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MepiAnym Metantuylakng Epyaciag
Tithog epyociag: 'Exbeon eykbdov yovakdv oe d10&iveg kol poplo pe mopouolo dpac,
KOW®MVIKO-ONUOYPAPIKE  YOPOUKTNPIOTIKA Kot TPOTOG E(mﬁg TOVG, KOl TPWKTOYEVVITIKY|
ATOGTOOT TV ATOYOVOV TOLG-UEAETN-UNTEPAS TOdto0 Kpnng.
Tng: Mapivag Bagpeidon
Y76 m enifreyn tov: 1. Koyefiva Eppovovna

2. Koot Avtoviov
Huepopunvia: Iovviog 2009
Ewsayoyn: H ékBeon oe mepiPaiiovticodc HOAVVTEG, Ol 0TTOi0l £XOVV OIGTPOYOVIKN 1 OVTL-
avopoyoviky dpdon, emepfaivoviag 6To HOVOTATL GNUATOOOTNONG TMV OvVOPOYOVmVY, £)El
ouvoebei e avamopaymyikd TpopfAnpata. Ot droéives kat ta popla pe Tapopotla dpdorn dpovv
¢ opuovikoi dlatappdrtes. Ilapdio MOV 1 TPOKTOYEVVNTIKY] OMOCTOCT) YPTCULOTOLEITOL
eVpEmG oe peléteg oe (Mo yuo TNV HEAETN TNG avOpoyovikng dpdong, €xet ypnotponowmBel
eldyioto og LeAéTeG GE avOpMTOLG.
Y1éyor: O Pacikdg 6TOYOG TS TAPOVoHG HEAETNG NTAV O GYESIACUOC KOl 1] EPAPUOYT EVOG
TPOTOKOALOV avOpoToUETPNOE®Y  GUUTEPIAOUPBAVOUEVOY  TOV  TPOKTOYEVVITIKMV
OTOGTACEMY OALGA KOL 1] GUGYETION KOWMOVIKO-ONUOYPAPIKMY YOPUKTNPLOTIKMV KOl TPOTOL
Cong TV £YKVOV LLE TNV TPOKTOYEVVITIKY] OTOGTOCT) TOV AITOYOVOV TOVG.
Mé0odot: Apyikd mpaypotomomdnke o mAOTIKA pHEAETN oe 9 Ppéern. Tt ovvéxew
mpaypatoromOnkay petpnoeg oe 305 PBpéon (158 apoevikd, 147 Onivkd) tewv omoiwv ot
UNTEPEG CLUUETELY OV 0TN HeAETN unTépac-Ttandiod PEA.
AmoteliopnoTo: TYeOAOTNKE KOL EQUPUOCTNKE £€VO OVOALTIKO TPMTOKOAALO YO TIG
avOpomopetpnoels. H andctoon omd to k€vipo Tov TPpwKTod ¢ T PAon Tov 0CYE0L oTa
ayopla(dapecsog, 31.54mm) Bpébnke oyedov 2 opéc ueyadvtepn ond TNV omOCTOCT 0T TO
UEGO TOL TPOKTOD MG TO YOAVO oTo Kopitoloddpecsog, 16.66mm). H mpokrtoyevvntikn
amocToon Tov Ppépovg oyetileton pe TV MAIKio TG UNTEPOG KO HE  KOWVOVIKO-
OMUOYPAPIKOVS TAPAYOVTEG OTMG 1| KOTOIKI Kol O TOKETOG GE ONUOCl 7 1OIOTIKG
LOLELTHPLO.
Yopmepaopata: H avdmroén evog kohd otabuouévov mpmtokoAlov otn peAétn Péa
KATESTNOE OLVOTH TNV UETPNOT TOV TPOKIOYEVWNTIKOV Tapopétpmv. O  QLAETIKOG
SWOPPIGUOC OTNV  TPOKTOYEVVNTIKY] OMOCTOCT) OTOVG avOp®TOUE VTOdEKVOEL OTL O
QoVOTUTOG 0VTOG {om¢ eivol amoTédecuo evoounTplokng €kBeonC oe OpHOVIKG EVEPYEG
evooelg. H mpoktoyevvntiki] andotaon iomg oyetileTor Pe dapopeTIkEG 000V Ekbeong oe

ANUIKES OVGIEG AVALOYOL LLE TV KOWVMOVIKO-OIKOVOLUKT 0E0m.

Aéeig KAe1016: TPOKTOYEVVITIKT ammOGTACT, S10EIVES, OPLOVIKOT SIOTOPPAKTES, EYKVUOGUVT,

EVOOUNTPIOKN ékbeon, KOWV®VIKO-OMUOYPAPIKOT TOPBAYOVTES



Public Health & Health Care Management

Faculty of Medicine - University of Crete

Abstract

Title:  Exposure to compounds with dioxin-like activity in pregnant women, maternal socio-
demographic and lifestyle factors and anogenital distance - mother-child cohort in
Crete.
By: Marina Vafeiadi
Supervisors: 1. Manolis Kogevinas

2. Antonis Koutis
Date:  June 2009

Background: Exposures to environmental pollutants that have estrogenic or anti-androgenic
action interfering to the androgen signaling pathway, have been linked to adverse
reproductive outcomes. Dioxins are considered potent endocrine disruptor compounds.
Although anogenital distance is commonly used as a measure of fetal androgen action in
animal studies, it has been scarcely used in humans.

Objectives: The main objective of the study was the development of an assessment protocol
for anthropometric measurements including anogenital distance and the association of
maternal socio-demographic and lifestyle factors with anogenital distance.

Methods: A pilot study was initially conducted in 9 infants. Measurements were taken on an
additional 305 infants (158 males, 147 females) whose mothers were participants of the
‘Rhea’ mother and child-cohort study.

Results: An analytical measurement protocol for anthropometric measurements was assessed.
The anoscrotal distance (ASD) measure was about two-fold greater in males (median,
31.54mm) than the AFD in females (median, 16.66mm). Anogenital distance was associated
with maternal age and with socio-economic factors such as residence and birth in private or
public maternity clinics.

Conclusion: The development of a well standardized protocol has shown that it is possible to
measure anogenital parameters in the Rhea study. The sexual dimorphism of anogenital
distance in humans suggests that this phenotype may respond to in utero exposure to
hormonally active agents. Anogenital distance may be related to different patterns of exposure

to chemicals by socio-economic position.

Key words: anogenital distance, dioxins, endocrine disruptors, pregnancy, in utero exposure,

socio-economic factors.
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1. Background
In the past few years, the scientific community has studied with big interest

the effects of environmental pollutants on human health. Such pollutants include
dioxins, which consist of polychlorinated dibenzodioxins (PCDDs) and
polychlorinated dibenzofurans (PCDFs). Some of these, specially 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD), are among the most toxic compounds that are
known [1].

Other environmental pollutants such as polychlorinated biphenyls (PCBs)
present similar properties to dioxins. The term “dioxins” refers to a group of dioxin-
like chemical compounds that share similar chemical structures. Of these chemicals, 7
dioxins, 10 furans, and 12 dioxin-like PCBs (dI-PCBs) containing 4 to 8 chlorine
atoms pose a major health risk. The toxicities of these compounds vary over more
than five orders of magnitude and largely depend on the number and position of the
chlorine atoms.

The overall toxicity of such a complex mixture is generally expressed as a
2,3,7,8-tetrachlorodibenzo-p-dioxin  (2,3,7,8-TCDD) Toxic Equivalent (TEQ)
concentration, where 2,3,7,8-TCDD is the most toxic of these 29 dioxin and dioxin-
like compounds. A Toxic Equivalency Factor (TEF) of 1 is given to 2,3,7,8-TCDD,
and the TEFs for the other 28 congeners, which generally range from 0.00001 to 1,
are assigned based on their toxicity relative to the toxicity of 2,3,7,8-TCDD. A TEQ is
calculated by summing the multiplication of congener concentrations with congener-
specific TEFs [2]. The body burden is often used for risk assessment purposes. It is
defined as the concentration of 2,3,7,8-tetrachloro-dibenzodioxin (TCDD) and related
compounds in the body, expressed as ng kg™ body weight, and it is a useful dose
metric to estimate potential effects on humans following exposure to dioxins, as the
body burden is a function of the uptake, distribution, metabolism, and excretion of
this complex mixture of related compounds. In humans the body burden is estimated
either by taking into account the intake rate and the half-life of TCDD or on the basis
of lipid adjusted toxicity equivalent (TEQ) concentration in serum or in adipose tissue
[3].

PCDD/Fs are emitted via incomplete combustion processes from both
anthropogenic and natural sources like waste incineration, chemical production, metal
industry and to a small extent by forest fires and volcanic eruptions. In contrast, PCBs

are released to the environment mainly via waste disposal. PCBs were produced
4
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commercially since the 1920s, and were used in various applications, namely the
manufacture of electronic appliances. Since dioxins and PCBs are lipophilic
compounds, they accumulate in the food chain. Contamination of foods occurs
through deposition of contaminated emissions on farmland, while fish accumulate
dioxins through contamination of the aquatic environment [4]. PCDDs, PCDFs and
dioxin-like PCBs have long half-times in the body and will therefore accumulate in
the body during continuous exposure. Exposure through food is the main source of
dioxin exposure for humans, estimated at over 95% of the total intake for non-
occupationally exposed persons [5]. More specifically, foods with high content in fat,
such as dairy products, meat and fish, are these with the higher concentration in
dioxins.

The toxicity of PCDDs, PCDFs and dioxin-like PCBs (referred to as dioxins
from this point forward) is mostly traced to their blocking of the aryl hydrocarbon
receptor (AhR) present in all mammalian species, including humans [6] in part by
modulating estrogen and androgen signaling [7]. AH receptor, upon exposure to
TCDD, translocates into the nucleus, where it heterodimerizes with AH receptor
nuclear translocator (ARNT). This complex then binds to its specific DNA
recognition sites to activate the transcription of dioxin responsive genes [8]. The
molecular properties of the Ah receptor are similar to those described for the steroid
and thyroid hormone receptor superfamily, which are zinc finger-DNA binding
proteins that act as ligand-induced transcription factors (LTFs) for transactivation of
target genes. The Ah receptor gene has been cloned and sequenced and results show
that the Ah receptor is a helix-loop-helix (HLH) DNA binding protein [9]. The AhR
induces expression of direct target genes such as the drug metabolizing enzymes
CYP1Al and CYP1A2. AhR exhibits other regulatory functions by modulating the
function of other transcription factors, including Rb/E2F, NF-kB, and the estrogen
(ERa and ERb) and androgen (AR) receptors. Additionally complexes of the AhR
with ERs or AR appear to regulate transcription as functional units by multiple
mechanisms [10].

