes (2016b) assessed MHR in addition to conventional FHR monitoring, reporting a 

significant increase in both FHR and MHR linear indices during labor, while the opposite 

occurred with entropy indices. Additionally, a sensitivity value of nearly 100% and specificity of 

89.1% were achieved with the inclusion of MHR on bivariate analysis, suggesting that 

simultaneous monitoring of maternal and fetal heart rates may improve the identification of fetal 

acidemia in comparison with exclusive FHR monitoring (Gonçalves et al., 2016b). Despite the 

increasing focus in MHR monitoring during labor, less is known about the effect of fetal gender 

on MHR tracings. 

The objective of this study was to analyze the influence of fetal gender on simultaneous 

monitoring of maternal and fetal heart rate variability during labor. 

Methods 

Data acquisition 

Simultaneous MHR and FHR were obtained during labour from fifty-one singleton term 

pregnancies. The final population was reduced to 44 cases, as 6 cases ending in caesarean 

delivery and one macrosomic fetus were excluded. The recordings had a median duration of 310 

min (IQR = 214 min) and the last 2 hours were analysed. The main maternal and perinatal 

characteristics of the included cases are presented in Table 1. The study was approved by the 

local Ethics Committee, and an informed consent to participate was obtained from all 

participants. 
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Table 1 

Continuous MHR tracings were obtained by ECG. Two unipolar chest electrodes placed on three 

classical locations (second right and left intercostal spaces and fifth left intercostal space in the 

mid-clavicular line) were linked to a conventional STAN®31 fetal monitor (Neoventa, 

Gothemburg, Sweden). Subsequently, after amplification, digitalization and filtration (STAN 

Service Manual, 2005), MHR signal was exported from the STAN monitor into the Omniview-

SisPorto® 3.5 system (Speculum, Lisbon, Portugal), at a sampling rate of 4 Hz (Ayres-de-

Campos, Sousa, Costa & Bernardes, 2008; Pinto, Bernardes, Costa-Santos, Amorim-Costa, Silva 

& Ayres-de-Campos, 2014). In order to calculate the heart period, a RR interval was converted 

to the nearest quarter of a beat, in beats per minute (Carter, 1993). With the objective to 

overcome signal loss episodes and artifacts, an algorithm for FHR preprocessing described by 

Gonçalves, Rocha, Ayres-de-Campos & Bernardes (2006) was used. MHR signals were then 

preprocessed adapting the algorithm to MHR scale.  

Using a conventional external ultrasound sensor placed on the maternal abdomen, FHR signals 

were obtained and conveyed to the STAN®31 fetal monitor. Subsequently, an autocorrelation 

function was used to calculate heart periods, in beats per minute (bpm) rounded to the nearest 

quarter of a beat. In order to proceed to subsequent analysis, data were converted into Excel® 

files by the Omniview-SisPorto® 3.5 system. Due to signal loss episodes and artifacts, the 

preprocessing algorithm described by Gonçalves et al. (2006) was used. 
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Heart rate analysis 

Segments Si of 10-min length (i=1,…,6) within the last two hours (H1 and H2) were analyzed, 

using linear (time- and frequency domain) and non-linear indices. For time domain linear 

analysis, the following indices were calculated: mean heart rate (mHR), standard deviation of 

heart rate (sdHR), long-term irregularity (LTI), delta heart rate (Δ), short-term variation (STV) 

and interval index (II). All indices are a reflection of gross changes in heart rate average and 

variability, with the exception of II, which represents short-term heart rate variability considering 

long-term variability (Gonçalves et al., 2006). A non-parametric estimation of the spectrum was 

used in order to attend frequency domain analysis (Gonçalves et al., 2006). The following 

frequency bands were considered: very low frequency (VLF) at 0–0.04 Hz for MHR and at 0–

0.03 Hz for FHR; low frequency (LF) at 0.04–0.15 Hz for MHR and at 0.03–0.15 Hz for FHR; 

medium frequency (MF) at 0.15–0.50 Hz for FHR; and high frequency (HF) at 0.15–0.40 Hz for 

MHR and at 0.50–1.00 Hz for FHR. 

