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Predictive value and reference ranges of anogenital distance
for determining fetal gender in the first trimester

A retrospective cohort study

Abdulrabhman M. Alfuraib, MSc, PhD, Samiah A. Alotaiby, BSc, MSc, Mohammed ]. Alsaadi, MSc, PhD, Hanifa A. Bukhbari, MD,

Ali M. Aldhebaib, MSc, PhD, Rafat S. Mobtasib, MSc, PhD.

ABSTRACT

o 3 5 (AGDy Bl G2l L 3,05 (s : BlaYl
P Lo L o 2V 3 L5l G Ll il ek
- VWA - WPt (R WV (RN I P (- EL A

S hbrns B rom) Sl aslan L, uS ul,lods s ¢ 1 dongal
}JLAJZOZONfJu\.Aaf_LH@dpLIJ\&ubu)“;,»j@anmﬂ&u
A1 g o U 3130350l G ol Lo g ¢ 42021
J»AGDJL.ef AJY)J\MLU-YUJ\.\,SUPJ&\QA@L\ATI3+6
£ o)l Jladela) 4gaed el saeldll e L G e 05,6 |3
M\WUAJLA;- w_j u"‘\"l" 5: W}U‘ J\MY\ (\W\

coed 5 @AGD;\;‘M(ROC)

592, ul_v\“ Y o AGD b sz Ja S G dla 0K cuu\
15% = ([7.00 ¢ 6.61] ¢ 6.80) ;501 ([6.14 « 6.70] ¢
3 (1=0.573¢ p<0.001 ) Jukl jas go o8 St Lo 0 (p<0.001
ol sz JlssV) JLaf L (CRL (r=0.562¢ p<0.001 cud! Job
OTROC Jl 1¢bT « U3 goy . ($50.001 ) juimeld 50 120 015 AGD
5 (p<0.001) 707 5 (p=0.001) 68% e diniinn S8 11T B
O Il e Jod a Lo gl 13512 5 11 Lese (p=0.017) 64%
EFE PSS { IS L.v:)’\JeA)}LIJ}Lt UA)MJ\J»\};.\L;,UAGD
CI 95%10.896 i U,p g BLish A1) {6l Lol LG b
.[0.845-0.930

Ut AGD Jispal 3 byl plasaals AGD (o5 018 2 oS-
o AGD Jgb 3 3 sl 05 Jot pn Jo ¥ Sl JShs s G5 g
LG ofcam . A.JLGM}MMﬁfqu.!dfdbub?b);ﬂ\mw\

.AGD[._,,,;;;.\-.;;:;,‘J' Jolsndl eVl g kil Sl

Objectives: To assess the usefulness of sonographically

measured anogenital distance (AGD) in predicting fetal
gender in Saudi fetuses during the first trimester and to
provide normal reference centiles for AGD.

Methods: A retrospective cohort study was conducted

at King Faisal Specialist Hospital and Research Center,

Riyadh, Saudi Arabia between November 2020 and May

2021. The ultrasound scans of 313 singleton pregnancies
between 11-13 plus 6 gestational weeks and their gender-

at-birth were collected. Anogenital distance was measured

from the inferior base of the genital tubercle to the rump.

Binominal logistic regression and receiver operating

OPEN ACCESS

characteristic curves (ROC) evaluated the predictive
performance of AGD for determining fetal gender.

Results: There was a significant difference of
approximately 15% in mean AGD between female
(5.92 mm [95% Cl= 6.70, 6.14]) and male (6.80 mm
[95% Cl= 6.61,7.00]) fetuses (p<0.001). Anogenital
distance significantly correlated with gestational age
(r=0.573, p<0.001) and crown-rump length (r=0.562,
<0.001). The logistic regression determined AGD as a
significant predictor of fetal gender (p<0.001). However,
ROC analysis showed that overall accuracies were low
at 68% (p=0.001) for 11 weeks, 70% (p<0.001) for
12 weeks, and 64% (p=0.017), and for 13 weeks. The
average AGD of our Saudi cohort was longer than what
the literature reported from other populations.