The toxic effects of dioxins have been extensively studied in several animal
studies. TCDD affects bone growth, modeling and mechanical strength in vivo.
Differentiation of osteoblasts and osteoclasts from bone marrow stem cells seems to
be a very sensitive target for TCDD. Disrupting effects in osteoblastic cells, in
addition to disturbed osteoclastogenesis, may thus play a role in adverse effects on

bone quality in TCDD exposed animals [11]. In-utero and lactational TCDD
5
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exposures alter cardiac gene expression and cardiac and renal morphology in
adulthood, which may increase the susceptibility to cardiovascular dysfunction in
mice [12]. In mammals dioxin exposure also leads to hepatotoxicity of varying
severity and several studies have shown that dioxins extensively alter hepatic mMRNA
levels [13].

A wide variety of effects in human health have been associated with dioxin
exposure. Exposure to high levels of dioxins in humans causes a severe form of
persistent acne, known as chloracne. Diabetes, thyroid disorders, damage to the
immune, gastrointestinal, respiratory and urinary systems, cardiovascular diseases and
effects on the reproductive hormones and function are also some of the known effects
caused by dioxins. In 1997, the International Agency for Research on Cancer (IARC)
-- part of the World Health Organization -- published their research into dioxins and
furans and announced on February 14, 1997, that the most potent dioxin, 2,3,7,8-
TCDD, is a now considered a Group 1 carcinogen, meaning a "known human
carcinogen." Also, in January 2001, the U.S. National Toxicology Program upgraded
2,3,7,8-TCDD from "Reasonably Anticipated to be a Human Carcinogen” to "Known
to be a Human Carcinogen."” Finally, a 2003 re-analysis of the cancer risk from dioxin
reaffirmed that there is no known "safe dose" or "threshold” below which dioxin will
not cause cancer.

Maternal exposure to dioxins and dioxin-like compounds has been related to a
number of adverse health outcomes in infants [6]. The fetuses and neonates are
believed to be more vulnerable to the effects of environmental pollutants as their
organs and detoxification enzymatic systems are relatively immature [14]. Infant’s
exposure starts in utero, through the placenta, and continuous postnatally through
breast feeding. Exposure to persistent organic pollutants (POPSs) in-utero has been
linked to various adverse effects on developing fetuses including intrauterine growth
retardation (IUGR), neurocognitive deficits and hormonal dysfunctions [15]. It has
been suggested by several human studies that in-utero exposure to environmental
pollutants might have contributed to the reduction of sperm numbers, to the increase
of incidence in malformations of the reproductive system and to the sex ratio
alteration during the last 40-50 years. The underlying hypothesis is that exposure to
environmental pollutants that have estrogenic or anti-androgenic action, interfering to
the androgen signaling pathway, might be responsible for the elevated incidence of

the changes mentioned above.
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Anogenital distance is the distance from the anus to the base of the scrotum in
males and from the anus to the base of the genitals (the fourchette) in females. In
animal experiments, anogenital distance is used as a measure of fetal androgen action.
Anogenital distance usually tracks through life, varies by dose of antiandrogen, and
can be predictive of other androgen-responsive outcome[16].In rodents, perineal
growth is dihydrotestosterone-dependent, males have a greater AGD than females,
and use of AGD to sex newborns is often [17]. The anogenital distance is scarcely
used in human studies [16, 18-22]. Results show that prenatal phthalate exposure at
environmental levels may adversely affect male reproductive development in humans
and that in-utero exposure to phthalates in general may have anti-androgenic effects
on the fetus. Therefore, the necessity for further study on environmental pollutants is
apparent in order to clarify their possible adverse health effects on the human

reproductive system.

To date, analytical methods to quantify exposure to dioxins and dioxin-like
compounds in biologic samples have included very sensitive and specific techniques
such as high-resolution gas chromatography/high-resolution mass spectrometry
(HRGC/HRMS). However, these methods are time-consuming and expensive; require
large sample volumes and extensive sample clean-up. Exposure to dioxins and dioxin-
like compounds can be estimated with the Calux bioassay, which is less expensive
and quicker. The CALUX methodology (reporter gene assay) is a mechanistically
based technique that detects all compounds that can activate the aryl hydrocarbon
receptor (AhR) and AhR-dependent gene expression (i.e., AhR agonists). Among
them dibenzodioxins, dibenzofurans and polychoro biphenyls are target compounds.
These compounds are lipophilic and cross the cell membrane, presumably by
diffusion; they bind to the AhR and activate the receptor. The dioxin-AhR complex
then travels to the nucleus of the cell and binds to specific sequences in the DNA
called dioxin responsive elements (DRE). The binding of the dioxin-AhR complex to
the DRE causes the expression of the associated genes to be altered. It is this
alteration in gene expression that causes the toxic effects observed.

Genetically engineered cell lines have been created which use this regulatory
system to inducibly express other genes not ordinarily under control of the AhR
system, such as the luciferase gene from the firefly. In the CALUX assay, mouse or
rat hepatoma cell lines are used which contain a stably transfected vector (the

pGudLucl.1l vector) containing the firefly luciferase gene under transcriptional
7
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control of several DREs. The resulting recombinant cell lines respond to dioxin
exposure with the induction of luciferase, which in the presence of its substrate
produces a luminescent signal proportional to the cells’ response. The measured
luminescence is converted into a TEQ value by direct comparison of the response for
a given sample to a dose response curve obtained with 2,3,7,8-TCDD. The results are
presented as CALUX-TEQs in pg/g lipid.

The Mother-child cohort in Crete (Rhea study) is prospectively examining a
population sample of approximately 1500 pregnant women and their children, at the
prefecture of Heraklion. Pregnant women (Greek and immigrants) residents at the
prefecture of Heraklion that become pregnant during one year starting in February
2007 have been contacted and participate in the study. The main health problems that
are evaluated in the study are reproductive outcomes (intrauterine growth, early births
and SGA), allergies and asthma, infant and child neurodevelopment and behaviour,
child development and obesity, metabolic syndrome, infections, thyroid function and
thyroid diseases, and postnatal depression of the mothers. The Rhea study provides a
strong study design to study the risk factors of several child and mother’s health
outcomes, including in-utero exposure to dioxins and dioxin-like compounds and ano-

genital distance during the first year of life.

The main aim of this project was the development of an assesment protocol
for the anthropometric measurements, including for anogenital distance, in children
of the RHEA cohort. Further aims were to examine:

e The association of the anogenital distance with basic maternal socio-
demographic and lifestyle factors.
e The association between infant’s in-utero exposure to dioxins and

dioxin-like compounds and the anogenital distance at one year.
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2. Materials and Methods

2.1. The birth cohort
This study is a part of the ‘Rhea’ mother and child-cohort study which

includes approximately 1500 mothers and their children, who have consented to
participate. All women have delivered in one of the maternal hospitals of Heraklion-
Crete, either in public or in private maternity clinics during a period of 1 year(October
2007-Oktober 2008). Pregnant women were first contacted at the 12" to 14™ week of
pregnancy, and then were re-contacted at the 28" to 32th week and on the time of
delivery. After birth, meetings were scheduled in order to measure the newborn’s
development. In the Rhea cohort data have been collected from the mother (socio-
demographic, lifestyle, medical history, environmental and nutrition), the child
(clinical examination) and biological samples (maternal and cord blood, maternal and

child urine).

2.2. Sample selection

The current study is based on 305 pregnant women selected from the ‘Rhea’
birth cohort and the infants that they delivered (paired sampled) for whom anogenital
distance has been measured in the children.

2.3 Data collection
All information about the maternal demographic data such as age, residence,

marital status and education were obtained by validated questionnaires carried out at
different time points during and after pregnancy. Data concerning lifestyle factors
during and after pregnancy such as smoking, health status, lactation and dietary habits
were gathered in the same way. Interviews were performed via phone or in person by

specialized personnel.

2.4. Blood sample collection
The maternal and the cord blood samples for the biochemical analysis were

collected by midwifes at the hospitals right after delivery. The samples were shipped
overseas and analyzed by BioDetection Systems B.V (Amsterdam, Netherlands)

supervised by Dr. Ir. Harrie Besselink.
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2.5. The Calux bioassay

There are three kinds of calux bioassays: The DR-Calux which is responsive
to arylhydrocarbon receptor and the ER and AR calux responsive to estrogen receptor

a and androgen receptor respectively.

DR CALUX®

Approximately 1-2 grams of human plasma was extracted by means of shake-
solvent extraction (hexane:diethylether, 97:3). Extracted fat was used for clean-up on
an acid silica column (20% and 33% H2SO4), topped with sodium sulphate. Cleaned
extracts were dissolved in DMSO (8 ul); the DR CALUXR activity is determined
following 24 hrs of exposure. Data were corrected for internal reference sample and
procedure blank. Total lipid content was determined gravitameticaly. (BDS protocols:
p-bds-042 ; p-bds-005 ; p-bds-042 ; p-bds004 ; p-bds-007)

ERa/AR CALUX®

0.5 ml of human plasma was extracted by means of shake-solvent extraction

(MTBE (methyltertiairbutylether)). In case extracts are unclear, extracts were cleaned-
up. Extracts were dissolved in DMSO (40 pl); the ER and AR CALUXR activity was
determined following 24 hrs of exposure at various dilutions of the redisolved
extracts. (BDS protocols: p-bds-006; p-bds-025; p-bds-045; p-bds-039; p-bds-055; p-
bds-056)

2.6. Anthropometric measurements

2.6.1. Pilot study
A pilot study was initially conducted, before doing the anthropometric

measurements in study subjects. The objectives of the pilot study were to develop a
detailed protocol for all anthropometric measurements and to train experts on these
measurements.

It was scheduled at May 2008 for the period of time of about a month at the
two public maternity clinics of Heraklion in Crete. Five persons participated including
3 medical doctors, a dietitian-nutritionist (Eleni Zoumpoulia Papadopoulou) and a
biologist(Marina Vafeiadi) In each clinic the measurements took place in a particular

examination room.

10



Anpoouwa Yyeia & Awiknon Ynnpeowwv Yyeiag

Tppa Iatpikrg - [Tavemotnpio Kprning

The pilot sample included infants aged less than a year that were hospitalized
for more than 1 day at the clinics. The sample was selected in a way that no infants
with serious health conditions participated and they were all selected from non-
participants at the Rhea cohort study. All measurements were conducted with the
consent of the mother and under the supervision of the clinic pediatrician.

Several meetings were scheduled between the examiners in order to discuss
and decide upon the difficulties of the study. The initial draft protocol used was based
on a leaflet with photos and some measurement details from the only other published
study by Prof SH Swan in Rochester, USA [18]. Conference calls with researchers
from Prof Swan’s group were organized to discuss details of the protocol. A final

protocol adapted to the situation in Crete was developed (see below).