The VLF band, reflecting thermoregulatory and slow regulating systems of peripheral vessels 

(Task Force, 1996) is difficult to interpret. It mainly occurs when the autonomic activity is 

strongly supressed, as in sinusoidal patterns. LF and HF are mainly associated with the activity 

of the sympathetic and parasympathetic systems, respectively (Task Force, 1996). The balance 

between the autonomic nervous system branches reflected by LF/HF index, as well as total 

power (TP, i.e., all the spectrum area), were also considered for MHR and FHR. The balance LF/ 

(MF + HF) was evaluated for FHR. 

For nonlinear analysis, approximate entropy (ApEn) and sample entropy (SampEn) were 

calculated, which have been associated with complex cortical nervous system activity (Pincus & 
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Viscarello, 1992). Short-term (SD1) and long-term (SD2) variability, as well as their ratio 

SD1/SD2, are nonlinear indices computed from the Pointcaré plot that were also used (Task 

Force, 1996). 

Both linear and nonlinear components were considered in order to assess interaction between 

FHR and MHR. The differences between FHR and MHR derived linear and nonlinear indices 

(FHR–MHR) were assessed for both linear and nonlinear components of the interaction. The 

signals correlation corr(FHR,MHR) and cross-SampEn were assessed for linear and nonlinear 

analysis, respectively. The Spearman correlation coefficient was used in order to compute the 

correlation between FHR and MHR. Cross-SampEn is a technique used to analyze the degree of 

asynchrony or dissimilarity between two different time series (Richman & Moorman, 2000). 

Statistical analysis 

For each MHR and FHR index, the difference between the last 2 hours of labor (H1 and H2) and 

between male and female fetuses was evaluated using 95 % bootstrap (B = 1000) percentile 

confidence intervals (95 % CI) for the median and nonparametric Mann–Whitney (male versus 

female) and Wilcoxon (H1 versus H2) statistical tests (Dudewicz & Mishra, 1998; Martinez & 

Martinez, 2002). Significance was set at p < 0.05. 

Results 

Statistically significant differences between genders were observed on MHR analysis in most 

linear and nonlinear indices for H1 and H2 (Table 2). Significantly higher values were registered 

for mothers carrying male fetuses in linear indices related with MHR average (mHR), variability 
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(sdHR, LTI, VLF, LFnorm), and sympatho-vagal balance (LF/HF), while the opposite occurred 

with STV during H1, II, HF and HFnorm, as well as with most entropy indices. 

FHR did not significantly differ between genders in time- or frequency-domain indices except 

for VLF, with higher values for male fetuses in H2 (Table 3). In contrast, female fetuses had 

significantly higher values of ApEn and SampEn during H1. 

In general, progression of labor was associated with a significant increase in most linear indices 

of MHR and FHR, whereas a decrease was observed in most entropy indices (Tables 2 and 3). 

Both short and long-term variability measured by the Poincaré plot (SD1 and SD2, respectively) 

of MHR and FHR significantly increased from H1 to H2. Attending sympatho-vagal balance, a 

significant increase with progression of labor was observed in mothers of male fetuses through 

LF/HF, while the opposite occurred in the overall fetal population. 

Assessing the interaction between FHR and MHR, significantly greater absolute differences were 

observed in most entropy indices in female fetuses (Table 4). With progression of labor, most 

linear indices differences increased, as well as with SD1 and SD2, while this was not observed 

with entropy indices. 

With respect to cross-SampEn, significantly higher values were observed in mothers carrying 

female fetuses, denoting a lower synchrony or similarity between MHR and FHR. With 

progression of labour, cross-SampEn decreased significantly in both genders, denoting a greater 

synchrony/regularity between MHR and FHR signals. Considerably low values were obtained in 

the correlation analysis, yet a significant decrease of correlation (with a subtle change towards 

negative values) was observed from H1 to H2. 
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Table 2 

Table 3 

Table 4 

Discussion 

In this study, we have assessed MHR, FHR and MHR-FHR dynamics during labour in relation 

with fetal gender. Considering linear FHR indices, our results are in agreement with previous 

studies of Kim, Park & Hoh (2016) and Robles de Medina, Visser, Huizink, Buitelaar & Mulder 

(2003), who did not find statistically significant differences in relation with fetal gender. 

