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Abstract

Background: Anogenital distance has been associated with prenatal exposure to chemicals with anti-androgenic
effects. There are limited data in humans concerning descriptive patterns, predictors, and the reliability of meas-
urement of anogenital distances. We examined anogenital distance measurements and their predictors in males
and females and further estimated the reliability of these measurements.

Methods: Anogenital distances were measured in repeated time periods among 352 newborns and 732 young
children in two cohorts, one in Crete, Greece and one in Barcelona, Spain. Mixed effect models were used to
estimate the between-children, between- and within-examiners variance, as well as the reliability coefficients.
Results: Genitalia distances were longer in males than in females. Anogenital distances in both sexes increased
rapidly from birth to 12 months, while the additional increase during the second year was small. Birthweight was
associated with an increase of 1.9 mm/kg [95% CI 0.1, 3.8] (CI, confidence interval) in the anogenital distance
measured from the anus to anterior base of the penis in newborn males, 2.9 mm/kg [95% CI 1.8, 3.9] in anoclitoral
distance and 1.0 mm/kg [95% CI 0.0, 2.0] in anofourchettal distance in newborn females, after adjustment for
gestational age. In children, body weight was the main predictor of all genitalia measurements. Moreover, ano-
genital distances at birth were associated with the corresponding distances at early childhood. High reliability
coefficients (>90%) were found for all anogenital distances measurements in males and females.

Conclusions: Anogenital distances are strongly related to gestational age and birthweight and later, to growth. They
track through early life and are highly reliable measures in both sexes.

Keywords: anogenital distance, cohort study, dioxins, endocrine disruption, environmental contaminants.

Anogenital distance has been established as a measure
of fetal androgen action, and a sensitive marker of
endocrine disruption in newborn animals."? Increased
androgen concentrations lead to increased anogenital
distance hence male animals have greater anogenital
distance than females.* In animal studies, neonatal
anogenital distance is predictive of adult anogenital
distance and other androgen-responsive outcomes.>®
Prenatal or lactational exposure to anti-androgens,
like 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD), are
linked to a reduction of anogenital distance in
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animals.®® The use of anogenital distance in epidemio-
logical studies is increasing and methods for its reli-
able measurement are still being developed.

In humans, birthweight is identified as a major
determinant of anogenital distance.”™ Genitalia dis-
tances are sexually dimorphic and are increasing
rapidly from birth to 12 months.”"™ Studies examin-
ing the effect of prenatal exposures to anogenital dis-
tance have suggested that it may serve as a biological
marker of fetal androgen disruption.'*®

Similar to other anthropometric measurements, the
reliability of anogenital distances is influenced by
measurement error. High reliability has been reported
for male newborns;'® however, poor reliability values
were found in small training studies."™ Anogenital
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distance is a morphologically small distance. Meas-
urement error can therefore be a serious problem as
small magnitude differences can be expected.”

We examined anogenital distance measurements
and their predictors on a large sample of newborns
and young children in two cohorts and assessed
whether anogenital distances measured at birth corre-
spond to measurements in early childhood. We
further estimated the reliability of anogenital distance
measurements in males and females.

Methods

Study population

This study includes newborns and children from two
cohorts, the mother—child cohort in Crete, Greece
(Rhea study) and the Hospital del Mar-New Generis
study in Barcelona, Spain (Hmar study), that were
part of the Newborns and Genotoxic exposure risks
(NewGeneris) EU project.®

The Rhea study

The Rhea study examines prospectively a population-
based cohort of pregnant women and their children at
the prefecture of Heraklion, Crete, Greece.” Women
who became pregnant within a year, starting from
February 2007 were contacted at four maternity
clinics. Mothers were recruited at around 12 weeks of
gestation, when attending the first standard ultra-
sound examination. The inclusion criteria were: to be
residents in the study area; pregnant women aged >16
years; to have the first visit at hospital or private
clinics at the time of the first standard ultrasound
examination at 10-13 week of gestation and with no
communication handicap. During the study recruit-
ment period, 1765 eligible women were approached,
of whom 1610 (91%) agreed to participate and 1317
(82%) were followed until delivery. As the Rhea study
had already started at the time of the incorporation of
the anthropometric measurements, only a small
number of children were measured at birth (17 =165)
in the maternity clinics, and most of them were meas-
ured postnatally at home (n =732).