2.6.2. Field study
The field study started in June 2008 and comprised of two parts. One part

concerns measurements at the three maternity clinics of Heraklion-Crete by 3
examiners and more specifically the 3 medical doctors. The total sample included 164
newborns, delivered from June until September 2008, whose mothers had consented
to participate in Rhea cohort study. According to the procedure, each of three clinics
was assigned to one of the examiners, who had a list of all participants to the cohort.
For each delivery, the examiner was informed and the measurement took place within
1-2 days since the birth date. The infant was measured in a specified examination
room, with the assistance of a midwife engaged to the Rhea cohort.

The other part of the field study regards measurements at homes and is being
conducted by the other 2 examiners (Eleni Zoumpoulia Papadopoulou, Marina
Vafeiadi) who work together as a pair. At first, at a date and time convenient for the
mother and the examiners, an appointment was programmed, resulting to 3-5
appointments per day. A total of 141 infants were measured from June 2008 until
March 2009. The duration of each appointment was approximately 30 minutes and
included measurement of weight and height, abdominal and head circumference, body
fat by skinfold thickness measurements and anogenital distances. One person
examined the infant while the other one assisted.

11
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2.7 Statistical analysis
For the statistical analysis of the data SPSS version 15.0 (Statistical Package

for the Social Sciences) was used. Descriptive and summary statistics for all study
variables were examined. For nominal variables percentages were calculated while
median and interquartile range (IQR) was calculated for continuous variables.
Anogenital distances were divided by infant weight in kilos in order to construct a
weight-normalized index of these distances (anogenital ratios). Anogenital ratios were
categorized as discrete variables with three groups: low anogenital ratio, medium
anogenital ratio and high anogenital ratio. The first group (low anogenital ratio)
includes values from the lowest anogenital ratio to the 25" percentile, the second
group (medium anogenital ratio) includes the values from the 25" percentile to the
75" percentile and the third group (high anogenital ratio) includes values from the 75"
percentile to the highest anogenital ratio. In order to explore the relationship between
several maternal socio-demographic and lifestyle variables with the infant’s
anogenital ratios, crosstab and chi square analysis was conducted. Spearman's rank
correlation coefficient was used in order to assess the association between maternal
age and anogenital ratios. In order to explore possible differences regarding to
anogenital ratios between different residency and maternity clinic, Wilcoxon-Mann-
Whitney test was used. One-way analysis of variance was used in order to explore
possible differences regarding to anogenital ratios between different methods of
contraception. General linear models were used to explore the relationships between
maternal socio-demographic and lifestyle variables with the infant’s anogenital ratios.
Finally bivariate correlation analyses (Spearman's rank correlation coefficient) was

used to assess the relation between maternal CALUX-TEQs and anogenital ratios.

12
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3. Results

3.1. Pilot analysis
The sample of the pilot study included 9 children, 5 boys and 4 girls. Each

child was measured 2-5 times by a different examiner each time. The main difficulty
of the pilot study was the fact that not all examiners were able to measure every child
at least 1 time (due to ethical reasons so as not to overburden the infants). Therefore,
this should be considered a limitation of the training mainly due to small
hospitalization period of the children, some time-restrictions that were dictated by
hospital personnel and the lower cooperation of the child as measurement time passed.

Results of anthropometric measurements for the total sample (9 infants) are
presented in table 1. Mean anogenital (AGD-the distance from the middle of the anus
to the top of the penis) and mean anoscrotal distance (ASD the distance from the
middle of the anus to the bottom of the scrotum) of male infants are smaller than the
mean anoclitoris (ACD the distance from the middle of the anus to the clitoris) and
mean anofourchettal distance (AFD the distance from the middle of the anus to the
bottom of the labia majora) of female infants, respectively. Apart from anogenital
distances, other measurements such as skinfold thickness and growth measurements

were conducted.

Table 1: Distribution of measured characteristics in 9 infants

Males (n=5) Females (n=4)

Measurement Min Median Max sp? Min Median Max SD?
Age 0.8 5 11 4.58 0.8 0.8 0.8 0.0
AFD(mm) - - - - 12.61 16.48 21.57 2.95

ASD(mm) 26.93 33.63 42.44 5.08 - - - -

PW(mm) 14.04 14.25 14.48 0.15 - - - -
AGD(mm) 61.09 65.98 76.71 3.96 32.73 39.14 50.00 5.74
Triceps(mm) 6.5 8.96 10.33 1.06 7.00 8.25 11.17 1.39
Quadriceps(mm) 11.17 15.26 17.67 1.88 9.50 14.80 21.00 3.78
Suprailiac(mm) 4.50 5.95 7.00 0.80 3.17 5.11 7.00 1.29
Subscapular(mm) 5.17 6.63 8.83 0.97 6.33 7.75 9.33 1.00
Length(cm) 56.75 62.83 75.00 10.53 53.5 54.00 54.50 0.71
HC(cm) 39.5 41.81 46.5 2.57 34.00 36.74 38.00 1.65
AC(cm) 36.5 38.21 41.00 1.55 33.00 35.24 38.00 1.65

a: standard deviation

13
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3.2. Protocol development
The measurement protocol which was developed following the pilot study is

described below.

The order of measurements demonstrated is not according to the field
procedure, which is designated by infant’s convenience and the maximum
cooperation. At first, we measure the anogenital distances, penis, quadriceps,
suprailical skinfold thickness and abdominal circumference for which the infant has to
be naked and lay down. After these measurements, the assistant embraces the infant
and the examiner measures triceps, subscapular skinfold thickness and head
circumference. Weight is measured afterwards where the infant, if measured at home,
must wear a clean diaper. Height estimation is the last one because the body extension

that is required is an unpleasant position for the infant.

The equipment which is required is:
e Stable surface or examination table
e Electronic weight scale for infants
¢ Infant height measuring board (kiddimetre)
e Digital caliper => TESA-CAL IP67
e Skinfold thickness caliper => Lange caliper
¢ Non stretchable measuring tape
e Pen
e Recording form

After the appropriate place for the examination is found, [plenty of light, warm
and providing the capability to place the lower part of neonate's trunk (buttocks) to the
edge of examination table] a clean examination paper or a blanket (at home) was
placed on the examination table. The callipers and the measuring tape were sterilized
and the way they are used was demonstrated to the mother. A brief explanation of
every measurement’s purpose was done and the clothes and diaper were removed
from the neonate. The assistant placed the neonate in the supine position, on the
examination table, with the head facing the mother and the genital area facing the
examiner. The examination started with the anogenital distances, continued with the

skinfold thickness and finished with the measurement of weight and height.
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Measurement of anogenital distances

On all male infants anogenital distance (AGD), anoscrotal distance (ASD) and
penis width (PW) have been estimated. AGD is the distance between the upper basis
of penis and anus centre. ASD is the distance between the lowest point of the scrotum
and the anus centre, while the PW is the diameter in the basis of penis. Respectively,
on all female infants anoclitoral distance (ACD) and anofourchettal distance (AFD)
have been measured. ACD is the distance between clitoris and anus center, whereas

AFD is the distance between the fourchette and anus centre.

Figure 1: Schematic Diagram of Measurements Done, by Sex

AGD
AGD ASD

~_APD e

W N

Before each measurement the infant should be calm so as not to alter

measurements of the distance. The Digital caliper is switched on and set to zero. The
examiner using his left hand holds the legs of the infant in abduction with its soles in
touch and in contact with the abdominal wall. In case that the infant does not
cooperate, its legs are held in abduction without its soles being in touch. The
examiner, using his right hand, holds the digital caliper vertically to the body of the
infant. The assistant (standing on the right side) distends the buttocks of the infant-in
order to reveal the entrance of the anus- and, in case of male infant, to lift the scrotum
(ASD measurement in boys), while in female infant, to distend the labia majora. The
upper face of the calliper is placed on the upper point of each measured distance and
faces of calliper are opened. The lower face of the calliper is placed on the lowest
point (always the centre of anus). The examiner rechecks that the upper face has not
moved from its initial position and announces the measurement to be recorded by the
assistant. The calliper is closed, reset to zero and the measurement is repeated twice,

while if there is a >1mm difference, a third measurement is performed.
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Measurement of penis width (male infants)

While the infant is still laid supine with its legs in abduction the examiner
gently applies pressure on the suprapubic area and the diameter in the basis of penis is
measured. The measurement is repeated twice, while if there is a >1mm difference, a
third measurement is performed.

Skinfold thickness measurement

Triceps, quadriceps, suprailiac and subscapular skinfold thickness
measurements are always performed on the right side of the body. The examiner uses
his left thumb and index finger to lift a double fold of skin and subcutaneous tissue.
Gently but firmly grasps the fold of skin and subcutaneous adipose tissue
approximately 1 cm above the site at which skinfold is to be measured. Only the skin
and not the underlying muscle must be pinched. The examiner lifts the skinfold
enough to separate it from underlying tissue. The lever of the caliper, is gently
depressed, so that the jaws separate and the jaws are applied 1cm below the pinch, at
the same depth. The jaws should be vertical to the length of the skinfold. After 3
seconds, the caliper’s value is recorded and the calliper is removed, keeping the left
thumb and index finger in position. Measurement of skinfold thickness is always
made in triplicate.

Measurement of subscapular skinfold thickness

The mother or the assistant takes the infant in her embrace (in upright
position) with its back towards the examiner. The assistant holds infant’s arm firmly
extended (especially the upper arm), in contact with its trunk. The examiner identifies,
by palpating with his left index, the inferior angle of the scapula. Then the examiner
moves his left thumb downwards and diagonally, to identify the spinal column. Using
these two fingers, grasps the skinfold formed by these two points and the jaws of
caliper are applied just below the pinch. The measurement is recorded and repeated
three times.

Measurement of triceps skinfold thickness

The infant is still on assistant’s embrace with its back towards the examiner
and its arm and elbow firmly extended. The distance between the acromial process
(the most lateral bony protuberance of the back of the shoulder) and the olecranon (the
bony structure that stands out when the elbow is flexed) is measured and the mid-
point of the triceps muscle is marked. The examiner grasps the fold of the skin and

subcutaneous adipose tissue approximately 1 cm above this point. The jaws of caliper
16
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are applied just below the pinch. The measurement is recorded and repeated three
times.

Measurement of suprailliac skinfold thickness

The assistant places the infant on the examination table in the supine position.
The examiner identifies, by palpating with his left index, the right iliac crest and then
drags his left thumb until the point traversed by the midclavicular line. Using these
two fingers, he grasps the skinfold formed by these two points. The measurement is
recorded and repeated three times.

