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Abstract: Background: Determining fetal sex during the early stages can help identify potential x-linked disorders 
and predict pregnancy complications and outcomes related to fetal sex. Few studies have evaluated the use of 
anogenital distance (AGD) and fetal heart rate (FHR) as sonographic markers for predicting fetal sex in the first 
trimester. Therefore, this study aimed to predict fetal sex by measuring AGD and FHR using ultrasound in the first 
trimester. Methods: This cross-sectional study was conducted at Shahid Beheshti Hospital, Isfahan City, in 2022-
2023. Ultrasound scans of 143 singleton pregnancies between 11 and 13 plus 6 gestational weeks and their fetal 
sex at birth were collected. The exact age of pregnancy was determined by measuring crown-rump length (CRL). The 
diagnostic value of AGD and FHR in predicting fetal sex was evaluated using receiver operating characteristic (ROC) 
curve analysis, and indicators such as sensitivity, specificity, positive and negative predictive value, and the area 
under the curve (AUC) were reported. Results: A total of 143 pregnant women with the mean age of 31.08 ± 5.26 
years were entered to our study. The mean CRL and FHR in male and female fetuses were not significantly associ-
ated with fetal sex (P > 0.001). However, AGD was significantly higher in male fetuses than in female fetuses (P < 
0.001). Moreover, we found that AGD at the cut-off point of 4.2 mm had a significant diagnostic value in predicting 
male sex (AUC = 0.792; P < 0.001). Conclusion: Our study demonstrated that AGD measurement, unlike FHR and 
CRL, could be a valuable procedure for predicting fetal sex.
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Introduction

Determining fetal gender during the first trimes-
ter of pregnancy is critical for patients with  
a family history of gender-related disorders. 
X-linked recessive genetic disorders only aff- 
ect male babies, whereas congenital adrenal 
hyperplasia affects female fetuses. Therefore, 
early diagnosis of fetal gender is crucial [1, 2]. 
The most accurate way to determine an em- 
bryo’s gender is to biopsy the chorionic villus 
using ultrasonography. However, it is invasive 
and has a 0.5%-1.0% chance of fetal loss [3]. In 
contrast, cell-free fetal DNA analysis in the 
mother’s bloodstream is a non-invasive but 
potentially costly and geographically limited 
method [4].

The easiest way to determine the gender of a 
fetus without any invasive procedures is through 
ultrasonography in the second trimester, by 
looking at the morphological characteristics of 
the genitalia (penis and scrotum in males, and 
labia majora and minora in females) [5]. 
Ultrasonography of genital morphological char-
acteristics for predicting fetal sex demonstrat-
ed improved accuracy with advancing gesta-
tional age, rising from 70.3% at 11 weeks to 
98.7% at 12 weeks and reaching 100% at 13 
weeks [6]. Another study reported an overall 
accuracy of 87.5% for fetal sex determination 
between 11 weeks and 13 weeks + 6 days [7]. 
The method involves assessing the angle of the 
genital tubercle against a horizontal line on the 
midsagittal plane, identifying male fetuses with 

http://www.AJND.us
https://doi.org/10.62347/PXTZ6395


Predicting the fetal sex by the ultrasound

101	 Am J Neurodegener Dis 2025;14(4):100-107

angles greater than 30° and female fetuses 
with angles less than 30°. This approach exhib-
its high reliability, particularly as fetal crown-
rump length (CRL) and gestational age increase 
[6, 7]. However, due to biological factors, such 
as insufficient differentiation between genitalia 
and small size, and technical factors, such as 
the challenge of accurately determining the 
midsagittal plane, the accuracy of fetal gender 
determination declines before the second tri-
mester [8].

A novel technique for identifying the sex of a 
fetus during the first trimester was developed 
in the late 1990s. In this approach, the genital 
tubercle angle is measured to a horizontal line 
on the lumbosacral skin in the midsagittal 
plane of the fetus. Gender determination using 
this method is 100% accurate after 13 weeks 
of pregnancy. However, it has low sensitivity 
between 11 and 12 weeks [9].