The Hospital del Mar study — NewGeneris
(Hmar study)

The Hospital del Mar study includes women with sin-
gleton pregnancies enrolled at delivery, from October

2008 until March 2010. Women less than 18 years old,
with multiple pregnancies or with pregnancy com-
plications (HIV/B hepatitis/C hepatitis infections,
urgent C-sections, post-partum excessive haemor-
rhage) were excluded. Anthropometric measurements
of the newborns were collected between birth and 2
days. A total of 281 women with their newborns par-
ticipated and 187 of them with complete information
were included in this analysis.

Study sample

One hundred sixty-five newborns of the Rhea study
and 187 newborns of the Hmar study were included
in this analysis. During their first-to-second year of
life 732 children of the Rhea study were measured at
home visits and of those, 112 had also been measured
at birth. Twins (n =33, 4%) and children with incom-
plete anthropometric measures were excluded from
this analysis (five from Rhea study and three from
Hmar study). All the included newborns and young
children were phenotypically normal and none of
them had major medical problems. Information on
maternal and paternal ethnicity and country of origin
was collected by interviews.

Both studies were conducted according to the
guidelines laid down in the Declaration of Helsinki
and all procedures involving human subjects were
approved by the ethical committee of the University
Hospital in Heraklion, Crete, Greece or by the Clinical
Research Ethical Committee at Hospital del Mar
(CEIC). Written informed consent was obtained from
all women participating in the studies.

Anthropometric measurements and gestational age

The measurements protocol of anogenital distances
was based on that used by Swan et al'® and was modi-
fied to include measurements in both males and
females."* In males, anogenital distance (AGD) was
measured from the anterior base of the penis to the
centre of the anus and anoscrotal distance (ASD) from
the posterior base of the scrotum to the centre of the
anus (Figure 1). Additionally, penis width (PW) was
recorded in male participants. Likewise, in females,
anoclitoral distance (ACD) was recorded as the dis-
tance between clitoris and the anus centre and ano-
fourchettal distance (AFD) as the distance measured
from the posterior convergence of the fourchette to
the centre of the anus (Figure 1).

© 2012 Blackwell Publishing Ltd
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Figure 1. Schematic diagram of measurements done, by sex. Boys, AGD: anogenital distance, from the anterior base of the penis to the
centre of the anus; ASD: anoscrotal distance, from the posterior base of the scrotum to the centre of the anus; PW: penis width. Girls,
ACD: anoclitoral distance, from the clitoris to the anus centre; AFD: anofourchettal distance, from posterior convergence of the
fourchette to the centre of the anus (original source: Salazar-Martinez et al.").

Weight, length, abdominal and head circumferences
were also measured. The mean value of three repeated
measurements was used for genitalia measurements
and the mean of two repeated measurements was
used for other anthropometric measurements. The
same protocol and joint training was followed in both
studies, except abdominal circumference that was not
recorded at the Hmar study. One examiner conducted
all the anthropometric measurements in the Hmar
study and six examiners in the Rhea study.

Gestational age was based on the interval between
the last menstrual period and the date of delivery for
84% of the subjects. When the menstrual estimate of
gestational age was inconsistent by 7 or more days
with the first trimester ultrasound measurement, a
quadratic regression formula describing the relation-
ship between crown-rump length and gestational age
was used instead.”

Anogenital distances and PW were measured with
a Vernier digital calliper in increments of 0.01 mm
(TESA Cal C/PROQOF 150MM IP67, TESA Technology,
Switzerland). An electronic scale readable to incre-
ments of 0.001 kg was used to measure child’s weight
(SECA model 354, Seca Corporation, Hamburg,
Germany) and a measuring mat was used for the
length (Seca model 210, Seca Corporation, Hamburg,
Germany).

Reliability study

Within the Rhea study, we conducted a reliability
study on the genitalia measurements. Thirteen males
and 17 females (mean age: 23 months) participated
and 1460 measurements were done in total, by two
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examiners (EP and MV). They were singleton births,
randomly selected among the youngest children of
the birth cohort.