Measurement of quadriceps skinfold thickness

The infant should be lying supine and the examiner gently extends the right
lower limb. The distance between the superior border of the patella and the level of
the head of the femur is measured and the mid-point of the quadriceps muscle is
marked. Then the examiner grasps the fold of the skin and subcutaneous adipose
tissue approximately 1 cm above this point. The jaws of caliper are applied just below
the pinch. The measurement is recorded and repeated three times.

Abdominal circumference

The infant is lying supine. The examiner places the measuring tape, in a
horizontal plane, around the abdominal wall at the level of umbilical cord. The
circumference is measured at the end of normal expiration and the measurement is
recorded. The measurement is repeated twice, while if there is a >1cm difference, a
third one is performed.

Occipitofrontal circumference

The mother or the assistant takes the infant in their embrace (in upright
position) with its back towards the examiner. The examiner places the measuring tape
around the head of the infant and the circumference of the head, from the occiput of
the skull to the most anterior portion of the frontal bone, is measured. The highest
measurement value is recorded. The measurement is repeated twice, while if there is a

>1cm difference, a third one is performed.

Measurement of infant’s height

The height measuring tape is placed stretched on a stable examination surface.
The infant is placed supine over the height measuring board. The top of the head of
the infant is placed on the upper vertical surface of the height measuring board while

the assistant holds it there steadily. The examiner brings the chin of the infant
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perpendicular to the trunk and both lower limbs are extended simultaneously. The
measurement is recorded and repeated twice, while if there is a >1cm difference, a
third one is performed.

Measurement of infant's weight

A cotton-paper or a small blanket (at home) is placed on the electronic weight
scale and the scale is set to zero. The infant is placed on the scale naked or wearing
only a clean dipper. In this case for data correction a clean dipper must be weighted.
The measurement is recorded and repeated twice. In case of >10gr difference, a third
measurement is performed.

Evaluation of reliability of measurements

When the examination is complete and all the measurements have been
recorded, the examiner fills out a specific part of the recording form that aims to
evaluate the reliability of measurements. This part includes three questions concerning
the collaboration of the infant regarding to anogenital distances, the reliability of
anogenital measurements according to the examiner’s opinion and the collaboration of
the infant regarding to skinfold thickness measurements. The answer is recorded in a
four level scale where the first level reflects best collaboration and reliability while
the last level reflects the worst. At the end of the form there is a fourth question where

the assistant to the measurements is reported.
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3.3 Study results

3.3.1 Maternal characteristics
Several variables related to maternal socio-demographic status and life-style

were examined. As presented in the table below the majority of mothers were living in
urban areas (80%), were married (89%) and were Greek (94%). Most of the mothers
were medium-educated (52%) and gave birth in public maternity clinics (68%), while
almost half of them (49%) worked during pregnancy. Concerning to maternal life-
style the majority of mothers did not smoke during pregnancy (82%), did not dye their
hair during pregnancy (89%), and did not use pesticides at home (68%). More than
half (65%) used cosmetics during their pregnancy.

Table 2: Maternal descriptive socio-demographic and life-style characteristics

n %
Residence
Urban 240 79.7
Rural 61 20.3
missing 4
Nationality
Greek 287 94.4
Albanian 10 3.3
Bulgarian 2 0.7
Romanian 3 1.0
Other 2 0.7
missing 1
Marital Status
Married 255 88.5
Engaged 27 9.4
unmarried 5 1.7
other 1 0.3
missing 17
Educational Status
Low 57 19.9
Medium 150 52.4
high 79 27.6
missing 19
Working During Pregnancy
Yes 142 49
no 148 51
missing 15
Smoking?
Yes 52 18.2
no 233 81.8
missing 20
Maternity Clinic
Public 208 68.2
private 97 31.8
missing 0
Hair-Dying During Pregnancy
Yes 32 11.2
No 253 88.8
missing 20

Cosmetics Use During pregnancy
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Yes 187 65.4
No 99 34.6
missing 19
Pesticides Use at Home
Yes 90 31.8
No 193 68.2
missing 22

a: smoking during the whole pregnancy

The mean maternal age was 30 years and the mean maternal BMI during

pregnancy was 29.17. Most of the mothers have been pregnant before (71%) and they
breastfed their children (86%), while half (52%) of those mother which breastfed their
children, breastfed exclusively. Finally 72.3% of the mothers did not use any

contraception method around the time of conception and only 7.2% used

contraception pill.

Table 3: Maternal descriptive health related characteristics

Age(years)

BMI?

Pregnant Again
Yes

No

Breastfeeding
Yes
No
Exclusive breast feeding
Never
Ever
Contraception
None
Pill
Other

n Mean SD°
296 30.13 4,74
282 29.17 4.27

n %

205 70.7
85 29.3
243 86.2
39 13.8
121 48.2
130 51.8
201 72.3
20 7.2
57 20.5

a: BMI calculated with pregnancy weight
b: O.D.P. only during pregnancy
c: Standard deviation

3.3.2 Infant characteristics

As presented in table 4, the sample of 305 infants had an average age of

approximately 4.4 months (132 days) and an average gestational age of 38 completed

weeks. Half of the sample is 0 to 7 days old while the other half is 8 days to 16months

old. Therefore the age distribution of the sample is not normal and this suggests that
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age should be an important covariate for the further analysis. Sex is equally
distributed in the sample since 52% of the infants are males and 48% are females.

Table 4: Gestational age, infant age and sex of the infants in the sample

n Mean SD°
Age (days) 305 132.08 156.3
Gestational age (weeks) 302 38.32 1.33
n %
Age
0 to 7 days old 155 50.8
Older than 7 days old 150 49.2
Sex
Male 158 52
Female 147 48

Information concerning birth outcomes, such as preterm births, small for
gestational age and low birth weight are presented in table 5, for male and female

infants separately. For both sexes the majority of infants are neither preterm nor small
for gestational age.

Table 5: Birth outcomes organized by infant's sex

Males Females
n % n %
SGA?
Yes 5 3.2 7 4.8
No 150 96.8 140 95.2
Low birth weight”
Yes 9 5.7 9 6.1
No 149 94.3 138 93.9
Preterm®
Yes 14 9 12 8.2
No 141 91 135 91.8

a: small for gestational age, BW below 10 percentile
b: low birth weight, <2500gr
c: gestational age <37 weeks
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Table 6: Infant's age, anthropometric measurements and skinfold thickness measurements organized by sex

Males Females
n mean SD° n  mean SD°

Gestational age (weeks) 155 38.25 1.48 147 38.40 1.24
Weight (gr) 157  6092.72  3233.222 146 5624.00  3145.033

Length (cm) 158 61.07 11.97 147 58.92 11.07

Head circumference (cm) 157 39.97 5.72 147 38.86 5.38

Abdominal circumference (cm) 158 37.41 8.41 147 36.60 6.31

STFI  (mm) 158 4.88 2.39 147 5.11 2.83

STQUAD °(mm) 158 12.32 7.46 147  12.33 7.77

STTR ¢(mm) 158 7.35 3.39 147 7.39 3.40

STSUB “(mm) 158 5.39 1.79 147 5.60 2.03

a: suprailliac skinfold thickness
b: quadriceps skinfold thickness
c: triceps skinfold thickness

d: subscapular skinfold thickness
e: Standard deviation

Male infants have a median anogenital distance (AGD) equal to 58.94mm,
median anoscrotal distance (ASD)equal to 31.54mm and penis width (PW) 12.20mm
(table 7). Respectively, for female infants median anoclitoral distance (ACD) is

37.82mm, while median anofourchettal distance (AFD) is 16.66mm.

Table 7: Infant anogenital distances organized by sex

Min Median(n) Max IQR?

Males
AGD 41.53 58.94(157) 96.56 27.68
ASD 17.96 31.54(158) 51.54 11.21
PW 9.33 12.20(156) 18.67 2.64

Females

ACD 21.70 37.82(147) 63.17 9.21
AFD 8.42 16.66 33.33 7.32

a: interquartile range

Anogenital distances were divided by infant weight in order to construct a
weight-normalized index of these distances (anogenital ratios). Because the
distribution of anogenital ratios is skewed, median is presented in table 8. Male
infants have a median anogenital ratio equal to 13.26, mean anoscrotal ratio to 6.41
and penis width ratio 2.88. Respectively, for female infants median anoclitoral ratio is

9.79, while mean anofourchettal ratio is 3.46.
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Table 8: Infant anogenital ratios(anogenital distance/infant weight) organized by sex

Min Median(n) Max IQR?
Males
AGD ratio 4.64 13.26(156) 21.59 7.21
ASD ratio 1.9 6.41(157) 12.48 4,50
PW ratio 1.03 2.88(155) 4.77 2.01
Females

ACD ratio 2.07 9.79(146) 14.92 6.53
AFD ratio 0.84 3.46(146) 7.48 2.23

a: interquartile range

In order to explore the relationship between several maternal socio-
demographic and lifestyle variables with the infant’s anogenital distances (ratios),
crosstab and chi square analysis was conducted. Anogenital ratios were categorized as
discrete variables with three groups: low anogenital ratio, medium anogenital ratio
and high anogenital ratio.

As seen in table 9, the statistics from the crosstab analysis concerning
mother’s residence, show that 89.5% of male infants with low AGD ratio were born
by mothers who lived in an urban area while 10.5% of male infants with low AGD
ratio were born by mothers who lived in a rural ratio. Since the p-value for Pearson’s
Chi-Square is <0.05 the relationship between residence of the mother and AGD ratio
is statistically significant.

Likewise the crosstabs analysis for the ASD and PW ratio and residence
showed that 86.8% of males with low ASD ratio were born by mothers living in an
urban area while 13.2 % of males with low ASD ratio were born by mothers living in
arural area.

