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Introduction 

The practice of ultrasound examination is among the most principal tools of current obstetric evaluation. In particular, Doppler 

ultrasonography provides valuable data about fetal circulation and fetal hemodynamic conditions 
(1)

. In the earlier literature, sex-

related variances have been observed in fetal development regarding physical growth and adaptation to intrauterine circumstances 
(2)

.   

Male gender is an independent risk factor for adverse perinatal outcomes, such as fetal stress during labor 
(3)

, prematurity 
(4)

, and 

unfavorable neonatal sequels 
(5)

, while the overall mortality from the conception to childbirth is higher in female gender 
(6)

.  

Furthermore, the neonatal birth weight and placental weight were reported to be greater in males than in females. Sexual 

differentiations in the regulation and representation of genetic materials and signaling pathways 
(7)

, leads to variations in the 

functioning of the placenta and subsequently in the intrauterine conditions that may lead to sex disparities in the health condition in 

later years 
(8)

.  

 

Many Doppler indices are used to assess the fetal well-being among patients with high risk pregnancy, and to predict the outcome of 

those with intra-uterine growth restriction. Among these, the umbilical artery (UA) Doppler indices are frequently used. UA indices 

include the UA pulsatility index (UAPI), UA resistance index (UARI), and UA systolic to diastolic ratio (S/D). All these indices are 

computed from the recording of blood flow velocities. The increased UAPI is an indicator of elevated placental vascular resistance 
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Background: Ultrasound is a feasible, non-invasive, readily available tool for monitoring or diagnosis of 
pregnancy associated abnormal conditions. However, the normal values related to the sex of the fetus are 
not sufficiently examined yet. Aim of the work: The current study was designed to evaluate the 
association between fetal sex and different fetal Doppler indices in normal pregnancy. Methodology: The 
study included 200 pregnant females with normal singleton pregnancy, which completed their pregnancy 
normally (without the development of any medical conditions during their gestation) and all delivered a 
full-term neonate. All were clinically evaluated by full history taking, physical examination and ultrasound 
examination during their regular antenatal care visits. All data were documented after obtaining a full 
informed consent for participation. Values at 28, 32, 36 weeks of gestation were included in the statistical 
analysis. Also, values just before delivery were added. Results:  The delivery mode was normal vaginal 
delivery among 68.0% of all participants. The placental weight showed significant increase in male’s 
neonate than the female’s neonate group (634.0±41.0 vs. 614.0±44.0 g).  The umbilical artery pulsatility 
index (PI) was significantly increased in the female than male neonates groups at 28, 32, and 36 weeks of 
gestation (1.23±0.10, 0.94±0.12 and 0.88±0.09 vs. 1.10±0.08, 0.83±0.09, and 0.77±0.08 respectively) and 
before delivery. In addition, there was progressive reduction of umbilical artery PI from 28 weeks of 
gestations to values just before delivery. Umbilical artery resistance index (RI), middle cerebral PI and RI, 
systolic/diastolic ratio showed similar statistical results. Otherwise, cerebroplacental ratio (CPR) 
significantly increased in males than females neonate groups at 28, 32 and 36 weeks of gestation and just 
before delivery, and it was progressively increased with advanced pregnancy. Conclusion: There are sex-
specific differences in fetal Doppler indices (umbilical and middle cerebral arteries) during the third 
trimester of normal pregnancy. 
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related to microvascular injuries and consistently decreased placental function 
(9)

. Assessment of the fetal placental circulation and 

function of the cardiac system during 28-34 gestational weeks revealed that there was elevated preload and decreased afterload 

(significant decrease of UAPI) in male fetuses 
(10)

. Another cross-sectional study examined maternal hemodynamics and placental 

circulation, determined significant decrease of UAPI in males than female fetuses at 22+0 to 24+0 weeks of gestation 
(11)

. The fetal 

Doppler testing of the middle cerebral artery had a significant role in evaluating fetal cardiovascular disease, fetal anemia, or fetal 

hypoxia. In the proper condition, it is very useful as a complement to the Doppler assessment of the umbilical artery 
(12)

.  