Each child was measured by both examiners, at two
scheduled home visits, one visit for each examiner.
Each examiner did 10 repeated blind measurements
per visit, resulting in two sets of 10 measurements for
each distance. Thus we collected 40 measurements for
each girl (for ACD and AFD) and 60 measurements
for each boy (for AGD, ASD and PW). To ensure that
the examiner was not biased, the instrument’s screen
was covered and the measurement was read and
recorded by the assistant. Examiners were therefore
blind concerning their own measurements.

Statistical analysis

We examined summary statistics for all anthropomet-
ric measurements, gestational age and age at examina-
tion. Normality was evaluated by the Shapiro-Wilk
goodness of fit test. Differences between countries
were tested using t-test for normally distributed data
and the Mann-Whitney non-parametric test for non-
normally distributed data. Box plots were used to
illustrate the distribution of the genitalia measure-
ments by age group and sex. A slope of increase from
birth to 12 months and from 12 to 24 months was
estimated for all genitalia measurements, by linear
and restricted cubic splines.

Univariate linear regression models were formed to
estimate the association between measurements of
genitalia (AGD, ASD, PW, ACD and AFD) and other
anthropometric measurements. Multivariate models of
birthweight and gestational age for newborns, as well
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as weight and age at examination for children were
mutually adjusted. These variables were included a
priori in the models of the other anthropometric
factors (length, abdominal circumference and head cir-
cumference). Statistically significant anthropometric
variables (P-value < 0.05) in the multivariable models
were considered as major anthropometric predictors
of AGD, ASD, PW, ACD and AFD. We did stratified
analyses by country to identify potential country dif-
ferences in predictors of anogenital distance.

On a subsample (17=112) of our population we
applied Generalized Additive Models to explore the
shape of the relationship of repeated measurements of
anogenital distances and PW measured at birth and at
the first-to-second year of life, after adjustment for
confounders. (P gain defined as the difference in nor-
malised deviance between the GAM model and the
linear model for the same predictor <0.10). Partial
correlation coefficients were used to describe the
relationship between repeated measurements. Data
analysis was performed using sTtaTa version 10.0
(StataCorp. 2007. Stata Statistical Software: Release 10.
College Station, TX: StataCorp LP).

Reliability study

Mixed-effects models were fitted to estimate the vari-
ance components for AGD, ASD, PW, ACD, and AFD
by using the ‘xtmixed” command in sTara version
10.0. Anogenital
included as dependent variables, while children
(n=30) and examiners were accounted as random-
effect variables.

The model splits the total variance into three vari-
ances: variance because of child, variance because of
examiner and residual variance. The variance compo-
nents were calculated as ratios of the total variance
and presented as percentages of the total between-
children variance, represented the per cent of vari-
ability because of differences between children.

distance measurements were

Between-examiner variance represented the variabil-
ity of the measurements because of differences
between examiners measuring the same child. Within-
examiner variance represented the per cent of vari-
ance because of differences in repeated measurements
of the same child examined by the same examiner.
The reliability coefficient is equivalent to the
between-children and between-examiner components
divided by the total variance.” This coefficient meas-
ures the reproducibility of the measurement and a

reliability coefficient of 1 indicates that the measure-
ments are free of measurement error.

We also assessed the impact of the number of
repeated measurements on the reliability coefficients.
The relationship between the number of repetitions
per individual and the reliability of the measure was
determined from the Spearman-Brown equation.”
Thus, the reliability of the mean of m replicate
measurements (p.) was obtained as

_ mp
1+(m-1)p’

where m is the number of the repetitions and p is the
reliability of a single measurement.