Attending to non-linear FHR indices, the results were concordant with previous studies, namely 

by Kim et al. (2016) who reported consistently higher values of non-linear indices in female 

fetuses than in male ones. As described in a previous study of Bernardes, Gonçalves, Ayres-de-

Campos & Rocha (2009), similar maintained complexity indices of female fetuses may be a 

reflection of different capabilities of reaction and adaption to stress and distress. In addition, it 

should be taken into account the comparison under similar circumstances, because differences 

previously found in situations until 4 hours before an elective caesarean may actually not be 

comparable with the present study (Bernardes et al., 2009; Gonçalves, Bernardes & Ayres-de-

Campos, 2013), as well within a subgroup of fetuses with a lower umbilical artery blood pH 

(Bernardes et al., 2009). 

It is also known that normal fetal development is characterized by a decrease in spontaneous 

generalized movements and basal FHR, while the variability of FHR increases (Amorim-Costa, 

Cruz, Ayres-de-Campos & Bernardes 2016; ten Hof et al., 1999). Kim et al., (2016) investigated 

sex-related differences in the development of FHR dynamics, concluding that female fetuses had 
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a greater heart rate dynamics in early gestational period, suggesting an earlier maturation, while 

males had a compensatory period of rapid change. Moreover, following healthy fetuses during 

the entire duration of pregnancy, Dipietro et al. (1996) observed a higher FHR variability in 

males. These findings are consistent with several studies that reported sex-specific differences in 

FHR variability not only during the antepartum period (Bernardes et al., 2008; Buss et al., 2009; 

Fleisher, DiPietro, Johnson & Pincus, 1997; Groome, Mooney, Holland, Smith, Atterbury & 

Dykman, 1999; Pressman, DiPietro, Costigan, Shupe & Johnson, 1998), but also during the 

intrapartum period (Bernardes et al., 2009), while others did not find significant differences 

(DiPietro et al., 1996; DiPietro et al., 2004; Lange et al., 2005; McKenna et al., 2006; Oguch & 

Steer, 1998). 

Furthermore, Bernardes et al. (2008) reported significantly higher linear indices in male fetuses, 

in relation with fetal behavioral patterns during the antepartum period, whereas the opposite was 

registered for nonlinear indices. These findings are in agreement with Pressman et al. (1998) that 

registered higher FHR variability and earlier behavioral state organization in males in 

comparison with females. 

Besides the growing evidence that support the influence of fetal gender over FHR dynamics 

during the antepartum period (Bernardes et al., 2008; Fleisher et al., 1997; Groome et al., 1999; 

Pressman et al., 1998), less is known about the intrapartum period (Dawes et al., 1999; Sheiner et 

al., 2004; Sheiner, Hadar, Hallak, Katz, Mazor & Shoham-Vardi, 2001). In a prospective cohort 

study, Porter, Triebwasser, Tuuli, Caughey, Macones & Cahill (2016) evaluated electronic fetal 

monitoring (EFM) patterns during the 30 minutes prior to delivery of singleton term gestations. 

In order to estimate the impact of fetal sex, fetuses with composite morbidity (arterial cord pH 
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<7.20, Apgar scores at 5 minutes <7, or neonatal intensive care unit admission) were excluded. 

Significant differences between EFM patterns according to fetal gender were found, namely a 

higher number of decelerations, prolonged decelerations, repetitive variable decelerations and 

increased total deceleration area were recorded in males. Additionally, among neonates, an 

increased risk of late decelerations and an increased total deceleration area were also associated 

with male gender. The authors suggested that accounting for intrinsic fetal characteristics such as 

gender may be benefit for EFM interpretation (Porter et al., 2016). On the other hand, Dawes et 

al. (1999) analyzed FHR records of term pregnancies during the last hour before delivery and 

reported a statistically significant association between male fetuses and lower heart rates. 