 

Aim of the work 

The aim of this study was to assess the effect of fetal gender on umbilical artery and middle cerebral artery Doppler indices and to 

establish sex specific references for clinical use.  

 

Patients and methods 

This was prospective cohort study. It had been carried at the Department of Obstetrics and Gynecology, Al-Azhar University Hospital 

(Damietta Faculty of Medicine, Al-Azhar University). It included 200 females, as a convenient sample. Female was included if it had 

an uncomplicated singleton pregnancy, that completed with development of any complication and it had been participated at 

gestational age 28 weeks until delivery. On the other side, female was excluded if she had multiple pregnancy, fetal growth restriction, 

preeclampsia or gestational diabetes, prematurity or preterm labor, known fetal anomaly as chromosomal or structural anomalies in 

the current pregnancy, maternal age < 20 years, and chronic medical disease (e.g., diabetes mellitus, liver disease, renal diseases, 

connective tissue disease and other systemic disorders).  Participants were divided into two groups according to fetal gender.  The first 

group for male neonates (n=114) and the second for female neonates (n=86). All participants were submitted to clinical evaluation, 

ultrasound and Doppler examination. All Doppler measurements were performed by a single experienced (more than 10 years’ 

experience) operator.  

 

Technique of Doppler:  Patient in supine position, semi-sitting and the Doppler was done in the absence of the fetal breathing 

movements starting from 28 weeks every 4 weeks until delivery.  The setting of Doppler machine was adjusted to the following 

values: 50-100 Hz for high-pass filter in the modes of imaging and Doppler to avoid signals from slowly in-motion organs. The power 

was set to <50 mW/cm
2
 spatial temporary average velocity in both modes and the sample volume was 2–3 mm for the MCA. The 

insonation angle always preserved below 10 degrees (close to 0), and correction of the angle was applied if it was not zero. To confirm 

the Doppler documentation of the longitudinal highest blood velocity, an extended sample gate of 5-12 mm is applied according to the 

gestational age. Images were frozen during periods of stopped fetal breathing and movements, and the waveforms were quantified. 

Unnecessary pressure on the fetal head was avoided and both thermal and mechanical and indices were always kept below 1. To 

measure Doppler indices for the MCA, an ultrasound scan of the fetal head was done to get a transverse view at the level used to 

measure BPD.  The transducer was then moved parallel to this plane towards the skull base at the level of the sphenoid bone lesser 

wing to recognize the circle of Willis. At the level of the sphenoid bone lesser wing, the MCA was easily verified as a major branch of 

the circle of Willis. After MCA localization by color Doppler flow, velocity was measured from its proximal portion. At least three 

waveforms were measured by sonographer and the average value was used in analysis. Multiple waveforms recordings were obtained 

and resistance index (RI), pulsatility index (PI) and systolic/diastolic (S/D) ratio were calculated: 

 

RI = Peak systolic velocity (PSV) - end diastolic velocity/PSV 

PI = PSV - end diastolic velocity/mean velocity 

S/D ratio = Peak systolic velocity/End diastolic velocity 

Cerebroplacental ratio (CPR): MCA PI/ UA PI 

 

Blood flow velocity waveforms of the umbilical artery were obtained from the free-floating loops of the umbilical cord using color 

Doppler.   Spectral trace was get with a 4 mm sample volume from the free loop of the umbilical cord (UC). In difficult identification 

the free loop of the UC, the placental insertion of the cord was tracked along to help the identification of the free loop. PI and RI were 

measured in the automatic mode for three consecutive cardiac cycles.  The measurements were repeated and two successive identical 

readings were finally documented and considered for the study. 

 

Estimated fetal weight  

The estimated fetal weight is calculated every interview by measuring the bi-parietal diameter (BPD), abdominal circumference (AC), 

and femur length (FL) built on the Hadlock 2 formula 
(13)

.  Briefly, BPD and HC were measured in an axial section, at the level of the 

thalami, preserving midline echo in the central position broken anteriorly by cavum septum pellucidum, provided that, orbitae and 

cerebellum were non-visible.   