Similar results, concerning the PW ratio, were observed. 82.1% of males with
low PW ratio were born by mothers who lived in an urban area whereas the 17.9% of
males with low PW ratio were born by mothers that lived in a rural area. Neither of

the two latter relationships was statistically significant.
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Table 9: Residence * AGD, ASD and PW ratio Crosstabulation

AGD ratio
low medium high Total
Residence* urban 34(89.5) 61(80.3) 25(64.1) 120(78.4)
rural 4(10.5) 15(19.7) 14(35.9) 33(21.6)
total 38(100) 76(100) 39(100) 153
ASD ratio
low medium high Total
Residence urban 33(86.8) 61(79.2) 26(66.7) 120(77.9)
rural 5(13.2) 16(20.8) 13(33.3) 34(22.1)
total 38(100) 77(100) 39(100) 154(100)
PW ratio
low medium high Total
Residence urban 32(82.1) 61(81.3) 25(65.8) 118(77.6)
rural 7(17.9) 14(18.7) 13(34.2) 34(22.4)
total 39(100) 75(100) 38(100) 152(100)
*: p<0.05

Similarly, the cross tab analysis for the female infants (table 10) showed that

75% of female infants with low AFD ratio and 86.1% of females with low ACD ratio

were born by mothers that lived in an urban area. On the other hand 25% of females

with low AFD ratio and 13.9% of females with low ACD ratio were born by mothers

living in rural areas.80.8% of female infants with medium ACD ratio and 87.7% of

female infants with low AFD ratio were born by mothers living in urban areas,

whereas 19% of female infants with medium ACD ratio and 12.3% of female infants

with medium AFD ratio were born by mothers living in rural areas. Regarding to high

ACD and AFD ratio, 83.3% and 80% of female infants respectively were born by

mothers that lived in urban areas, while 16.7% and 20% of female infants

respectively, were born by mothers living in rural areas.
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ACD ratio
low medium high Total
Residence urban 31(86.1) 59(80.8) 30(83.3) 120(82.8)
rural 5(13.9) 14(19.2) 6(16.7) 25(17.2)
total 36(100) 73(100) 36(100) 145(100)
AFD ratio
low medium high Total
Residence urban 27(75) 64(87.7) 28(80) 119(82.6)
rural 9(25) 9(12.3) 7(20) 25(17.4)
total 36(100) 73(100) 35(100) 144(100)

With regard to mother’s educational status, the cross tab analysis showed that
26.3% of males with high AGD ratio and 28.2% of males with high ASD ratio were
born by mothers with low educational status. 28.6% of male infants with low AGD

ratio were born by mothers with high educational status. 52.6% of male infants with

low PW ratio were born by mothers with medium educational status, while 26.3% of

males with low PW ratio were born by mothers with high educational status.

Table 11: Mother's educational status * AGD, ASD and PW ratio Crosstabulation

AGD ratio
low medium high Total
Education low 5(14.3) 14(18.7) 10(26.3) 29(19.6)
medium 20(57.1) 41(54.7) 22(57.9) 83(56.1)
high 10(28.6) 20(26.7) 6(15.8) 36(24.3)
total 35(100) 75(100) 38(100) 148(100)
ASD ratio
low medium high Total
Education low 6(16.2) 13(17,8) 11(28.2) 30(20.1)
medium 20(54.1) 44(60.3) 19(48.7) 83(55.7)
high 11(29.7) 16(21.9) 9(23.1) 36(24.2)
total 37(100) 73(100) 39(100) 149(100)
PW ratio
low medium high Total
Education low 8(21.1) 14(19.7) 8(21.1) 30(20.4)
medium 20(52.6) 41(57.7) 21(55.3) 82(55.8)
high 10(26.3) 16(22.5) 9(23.7) 35(23.8)
total 38(100) 71(100) 38(100) 147(100)
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Regarding female infants, results showed that 57.6% of female infants with
low ACD ratio and 58.8% of female infants with low AFD (tables 12), were born by
mothers with medium educational status. None of the relationships between mother’s

education and anogenital ratios was statistically significant

Table 12: Mother’s educational status * ACD and AFD Crosstabulation

ACD ratio
low medium high Total
Education low 3(9.1) 16(23.2) 7(21.2) 26(19.3)
medium 19(57.6) 31(44.9) 16(48.5) 66(48.9)
high 11(33.3) 22(31.9) 10(30.3) 43(31.9)
total 33(100) 69(100) 33(100) 135(100)
AFD ratio
low medium high Total
Education low 2(5.9) 15(22.7) 9(26.5) 26(19.4)
medium 20(58.8) 28(42.4) 17(50) 65(48.5)
high 12(35.3) 23(34.8) 8(23.5) 43(32.1)
total 34(100) 66(100) 34(100) 134(100)

In order to explore the relationship between mother’s nationality and
anogenital ratios, cross tab and chi square analyses were conducted. Due to the
sample’s distribution (94.4% Greeks vs 5.6% others) no significant difference
between nationality categories was observed.

Another variable, related to maternal socio-demographic status, examined is
the maternity clinic that the infants were born in. The delivery of the infants took
place in a public or a private maternity clinic. The cross tab and chi square analysis
showed 84.6% of male infants with low AGD ratio, compared to 64.1% with medium
or high AGD ratio, were born in a public maternity clinic. 84.6% of male infants with
low ASD ratio, compared to 60.8% with medium and 71.8% with high, were born in a
public maternity clinic. Since the p-value for Pearson’s Chi-Square is <0.05 the
relationship between the maternity clinic that that infant was born and the ASD ratio
is statistically significant. Similarly, 82.5% of male infants with low PW ratio,
compared to 52.6% with high PW ratio, were born in a public maternity clinic and this
relationship is also statistically significant.
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Table 13: Maternity clinic * AGD, ASD and PW Crosstabulation

AGD ratio
low medium high Total
Maternity clinic public 33(84.6) 50(64.1) 25(64.1) 108(69.2)
private 6(15.4) 28(35.9) 14(35.9) 48(30.8)
total 39(100) 78(100) 39(100) 156(100)
ASD ratio
low medium high Total
Maternity clinic* public 33(84.6) 48(60.8) 28(71.8) 109(69.4)
private 6(15.4) 31(39.2) 11(28.2) 48(30.6)
total 39(100) 79(100) 39(100) 157(100)
PW ratio
low medium high Total
Maternity clinic* public 33(82.5) 55(71.4) 20(52.6) 108(69.7)
private 7(17.5) 22(28.6) 18(47.4) 47(30.3)
total 40(100) 77(100) 38(100) 155(100)

*: p<0.05

69.4% of female infants with low ACD ratio, compared to 63.5% with

medium, and 72.2% of female infants with low AFD ratio, compared to 63% with

medium, were born in a public maternity clinic (table 14). The relationship between

the maternity clinic that the infant is born was not statistically significant with neither

the ACD ratio nor the AFD ratio.
Table 14: Maternity clinic * ACD and AFD Crosstabulation

ACD ratio
low medium high Total
Maternity clinic public 25(69.4) 47(63.5) 25(69.4) 97(66.4)
private 11(30.6) 27(36.5) 11(30.6) 49(33.6)
total 36(100) 74(100) 36(100) 146(100)
AFD ratio
low medium high Total
Maternity clinic public 26(72.2) 46(63) 24(66.7) 96(66.2)
private 10(27.8) 27(37) 12(33.3) 49(33.8)
total 36(100) 73(100) 36(100) 145(100)
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In point of maternal life-style characteristics, cross tab and chi square analysis
was conducted as well. With regard to smoking during the whole pregnancy, 81.8% of
the mothers did not smoke whereas 18.2% smoked during the whole pregnancy (table
2). Due to the fact that the majority of mothers did not smoke during the whole
pregnancy, the relationship between smoking and anogenital ratios was not further
explored.

The cross tab and chi square analysis concerning use of cosmetics during
pregnancy showed that 70.3% of male infants with low AGD ratio, 68.4% of male
infants with low ASD ratio and 66.7% of male infants with low PW ratio were born
by mothers who used cosmetics during their pregnancy, while 29.7 % of male infants
with AGD ratio, 31.6% with low ASD ratio and 33.3% with low PW ratio were born

by mothers that did not use cosmetics during their pregnancy(table 15).
Table 15: Use of cosmetics during pregnancy * AGD, ASD and PW Crosstabulation

AGD ratio
low medium high Total
Cosmetics use No 11(29.7) 28(37.8) 12(32.4) 51(34.5)
Yes 26(70.3) 46(62.2) 25(67.6) 97(65.5)
total 37(100) 74(100) 37(100) 148(100)
ASD ratio
low medium high Total
Cosmetics use No 12(31.6) 25(34.2) 15(39.5) 52(34.9)
Yes 26(68.4) 48(65.8) 23(60.5) 97(65.1)
total 38(100) 73(100) 38(100) 149(100)
PW ratio
low medium high Total
Cosmetics use No 13(33.3) 25(35.2) 14(37.8) 52(35.4)
Yes 26(66.7) 46(64.8) 23(62.2) 95(64.6)
total 39(100) 71(100) 37(100) 147(100)

Likewise, 70.6% of female infants with low ACD ratio and 77.1% of female
infants with low AFD ratio were born by mothers that used cosmetics during their
pregnancy, whereas 29.4% of females with low ACD and 22.9% with low AFD were
born by mothers who used cosmetics during pregnancy (table 16). The relationship
between usage of cosmetics during pregnancy was not statistically significant with

any of the anogenital ratios.
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Table 16: use of cosmetics during pregnancy * ACD and AFD Crosstabulation

ACD ratio
low medium high Total
Cosmetics use No 10(29.4) 24(34.8) 12(37.5) 46(34.1)
Yes 24(70.6) 45(65.2) 20(62.5) 89(65.9)
total 34(100) 69(100) 32(100) 135(100)
AFD ratio
low medium high Total
Cosmetics use No 8(22.9) 27(40.3) 11(34.4) 46(34.3)
Yes 27(77.1) 40(59.7) 21(65.6) 88(65.7)
total 35(100) 67(100) 32(100) 134(100)

Another variable which was examined with regards to maternal life-style
characteristics was the use of pesticides at home during the pregnancy and cross tab
and chi square analysis was also conducted.

As presented in table 17, 37.8% of male infants with low AGD ratio and
34.2% of male infants with low ASD ratio, were born by mothers who used pesticides
at home during their pregnancy, while 62.2% of male infants with low AGD ratio and
65.8% with low ASD ratio, were born by mothers that did not use pesticides at home
during pregnancy.

For the PW ratio, results were similar as 38.5% of male infants with low PW
ratio were born by mothers who used pesticides at home during pregnancy and 61.5%
by mothers that didn’t use pesticides at home during their pregnancy. The relationship
between usage of pesticides at home during pregnancy was not statistically significant

with any of the anogenital ratios in male infants.
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AGD ratio
low medium high Total
Pesticides use No 23(62.2) 46(63) 26(70.3) 95(64.6)
Yes 14(37.8) 27(37) 11(29.7) 52(35.4)
total 37(100) 73(100) 37(100) 147(100)
ASD ratio
low medium high Total
Pesticides use No 25(65.8) 45(62.5) 25(65.8) 95(64.2)
Yes 13(34.2) 27(37.5) 13(34.2) 53(35.8)
total 38(100) 72(100) 38(100) 148(100)
PW ratio
low medium high Total
Pesticides use No 24(61.5) 43(61.4) 26(70.3) 93(63.7)
Yes 15(38.5) 27(38.6) 11(29.7) 53(36.3)
total 39(100) 70(100) 37(100) 146(100)

As expected, results for the female infants were not really different. 27.3% of

female infants with low ACD ratio and 33.3% of female infants with low AFD ratio

were born by mothers that did not use pesticides at home during pregnancy, whereas
72.3% of females with low ACD and 66.7% with low AFD were born by mothers

who did not use pesticides at home during pregnancy (table 18). The relationship

between usage of pesticides at home during pregnancy was not statistically significant

with any of the anogenital ratios for the female infants also.