Recently, anogenital distance (AGD) has emer- 
ged as a promising sonographic marker for 
early fetal sex determination. AGD is defined as 
the distance from the center of the anus to the 
base of the genital tubercle and is considered a 
sexually dimorphic trait, with its length influ-
enced by prenatal androgen exposure [10]. 
Multiple studies have consistently demonstrat-
ed that male fetuses exhibit a significantly lon-
ger AGD compared to female fetuses during the 
prenatal period. Experimental preclinical stud-
ies support that androgen exposure during the 
masculinization process leads to a longer AGD 
in males [11, 12]. In humans, sonographic 
measurement of AGD has been shown to reli-
ably distinguish between male and female 
fetuses, with male fetuses having a longer AGD 
than females at comparable gestational ages. 
For instance, Sipahi et al. [13] reported mean 
AGD values of 5.1 mm for males and 3.6 mm 
for females in the first trimester, while Alfuraih 
et al. [14] found mean AGD values of 6.80 mm 
in males and 5.92 mm in females, further con-
firming the sexual dimorphism of AGD during 
prenatal development. These findings highlight 
AGD as a safe, non-invasive, and cost-effective 
means of early gender identification. However, 
large-scale validation of AGD measurements 
across diverse populations is still lacking, and 
recent studies have found considerable differ-
ences in AGD levels among races, implying that 
population-specific normative values are re- 
quired for proper clinical assessment.

Another straightforward approach is sex pre- 
diction using fetal heart rate (FHR), which  
can be done even with outdated sonographic 
equipment. Several studies have been con-
ducted on the association between perinatal 
fetal heart rate and gender. The results are con-
flicting since a 1993 study by Hall et al. [15] 
found that female fetuses have FHRs greater 
than 140 bpm, but most of the others revealed 
no significant difference [16, 17]. A few studies 
also looked at this relationship in the first tri-
mester; the results were different but not sta-
tistically significant [16, 17]. Numerous factors 
affect FHR, including uterine contractions, fetal 
respiration and movement, and exogenous glu-
cocorticoid administration during the third tri-
mester and postpartum phase. In addition, 
FHR fluctuations are lowest in the first trimester 
[18].

Studies that have evaluated using FHR and 
AGD to predict fetal gender in the first trimester 
have been very limited. Also, the results ob- 
tained from different studies have been contra-
dictory. Therefore, this study aimed to predict 
fetal gender by measuring AGD and FHR via 
ultrasound at 14 weeks.

Material and methods

Study design

The current study is a cross-sectional study 
conducted on pregnant women referred to 
Shahid Beheshti Hospital in Isfahan City in 
2022-2023. The study protocol was accepted 
by the Isfahan University of Medical Sciences 
Research Committee and certified by the Ethics 
Committee (IR.MUI.MED.REC.1401.332).

Inclusion and exclusion criteria

Our inclusion criteria were women aged 18-35 
years with a singleton pregnancy from 11 to 13 
weeks and 6 days of gestation. In addition, the 
participants had no known chronic illnesses 
(e.g., diabetes and hypertension) that could 
affect fetal development or ultrasound results. 
Only women who consented to participate in 
this study were included. 

The exclusion criteria were women with multi-
ple gestations, a history of pregnancy-related 
complications in previous pregnancies, such as 
miscarriage or stillbirth, and women who had 
undergone invasive procedures (e.g., amnio-
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centesis and chorionic villus sampling) before 
the ultrasound were excluded. In addition, ca- 
ses where ultrasound quality is inadequate for 
the accurate measurement of AGD or FHR due 
to maternal obesity or poor fetal positioning will 
be excluded.

Ultrasound examination

All mothers underwent ultrasound examination 
by an experienced sonographer.

The FHR was assessed using M-mode ultra-
sound (GE E6) and documented during the ini-
tial seconds of the examination when the fetus 
was at rest. FHR recordings adhered to the 
guidelines established by the American College 
of Obstetricians and Gynecologists [19]. FHR 
analysis was conducted using 3-minute seg-
ments (comprising 360 data points) devoid of 
missing data to mitigate the influence of erro-
neous heart rates and ensure uniformity in the 
length of the analysis segment across all 
parameters examined, regardless of the trace 
length. The initial, middle, and final 3-minute 
segments of each trace were averaged to 
derive a single analysis segment for each trace.