Pm

Results

Description of anogenital distances

The anthropometric characteristics of 1084 children
participating in the study are presented in Table 1. The
mean gestational age of newborns was 38.4 weeks
(SD =1.5) and 57 of them (16%) had a preterm deliv-
ery (<37 weeks). Newborns from the Rhea study had
lower birthweights (mean=3.11kg, SD=04 vs.
mean =3.37 kg, SD=0.4) and higher prevalence of
low birthweight (n=11, 6.7% vs. n=2, 1.1%) than in
the Hmar study. Genitalia distances in males and
females measured at birth were longer in Greece com-
pared with Spain. In the Rhea study, all mothers were
Caucasian (Greek 93.6%, Albanian 2.7%, other 3.7%).
Therefore, we assessed ethnic differences of anogeni-
tal distances in the Hmar study where the ethnic
diversity was larger (Caucasian 48.4%, Hispanic
19.7%, Asian 13.3%, Middle Eastern 12.2%, other
6.4%). Boys of non-Caucasian mothers (n=45) had
shorter ASD compared with boys of Caucasian
mothers (1=48) (mean=227, SD=43mm vs.
mean =24.7, SD =5.1 mm). No difference was found
between paternal ethnicity groups. In the group of
children measured during the first-to-second year of
life, the mean values of AGD, ASD and PW for males
and of ACD and AFD for females were higher than
for the corresponding measurements of newborns.
The distribution of anogenital distances and PW is
described by age group and sex in Figure2. AGD
from birth to 12 months was increasing rapidly (B
spline = 2.8 mm/month [95% CI 2.6, 3.0 mm]; CI, con-
fidence interval) while after the first year the increase
was minor (B spline =-0.1 mm/month [95% CI —0.2,

© 2012 Blackwell Publishing Ltd
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Figure 2. Distribution (median, IQR, minimum, maximum) of AGD, ASD, and PW for 374 males and ACD, AFD for 358 females, by
age group: newborns, <12 months, 13-18 months, 19-24 months and over 24 months. ACD, anoclitoral distance; AFD, anofourchettal
distance; AGD, anogenital distance; ASD, anoscrotal distance; IQR, interquartile range; PW, penis width.

0.1 mm]). Similarly, for ASD the change per month
was 1.2 mm [95% CI 1.1, 1.3 mm)] till 12 months and
0.1 mm [95% CI -0.1, 0.2 mm] after 12 months. For
ACD and AFD in females, the increase during the first
year of life was 1.2 mm/month [95% CI 1.1, 1.4 mm)]
and 0.7 mm/month [95% CI 0.6, 0.7 mm] respectively,
while the additional increase until the second year
was small (B spline=0.2 mm/month [95% CI 0.0,
0.3 mm] and B spline = 0.0 mm/month [95% CI -0.1,
0.1 mm]).

Predictors of anogenital distances

The associations between anthropometric measures
and anogenital distances in newborns and children
are presented in Table 2 for males and Table 3 for
females. Gestational age was associated with an
increase of 0.7 mm/week [95% CI 0.2, 1.2] in AGD
and 0.8 mm/week [95% CI 0.3, 1.3] in ASD of
newborn males, after adjustment for birthweight.
Birthweight was associated with an increase of
1.9 mm/kg [95% CI 0.1, 3.8] in AGD in newborn
males. For ASD we observed a 1.5 mm/kg [95% CI
—0.3, 3.3] increase while not statistically significant.
PW was positively associated with head circumfer-
ence after adjusting for gestational age and birth-
weight (B = 0.2 mm/cm [95% CI 0.0, 0.3]). Similarly, in

male children weight was associated with increase in
AGD, ASD and PW, after adjustment for age.

Body weight was associated with an increase in
ACD and AFD of both newborn and young females,
after adjustment for gestational age and age respec-
tively (Table 3).

Further, we evaluated differences by ethnicity in the
Hmar study. Birthweight was associated with an
increase in AGD in Caucasian males (f =3.4 mm/kg
[95% CI 0.5, 6.3]) but not for non-Caucasian males
(B=-0.4 mm/kg [95% CI —4.0, 3.2]). A similar trend
was found for ASD (B =2.7 mm/kg [95% CI -0.4, 5.7]
and B=0.5mm/kg [95% CI -3.1, 4.1] respectively).
The association of birthweight with ACD and AFD for
Caucasian newborn females was 4.4 mm/kg [95% CI
2.5, 6.2] and 1.4 mm/kg [95% CI —0.4, 3.3] while the
corresponding associations for non-Caucasian females
were 2.0 mm/kg [95% CI -0.1, 4.1] and 0.4 mm/kg
[95% CI -1.2, 2.0].