Tablel8: Use of pesticides at home during pregnancy * ACD and AFD Crosstabulation

ACD ratio
low medium high Total
Pesticides use No 24(72.7) 48(70.6) 25(78.1) 97(72.9)
Yes 9(27.3) 20(29.4) 7(21.9) 36(27.1)
total 33(100) 68(100) 32(100) 133(100)
AFD ratio
low medium high Total
Pesticides use No 22(66.7) 49(73.1) 25(78.1) 96(72.7)
Yes 11(33.3) 18(26.9) 7(21.9) 36(27.3)
total 33(100) 67(100) 32(100) 132(100)
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The use of contraception pill before this pregnancy is another variable that was
examined. 8.3% of male infants with low AGD ratio and 8.1% of male infants with
low ASD ratio were born by mothers who used contraception pill before their
pregnancy compared to 5.4% and 5.3% of infants with high AGD and ASD ratio
respectively (table 19). The percentages of infants, born by mothers who used the pill
with low and medium AGD and ASD ratio are slightly higher than those for high
respectively. Similarly 8.1% of male infants with low PW ratio, compared to 5.3% of
males with high PW ratio, were born by mothers that used contraception pill before
this pregnancy.

Table 19: Use of contraception pill before this pregnancy * AGD, ASD and PW Crosstabulation

AGD ratio
low medium high Total
Contraception pill No 23(63.9) 50(68.5) 29(78.4) 102(69.9)
Yes 3(8.3) 3(4.1) 2(5.4) 8(5.5)
Other 10(27.8) 20(27.4) 6(16.2) 36(24.7)
method
total 36(100) 73(100) 37(100) 146(100)
ASD ratio
low medium high Total
Contraception pill No 25(67.6) 48(66.7) 30(78.9) 103(70.1)
Yes 3(8.1) 3(4.2) 2(5.3) 8(5.4)
Other 9(24.3) 21(29.2) 6(15.8) 36(24.5)
method
total 37(100) 72(100) 38(100) 147(100)
PW ratio
low medium high Total
Contraception pill No 26(70.3) 46(64.8) 30(81.1) 102(70.3)
Yes 3(8.1) 4(5.6) 1(2.7) 8(5.5)
Other 8(21.6) 21(29.6) 6(16.2) 35(24.1
method
total 37(100) 71(100) 37(100) 145(100)

The results from cross tab and chi square analysis for female infants showed
that 18.8% of female infants with low ACD ratio, compared to 6.7% with high ACD
ratio, were born by mothers that used contraception pill before their pregnancy. Since
the p-value for Pearson’s Chi-Square is <0.05 the relationship between the use of

contraception pill and the ACD ratio is statistically significant. 9.1% of female infants
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with low AFD ratio, compared to 3.2% with high AFD ratio, were born by mothers
who used contraception pill before this pregnancy but this relationship was not
statistically significant (table 20).

Table 20: Use of contraception pill during pregnancy * ACD and AFD Crosstabulation

ACD ratio
low medium high Total
Contraception pill* No 16(50) 55(82.1) 25(83.3) 96(74.4)
Yes 6(18.8) 4(6) 2(6.7) 12(9.3)
Other 10(31.3) 8(11.9) 3(10) 21(16.3)
method
total 32(100) 67(100) 30(100) 129(100)
AFD ratio
low medium high Total
Contraception pill No 22(66.7) 48(75) 26(83.9) 96(75)
Yes 3(9.1) 8(12.5) 1(3.2) 12(9.4)
Other 8(24.2) 8(12.5) 4(12.9) 20(15.6)
method
total 33(100) 64(100) 31(100) 128(100)

*: p<0.05

The last variable of interest concerning maternal life-style characteristics was
the use of hair dyes during pregnancy. 88.8% of the mothers did not use hair dyes
during their pregnancy while 11.2% used hair dyes during the pregnancy. Due to the
fact that the majority of mothers did not use hair dyes during the whole pregnancy, the
relationship between hair dyes and AG ratio was not further explored.

In order to explore the association between maternal age and anogenital ratios,
Spearman’s rank correlation coefficient was used. As presented in table 21 for both
sexes, anogenital ratio decrease as mother’s age increases. For male infants this
correlation is statistically significant at the 0.05 level for the AGD and PW ratio and
at the 0.01 level for the ASD ratio.

Table21: Correlation between mother's age and anogenital ratios for male and female infants

MALES FEMALES
AGD ratio ASD ratio PW ratio ACD ratio AFD ratio
Mother’s age -0.195* -0.223** -0.164* -0.015 -0.036

*: correlation is significant at the 0.05 level
**: correlation is significant at the 0.01 level
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In order to explore possible differences regarding to anogenital ratios between
different residency and maternity clinic, Wilcoxon-Mann-Whitney test was used used.

As presented in table 22, the results suggest that there is a statistically
significant difference between male infants born by mothers that lived in an urban or a
rural area regarding to AGD, ASD and PW ratio. Male infants who were born by
mothers living in an urban area had lower anogenital ratios compared to male infants
born by mothers that lived in rural areas. A statistically significant difference between
male infants born in a public or private maternity clinic, regarding to AGD and PW
ratio, was also indicated. Male infants born in public maternity clinics had lower AGD
and PW ratios compared to male infants born in private maternity clinics.

One-way analysis of variance was used in order to explore possible differences
regarding to anogenital ratios between different methods of contraception. A
statistically significant difference between female infants born by mothers that did not
use any contraception method and those that used, regarding to ACD ratio, was
detected.

Table 22: Comparison of mean values regarding to anogenital ratios

Males Females
AGD* ASD* PW* ACD AFD
ratio(153)  ratio(154) ratio(152) ratio(145) ratio(145)
Residence urban  71.29 73.08 72.08 71.83 73.04
rural 97.76 93.09 91.85 78.64 72.80
AGD* ASD PW* ACD AFD
ratio(156)  ratio(157) ratio(155) ratio(146)  ratio(146)
Maternity clinic public  72.81 75.48 70.03 73.26 71.81
private 91.29 87 96.32 73.98 76.84
AGD ASD PW ACD* AFD
ratio(146)  ratio(147) ratio(145) ratio(129) ratio(129)
Contraception no 13.05 6.64 2.67 9.4 3.88
pill
yes 11.55 5.99 221 7.35 3.34
other 11.65 5.87 240 7.24 3.34

*: significant at the 0.05 level

Regression analysis was used in order to take into account the effect of several
covariates (maternal and infant characteristics). Two multiple linear regression
models were set up in order to predict anogenital ratios with residence, contraception,

maternity clinic and maternal age. In the first model maternal health and pregnancy
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related variables were included, such as pre-pregnancy BMI, BMI during this
pregnancy, gestational age and former pregnancy. In the second model infant related

variables were added, such as infant age and skinfold thickness measurements as an

index of infant’s body fat.

The results of the multiple regression analysis, as presented in table 23,

suggest that residence is significantly related to AGD ratio. Residence alone explains
6.4% of the variance on AGD ratio for male infants and when including pre-
pregnancy BMI, maternal BMI during pregnancy, gestational age and former
pregnancy this increases to 21.9% and statistical significance remains. When
including infant age and skinfold thickness measurements, the model explains 85.7%

of the variance on AGD ratio. Regarding to contraception pill, a negative relation to

AGD ratio is observed. The first model explains 20.5% while the second model

explains 85.4% of the variance on AGD ratio.

Table 23: Linear regression analysis of AGD ratio

AGD ratio

Crude (n=151)

Adjusted *(n=131)

Adjusted 2°(n=131)

B 95% CI R? B Cl 95% R’ B Cl195% R?
Residence
0.25 0.96,4.02 0.064* 0.26* -3.46,-0.73 0.219* 0.08* 0.04,1.42 0.857*
(urban/rural)
Contraception
. -0.16  -1.49,0.03 0.024 -0.23* -1.8,-0.32  0.205* -0.08* -0.7,-0.03 0.854*
(none/pill/other)
Maternity clinic
] ] 0.12 0.34,3.07 0.038* 0.13 -0.41,258 0.167* -0.03 -0.91,041 0.852*
(public/private)
Mother’s age
-0.17 -0.29,001 0.03* -0.17* -0.28,-0.006 0.182* -0.01 -0.07,0.05 0.852*

(yrs)

*: significant at the 0.05 level

a: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age and former pregnancy
b: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age, former pregnancy, infant’s
age and infant’s skinfold thickness measurements

Maternity clinic and maternal age is also significantly related to AGD ratio.
Similar are the results for the ASD ratio (table 24). Contraception pill and maternal age

are negatively related to ASD ratio while residence is positively related to ASD ratio.
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Table 24: Linear regression analysis for ASD ratio

ASD ratio
Crude (n=154) Adjusted 1%(n=132) Adjusted 2°(n=132)
B 95% ClI R’ B Cl1 95% R’ B Cl195% R?
Residence
(urban/rural) 0.19 0.18,2.07  0.035* 0.18* 0.09,1.97 0.203* -0.01 -0.56,0.48 0.784*

Contraception
(none/pill/other) -0.14 -0.87,0.08 0.02 -0.2*  -1.02,-0.11 0.216* -0.05 -0.4,0.1 0.783*

Maternity clinic

(public/private) 0.12 -0.2,15 0.014  0.05 -0.66,1.2  0.175* -0.1* -1.03,-0.05 0.792*

Mother’ rs
other’sage (1) o0 010003 0035* -018% -018-001 0204* -003 -0.060.03 0.784*

*: significant at the 0.05 level

a: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age and former pregnancy

b: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age, former pregnancy, infant’s age
and infant’s skinfold thickness measurements

The results of the multiple regression analysis, as presented in table 25,

suggest that residence is related to PW ratio. Residence alone explains 5.4% of the
variance on PW ratio for male infants and when including pre-pregnancy BMI,
maternal BMI during pregnancy, gestational age and former pregnancy this increases
to 19.5% and statistical significance remains. When including infant age and skinfold
thickness measurements, the model explains 89.3% of the variance on PW ratio but
the relation is not statistically significant. Maternity clinic and maternal age is also
related to PW ratio.

Table 25: Linear regression analysis for PW ratio

PW ratio

Crude (n=150) Adjusted 1%(n=130) Adjusted 2°(n=130)

B 95% ClI R? B Cl1 95% R’ B Cl1 95% R?