The fetal AGD was measured in the mid-sagittal 
plane, with the fetus in a natural position, and 
the neck and spine neither hyper-flexed nor 
hyper-extended. According to this plane, the 
exact age of the pregnancy was determined by 
measuring the CRL. After that, the AGD was 
measured from the caudal extremity of the 
fetus to the inferior end of the genital append-
age. This study utilized an ultrasound system 
with a Probe Convex c7-3 and magnified the 
image to 500% for better visibility.

Group classification

The participants were divided into three groups 
based on their pregnancy age. Group 1 com-
prised women with a gestational age of 11 
weeks to 11 weeks + 6 days, Group 2 included 
women with a gestational age of 12 weeks to 
12 weeks + 6 days, and Group 3 consisted of 
women with a gestational age of 13 weeks to 
13 weeks + 6 days.

The sex of each participant’s baby was deter-
mined after birth. The study collected ultra-
sound data, including measurements of AGD 
during the first trimester, but the definitive sex 
of the embryos was confirmed at birth rather 

than predicted before the ultrasound measure-
ments were taken.

The gender of each participant’s infant was 
recorded, and receiver operating characteristic 
(ROC) curves were used to define the cut-off for 
AGD in each group.

Statistical analysis

The collected information was entered into 
SPSS software (ver. 26). The data were shown 
as mean ± standard deviation (SD) or frequen-
cy (percentage). Independent t-test and Fisher’s 
exact test were used to compare the mean of 
quantitative and qualitative variables between 
the two genders. In addition, the diagnostic 
value of AGD and FHR in predicting the fetal sex 
was evaluated using ROC analysis, and indica-
tors such as sensitivity, specificity, positive and 
negative predictive value, and the area under 
the curve (AUC) were reported. In all analyses,  
a significance level of less than 0.05 was 
considered.

Results

Participant demographics

In the present study, 143 pregnant women with 
a mean age of 31.08 ± 5.26 years. Among 
them, 10 (7%) had gestational diabetes and 11 
(7.7%) had PCOS. The mean gestational age of 
the participants was 12.51 ± 0.84 weeks. 
Notably, male fetuses were more frequently 
diagnosed in the 11th and 13th weeks, where-
as female fetuses were predominantly diag-
nosed in the 12th week (P < 0.001).

Measurements and comparisons

The mean CRL for male and female fetuses 
were 59.09 ± 10.48 mm and 62.22 ± 11.18 
mm, respectively, showing no significant differ-
ence (P > 0.05). Similarly, the mean fetal heart 
rate (FHR) was 158.96 ± 19.95 bpm for males 
and 159.97 ± 10.75 bpm for females, with no 
significant difference (P > 0.05). Conversely, 
the AGD in male fetuses was significantly high-
er, with a mean of 4.39 ± 1.18 mm compared 
to 3.39 ± 0.75 mm in females (P < 0.001) 
(Table 1).

Diagnostic value of AGD and FHR

Due to the significant difference in the frequen-
cy distribution of gestational weeks in different 
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Table 1. Basic and clinical characteristics of pregnant women by fetal sex
Variables Total (n = 143) Boy (n = 70) Girl (n = 73) P value**
Age; year 31.08 ± 5.26 30.84 ± 5.73 31.32 ± 4.81 0.594*
Weight; kg 68.66 ± 11.20 69.79 ± 12.79 67.59 ± 9.40 0.242*
Gestational diabetes 10 (7%) 6 (8.6%) 4 (5.5%) 0.527
PCOS 11 (7.7%) 5 (7.1%) 6 (8.2%) 0.809
Gestational age; week
    11 week 32 (22.4%) 20 (27.4%) 12 (17.1%) < 0.001
    12 week 56 (39.2%) 17 (23.3%) 39 (55.7%)
    13 week 55 (38.5%) 36 (49.3%) 19 (27.1%)
CRL; mm 60.69 ± 10.92 59.09 ± 10.48 62.22 ± 11.18 0.086*
FHR; bpm 159.48 ± 15.88 158.96 ± 19.95 159.97 ± 10.75 0.704*
AGD; mm 3.88 ± 1.09 4.39 ± 1.18 3.39 ± 0.75 < 0.001*
CRL: Crown-rump length, FHR: Fetal heart rate, AGD: Anogenital distance. *Independent t-test and Fisher’s exact test were 
used. **P < 0.05 was considered significant.

