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Phenotypic variation, Introduction: Androgen Insensitivity Syndrome (AIS) is a genetik disorder which has a resistance
AIS, EMS, Quigley androgen receptor to the action of androgens resulting in impaired sexual development which results in
scale, Height analysis phenotypic variations in 46,XY patients. Clinical examination of phenotypic variations by a medical

professional will assist in establishing the diagnosis. The aims of this study is to identify phenotypic
variations in AIS patients using the External Masculinization Score (EMS), quigley scale and height
analysis.

Obijectives: To Analyze phenotypic variations in 46,XY patients with Androgen Insensitivity Syndrome
in Indonesia

Methods: A descriptive study was conducted on 30 patients from the Center for Biomedical Research
(CEBIOR) Faculty of Medicine, Diponegoro University, Semarang from 2004-2019 who were identified
as having AR gene mutations. Analysis of phenotypic variations was carried out based on EMS data,
Quigley scale, and the patient's height at first admission.

Results: The average age of patients at first admission was 10.97 years, ranging from 1 month to 28
years. There were 6 CAIS patients and 24 PAIS patients. EMS for all patients was <9, whereas all CAIS
patients had EMS of <3, and PAIS patients’ EMS varied from 3 to 9. The quigley scale for all CAIS
patients was >6, while the scale of PAIS patients varied from 2-5. The height of most CAIS and PAIS
patients had normal category or corresponded to the average height of normal people at their age. At the
same time, the height of 1 female adult CAIS patient and 1 boy PAIS patient had tall category, it means
their height had above average height compared to the normal people in their age.

Conclusions: Phenotypic variations in 46,XY patients with CAIS in Indonesia are relatively uniform
while PAIS is more diverse. EMS, quigley scale, and height analysis are appropriate initial screenings in
physical examination to direct supporting examinations towards diagnosis.

1. Introduction

Androgen Insensitivity Syndrome (AIS) is a genetic disorder in which androgen hormone synthesis is
normal, but there is resistance from the androgen receptor to androgen action, and it falls into the
46,XY DSD group with a spectrum of phenotypes that depends on residual androgen receptor activity,
ranging from an entirely female phenotype to a male phenotype with infertility or
undermasculinization.! There are three main classifications of AlS: Complete Androgen Insensitivity
Syndrome (CAIS), Partial Androgen Insensitivity Syndrome (PAIS), and Mild Androgen Insensitivity
Syndrome (MAIS).%* Most AlS inheritance patterns are X-linked, although sporadic de novo variants
have been identified. AIS is caused by pathogenic variants in the AR gene located on the long arm of
the X chromosome (Xq11-12).3The clinical picture of AIS varies greatly depending on the severity of
androgen resistance. Clinical variations in external genitalia in men can be observed and analyzed
using several assessment tools, such as the quigley scale and EMS.*

EMS is a validated assessment system used to evaluate the level of masculinization in individuals
with ambiguous genitalia.* EMS is focused on physical examination of the external genitalia, such as
scrotal fusion, micropenis, location of the external urethral meatus, and gonad position, while the
quigley scale is used to assess the development of the external genitalia in 46,XY DSD. Quigley scale
consists of 7 levels between "completely masculine™ to "completely feminine".

AIS patients have a disorder of the androgen hormone which plays a vital role in male growth and
bone density. A previous study found that the average height of adult AIS patients in Switzerland is
higher than that of normal women and slightly lower than that of normal men.® Meanwhile, in
Indonesia, there is no available data or research on the height of AIS patients

2. Methods

This study scrutinized the patient records at the Center for Biomedical Research (CEBIOR) Faculty of
Medicine, UniversitasDiponegoro, Semarang, from 2004 to 2019. Data were obtained from AIS
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patients who had undergone a complete physical examination and chromosomal and hormonal
analysis. There were 30 patients who were identified as having AR gene mutation. The inclusion
criteria were patients who had result 46,XY of karyotyping, had an AR gene mutation, and were
clinically diagnosed with AIS. If there was no AR gene mutation and the subjects had undergone
genital surgery before, then they would be included in the exclusion criteria. Samples were taken by
consecutive sampling. All patients from 2004 to 2019 who met the inclusion and exclusion criteria
were picked as research samples. Patient data used as research subjects were collected and tabulated
in a phenotypic tabulation consisting of EMS, Quigley scale, and body height analysis.

Data would be presented in tables and graphs. Variations in the subjects’ phenotypes assessed using
the EMS score, quigley scale, and height analysis would draw conclusions. The study was performed
after receiving approval in the form of ethical clearance from The Health Research Ethics Committee,
Faculty of Medicine UniversitasDiponegoro (study reference number 388/EC/KEPK/FK-
UNDIP/X/2022).