Regarding MHR and MHR-FHR analysis according to fetal gender, our study evidenced that 

mothers carrying male fetuses had significantly higher linear indices related with mean-MHR, 

variability and sympatho-vagal balance, while the opposite occurred with high-frequency and 

nonlinear indices. Moreover, lower MHR-FHR differences and cross-SampEn was observed in 

mothers carrying male fetuses, denoting a higher synchrony or similarity between MHR and 

FHR. These MHR and MHR-FHR findings associated to male fetuses may be just related with 

the higher fetal activity of males and/or with the effect of other variables such as sexual 

hormones. In this line, Dipietro, Irizarry, Costigan & Gurewitsch (2004) analyzed MHR and skin 

conductance for one side, as well as FHR and motor activity for the other. In contrast with FHR, 

the authors proved that fetal movement was temporally associated to MHR and skin 

conductance. This way, the authors considered the bidirectional nature of the maternal-fetal pair 

(DiPietro et al., 2004). Additionally, Almli, Ball & Wheeler (2001) and DiPietro et al. (1996) 

reported more generalized body movements and leg movements in male fetuses, respectively. 

However other studies did not find statistically significant differences in motor activity according 



12 

to fetal gender (DiPietro et al., 2004; DiPietro et al., 2010; DiPietro, Kivlighan, Costigan & 

Laudenslager, 2009; Hepper, Dornan & Lynch, 2012; Pressman et al., 1998;). Further studies are 

warranted regarding a better understanding of the physiologic significance and clinical interest of 

our MHR and MHR-FHR findings in relation with fetal gender. For now, we hypothesize that 

the decreased entropy along with the increased linear and sympatho-vagal MHR indices, 

observed in relation with male fetuses, which are generally associated to the most endangered 

situations (Bernardes et al., 2009), as well as the increased signs of maternal-fetal synchrony, are 

manifestations of increased maternal protection of the at higher-risk male fetuses. 

The main limitation of this exploratory work is the relatively small size of the dataset, and thus 

further studies with larger samples are needed not only to confirm the observed significant 

differences, as well as to identify statistical significance in other observed differences. 

In conclusion, MHR variability and the synchrony/similarity between MHR and FHR vary with 

respect to fetal gender during labor. These findings suggest that fetal gender should be taken into 

account in simultaneous monitoring of MHR and FHR. 
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Table 1: Main maternal and perinatal characteristics of the two groups corresponding to the male 

(M) and female (F) fetuses included in the study. 

 M (n=22) F (n=22) M vs F 

Maternal data, median (IQR)    

   Age (years) 28.5 (10.3) 28.0 (6.3) 0.359 

   Body mass index 26.6 (4.9) 27.1 (4.5) 0.879 

   Parity 0.0 (0.0) 0.0 (1.0) 0.163 

   Gestational age (weeks) 39.9 (1.0) 39.6 (1.4) 0.317 

    

Delivery, n (%)   0.353 

Vaginal 12 (54.5%) 15 (68.2%)  

Operative vaginal 10 (45.5%) 7 (31.8%)  

    

Epidural analgesia, n (%) 22 (100%) 22 (100%) - 

    

Newborn data, median 

(IQR) 
   

Birthweight (grams) 3320 (431) 3155 (259) 0.073 

1 minute Apgar score 9.0 (1.0) 9.0 (0.0) 0.295 

5 minute Apgar score 10.0 (0.0) 10.0 (0.0) 0.639 

UAB pH 7.27 (0.10) 7.25 (0.12) 0.549 
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Table 2: Linear and non-linear indices of MHR during the last 2 hours of labour (H1, H2) in 

relation with fetal gender. Statistically significant differences between mothers carrying male 

(M) or females (F) fetuses, as well as between H1 and H2, are represented by * or ** for p<0.05 

and p<0.01, respectively. 