Table 2. Diagnostic value of AGD in predicting fetal sex
GA Criterion Sensitivity [95% CI]* Specificity [95% CI]* PPV NPV AUC P value**
11 week > 3.6 mm 50.00 [21.1-78.9] 100.00 [83.2-100.0] 100.00 76.9 0.796 < 0.001
12 week > 3.4 mm 70.59 [56.2-82.5] 83.78 [68.0-93.8] 85.7 67.4 0.854 < 0.001
13 week > 4.3 mm 68.42 [43.4-87.4] 86.11 [70.5-95.3] 72.2 83.8 0.817 < 0.001
Overall > 4.2 mm 52.86 [40.6-64.9] 86.30 [76.2-93.2] 78.7 65.6 0.792 < 0.001
GA: Gestational age, PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the curve. *Diagnostic 
performance of AGD in expecting fetal gender was evaluated with ROC curves. **P < 0.05 was considered significant.

sexes of the fetus, the diagnostic value of two 
factors, AGD and FHR, was evaluated separate-
ly by gestational weeks. AGD at the cut-off point 
of > 4.2 mm had a significant diagnostic value 
in predicting male sex, with a sensitivity and 
specificity of 52.86% and 86.30%, respectively 
(AUC = 0.792; P < 0.001). In addition, by sepa-
rating the gestational weeks, it was also deter-
mined that AGD in the 11th, 12th and 13th weeks 
with the cut-off point of > 3.6 mm (Sensitivity: 
50.00; Specificity: 100.00), > 3.4 mm (Sen- 
sitivity: 70.59; Specificity: 83.78) and > 4.3 mm 
(Sensitivity: 68.42; Specificity: 86.11) respec-
tively had a significant diagnostic value in pre-
dicting male gender (Table 2; Figure 1).

FHR at the cut-off point of > 157 bpm with a 
sensitivity and specificity of 64.29% and 
49.32%, respectively, had no acceptable diag-
nostic value in predicting male sex (AUC = 
0.511; P = 829). The FHR factor cannot play a 
decisive role in predicting the sex of the fetus 
by gestational week (Table 3; Figure 2).

Discussion

Our study evaluated the efficacy of AGD and 
FHR as potential markers for the early determi-

nation of fetal sex during the first trimester of 
pregnancy. The findings revealed that AGD 
measurement is a reliable indicator for predict-
ing fetal sex between 11 weeks and 13 weeks 
+ 6 days of gestation, whereas FHR demon-
strated limited predictive value.

The observed difference in AGD between male 
and female fetuses aligns with the current 
understanding of sexual differentiation during 
early development. Our findings demonstrated 
that an AGD cut-off point of 4.2 mm had signifi-
cant diagnostic value in predicting male sex, 
with a sensitivity and specificity of 52.86% and 
86.30%, respectively (AUC = 0.792; P < 0.001). 
The notable specificity value suggests that AGD 
measurement could be particularly valuable 
when ruling in male sex prediction. This sexual 
dimorphism in AGD likely stems from differen-
tial androgen exposure during the critical win-
dows of genital development. Androgens, par-
ticularly testosterone, promote tissue growth in 
the anogenital region, resulting in greater dis-
tance in male fetuses. This hormonal influence 
represents a fundamental biological mecha-
nism underlying the morphological differences 
observed in this study, consistent with studies 
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Figure 1. ROC diagram to evaluate the diagnostic value of AGD in predicting the fetal sex at gestational age (A) 11 
weeks to 11 week + 6 days, (B) 12 weeks to 12 weeks + 6 days, (C) 13 weeks to 13 weeks + 6 days and (D) overall.

on sexual dimorphism in other mammalian spe-
cies [20, 21].