 

The BPD callipers were positioned on the proximal parietal bone outer margin, and the distal parietal bone inner margin. HC was 

measured by placing the callipers on the frontal and occipital outer borders, and the contours of the skull were traced. AC was 

measured in cross-section, provided that, it was in the abdominal circular view with visible stomach, the umbilical vein in the anterior 

abdominal third and the aorta and inferior vena cava anterior to the spine. Further, the majority of a rib must be seen, but not the heart 

or kidneys. AC was measured using the ellipse to follow the outer contours of the skin. FL was measured in a longitudinal section of 

the femur in 45°–90° angle of insonation, with placing of callipers on the outer edges of the femoral diaphysis 
(14)

.  
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Ethical consideration 

The study protocol had been submitted and approved by the local research and ethics committee, Damietta Faculty of Medicine, Al-

Azhar University, Egypt (IRB00012367-19-10-003). All females accept to participate and signed an informed consent, with 

preservation of all rights. The study had been completed according to Helsinki Declaration of Research Conduct and Reporting. The 

Research did not receive any fund and the research completed funded by him.   

 

Statistical analysis of data 

All documented measures were anonymized and fed to statistical computer packages for analysis. Data if categorical were explained 

by the calculation of the relative frequency and percentages, and if numerical, were expressed in the form of arithmetic mean and 

standard deviation. Groups were compared by Chi square or student “t) tests, for categorical and numerical variables, respectively. P 

value < 0.05 was set as the significant level.   

 

Results 

In the current work, the maternal age ranged between 18 and 40 years, and there was no significant difference between group 1 (male 

neonates) and 2 (female neonates), regarding maternal age (28.47±4.07 vs 29.07±4.59 years, respectively). The majority of 

participating females were Egyptians (81.0%), followed by Syrian (14.0%) and Yamani (5.0%), and there was no significant 

difference between study and control groups. The body mass index (BMI) of females at the beginning of pregnancy ranged between 

22.76 and 28.04 kg/m
2
 and there was no significant difference between groups 1 and 2 (24.74±1.15 vs.  24.97±1.28 kg/m

2
, 

respectively) (Table 1).  

 

Mode of delivery was normal vaginal delivery (NVD) among the majority of studied females (68.0%) followed by cesarean section 

(19.0%) and finally assisted NVD (13.0%). There was no significant difference between group 1 (male neonates) and 2 (female 

neonates) regarding the mode of delivery.  Gestational age (GA) at delivery ranged between 37 and 42 weeks of gestation, and there 

was no significant difference between groups (39.21±1.1 vs. 39.06±1.16 weeks of gestation, in groups 1 and 2 respectively). Birth 

weight ranged from 2.38 to 3.65 kg and there was no significant difference between group 1 (male neonates) and 2 (female neonates) 

(3.000±0.208 vs 3.039± 0.211 respectively). Placental weight ranged between 530 and 720 g, and there was significant increase of 

placental weight in the first group (male neonates) when compared to group 2 (female neonates) (634.0±41.0 vs. 614.0±44.0 g, 

respectively) (Table 2).  

 

The umbilical artery PI was significantly increased in the female than male neonates groups at 28, 32, and 36 weeks of gestation 

(1.23±0.10, 0.94±0.12, and 0.88±0.09 vs. 1.10±0.08, 0.83±0.09, and 0.77±0.08) respectively. Similar situation was documented such 

before delivery. In addition, there was progressive reduction of umbilical artery PI from 28 weeks of gestations to values just before 

delivery. RI showed similar situation (Detailed results are depicted table 3). Middle cerebral artery PI and RI were significantly 

increased in females than males at 28, 23, 36 weeks of gestation and just before delivery. In addition, there was progressive decrees in 

PI and RI with advancement of pregnancy (Table 3).  