Conclusion: The first-trimester ultrasound evaluation
of AGD was feasible and reliable. It showed a difference
between the genders but did not yield high predictive
accuracy. Future research should consider racial factors
when evaluating AGD.
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Fetal gender identification in early pregnancy is
of great interest to expecting parents. However,
physicians also take interest in gender identification for
fetuses at higher risks of inheriting gender-dependent
genetic disorders. Several X-linked recessive inherited
diseases are male-specific, while adrenal congenital
hyperplasia can affect female fetuses. Hence, early
determination of fetal gender could be vital for early
diagnosis and interventions.

Early gender identification during the first trimester
can be achieved with sonography and genetic testing.
Definitive results can be achieved with the latter by
sampling the chorionic villus under ultrasonography
guidance.! However, it is an invasive procedure with
an associated 1.46 relative risk of pregnancy loss before
28 weeks.? Alternatively, analysis of cell-free fetal DNA
is non-invasive but rather expensive and limited in
availability.® In contrast, ultrasonography can be used
non-invasively to determine fetal gender with great
accuracy in the second and third trimesters by visual
identification of the penis or labia majora and minora.*
Ultrasonography can also be used to determine gender
by measuring the genital tubercle angle, with 100%
sensitivity at 13 weeks but lower sensitivity between 11
and 12 weeks.”®

Anogenital distance (AGD) is a recently introduced
sonographic marker of fetal gender.”"" It is based on
measuring the distance between the anus and the base of
the genital tubercle in the perineal region.'> Anogenital
distance is sexually dimorphic since its length is
dependent on hormonal levels. Hence, AGD in male
fetuses can be longer than that in female fetuses.'>"
In one study, prenatal AGD differences between
male and female fetuses were found to be maintained
across their life spans.”” Experimental preclinical
studies suggested that androgen exposure affects AGD
during masculinization." In humans, sonographically
measured AGD  successfully dichotomized male
and female fetuses.”'""> In these studies, AGD
measurement was a safe, non-invasive, and relatively
cheap method of early gender identification. However,
AGD measurement lacks the required validation in
large samples from different populations. Recent
studies reported significantly different AGD values
between races, recommending that population-specific
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normative values are needed for accurate clinical
assessment.”'’ These factors support the rationale for
conducting this study.

The primary objective of this study was to evaluate
the accuracy of AGD measurement via ultrasound for
the early determination of fetal gender during the first
trimester. Secondary objectives included evaluating
the inter-rater agreement in AGD measurement and
identifying population-specific normative AGD values
for each gender.

Methods. This study was conducted as a retrospective
cohort study at King Faisal Specialist Hospital and
Research Center (KFSHRC), Riyadh, Saudi Arbia
between November 2020 and May 2021. The KFSHRC
Research Ethics Committee approved the study and
granted a waiver of informed consent (approval memo
EC ref: C380/308/42). The local records of obstetric
ultrasound scans performed between January 2015
and January 2019 were screened consecutively to
identify eligible cases based on the inclusion criteria: i)
singleton pregnancies from 11 weeks to 13 weeks plus
6 days of gestation; ii) acquisition of the ultrasound
image transabdominally in the mid-sagittal plane with
the fetus lying in a natural position (neck and spine
are neither hyper-flexed nor hyper-extended); and iii)
Saudi nationality. The exclusion criteria were as follows:
i) cases where the rump and genital tubercle were not
captured clearly; and ii) cases where information on
the gender at birth was not available (such as, delivery
occurred at a different hospital)

All scans were performed by accredited sonographers
using 2 calibrated ultrasound systems (Philips EpiQ
7 and Philips Affiniti 70). An accredited obstetric
sonographer screened the database and consecutively
recruited eligible cases until the required sample size was
attained. The sonographer exported a single mid-sagittal
plane image for each case. Next, the definitive gender of
the fetus after birth was documented. Data on additional
variables were collected, including gestational age,
maternal age, use of assisted reproduction technology,
history of diabetes or polycystic ovarian syndrome, and
birth weight. Sonographic information included fetal
heart rate and crown-rump length (CRL).