Association between measurements at birth and at
first year of life

In a subsample of children who were repeatedly
measured (n=112), we evaluated the association
between anogenital distances at birth and in early
childhood. The adjusted GAM models indicated that

© 2012 Blackwell Publishing Ltd
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Table 2. Regression coefficients for univariate and adjusted associations between anthropometric characteristics and AGD and ASD

among 179 newborn and 374 young males

Males
AGD (mm) ASD (mm)
Univariate Adjusted Univariate Adjusted
B [95% CI] B [95% CI] B [95% CI] B [95% CI]

Newborns (n =179)

Gestational age (weeks) 0.9 [0.4, 1.4] 0.7% [0.2,1.2] 0.9 [0.4, 1.4] 0.8% [0.3, 1.3]

Birthweight (kg) 2.9 [1.2,4.7] 1.9° [0.1, 3.8] 2.6 [1.0, 4.3] 1.5° [-0.3, 3.3]

Birth length (cm) 0.8 [0.4,1.2] 0.5¢ [-0.0, 1.1] 0.6 [0.2, 1.0] 0.2¢ [-0.3, 0.8]

Head circumference (cm) 0.8 [0.2, 1.3] 0.4¢ [-0.2, 1.0] 0.7 [0.2,1.2] 0.3¢ [-0.3, 0.9]

Abdominal circumference (cm)? 1.0 [0.5, 1.5] -0.2¢ [-1.0, 0.6] 0.8 [0.3, 1.3] 0.1¢ [-0.7, 0.9]
Children (n = 374)

Gestational age (weeks) -0.1 [-0.6, 0.5] 0.0° [-0.5, 0.5] -0.3 [-0.8, 0.3] -0.2¢ [-0.7, 0.3]

Birthweight (kg) 13 [-0.4, 3.0] —0.0° [0.0, 0.0] 0.5 [-1.1, 2.1] —0.6¢ [-2.2, 1.0]

Age at examination (months) 0.3 [0.2, 0.4] -0.3° [-0.5,-0.2] 0.2 [0.1, 0.3] -0.1° [-0.3, 0.1]

Weight (kg) 1.6 [1.2,1.9] 240 [1.9, 3.0] 1.1 [0.7, 1.4] 1.4b [0.8, 1.9]

Length (cm) 03 [0.2, 0.4] -0.1¢ [-0.4, 0.2] 0.2 [0.1,0.3] -0.2¢ [-0.5, 0.1]

Head circumference (cm) 1.2 [0.8, 1.6] -0.0¢ [-0.6, 0.5] 0.8 [0.5,1.2] 0.0 [-0.5, 0.6]

Abdominal circumference (cm) 0.7 [0.5, 1.0] -0.1¢ [-0.4, 0.2] 0.5 [0.3,0.7] —-0.0¢ [-0.3, 0.3]

*Models of newborns are adjusted for birthweight and models of children are adjusted for weight.
"Models of newborns are adjusted for gestational age and models of children are adjusted for age at examination.
‘Models of newborns are adjusted for gestational age and birthweight and models of children are adjusted for age and weight at

examination.
4y = 84 males.

95% CI, 95% Confidence Intervals; ACD, anoclitoral distance; ASD, anoscrotal distance; B, regression coefficient.

the relationship was linear (P gain > 0.10). The scatter
plot and the fitted line of the association between
repeated measurements of ASD are presented in
Figure 3. Similar patterns were observed for all ano-
genital distances. For males (n=61), AGD and ASD
measured at birth were positively associated with the
corresponding measurement at the first year of life,
after adjustment [correlation coefficient=0.19 (P=
0.170) and correlation coefficient=0.63 (P <0.001)].
Similarly, the adjusted correlation coefficient between
repeated measurements of PW was 0.53 (P <0.001).
For females (n =51), ACD and AFD measured at birth
were positively associated with ACD and AFD meas-
ured at 1 year of life, after adjustment [correlation
coefficient=0.32 (P =0.035) and correlation coeffi-
cient =0.53 (P <0.001)].

Reliability of anogenital distances

The contribution of the variance components to the
total variance is shown in Table 4. In males, AGD and

© 2012 Blackwell Publishing Ltd
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ASD were mainly affected by the between-children
variance. For PW, only 75% of the variance was
explained by differences between children, while the
remaining 25% was because of the within-examiner
variance. In females, 70-80% of the variance was
because of between-children variation, while another
10% was explained by the within-examiner variance.
For AFD in females, the between-examiner variance
also contributed to the total variability of the measure-
ments (22%). Reliability coefficients of anogenital dis-
tances in males and females were over 0.90, and
for PW was 0.75. The reliability of the measure-
ments increases when the average of 2 or 3 repeated
measurements.