 

In the current study, S/D ratio was significantly increased in females than males at 28, 23, 36 weeks of gestation and just before 

delivery. In addition, there were progressive decrees in S/D ratio with advancement of pregnancy. However, fetal heart rate at 36 

weeks of gestation did not differ significantly between groups. After that, it showed significant increase among females than males, at 

32, and 36 weeks of gestation and just before delivery (Table 4).  Estimated fetal weigh was reduced among males than females at 28 

weeks of gestation and similar situation was documented for birth weight. However, at 32 and 36 weeks of gestation, estimated fetal 

weight was higher among males than females. For all times, the difference was statistically non-significant (Table 4).Cerebroplacental 

ratio (CPR) significantly increased in males than females neonate groups at 28, 32 and 36 weeks of gestation and just before delivery. 

From week 28 to the delivery in each group, the CPR progressively increased (Table 4).  

 

Table (1): Comparison between groups regarding data of participating females  

 Males (n=114) Female (n=86) Test  p 

Maternal age  (years) Mean±SD, 

 min.-max. 

28.47±4.07;  

19-36 

29.07±4.59;  

18-40 

0.97 0.33 

Nationality (n,%) Egyptian  93(81.6%) 69(80.2%) 1.34 0.51 

Syrian  17(14.9%) 11(12.8%) 

Yamani  4(3.5%) 6(7.0%) 

BMI (kg/m
2
) Mean±SD, 

 min.-max. 

24.74±1.15;  

23.23-28.03 

27.97±1.28;  

22.76-28.04 

1.31 0.19 

 

  

Table (2): Comparison between groups regarding data of delivery  

 Males (n=114) Female (n=86) Test  p 

Mode of  

Delivery (n,%) 

NVD 73(64.0%) 63(73.3%) 2.39 0.30 

Assisted NVD 18(15.8%) 8(9.3%) 
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CS 23(20.2%) 15(17.4%) 

Gestational age at 

delivery (week) 

Mean±SD, 

 min.-max. 

39.21±1.1; 

37-41 

39.06±1.16 

37-42 

0.96 0.33 

Birth weight (kg) Mean±SD, 

 min.-max. 

3.005±0.20872, 

2.39-3.65 

3.0392±0.21112, 

2.38-3.65 

1.33 0.18 

Placental 

 weight (g) 

Mean±SD, 

 min.-max. 

634.0±41.0, 

550-720 

614.0±44.0, 

530-720 
3.31 <0.001* 

 

Table (3): Comparison between groups regarding umbilical and middle cerebral arteries Doppler indices  

  Male (n=114) Female (n=86) Test  p 

UA PI 28 weeks 1.10±0.08 1.23±0.10 10.19 <0.001* 

32 weeks  0.83±0.09 0.94±0.12 6.55 <0.001* 

36 weeks  0.77±0.08 0.88±0.09 8.19 <0.001* 

Before delivery  0.71±0.08 0.81±0.09 8.57 <0.001* 

UA RI  28 weeks 0.61±0.06 0.70±0.05 11.50 <0.001* 

32 weeks  0.59±0.06 0.68±0.05 11.68 <0.001* 

36 weeks  0.57±0.05 0.67±0.06 11.83 <0.001* 

Before delivery  0.56±0.06 0.66±0.05 12.23 <0.001* 

MCA PI 28 weeks 1.79±0.20 1.84±0.16 1.99 0.048* 

32 weeks  1.75±0.18 1.82±0.15 2.89 0.004* 

36 weeks  1.69±0.18 1.78±0.14 3.77 <0.001* 

Before delivery  1.68±0.17 1.76±0.14 3.83 <0.001* 

MCA RI 28 weeks 0.72±0.04 0.79±0.02 10.46 <0.001* 

32 weeks  0.67±0.04 0.72±0.02 10.42 <0.001* 

36 weeks  0.61±0.04 0.67±0.02 11.83 <0.001* 

Before delivery  0.56±0.04 0.62±0.03 11.05 <0.001* 

 

Table (4): Comparison between groups’ regarding S/D ratio and fetal heart rate overtime  