The images for all eligible cases were extracted in
Digital Imaging and Communications in Medicine
(DICOM) format. Two experienced sonographers
(AMA and MJA) measured the AGD to assess its inter-
reader reproducibility using the OSIRIX DICOM
viewer. A proximal caliper was placed at the inferior base
of the genital tubercle and a distal caliper was placed at
the most prominent rump location similar to the distal
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CRL measurement.”’ The sonographers were blinded
to all clinical information except for the ultrasound
images. To standardize measurement acquisition, the
sonographers practiced on a random subset of cases,
and then reviewed the technique for measuring AGD.

Based on previously published data,” to detect a
minimum AGD difference of 10% on independent
sample t-test with alpha level of 0.05 and power (1-f3)
of 0.95, the minimum sample size is 250, assuming an
expected even allocation ratio between the male and
female groups.

Statistical analysis. Descriptive and inferential
statistics were carried out using SPSS version 27 for
Mac (IBM Corp., Armonk, N.Y., USA). To compare
the AGD difference between male and female fetuses,
independent samples student’s t-test was conducted.
An alpha value of 0.05 was considered significant.
To evaluate the performance of AGD in identifying
fetal gender at specific gestational ages, the data were
sub-grouped into the following: a) Group 1: women
with gestational age of 11 weeks to 11 weeks, 6 days; b)
Group 2: women with gestational age of 12 weeks to 12
weeks, 6 days; and ¢) Group 3: women with pregnancy
age of 13 weeks to 13 weeks, 6 days.

Centiles for AGD reference ranges were calculated
using a previously described method.'® Briefly, the
required centiles for AGD per gestational week were
calculated using centile= mean + K*SD, where mean
refers to the mean AGD, SD is the standard deviation
of the mean, and K is the corresponding centile of the
standard distribution. For example, determination of
the 25th and 75th centiles requires that K= +0.675.

Binominal logistic regression was used to evaluate
the predictive performance of AGD for gender
determination. To specify valid and relevantindependent
variables, primary maternal and fetal characteristics
were evaluated for normality, linearity in the logit (via
the Box-Tidwell procedure), and multicollinearity."”
Relevant variables that satisfied all assumptions were
entered into the model. Receiver operating characteristic
curves were used to define optimum cut-offs for AGD
in each group and to assess diagnostic performances.
The AGD cutoff that yielded the highest Youden index
was selected as the best AGD cutoff.

The inter-reader reproducibility was analyzed
using the Bland-Altman plot and intraclass correlation
coefficients (ICC). The results were interpreted as
follows: 0.00-0.20, ‘poor agreement’; 0.21-0.40,
‘fair agreement’; 0.41-0.60, ‘moderate agreement’;
0.61-0.80, ‘substantial agreement’; and >0.80, ‘almost
perfect agreement’.'®

Results. A total of 322 pregnancy cases was
collected, of which 9 (2.7%) were later excluded due
to poor image quality in the genital pedicle region.
Hence, 313 cases were finally included in the analysis.
The descriptive statistics for the main characteristics
are presented in Table 1. Among the included cases,
23 (7.3%) pregnancies occurred following assisted
reproduction technologies, 44 (14.1%) mothers had
diabetes, and only 2 mothers had history of polycystic
ovarian syndrome. All these 3 factors were not
significantly associated with AGD (p>0.1). No fetus
had pathological development in the genitalia at birth.
When AGD was analyzed, male fetuses had longer
measurements than those of female fetuses by 14.8%
(»<0.001). The mean AGD measurements per
gestational week were also significantly different, ranging
from 10.7% in week 13 to 17.4% in week 11 (Table 2).
The calculated 2.5th to 95th centile reference ranges
for normal AGD per gender are listed in Appendix 1.
An example of the AGD measurement is illustrated in
Figure 1. A comparison between the current values to
measurements from different populations is shown in
Table 3. AGD significantly correlated with gestational
age (r=0.573, p<0.001) and CRL (r=0.562, p<0.001).
There were no significant correlations of AGD with
maternal age (r=0.085, p=0.134), fetal heart rate (r=
-0.031, p=0.584), and birth weight (=0.012, »=0.836).
The charts in Figures 2 and 3 show the changes in AGD
relative to fetal age.