Comment

In this study we report anogenital distance measure-
ments in male and female newborns and young
children from Greece and Spain. Child growth was
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Table 3. Regression coefficients for univariate and adjusted associations between anthropometric characteristics and ACD and AFD

among 173 newborn and 358 young females

Females
ACD (mm) AFD (mm)
Univariate Adjusted Univariate Adjusted
B [95% CI] B [95% CI] B [95% CI] B [95% CI]

Newborns (n =173)

Gestational age (weeks) 0.4 [0.1,0.7] 0.12 [-0.2, 0.4] 0.1 [-0.2, 0.3] -0.1° [-0.3, 0.2]

Birthweight (kg) 3.0 [2.0,3.9] 2.9° [1.8,3.9] 0.9 [-0.0, 1.9] 1.0 [-0.0, 2.0]

Birth length (cm) 0.7 [0.5, 1.0] 0.5¢ [0.2,0.8] 0.3 [0.1, 0.6] 0.4 [0.1,0.7]

Head circumference (cm) 0.7 [0.4,1.0] 0.4¢ [0.1, 0.7] 0.2 [-0.0, 0.5] 0.2¢ [-0.1, 0.5]

Abdominal circumference (cm)¢ 0.5 [0.1, 0.8] -0.3¢ [-0.8, 0.3] 0.1 [-0.3, 0.5] -0.4¢ [-1.0, 0.2]
Children (n = 358)

Gestational age (weeks) -0.3 [-0.8, 0.3] —0.4¢ [-0.9, 0.1] 0.1 [-0.3, 0.3] -0.0° [-0.3, 0.3]

Birthweight (kg) 0.4 [-14,2.3] —1.2¢ [-2.9, 0.5] 0.4 [-0.6, 1.5] 0.3 [-1.3,0.7]

Age at examination (months) 0.3 [0.2, 0.4] -0.1° [-0.2, 0.1] 0.1 [0.1, 0.2] -0.12 [-0.2, 0.0]

Weight (kg) 1.6 [1.3,1.9] 1.8 [1.3,2.3] 06 [0.4, 0.8] 0.8 [0.5,1.1]

Length (cm) 0.4 [0.3,0.4] 0.2¢ [-0.1, 0.5] 0.1 [0.1,0.2] -0.1¢ [-0.3,0.1]

Head circumference (cm) 1.2 [0.8, 1.5] -0.0¢ [-0.5, 0.5] 0.6 [0.4, 0.7] 0.3¢ [0.0, 0.6]

Abdominal circumference (cm) 0.7 [0.5, 0.9] 0.1¢ [-0.2, 0.4] 0.3 [0.2, 0.4] 0.0 [-0.1, 0.2]

*Models of newborns are adjusted for birthweight and models of children are adjusted for weight.
"Models of newborns are adjusted for gestational age and models of children are adjusted for age at examination.
‘Models of newborns are adjusted for gestational age and birthweight and models of children are adjusted for age and weight at

examination.
4y = 81 females.

95% CI, 95% Confidence Intervals; ACD, anoclitoral distance; ASD, anoscrotal distance; B, regression coefficient.

positively associated with all genitalia measurements.
Genitalia distances at birth were associated with the
corresponding distance in early childhood. Estimates
of anogenital distances in males and females are

Crude rho=0.52, P<0.001
Adjusted rho=0.63, P <0.001
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Figure 3. Scatter plot and fitted line of the association between
repeated measurements of ASD (anoscrotal distance) (in mm) of
males at birth and at first year of life (1 = 61).

highly reliable when conducted by experienced
examiners.

Our measurements in newborns were similar to
previously published studies,'>** although differ-
ences were observed.*'*'*"® In the Hmar study non-
Caucasian newborn males had shorter genitalia
distances compared with Caucasians, which has been
reported also by Sathyanarayana et al.> Along with
racial differences, variation of anogenital distance
could also be explained by different environmental
backgrounds and different methodologies, as a
common measurement protocol is not established yet
for epidemiological studies. However, in our study
the latter explanation is unlikely as a common proto-
col and training was applied in the two studies.