 H1 H2 H1 vs H2 

 M F 
M vs 

F 
M F 

M vs 

F 
M F 

mHR 83.65; 88.06 82.61; 85.30 * 89.09; 96.76 83.89; 92.26 ** ** ** 

sdHR 6.12; 6.99 5.86; 6.53 * 7.77; 10.94 6.96; 8.28 * ** ** 

LTI 11.28; 12.86 9.90; 11.41 * 13.44; 18.82 12.72; 15.20 * ** ** 

Delta 21.18; 24.20 21.50; 24.05  26.21; 30.89 25.20; 29.51  ** ** 

STV 3.35; 4.04 3.72; 4.17 * 3.97; 4.81 4.25; 4.89  ** ** 

II 0.49; 0.57 0.60; 0.71 ** 0.45; 0.55 0.57; 0.64 ** * ** 

TP 18.81; 23.64 20.52; 23.19  29.34; 44.58 26.70; 37.25  ** ** 

VLF 7.10; 8.90 6.02; 7.58 * 11.52; 21.22 8.42; 12.09 * ** ** 

LF 6.32; 8.34 7.29; 8.51  9.91; 13.86 9.02; 11.96  ** ** 

LFnorm 57.59; 64.76 53.56; 60.40 * 63.08; 71.55 51.96; 60.22 ** **  

MF - - - - - - - - 

HF 2.38; 3.85 3.21; 4.58 * 3.17; 5.04 3.97; 6.65 * ** ** 

HFnorm 24.02; 28.50 28.37; 33.80 ** 19.36; 22.71 26.57; 31.78 ** ** * 

LF/(MF+HF) - - - - - - - - 

LF/HF 1.96; 2.73 1.56; 2.14 ** 2.59; 3.61 1.58; 2.26 ** **  

ApEn(2,0.1) 0.87; 0.92 0.98; 1.03 ** 0.79; 0.87 0.92; 1.01 ** **  

ApEn(2,0.15) 0.71; 0.78 0.81; 0.89 ** 0.61; 0.73 0.77; 0.83 ** ** ** 

ApEn(2,0.2) 0.56; 0.66 0.67; 0.72 ** 0.50; 0.61 0.64; 0.70 ** **  

SampEn(2,0.1

) 
0.73; 0.81 0.84; 0.93 ** 0.66; 0.77 0,80; 0.91 ** **  

SampEn(2,0.1

5) 
0.56; 0.64 0.69; 0.76 ** 0.46; 0.58 0.65; 0.72 ** ** * 

SampEn(2,0.2

) 
0.43; 0.53 0.55; 0.62 ** 0.36; 0.46 0.52; 0.61 ** **  

rLu 0.12; 0.13 0.13; 0.14 ** 0.11; 0.12 0.12; 0.14 **   

ApEnLu 0.80; 0.87 0.88; 0.92 ** 0.74; 0.81 0.84; 0.89 ** ** ** 

SampEnLu 0.65; 0.76 0.76; 0.81 ** 0.60; 0.71 0.72; 0.78 ** ** * 

SD1 1.13; 1.33 1.15; 1.42  1.25; 1.65 1.50; 1.80  ** ** 

SD2 8.63; 9.78 8.10; 9.11 * 10.74; 15.20 9.68; 11.60 * ** ** 

SD1/SD2 0.12; 0.14 0.15; 0.17 ** 0.11; 0.13 0.14; 0.16 **   
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Table 3: Linear and non-linear indices of FHR during the last 2 hours of labour (H1, H2) in 

relation with fetal gender. Statistically significant differences between mothers carrying male 

(M) or females (F) fetuses, as well as between H1 and H2, are represented by * or ** for p<0.05 

and p<0.01, respectively. 