In the logistic regression, AGD was the only
independent variable that satisfied the model’s
assumptions for predicting fetal gender. The model was
statistically significant: %* = 51.7, p<0.001. It explained
20% (Nagelkerke R?) of the variance in gender and

Table 1 - Main maternal and fetal characteristics

Characteristi Male at birth Female at birth Total
aracteristics (n=172) (n=141) (n=313)

Maternal age

(years) 31.8 (5.1) 31.8 (5.9) 31.8(5.3)

Gestational age

(days) 87.9 (4.7) 87.7 (4.8) 87.8 (4.8)

Birth weight (g) 2,945 (539) 3,000 (509) 2,970 (526)

Crown-rump

length (mm) 60.0 (9.3) 59.8 (9.5) 59.9 (9.4)

Fetal heart rate 135.7 (10.8) 136.0 (10.3) 1359 (10.6)

(bpm)

Numbers in parentheses represent standard deviations.
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Table 2 - Mean anogenital distance values in each gestational week.

Week of gestation Female Male Feg;?:}el at Male at birth Differe;l::seinnt:gl:an and P-value
11 weeks 33 36 “ 5%"852.1 a4 s 354"656.98] [O{%}ilj 58] <0.001
12 weeks o7 8 [5.554.,767.05] [6.562.,764.96] [0('?%:’21:)02)9] <0.001
13 weeks Al ! [6.6%,979.38] [7.377',73041 [O{f(é‘;l;oz)l] 0-006
Towal 141 182 [6.750',962.14] [6.661',8;).00] [03%}212:)7] <0.001

Data between square brackets represent the 95% confidence intervals.

Table 3 - Mean anogenital distance values in first trimester fetuses amongst different populations.

Population Female (mm) Male (mm) Best AGD cutoff (mm)
Saudi 5.92 (1.32) 6.80 (1.26) 6.00
French” 4.20 (0.95) 6.00 (1.27) 4.80
Persian® 4.30 (0.81) 5.14 (0.85) 4.50
Turkish’ 3.60 5.10° 4.80

Numbers in parentheses represent the standard deviations. *The standard deviations were not
reported. AGD: anogenital distance

=\

-

0.567 cm

Figure 1 - Examples of anogenital distance measurements for A) male and B) female 12-week-old fetuses.

correctly classified 65% of cases. Anogenital distance
was a significant predictor of fetal gender (p<0.001),
with larger measurements holding 2.27 times higher
odds of being those for male fetuses. Reanalyzing the
data for each gestational week independently yielded
similar results.

When considering different cutoffs in the receiver
operator characteristic analysis, the best overall cutoff
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value of 6.00 mm achieved the highest Youden index
of 29, with sensitivity of 69%, specificity of 60%, and
area under the curve of 0.686. This can be interpreted
as poor discrimination according to Hosmer et al.”
The cutoffs and their predictive performances for each
gestational week are listed in Appendix 2. The accuracy
describes the overall number of correctly identified fetal
genders. Sensitivity refers to the percentage of correctly
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Figure 2 - A bar chart of anogenital distance (mm) against fetal gestational age by gender.
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Figure 3 - A scatter plot of anogenital distance measurements with interpolated
means for male and female fetuses.

identified male fetuses, whereas specificity is the
percentage of correctly identified female fetuses. The
positive predictive value is the chance of being male when
the AGD is above or equal to the cutoff, and negative
predictive value is the chance of being female when
the AGD is above or equal to the cutoff. The positive
likelihood ratio is the increase in the probability that
the fetus is expected to be male provided that the AGD
is higher than the cutoff, and the negative likelihood
ratio is the increase in the probability that the fetus is
expected to be female procided that the AGD is higher
than the cutoff.