  Male (n=114) Female (n=86) Test  p 

S/D ratio 28 weeks 3.56±0.21 4.07±0.23 15.79 <0.001* 

32 weeks  2.76±0.19 3.30±0.22 18.56 <0.001* 

36 weeks  2.51±0.21 3.08±0.24 18.24 <0.001* 

Before 

delivery  

2.34±0.23 2.98±0.24 19.07 <0.001* 

Fetal heart rate  28 weeks 143.18±4.69 144.33±4.05 1.80 0.07 

32 weeks  141.48±4.89 143.19±3.50 2.74 0.007* 
36 weeks  140.18±4.69 141.64±4.01 3.11 0.022* 
Before 

delivery  

139.18±4.69 140.73±3.77 2.51 0.013* 

Estimated fetal 

weight (g) 

28 weeks 1170.86±102.32 1188.54±81.25 1.32 0.19 

32 weeks  1965.79±28.24 1961.39±67.0 0.63 0.53 

36 weeks  2506.62±227.52 2472.65±190.76 1.12 0.26 

Birth weight  3000.50±208.72 3040.6±211.12 1.34 0.18 

Cerebroplacental ratio  28 weeks 1.63±0.19 1.50±0.18 4.77 <0.001* 

32 weeks  2.12±0.34 1.97±0.31 3.13 0.002* 

36 weeks  2.21±0.32 2.06±0.28 3.40 0.001* 

Before 

delivery  

2.40±0.36 2.21±0.31 3.90 <0.001* 

Discussion 

There is a growing body of evidence that the fetal sex lead to different placental development. Thus, fetal sex must be included as a 

biological parameter in the study designs and in clinical decision-making 
(15)

. This confirmed by a recent meta-analysis, which 

concluded that fetal sex is associated with multiple complications of pregnancy (e.g., preeclampsia at term and diabetes of pregnancy) 
(16)

. In addition, there was a specific sex-related difference in hemodynamic Doppler indicators of placental and fetal maturation. The 

sex associated differences in healthy pregnant mothers during the second half of pregnancy had been reported for different Doppler 

indicators (for example, umbilical artery pulsatility index and cerebroplacental ratio. In addition, the MCA pulsatility index was found 

to be dependent on the fetal sex, immediately before active labor 
(17, 18)

.  Ultrasound is the standard-of-care method to assess fetal well-

being during pregnancy. The reference ranges for ultrasound-originated indices of placental and fetal wellbeing are already established 
(19-21)

; however, the fetal sex differences did not considered. Thus, the current study had been designed to evaluate the association 

between fetal gender and different Doppler indices in normal pregnancy. The value of the study is based on the suggestion that, if 
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Doppler indices are different between males and females, fetal sex must be considered in all future studies examine the value of 

Doppler indices to assess disorders of pregnancy.  

Results of the current study revealed that, pulsatility indices of umbilical and middle cerebral arteries were significantly different 

between males and females. In addition, S/D and cerebroplacental ratio were significantly different based on the fetal sex. However, 

the estimated fetal and birth weights did not differ significantly between fetal males and females. Fetal heart rate increased 

significantly among females than males, except at 28 weeks of gestation. All Doppler indices showed progressive change over time 

(with advancement of pregnancy).  

 

The umbilical artery PI was regularly used as an indicator of placental vascular resistance, aiming to recognize or predict fetal growth 

restriction that requires additional evaluation and early intervention 
(22, 23)

. The differences of UA PI specific to fetal sex, observed in 

the current work, agree with that reported by Widnes et al. 
(17)

. This study was carried for healthy pregnant females, as the current one. 

They also reported significant increase of PI in females than males (at 20-33 weeks of gestation). However, this difference was 

abolished at the end of pregnancy, which contradicts to the current work, where the differences continued till the end of pregnancy.  

Jagota et al. 
(15)

 however, reported significant increase of UAPI among females than females from 28 weeks of gestation to the end of 

the pregnancy, as in the current study.  

 

The possible explanation of such controversy may be attributed to different location of UAPI measurement (placental end vs. free 

loop) 
(17)

. UA PI increased at the placental end 
(24)

. Thus, International Society of Ultrasound in Obstetrics and Gynecology (ISUOG) 

recommended the use of a fixed site (placental end) when measure UAPI in their recent guidelines 
(14, 25)

.   