 H1 H2 H1 vs H2 

 M F 
M vs 

F 
M F 

M vs 

F 
M F 

mHR 

140.52; 

146.50 

141.90; 

145.40   138.66; 144.45 

137.11; 

142.83   ** ** 

sdHR 7.64; 9.83 7.13; 8.95   13.89; 19.57 11.10; 16.75   ** ** 

LTI 8.84; 10.43 8.84; 11.00   15.38; 20.06 13.08; 18.47   ** ** 

Delta 21.27; 26.65 21.68; 26.40   37.45; 49.99 28.95; 40.61   ** ** 

STV 2.89; 3.38 2.76; 3.46   4.84; 6.99 3.99; 5.88   ** ** 

II 0.35; 0.40 0.37; 0.42   0.37; 0.41 0.35; 0.40       

TP 27.70; 43.70 26.07; 43.34   103.55; 225.32 65.08; 168.36   ** ** 

VLF 9.97; 18.16 8.22; 14.94   36.15; 74.19 22.20; 36.41 * ** ** 

LF 14.60; 24.50 13.49; 23.88   52.13; 104.50 32.20; 78.35   ** ** 

LFnorm - - - - - - - - 

MF 1.92; 4.21 1.76; 3.63   12.66; 24.32 5.32; 23.48   ** ** 

HF 0.28; 0.79 0.24; 0.57   2.06; 5.09 1.18; 5.18   ** ** 

HFnorm - - - - - - - - 

LF/(MF+HF) 5.28; 6.53 5.15; 6.45   3.33; 4.51 3.21; 4.17   ** ** 

LF/HF 33.10; 49.08 30.86; 44.75   19.43; 25.73 17.57; 25.62   ** * 

ApEn(2,0.1) 0.50; 0.60 0.56; 0.65 * 0.38; 0.44 0.42; 0.47   ** ** 

ApEn(2,0.15) 0.34; 0.41 0.37; 0.46 * 0.27; 0.33 0.30; 0.33   ** ** 

ApEn(2,0.2) 0.24; 0.30 0.27; 0.31 * 0.22; 0.25 0.23; 0.25   * ** 

SampEn(2,0.1

) 0.35; 0.45 0.40; 0.50 * 0.24; 0.30 0.26; 0.33   ** ** 

SampEn(2,0.1

5) 0.24; 0.30 0.27; 0.34 * 0.17; 0.20 0.18; 0.22   ** ** 

SampEn(2,0.2

) 0.17; 0.22 0.19; 0.23 * 0.13; 0.15 0.14; 0.17   ** ** 

rLu 0.09; 0.10 0.09; 0.11   0.11, 0.12 0.10; 0.12   **   

ApEnLu 0.53; 0.66 0.54; 0.68   0.35; 0.39 0.38; 0.47   ** ** 

SampEnLu 0.35; 0.49 0.40; 0.52   0.21; 0.26 0.23; 0.33   ** ** 

SD1 0.86; 1.43 0.87; 1.27   2.31; 3.46 1.69; 3.13   ** ** 

SD2 10.84; 13.57 10.08; 12.67   19.38; 27.46 15.47; 23.39   ** ** 

SD1/SD2 0.09; 0.10 0.09; 0.11   0.11; 0.13 0.10; 0.12   **   
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Table 4: Linear and non-linear indices of interaction between MHR and FHR during the last 2 

hours of labour (H1, H2) in relation with fetal gender. Statistically significant differences between 

mothers carrying male (M) or female (F) fetuses, as well as between H1 and H2, are represented 

by * or ** for p<0.05 and p<0.01, respectively. 

 H1 H2 H1 vs H2 

 M F 
M vs 

F 
M F 

M vs 

F 
M F 

FHR-MHR: mHR 53.21; 58.61 56.52; 62.77  39.70; 50.86 43.89; 53.81  ** ** 

FHR-MHR: sdHR 1.01; 2.78 1.28; 3.15  4.12; 8.71 4.17; 8.51  ** ** 

FHR-MHR: LTI -3.01; -0.72 -1.77; 0.83 * -0.95; 5.34 0.71; 4.77  ** ** 

FHR-MHR: Delta -0.45; 4.83 -1.58; 5.18  10.50; 16.43 5.36; 11.78  ** ** 

FHR-MHR: STV -0.53; 0.23 -0.90; -0.25  1.48; 2.42 -0.49; 0.75 * ** ** 

FHR-MHR: II -0.18; -0.10 -0.28; -0.19 ** -0.14; -0.06 -0.28; -0.19 **   

FHR-MHR: TP 9.88; 21.52 2.92; 23.50  
60.29; 