As for the inter-reader reproducibility of the AGD

measurements, the mean difference was -0.14 mm

[95% confidence interval (CI)= -0.32, 0.49]. The
interclass correlation coefficient demonstrated almost

perfect agreement at 0.896 [95% Cl= 0.845, 0.930].

Discussion. This study aimed to compare the
AGD between male and female fetuses during the first
trimester. The most important finding was that the
mean AGD in male fetuses was statistically significantly
longer than that in female fetuses by approximately
15%. However, the magnitude of the difference was not
large enough to yield high accuracy for predicting the
genders. The diagnostic metrics tended to yield higher
confidence for identifying male fetuses when AGD was
higher than the mentioned cutoffs (high sensitivity).
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However, when AGD was small, the post-test probability
for identifying a female fetus was low (poor specificity).

Our results agree with what Najdi et al® reported
approximately  11-week-old fetuses where the
sensitivity was 70% and area under the curve was
0.748, corresponding to 72% and 0.738 in our study.
Although, the majority of previous studies reported
significant predictive performances in contrast with the
current findings. Najdi et al® reported >85% sensitivity,
specificity, positive predictive value, and negative
predictive value for 12- and 13-week-old fetuses. The
first study that evaluated first trimester fetuses was
carried out by Arfi et al.” They reported sensitivity
(identification of male fetuses) of 87% and specificity
(identification of female fetuses) of 89%. Later, Sipahi
et al’ reported 76% accuracy in identifying male fetus
and 97% accuracy for female fetus between 11 and 13
weeks.

In older fetuses aged between 26 and 30 weeks,
AGD was significantly different between the 2 denders
(p<0.001), but the researchers, unfortunately, did
not report the predictive performance.”” Likewise,
Gilboa et al'' found significant AGD differences in
20- to 35-week-old fetuses, where the mean difference
increased from 2.2 mm at 20 weeks to 11.8 mm at
35 weeks (r?=0.808). It should be noted that in such
advanced gestational age, AGD is measured differently.
It is acquired in an axial plane from the center of the
anus to the posterior convergence of the fourchette in
female fetuses and to the posterior base of the scrotum
in male fetuses. The similarity of this technique to the
sagittal plane acquisition is unknown.

An importable and notable observation from
the existing literature on AGD is the variability in
normal AGD values from different populations. In
first-trimester pregnancies, female and male fetuses
had mean AGDs of 3.6 mm and 5.1 mm respectively
in a Turkish population, 4.0 mm and 4.7 mm in a
Persian population, and 4.1 and 5.90 mm in a French
study.”” Such values expressed 2.2-23% differences in
each gender. The Arabic Saudi population had a larger
absolute mean AGD compared with values found in
previous studies, ranging from 14-36% in male fetuses
and from 36-48% in female fetuses. With a standardized
ultrasound protocol and no demonstrable concerns
over the methodologies used in the recent studies, it
is evident that AGD is race-dependent. In neonatal
studies, Bedouin neonates had larger AGD than Jewish
neonates,” and Caucasians had larger AGD than those
of native Americans and Asians.'? This indicates that no
universal AGD cutoffs can be employed across different
populations.

1062 Saudi Med ] 2021; Vol. 42 (10)  https://smj.org.sa

The current study provides normative values for
AGD in the Arabic Saudi population. These results
are valuable for assessing genital anomalies in the
Arabic ethnic group that we evaluated. A recent study
demonstrated that AGD is longer in mothers who had
polycystic ovarian syndrome and in those who used
assisted reproduction treatments.”' In contrast, a study
on suspected isolated abnormal male genitalia showed
that fetuses with hypospadias had AGD below the fifth
percentile of normal cases.”” These reports suggest that
AGD can be a useful biomarker for prenatal hormonal
status and genital development.

Despite the low predictive performance of AGD,
it demonstrated excellent reliability. The inter-reader
reproducibility was relatively similar to that reported
by Aydin et al'® in second-trimester fetuses. Arfi et al’
found a higher ICC of 0.97 in first-trimester fetuses.
Other studies also confirmed the low variability and
high reproducibility of AGD.'"">*' Overall, sonographic
AGD is a feasible objective measure, which can be easily
acquired by sonographers.