We found that anogenital distances of males and
females measured at birth are associated with the cor-
responding measure at early childhood. Recently ano-
genital distance measured in adult men was linked to
semen parameters and fertility, providing evidence for
the clinical significance of anogenital distance as a
biomarker of reproductive disorders;”* however,

© 2012 Blackwell Publishing Ltd
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Table 4. Sources of variance and reliability coefficients of anogenital distance measurements for males and females, and penis width
(PW) in males participating in the validation study (1 = 1460 measurements)

Percentage of total variance

Reliability coefficient

Between- Between- Within- For single For 2 For 3
children examiners examiner measurement repetitions repetitions
Anogenital distances
Males (n=13)
AGD 88.3 0.8 10.9 0.89 0.94 0.96
ASD 90.9 53 3.8 0.96 0.98 0.99
PW 74.9 0.0 25.1 0.75 0.86 0.90
Females (n=17)
ACD 774 13.6 9.0 0.91 0.95 0.97
AFD 69.1 21.5 9.4 091 0.95 0.97

ACD, anoclitoral distance; AFD, anofourchettal distance; AGD, anogenital distance; ASD, anoscrotal distance.

knowledge is still limited. Our longitudinal data
suggest that anogenital distance tracks from birth to
early childhood, hence measurements at birth may be
linked to later reproductive disorders. In animals ano-
genital distance is an established lifelong indicator of

prenatal androgen exposure,”!

although in humans
more human studies are needed to strengthen this
hypothesis. This is the first study to show an associa-
tion between genitalia distances measured at birth
and at first year of life in females. Animal studies
suggest that changes in neonatal anogenital distance
may indicate permanently altered phenotype in adult
female rats, but no study in humans exists.

We found that body weight is a strong determinant
of AGD and ASD in males and ACD in females at
birth and at early childhood. Moreover, early postnatal
growth was linked to a rapid increase of genitalia dis-
tances from birth to the first year of life where it
reaches a plateau. Human descriptive studies have
reported that the genital size is in part determined by
body dimensions.”"" Prenatal exposure to known
endocrine disrupting chemicals may affect fetal
growth and might also be linked to impaired postnatal
growth.?* On the other hand, such in utero exposures
may have an effect on the reproductive system,
expressed as reduced anogenital distance.'*'**3* Thus,
endocrine disruptors may affect both growth and ano-
genital distance, as suggested by some animal studies
depending on the studied exposure.®* As fetal, child
growth and anogenital distance are associated, it
could be hard to differentiate the effects, mostly
depending on the studied exposure. In an effort to
eliminate the variability because of body size,

© 2012 Blackwell Publishing Ltd
Paediatric and Perinatal Epidemiology, 2013, 27, 89-99

percentiles of anogenital distance for weight have
been also proposed for children.*

The reliability coefficients of anogenital distances in
both males and females were 0.90, meaning that 90%
of the total variability is true variation, while the
remaining proportion (<10%) is attributable to meas-
urement error.” Thus a single measurement is likely
to represent the ‘true’” anogenital distance, as it carries
small measurement error. As anogenital measures
depend on distinct landmarks on soft tissues, AGD
and ASD of males are reasonably easy to measure,
because of easy identifiable borders. On the other
hand, ACD and AFD distances of females have less
clear borders and it could be harder for the examiners
to track the same landmarks. Thus, measurement
error could increase. For PW, the 25% of the total vari-
ability was attributable to within-examiner variance,
and the most likely explanation is penis irritation
(including penile erection) because of repeated meas-
urements. However, taking into account that genitalia
dimensions are small compared with other anthropo-
metric measurements, anogenital distance measure-
ments have comparable reliability to well-proven
reliable anthropometric measures.®* If it is deter-
mined that the reliability is poor because of errors
introduced by the measurement procedure, one way
to improve the reliability is to replicate the measure-
ment and then report the average.

In conclusion, we found that anogenital distanc-
esare associated with child’s growth regardless of age.
We reported for both males and females that neonatal
anogenital distance is associated with the correspond-
ing distances measured in early childhood. When con-
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ducted by experienced examiners, measurements of
these distances are highly reliable. Future research in
humans should focus on the possible effect of in utero
exposure to endocrine disruptors on genitalia distance
measurements at early life and reproductive dysfunc-
tion in later life.
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