159.98 

35.84; 

121.19 
 ** ** 

FHR-MHR: VLF 2.04; 7.24 1.09; 8.03  7.17; 33.98 9.14; 25.86  ** ** 

FHR-MHR: LF 7.29; 16.50 5.33; 13.55  36.61; 71.78 20.13; 61.52  ** ** 

FHR-MHR: HF -2.60; -1.67 -3.41; -2.02  -1.40; -0.10 -3.40; -1.35 * ** ** 

FHR-MHR: LF/HF 28.92; 45.11 28.64; 42.38  15.94; 21.87 15.31; 23.34  ** ** 

FHR-MHR: ApEn(2,0.1) -0.40; -0.27 -0.43; -0.33  -0.42; -0.30 -0.51; -0.42 **  ** 

FHR-MHR: 

ApEn(2,0.15) 
-0.41; -0.31 -0.44; -0.37 * -0.35; -0.22 -0.51; -0.42 **   

FHR-MHR: ApEn(2,0.2) -0.36; -0.28 -0.41; -0.35 * -0.31; -0.22 -0.45; -0.38 **   

FHR-MHR: 

SampEn(2,0.1) 
-0.40; -0.29 -0.48; -0.36  -0.46; -0.33 -0.61; -0.49 **  ** 

FHR-MHR: 

SampEn(2,0.15) 
-0.39; -0.26 -0.44; -0.37 * -0.35; -0.22 -0.50; -0.42 **   

FHR-MHR: 

SampEn(2,0.2) 
-0.31; -0.24 -0.39; -0.32 ** -0.29; -0.19 -0.43; -0.35 **   

FHR-MHR: rLu -0.03; -0.02 -0.04; -0.03 * -0.02; 0.01 -0.03; -0.01 ** ** ** 

FHR-MHR: ApEnLu -0.31; -0.18 -0.34; -0.22  -0.40; -0.32 -0.44; -0.35  ** * 

FHR-MHR: SampEnLu -0.38; -0.23 -0.40; -0.21  -0.41; -0.33 -0.50; -0.37 * ** ** 

FHR-MHR: SD1 -0.21; 0.11 -0.33; 0.07  0.75; 1.66 0.02; 1.36  ** ** 

FHR-MHR: SD2 1.56; 4.02 1.82; 4.44  5.66; 12.15 6.18; 11.90  ** ** 

FHR-MHR: SD1/SD2 -0.06; -0.02 -0.08; -0.05 * -0.03; 0.01 -0.06; -0.02 * ** ** 

cross-SampEn(2,0.1) 0.64; 0.68 0.69; 0.74 ** 0.54; 0.61 0.62; 0.68 ** ** ** 

cross-SampEn(2,0.15) 0.46; 0.51 0.53; 0.58 ** 0.39; 0.46 0.47; 0.52 ** ** ** 

cross-SampEn(2,0.2) 0.36; 0.40 0.43; 0.48 ** 0.30; 0.36 0.38; 0.43 ** ** ** 

corr(FHR,MHR) 0.01; 0.08 -0.02; 0.04  -0.06; 0.03 -0.07; 0.00  ** ** 
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Introduction 

Male gender has been considered a risk factor for several poor perinatal outcomes. Fetal heart 

rate (FHR) monitoring is conventionally used in labor. The effect of fetal gender in FHR and its 

variability has been subject of several studies, however, the reported results are contradictory. 
 

The importance of maternal heart rate (MHR) during labor monitoring has also been 

investigated, but less is known about the effect of fetal gender in MHR tracings and more studies are 

necessary.  
 

The objective of this work was to analyze the influence of fetal gender in 

simultaneous monitoring of maternal and fetal heart rate variability during labor. 

Forty-four singleton term pregnancies were followed during the last 2 hours of labor.  
 