An alternative technique for gender determination
in the late first trimester is the sagittal sign, which is
based on calculating the angle of the genital tubercle
relative to the lumbosacral skin surface. The fetus would
be identified as male if the angle is >30 degree or female
if <10 degree.>” However, a systematic review of this
technique demonstrated a high failure rate, ranging from
7.5-40.6%." Its overall accuracy was between 70% and
100%, and the accuracy was particularly poor in fetuses
aged 11 and 12 weeks. Indeed, this technique requires
post-processing and presents difficulty for sonographers
regarding the accuracy of angle placement. Another
study employed 3D ultrasound and found poor gender
prediction accuracy at 56%.%

Study limitations. Despite using an optimal sample
size, the retrospective design of the study prevented
us from controlling the mid-sagittal plane acquisition
of AGD, in order to ensure accurate detection of the
genital pedicles. This however resulted in a failure rate
of only 2.7%. The retrospective design also meant that
the images were not acquired by only one sonographer.
The study also did not include fetuses that were
not positioned optimally, which can be frequently
encountered in routine scans. Additional contributors
to fetal growth, such as maternal anxiety, socioeconomic
status, and education, were not controlled due to the
unavailability of retrospective data for these variables.”
Future studies are encouraged to further compare the
AGD results in Arabic Saudi fetuses to those of fetuses
from other ethnic groups. A longitudinal examination
of AGD in the Arabic population from prenatal life to
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adulthood is needed in order to understand the potential
associations of AGD with developmental pathologies.

In conclusion, AGD was significantly different
between male and female fetuses in the first trimester.
Contrary to the existing literature, the magnitude
of the difference was not substantial enough to yield
high predictive accuracy. Anogenital distance increased
gradually with gestational age and demonstrated reliable
readings. It appears that AGD varies among races,
and it appears to be longer in Arabic fetuses than the
reported measurements from other populations. The
study reported the normative centile reference ranges
for AGD.

Further longitudinal research is warranted to
investigate the usefulness of AGD as an imaging
biomarker for congenital genital anomalies and fetal
androgen levels.
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Appendix 1 - Normal anogenital distances reference ranges for
each gestational week: 2.5th to 97th centiles.

Centile 11 weeks 12 weeks 13 weeks

Male
2.5t 3.82 4.78 5.36
5t 4.12 5.10 5.73
10% 4.46 5.46 6.17
25t 5.03 6.07 6.89
50" 5.66 6.74 7.70
754 6.29 7.41 8.51
90t 6.86 8.02 9.23
95t 7.20 8.38 9.67
97.5% 7.50 8.70 10.04

Female
2.5 3.06 3.84 4.59
5t 3.35 4.15 4.97
10™ 3.67 4.51 5.42
25 4.22 5.11 6.17
50 4.83 5.78 7.00
754 5.43 6.44 7.83
90 5.98 7.04 8.58
95 6.31 7.40 9.02
97.5% 6.59 7.72 9.41

All readings are in millimeters.

Appendix 2 - Predictive performance of the AGD cutoffs.

Gestation age AG(Ir)n IC::;OE Acc Sens Spec prv NPV +LH -LH AUC P-value
11 weeks >5.10 68% 72% 64% 68% 68% 2.00 0.50 0.738 0.001
12 weeks >6.07 70% 74% 64% 72% 66% 2.06 0.49 0.752 <0.001
13 weeks >7.17 64% 69% 59% 67% 60% 1.68 0.59 0.646 0.017
Total >6.00 65% 72% 56% 67% 62% 1.64 0.61 0.686 <0.001

A positive result indicates the identification of male gender. Acc: Accuracy, Sens: sensitivity, Spec: specificity, PPV: positive
predictive value, NPV: negative predictive value,+LR: positive likelihood ratio, —~LR: negative likelihood ratio, and AUC: area under
the curve
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