 

Birth weight and estimated fetal weight did not differ significantly between males and females in the current study. This is against the 

usual expectation reported and confirmed by Jagota et al. 
(15)

. On the other side and in agreement with the current work, Widnes et al. 
(17)

 did not find any significant differences in birth weight between males and females. Owen et al. 
(26)

 reported that, UA pulsatility 

index did not depend on the fetal weight. These and our results confirm the effect of fetal sex on the Doppler indices. However, our 

results could not confirm the sex specific variances in estimated fetal weight and fetal weight 
(27)

, but confirmed the difference in 

placental weight 
(28)

.  

 

Another study reported significant differences between male and female fetuses regarding estimated fetal weight 
(29)

. These results 

contradict to our findings; however, these results could be explained in the light of different sample size. Anyway, the current results 

confirm that the differences observed in Doppler indices are due to fetal sex and estimated fetal weight did not play a role in such 

changes.   

 

In the line with the results of the current work, Prior et al. 
(30)

 reported a significant elevation of MCA PI in healthy females then 

healthy male fetuses immediately prior to active labor. All pregnancies in current study were normal and not complicated (as per 

inclusion and exclusion criteria). The significant differences in Doppler indices did not reflect a pathological condition in the female 

placenta. However, it may reflect a specific pattern in placental vascular impendence, which could be associated with sex-specific 

outcome of pregnancy. For instance, the early onset preeclampsia (developed before the 34 weeks of gestation) was highly reported in 

pregnancies of female fetuses 
(31, 32)

 and had an increased resistance of umbilical arteries 
(33, 34)

.  

 

In addition, Clifton et al. 
(7)

 observed that, the placenta of female fetus responds to adverse environmental conditions with more gene 

alterations than the male fetus placenta. Furthermore, they observed that, in maternal asthma during pregnancy, the female fetus 

growth was decreased than that of the male fetus. However, during acute asthma exacerbations, the male fetus is at a higher risk of 

restricted growth. 

 

Another important finding from this study was that females had higher HR than male fetuses after 28 weeks gestation that continued 

toward delivery. These results had been also been reported in previous works of Amorim-Costa et al. 
(35)

 and Schalekamp-

Timmermans et al. 
(10)

. In an interesting study, Widnes et al. 
(17)

 reported that, male and female fetuses in normal pregnancy showed 

non-significant difference regard fetal heart rate from 20 to 26 weeks of gestation, but after that, females had significantly higher HR 

than males. These results are consistent with the current work regarding values from 32 weeks to just before delivery. A plausible 

explanation of higher heart rate among females could be related to different levels of hormones and autonomic nervous system rate of 

maturation. Higher variability of the fetal heart rate 
(36)

, more complex patterns of fetal heart rate 
(37)

, and higher levels of 

catecholamine observed in female than male fetuses. The current work also confirms the results reported by Schalekamp-Timmermans 

et al. 
(10)

 and Widnes et al. 
(11)

. They reported sex-specific differences in UA Doppler indicators during the second half of pregnancy 

that tapered off with pregnancy advancement towards delivery. 

 

The association of male gender is already established and the current work adds to the known literature. For example, the male sex 

was associated with increased fetal distress during delivery 
(3)

, prematurity 
(4)

, and early neonatal death 
(2, 38)

.  

 

In short, results of the current work highlighted the sex-specific differences in umbilical and middle cerebral arteries Doppler indices 

during the third trimester of normal pregnancy. These differences could participate, work as a potential predictor and monitor high risk 
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pregnancies. The main advantages lie behind non-invasive examination, simplicity and incorporation in clinical practice. The strict 

inclusion and exclusion criteria of the current study add to the value of the obtained results. However, results should be treated 

cautiously till a larger future studies will be performed, and globalization of results will be obtained.     

 

On the basis of the current results, it is recommended to  

1- Take fetal gender into account in all clinical evaluations of pregnant mothers  

2- Consider fetal sex as a biological variable in all future studies dealing with any abnormal conditions associated with pregnancy.  

3- Design future studies to discover other aspects and roles the fetal gender could affect in the pregnant mothers 

4- Examine – in the future studies- the role of fetal sex (if it had a role or not and to what extent) in pregnancy-associated medical 

diseases.     
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