Continuous MHR and FHR tracings were obtained by ECG and by a conventional external 

ultrasound sensor, respectively. Segments of 10-min length within the last two hours (H1 and H2) 

were analysed, using the following linear (time- and frequency domain) and non-linear indices. 
 

Linear time-domain indices: mHR, sdHR, LTI, Delta, STV, II. 

Linear frequency-domain indices: TP, VLF, LF, LFnorm, MF, HF, HFnorm, LF/HF, LF/(MF+HF).  

VLF (MHR | FHR): 0-0.04 Hz | 0-0.03 Hz; LF (MHR | FHR): 0.04-0.15 Hz | 0.03-0.15 Hz; 

MF (FHR): 0.15–0.50 Hz; HF (MHR | FHR): 0.15–0.40 Hz | 0.50–1.00 Hz. 

Nonlinear indices: 

Approximate (ApEn(2,r)) and Sample Entropy (SampEn(2,r)), with r=0.1, 0.15, 0.2 and rLu, r_{Lu}; 

SD1, SD2 and SD1/SD2, computed from the Poincaré plot. 
 

Both linear and nonlinear components were considered in order to assess interaction between 

FHR and MHR. The differences between FHR and MHR derived linear and nonlinear indices (FHR–

MHR) were assessed for both linear and nonlinear components of the interaction. corr(FHR,MHR) 

and cross-SampEn were assessed for linear and nonlinear analysis, respectively.  

 

Statistically significant differences were observed on MHR in most linear and nonlinear 

indices. Significantly higher values were registered for mothers carrying male fetuses in linear 

indices: mHR, sdHR, LTI, VLF, LFnorm and LF/HF, while the opposite occurred with STV during H1, II, 

HF and  most entropy indices. 
 

FHR did not significantly differ in linear indices except for VLF, with higher values registered 

for male fetuses in H2. In contrast, female fetuses had significantly higher values of ApEn and 

SampEn during H1. 
 

With progression of labor, most FHR and MHR linear indices increased, while most entropy 

indices decreased. LF/HF significantly increased in mothers of male fetuses, while the opposite 

occurred in the fetuses for both genders.  

 

Significantly greater absolute differences were observed in most entropy indices of female 

fetuses. With progression of labor, most linear indices differences increased, as well as with 

SD1 and SD2, while this was not observed in entropy indices. 
 

Significantly higher values of cross-SampEn were observed in mothers carrying female 

fetuses, denoting a lower synchrony between MHR and FHR. With progression of labour, 

cross-SampEn decreased significantly in both genders, denoting a greater synchrony between 

MHR and FHR signals. Considerably low values were obtained in the correlation analysis, yet a 

significant decrease of correlation was observed from H1 to H2. 

 

Discussion 

Given the statistically significant differences reported in MHR according to fetal gender, the 

hypothesis of maternal-fetal pair as a bidirectional relationship should be considered. Previous 

studies proved that fetal movement was temporally associated to MHR but not to FHR, stimulating 

fetal movement an increase in MHR. Additionally, more generalized body movements and leg 

movements were reported in male fetuses.  
 

Considering linear FHR indices, the results are in agreement with previous studies that did not 

find statistically significant differences. In addition, it should be taken into account the comparison 

under similar circumstances, because differences previously found in situations until 4 hours before 

an elective caesarean may actually not be comparable with the present study, as well within a 

subgroup of fetuses with a lower umbilical artery blood pH. 

 

Attending to non-linear FHR indices, the results were concordant with several previous studies. 

As previously described, similar maintained complexity indices of female fetuses may be a reflection 

of different capabilities of reaction and adaption to stress and distress. 
 

The main limitation of this work is the relatively small size of the dataset, and thus further studies 

with larger samples are needed not only to confirm the observed significant differences, as well as to 

identify statistical significance in other observed differences. 
 

In conclusion, MHR variability and the synchrony/similarity between MHR and 

FHR vary with respect to fetal gender during labor. These findings suggest that fetal 

gender should be taken into account in simultaneous monitoring of MHR and FHR. 
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