Residence

0.23 0.2,1.02 0.054*  0.24* 0.2,1.03 0.195* 0.03 -0.08,0.24 0.893*
(urban/rural)

Contraception

) -0.16 -0.36,0.06 0.013  -0.19* -0.44,-0.02 0.167* -0.02 -0.1,0.06  0.89*
(none/pill/other)

Maternity clinic

o 0.27 0.28,1 0.073*  0.21* 0.08,0.91 0.176* 0.07 -0.001,0.3 0.895*
(public/private)

Mother’s age (yrs) -0.16 -0.07,0001 0025 -0.17* -0.08,-0.002 0.167* 0 -0.01,0.01 0.892*

*: significant at the 0.05 level
a: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age and former pregnancy

b: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age, former pregnancy, infant’s age
and infant’s skinfold thickness measurement
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For the female infants, results of the crude model suggest that ACD ratio is

related to contraception pill. When including pre-pregnancy BMI, maternal BMI

during pregnancy, gestational age and former pregnancy in the model the relation is

still significant but when infant age and skinfold thickness measurements are included

in the model the relation remains but is not statistically significant. The results from

the second model also suggest that ACD is negatively related to maternity clinic.

Table 26: Linear regression analysis for ACD ratio

ACD ratio
Crude (n=142) Adjusted 1*(n=128) Adjusted 2°(n=133)
B 95% ClI R’ B Cl195% R’ B Cl 95% R’
Residence
0.08 -0.8,2.19 0.006 0.11 -0.48,2.17 0.047 0.03 -0.46,1.05 0.822*
(urban/rural)
Contraception
. -0.26 -1.92,0.41 0.07* -0.24* -1.84,-0.26 0.09* -0.05 -0.52,0.07 0.883*
(none/pill/other)
Maternity clinic
. . -0.02 -1.06,1.34 0 -0.01 -1.33,1.18 0.042 -0.13* -1.46,-0.38 0.838*
(public/private)
Mother’s age (yrs) -0.02 -0.13,0.10 0 -0.06 -0.17,0.09  0.044 0.006 -0.05,0.06  0.822*
*: significant at the 0.05 level
a: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age and former pregnancy
b: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age, former pregnancy, infant’s age
and infant’s skinfold thickness measurements
Table 27: Linear regression analysis for AFD ratio
AFD ratio
Crude (n=145) Adjusted 1*(n=128) Adjusted 2°(n=128)
B 95% ClI R’ B Cl1 95% R’ B Cl 95% R’
Residence
0 -0.62,0.62 0 0.04 -0.55,0.83 0.048  0.004 -0.44,0.48 0.617*
(urban/rural)
Contraception
) -0.16 -0.62,0.03 0.025 -0.12 -0.56,0.11 0.053 0.04 -0.14,0.28 0.664*
(none/pill/other)
Maternity clinic
) ) 0.05 -0.36,0.64 0.002 0.02 -0.47,0.57 0.049 -0.09 -0.59,0.08 0.626*
(public/private)
Mother’s age
-0.54 -0.07,0,03 0.003 -0.08 -0.08,0.03 0.054 -0.02 -0.04,0.03 0.619*

(yrs)

a: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age and former pregnancy
b: adjusted for maternal pre-pregnancy BMI, maternal BMI during pregnancy, gestational age, former pregnancy, infant’s age
and infant’s skinfold thickness measurements
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Bivariate correlation analyses (Spearman's rank correlation coefficient) was
used to assess the relation between maternal CALUX-TEQs and anogenital ratios.
Regarding to male infants, AGD and PW ratio decrease as DR Calux-teq increases,
AGD, ASD and PW ratio decrease as AR Calux-teq increases and AGD and ASD
ratio decrease as ERa Calux-teq increases. For female infants, ACD ratio decreases as
DR Calux-teq and AR Calux-teq increases, while AFD ratio decreases as ERa Calux-
teq increases. None of the relationships between maternal CALUX-TEQs and

anogenital ratios was statistically significant.

Table 28: Correlation between DR Calux teq, ERa Calux teq and and infant anogenital ratios

MALES FEMALES
AGD ratio ASD ratio PW ratio ACD ratio AFD ratio
DR Calux teq -0.006 0.345 -0.091 -0.256 0.329
ERa Calux
-0.329 -0.26 0.027 0.207 -0.195
teq
AR Calux teq -0.7 -0.119 -0.519 -0.409 0.165
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4. Discussion
The main aim of this project was the development of an assesment protocol

for the anthropometric measurements, including anogenital distance, in children of
the RHEA cohort. After the pilot study was conducted, an analytical measurement
protocol for anthropometric measurements was developed. The protocol includes
measurements of weight and height, abdominal and head circumference, body fat
estimated by skinfold thickness measurements and anogenital distances. Anogenital
distance was associated with maternal age and with socio-economic factors such
residence and birth in private or public maternity clinic. Only few other studies have
measured anogenital distance in newborns and there are several complexities
regarding these measurements.

Callegari et al. in 1987 measured the distance from the center of the anus to
the base of the clitoris (AC), the distance from the center of the anus to the posterior
commissure of the fourchette, where the mucosa begins (AF) and distance from the
fourchette to the base of the clitoris (FC) in premature and full-term female newborn
infants. Salazar-Martinez et al. in 2004, developed a protocol for the measurement of
AGD (the distance from the center of the anus to the posterior convergence of the
fourchette (where the vestibule begins) in female infants and from the center of the
anus to the junction of the smooth perineal skin with the rugated skin of the scrotum
in male infants) in male and female newborns. Swan et al. in 2005 measured AGD
(from the center of the anus to the anterior base of the penis) and the anoscrotal
distance ASD (from the center of the anus to the posterior base of the scrotum) in
male infants. Longnecker et al. in 2007 developed a protocol for the measurement of
three anogenital distances (anterior base of penis to anus (AGD1), posterior base of
penis to anus (AGD?2), and posterior of scrotum to anus (ASD)) in human newborn
males. They also measured penile width (PW) and stretched penile length (PL). Huang
et al. in 2008 measured AGD, from the center of the anus to the posterior convergence
of the fourchette in female newborns, and from the center of the anus to the junction
of the perineal skin with the rugated skin of the scrotum in male newborns. Finally
Torres-Sanchez et al. in 2008 measured the PA distance, measured between the center
of the anus and the scrotal-PA junction for males or the vaginal fourchette for
females.

In this study, the following anogenital measurements were conducted:

anogenital distance(AGD- the distance from the upper basis of penis to anus centre),
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anoscrotal distance (ASD-the distance from the lowest point of the scrotum to the
anus centre) and penis width (PW-the diameter in the basis of penis) in male infants,
while anoclitoral distance (ACD- the distance from clitoris to anus center) and
anofourchettal distance (AFD-the distance from the fourchette to anus centre) in
female infants. In our study median ASD distance was 31.54 and median AFD
distance was 16.66. This suggests that the two-fold difference between males and
females (ASD and AFD respectively) represents sexual dimorphism, something that
corresponds to the findings of Salazar-Martinez et al. In this study median AGD
distance was 58.94 and median ACD distance was 37.82. This also suggests that the
almost two-fold difference between males and females (AGD and ACD respectively)
may represent sexual dimorphism.

The median AGD distance in male infants from this study was 58.94, while in
the Swan et al. study was 70.3 and in the Longnecker et al. study it was 49.9. The
median ASD distance in male infants from this study was 31.54, while in the Salazar-
Martinez et al. study it was 22, in the Swan et al. study was 37.4, in the Longnecker et
al. study it was 19.1, in the Huang et al. study it was 23 and in the Torres-Sanchez et
al study it was 42. The median PW in this study was 12.20, whereas in the
Longnecker et al. study it was 10.6. Regarding female infants, in this study median
ACD distance was 37.82, while in the Callegari et al. study it was 29.6. In this study
median AFD distance was 16.66, while in the Callegari et al. study it was 10.9, in the
Salazar-Martinez et al. it was 11, in the Huang et al. study it was 16 and in the Torres-
Sanchez et al. study it was 23. In the Callegari et al. study, the ratio of the lower
segment (AF) to the whole (AC) (AF/AC) was calculated and it was 0.37, while in
this study the same ratio (AFD/ACD) was 0.44.

Differences between the measurements of this and other studies may be due to
the different samples that are examined. The Callegari et al. study was based on 115
premature and full-term female newborn infants, the Salazar-Martinez et al. study was
based on 87 newborns (42 females, 45 males), the Swan et al. study was based on 134
males 2-36 months of age, the Longnecker et al. study was based on 781 newly
delivered male infants, the Huang et al. study was based on sixty-five fetuses (32
female and 33 male) and the Torres-Sanchez et al. study was based on 71 infants (37
males and 34 females) 3-18 months of age. This study was based on 305 infants (158
male and 147 female). Half of the sample is 0 to 7 days old while the other half is 8

days to 16months old. 164 newborns were measured at the maternity clinic within 1-2
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days since the birth date, while 141 infants were measured later at home. Therefore
the comparison of our results to the results of the other studies is difficult.

Swan et al. defined the anogenital index [AGI =AGD/weight (mm/kg)] as a
weight-normalized index of AGD, while Huang et al. defined the anogenital index in
a slightly different way since they wused birth weight to standardize
AGDJ[AGI=anogenital index; AGI-W=AGD/birth weight(mm/kg)]. Torres-Sanchez et
al. defined also defined a weight normalized index for PA
[PA/W=PA/weight(mm/kg)]. In this study all anogenital distances were divided by
infant weight in order to construct a weight-normalized index of these distances
(anogenital ratios). In the Swan et al. study AGI was 7.1 while in this study AGD ratio
was 13.26. In the Huang et al. study AGI-W was 7.16. in male infants and 5.37 in
female infants, in the Torres-Sanchez et al. study PA/W was 6 in male infants and 3.6
in female infants, while in this study ASD ratio was 6.41 in male infants and AFD
was 3.46 in female infants. Although anogenital ratios were calculated in order to
construct a weight-normalized index of anogenital distances, our sample includes two
different groups (half the sample were measured at birth and half later) and difference
between anogenital ratios in this study and AGI in the Swan et al. and Huang et al.
study may occur due to this characteristic of our sample. Our results seem to be closer
to Torres-Sanchez et al. probably because our samples are not so different regarding
infant age.

The linear relationships between a range of risk factors and poor birth
outcomes have been extensively studied. Evidence exists for maternal and
environmental factors such as socioeconomic status, nutrition and body mass index
(BMI), maternal age, urinary tract and sexually transmitted infections, physical abuse,
alcohol consumption, and smoking during pregnancy having an impact upon birth
outcomes. Such factors have been linked with low birth weight, small for gestational
age (SGA), pre-term delivery, low Apgar (Activity, Pulse, Grimace, Appearance and
Respiration) score, rate of assisted deliveries, length of hospital stay, and infant
mortality[23]. Air pollution and social characteristics have been shown to affect
indicators of health since there is greater likelihood of reduced birth weight and
preterm births among the more socially disadvantaged, and a greater risk of reduced
birth weight associated with traffic exposures[24]. Advanced maternal age is
associated with various obstetric complications including antepartum hemorrhage,

pre-eclampsia, diabetes mellitus, and preterm birth[25]. Among adverse outcomes
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found in some studies to occur more frequently in older women are prolonged labour,
low birthweight, perinatal morbidity and mortality, and cesarean section[26].