Our findings regarding AGD are consistent with 
several previous investigations. Najdi et al. [22] 
demonstrated in 2019 that AGD measurement 
accurately identified fetal gender with optimal 
results at gestational ages beyond 12 weeks, 
using a cut-off measurement of 4.9 mm. Their 
reported accuracy rates of 88% for male and 
95% for female fetuses exceed our values, 
potentially reflecting differences in study popu-
lations or measurement techniques. Similarly, 
Elanwar et al. [23] reported in 2023 that an 
AGD cut-off of 4.9 mm yielded sensitivity and 

specificity of 93.41% and 86.49%, respectively. 
The slight variation in optimal cut-off values 
between our study (4.2 mm) and these investi-
gations (4.9 mm) merits consideration and may 
reflect population-specific differences in fetal 
development or measurement methodologies.

In contrast to the promising results with AGD, 
our analysis revealed that FHR has limited 
value in predicting fetal sex. With a cut-off point 
of 157 bpm yielding sensitivity and specificity 
of only 64.29% and 49.32%, respectively, FHR 
does not appear to be a reliable marker for gen-
der determination. This finding challenges the 
widely held belief among some pregnant 
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Table 3. Diagnostic value of FHR in predicting fetal sex
GA Criterion Sensitivity [95% CI]* Specificity [95% CI]* PPV NPV AUC P value**
11 week > 140 bpm 100.00 [73.5-100.0] 30.00 [11.9-54.3] 46.2 100.00 0.585 0.415
12 week > 168 bpm 84.31 [71.4-93.0] 32.43 [18.0-49.8] 63.2 60.0 0.542 0.519
13 week > 159 bpm 52.63 [28.9-75.6] 66.67 [49.0-81.4] 45.5 72.7 0.520 0.813
Overall > 157 bpm 64.29 [51.9-75.4] 49.32 [37.4-61.3] 54.9 59 0.511 0.829
GA: Gestational age, PPV: Positive predictive value, NPV: Negative predictive value, AUC: Area under the curve. *Diagnostic 
performance of AGD in expecting fetal gender was evaluated with ROC curves. **P < 0.05 was considered significant.

Figure 2. ROC diagram to evaluate the diagnostic value of FHR in predicting fetal sex at gestational age (A) 11 weeks 
to 11 week + 6 days, (B) 12 weeks to 12 weeks + 6 days, (C) 13 weeks to 13 weeks + 6 days and (D) overall.

women and medical professionals that female 
fetuses exhibit higher heart rates than males 
[24]. While our data showed slightly higher aver-
age FHR in female fetuses, the difference 
lacked statistical significance, a conclusion 

supported by Oloyede et al.’s [16] larger study 
of 2437 fetuses. The inconsistency in FHR find-
ings across studies likely reflects the multiple 
physiological factors that influence heart rate, 
including maternal metabolism, fetal position, 
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gestational age, and methodology variations in 
heart rate assessment [17, 18].

The discrepancy between the reliability of AGD 
and FHR as predictive markers has important 
clinical implications. AGD measurement repre-
sents a non-invasive, cost-effective approach 
to early sex determination that could potentially 
reduce the need for more invasive procedures 
like amniocentesis or chorionic villus sampling 
in cases where sex-linked genetic disorders  
are a concern [2, 3]. However, the technique 
requires standardization and validation across 
different populations before widespread clini-
cal adoption. Recent studies have identified 
racial variations in normative AGD values, sug-
gesting that population-specific reference rang-
es would be necessary for accurate clinical 
assessment [11, 12].

The strengths of our study include its cross-
sectional design within a single tertiary care 
center, which ensured consistent measure-
ment techniques and eliminated inter-center 
variability. Additionally, our study is one of the 
few to simultaneously assess both FHR and 
AGD as predictive markers in the same popula-
tion, allowing for a direct comparison of their 
respective diagnostic values. This comprehen-
sive approach provides a more nuanced under-
standing of the relative merits of each parame-
ter for early sex determination.

Our study had several limitations that should 
be considered when interpreting our findings. 
Our sample size was smaller than that of some 
previous studies, potentially limiting the statis-
tical power. Although the single-center design 
is advantageous for measurement consistency, 
it may restrict generalizability to more diverse 
populations.

Conclusion

Based on this study, it is possible to accurately 
determine the gender of a fetus between 11 to 
13 weeks and 6 days into gestation using AGD 
measurement. However, there is no evidence of 
a correlation between fetal gender and FHR or 
CRL. In order to obtain more precise results 
with AGD and FHR, it is recommended that 
future studies take into account a larger sam-
ple size of women.
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