Associations of anogenital ratios with maternal socio-demographic and life-
style factors have not been explored yet. In our study maternal age was found to be
negatively associated with anogenital ratios. For both sexes, anogenital ratios decrease
as mother’s age increases and or male infants this correlation was statistically
significant. These results are supported by the results of regression analyses that show
that maternal age is negatively related to anogenital ratios.

Results suggest that there is a statistically significant difference between male
infants born by mothers that lived in an urban or a rural area regarding to AGD, ASD
and PW ratio. Male infants who were born by mothers living in an urban area had
lower anogenital ratios compared to male infants born by mothers that lived in rural
areas. These results are supported by the results of the multiple regression analyses,
which indicate that residence is significantly related to AGD, ASD and PW ratio. A
statistically significant difference between male infants born in a public or private
maternity clinic, regarding to AGD and PW ratio, was also indicated. Male infants
born in public maternity clinics had lower AGD and PW ratios compared to male
infants born in private maternity clinics. This fact is also supported by the results of
the multiple regression analyses, which indicate that the maternity clinic that the
infant is born in is significantly related to ASD and PW ratios. This may be related to
different patterns of exposure to chemicals, by socio-economic position. A
statistically significant difference between female infants born by mothers that did not
use any contraception method and those that used, regarding to ACD ratio, was
detected. Female infants born by mothers that used contraception method had lower
ACD ratio compared to those born by mothers that did not use any contraception
method. The results of the multiple regression analyses also indicate that
contraception method is negatively related to ACD ratio in female infants.

Prenatal exposure to hormonally active agents, may affect infant’s
development. Exposures to environmental pollutants that have estrogenic or anti-
androgenic action, interfering to the androgen signaling pathway, have been linked to
adverse reproductive outcomes. Studies have shown that prenatal phthalate exposure
at environmental levels may adversely affect male reproductive development in
humans and that in-utero exposure to phthalates in general may have anti-androgenic
effects on the fetus. 2,3,7,8-Tetrachlorodibenzo-p-dioxin (TCDD) is considered to be

one of the most potent endocrine disruptor compounds. Several animal studies have
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indicated that exposure to TCDD induces multiple organ dysfunctions, especially in
the male reproductive system, which is one of the most sensitive organ systems. In
adult male rats, exposure to relatively high doses of TCDD affects testis function
directly. TCDD decreases Leydig cell volume, induces severe histological distortion,
and impairs steroidogenesis. Maternal exposure studies have also confirmed the
adverse effects of TCDD on the development of reproductive organs, such as
anogenital distance (AGD), testis, and prostate. Previous studies have shown that the
effects of TCDD on those reproductive organs are associated with disruption of the
androgen system[27]. Maternal exposure to dioxins and dioxin-like compounds has
been related to a number of adverse health outcomes in human infants as well.
Maternal exposure to dioxins and dioxin-like compounds can be estimated by the DR-
Calux bioassay which is responsive to arylhydrocarbon receptor. The ER and AR
calux bioassay, responsive to estrogen receptor o and androgen receptor respectively,
can be used for the estimation of estrogen and androgen exposure respectively.

Attempting to assess the relation between maternal DR, AR and ERa
CALUX-TEQs and anogenital ratios, bivariate correlation analysis was conducted.
Since we had the Calux-tegs from only 22 maternal blood samples, this was actually a
pilot analysis. Results indicate that AGD and PW ratio decrease as DR Calux-teq
increases, AGD, ASD and PW ratio decrease as AR Calux-teq increases and AGD
and ASD ratio decrease as ERa Calux-teq increases. For female infants, ACD ratio
decreases as DR Calux-teq and AR Calux-teq increases, while AFD ratio decreases as
ERa Calux-teq increases. Since the sample is so small, no significant relation could be
detected.

The fetus and young infant appear to be susceptible to endocrine-disrupting
effects of environmental chemicals. As exposure during critical developmental phases
such as in utero and in the early postnatal period may have an adverse effect on
reproductive health, research in this area should be expanded. Such research should
aim on detecting valid biomarkers of endocrine dysfunction and at the same time
include the appropriate measurements, to facilitate comparability between study
groups. With respect to anogenital distances, major research is needed in order to
identify the best approach to normalize these measurements by the size of the infant
so that measurement of anogenital distances can become a well established method
that provides reproducible results. Finally follow-up of the newborns until puberty
will help evaluate whether early effects of endocrine disruption are also associated

with effects in later life.
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Appendix A. recording form for anthropometric
measurements in male infants

KAIvikn e€€taon Ayopiwv

Kwdikog Bpépoug:
OVOHATETTWVUHO UNTEPAG:

TnA.
Kwdikég untépag:
Huepopnvia e¢€taong: EetaoTnG: ...........
Huepounvia yévvnong: HAikia Bpépoug: ..........
QuAf..............
EBvikéTnTa: ...........

KAINIKH EZEETAZH AIrOPIQN
ANOGENITAL PROTOCOL

Anogenital distance

[MPpWKTOC-KATWTEPN OOXEIKA (ASD) i i ]
M. mm Maxog deppaTikng TTUXAG
YrotmrAaTtiaia
TN, mm
2N mm
2 mm
(o€ atrékAiIon>1mm:)
3 mm
3N mm
TpikEpalou
ﬂprT()c-de Bdo‘n Tl'éOUC (AG D) 1 N oo mm
n...... mm
2 mm
2" mm 3. mm
(o€ ammokAion>1mm: )
Y1epAayovia
TN, mm
3N mm
20 mm
MAdTog Tréoug
1 Neeeeenennn. mm 3” .................. mm
2" mm TeTpaké@aiou
N, mm
(og amoékAion>1mm:)
20 mm
3 mm
3 mm
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KolAlakR TrepipeTpog: 1n.............. cm
2" cm
(o€ amékAion>1 cm:)
3 cm
NepipeTpog keaAng: 1".............. cm
2" cm
(o€ arékAion>2 cm: )
3 cm
Mikog: 1"............... cm
2" cm
( o€ atmoékAion >1 cm:)
3 cm
Bdpog: 1.............. ar
AL gr
( o€ ammokhion> 10 gm:)
L gr

Alayvwoeig oxeTikd pe TO  BpéQog:
PWTAME TNV MNTEPO KOI KOITAME KOl TO
yaAddio BiBAiapdki uyegiag Tou TTaidiou.

Tppa Iatpikrg - [Tavemotnpio Kprning

H ouvepyaoia Tou Bpépoug oTig MNMpwkKToyevvnT.
MeTpRoeig ATaV:

MoAU kaAn...1
KaMA.......... 2
MéTpia........ 3
Kakn.......... 4

H a§iomioTia Twv MpwkToyevvnTt. MeTpRoewy givai
KOTA TN YVWMN COG:

YYnAd...oooooooiil. 1
evikd agiomoTn...... 2
Me epwTnuaATiKA....... 3

Mn ikavoTtToInTIKA.....4

H aglomioTia Twv peTpRoswyv Twv depuar. Mruxwv
gival KaTd Tn YVWN oag:

YWYnAi...oooooiiiil. 1
levikd agiémaoTn...... 2
Me epwTnUaTiKG....... 3

O1 yeTpnoeig éyivav e Tn Bondeia:

2UVEPYATPIOG TNG MEAETNG. ... 1
Mntépag ri AAAOU PEAOUG TNG OIKOYEVEIAG. .. 2
NOOCOKOUEIOKSO TTIPOCWTTIKO.....eeeeenannennns 3
XWPIG AANO ATOHO. ... 4
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Appendix B. recording form for anthropometric
measurements in female infants

KAIVIKN e€€Tacn KOPITOIWY KwdIkog Bpépouc:

KwdIKOG untépag:
TnA.

E&etaoTnc:
OvopaTETTWVUNO PINTEPOG

HAikia Bpégoug:
Huepounvia e¢étaong: DuAn:

Huepopnvia yévvnong: EBvikoTnTa

KAIVIK €€€TOON KOPITOIWV
Anogenital Protocol

Anogenital distance
Mayog depHATIKAG TITUXAS
YmotrAaTigia
TN, mm
MpwkKTéC-XaAIvéc ( AFD) 1n.............. mm
20 mm
20 mm
L mm
(o€ TrepiTTITWON aTTOKAIONG TTAVW ATTO 1TMmm)
Tpiképalou
3 mm M o mm
20 mm
3 mm
MpwkTdC- KAITOPida (AGD) 1n ......... mm
YmepAayovia
2 mm (1 VO mm
(o€ TrepiTITWON ATTOKAIoNG TTAVW atrd 1mm) 20 mm
3 mm 3, mm
Tetpaké@alou
Mo mm
Anogenital ratio ( AFD/AGD)= 2T mm
3 mm
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KolAlakn TrepipgeTpog: 1n.............. cm

1M cm

2" cm
(o€ ammékAion>2cm):
3, cm
Mnkog
1 cm

2" cm

(o€ ammékAion>1cm:)
3 cm
Bdapog
1M gr

2" gr

AlayvwoEIg OXETIKA JE TO BPEPOG: PWTAME TNV
HNTéPa Kol KOITAME Kal To yaAddio BiBAiapdki
uyegiag Tou TTaidiou.

Kwdikég Bpépouc:

ATTOKAEIOTIKOG OnAaOHOG:

H ouvepyacia Tou Bpépoug OTIG
MpwkToyevvnT. MeTpioeig ATAV:

MoAU KaAn...1
KaAn.......... 2
Métpia........ 3
Kakn.......... 4

H adlomioTtia Twv MpwKToyevvnr.
MeTpAoewyv gival KATd Tn yvwun
oag:

YWYnAA..ooooeiinenn. 1
levikd aglémoTn...... 2
Me epwTnUaTikd....... 3

Mn IKavoTToINTIKA.....4

H alomoTia Twv PETPAOEWV TWV

Oeppar. MMruxwv e€ivalr kartd 1N
YVWHN o0ag:

YUnAf....ooooeeenen, 1

levikd agiémoTn...... 2

Me epwTnuaTikd....... 3

O1 perproeig éyivav pe Tn Bondeia:

2UVEPYATPIOG TNG MEAETNG........ 1

Mntépag 1 AGANouU  pEAOUG  TNG
[o]1 (e} VAV Ao [ 2
NOCOKOMEIOKO TTPOCWTTIKG....... 3
Xwpig GAAO ATOMO........eeeeee 4
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