3. Results
Table 1 shows the subject characteristics, including diagnosis, age, gender, quigley scale and EMS at
first admission, while table 2 shows Z-score and it’s category. There were 6 CAIS patients: 4 adults
and 2 pediatric patients. Meanwhile, 24 PAIS patients consisted of 3 adults and 21 pediatric patients.
All CAIS patients were female, while PAIS patients comprised 3 girls, 2 adult females, 18 boys, and 1
adult male.

Table 1.Subject’s characteristics of quigley scale and EMS

Examination  Sccore CAIS PAIS
Paediatric Adult Paediatric Adult
F M F M F M F M
(n= (=0 (h=4) (n= (n= (=18 n=2) (h=1)
2) 0) 3)
Quigley scale 1
2 6 1
3 2 8
4 1 3
5 1
6
7 2
External 0 2
Masculinization 1
Score 5 1
3 1 5 1 1
4
4.5 1
5 1 1
6 6
7 3
8
9 2
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Table 2.Subject’s characteristics of HAZ

Diagnosis  Gender Age <-3SD -3SD -2SDsd. +2SDsd. >+3
s.d.<-2SD +2 SD +3 SD SD
Severe Stunting Normal Tall Severe
stunting Tall
CAIS Female Paediatric 5
(n=2)
Adult
(n=4) 3 1
PAIS Female Paediatric 3
(n=3)
Adijlt 9
(n=2)
Male Paediatric
(n=18) 17 1
Adult 1
(n=1)

4. Discussion

There were 6 CAIS patients and 24 PAIS patients. EMS for all patients was <9, whereas all CAIS
patients had EMS of <3, and PAIS patients’ EMS varied from 3 to 9. Based on a previous study,
patients with EMS <7 are considered to have ambiguous genitalia, as well as patients with an EMS <3
are associated with genetic causes of 46,XY DSD and recommended for genetic analysis screening,
especially in patients who are AIS suspects.*

There were 4 important points for assessing the external genitalia: scrotal fusion, micropenis, Meatus
Urethra Externa (MUE) position, and gonad position. In this study, All CAIS patients had 0 score on
the scrotal fusion assessment point.’This shows that complete androgen hormone resistance occurred
in CAIS patients, so all CAIS patients in this study (100%) had an abnormal scrotum shape (bifid
scrotum). Meanwhile, 52.36% of male PAIS patients and 60% of female PAIS patients also had bifid
scrotum. This result was in line with a previous study stating that the majority of 46,XY DSD patients
had bifid scrotum.® Another study in the United States found that 2 out of 16 patients with bifid
scrotums were confirmed to have AR gene mutations.®

The second point of EMS is micropenis, a medical diagnosis based on the length of stretched penis (<
-2.5SD).™ The micropenis assessment points in EMS have a range of scores of 0 to 3. A score of 0
means micropenis, while a score of 3 means the length of the penis is within the normal range. All
female CAIS and PAIS patients (100%) had micropenis, while 68.42% of male PAIS patients had
micropenis. Based on these data, micropenis is a pathognomonic sign in AIS patients, especially in
female CAIS and PAIS patients. A previous study stated that micropenis was proven to be associated
with AR gene mutations, even with or without other symptoms of undermasculinization.™ It shows
the importance of micropenis screening in EMS at the beginning of the examination in DSD patients.
The MUE position is normally at the distal of the penis (coronal end). If the MUE is below it, it is
called hypospadias.** The MUE position on EMS is grouped into 4 categories with different score
values. In this study, all CAIS patients had a score of 0 on the MUE position assessment point. It
shows that all CAIS patients had hypospadias perineal. Male PAIS patients (84.21%) and female
PAIS patients (80 %) also had perineal hypospadias, so perineal hypospadias was one of the
pathognomonic signs in AIS patients. Based on a previous study, perineal hypospadias had been
proven to be associated with AIS, which is usually accompanied by other phenotypes of external
genital abnormalities such as cryptorchidism and micropenis.** Another study discovered that 3% of
292 Caucasian boys with isolated hypospadias had an AR gene mutation.* This is in line with the
results of this study, which found that all CAIS and PAIS patients had hypospadias, while perineal
hypospadias was one of the dominant phenotypic variations in both CAIS and PAIS patients.
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The majority of CAIS patients (83.33%) had no palpable gonads on physical examination.
Meanwhile, the majority of female PAIS patients (60%) and male PAIS patients (84.21%) had the
gonads palpated in the scrotum. Gonads that are not palpable or cannot be felt in the scrotum are
called undescended testicles or cryptorchidism.*In CAIS and PAIS patients, cryptorchidism occurs
primarily due to insensitivity to androgen hormones. Increased prevalence of cryptorchidism among
boys with diseases or syndromes associated with congenital reduction in androgen secretion or action,
such as patients with AIS.™

Based on the results of this study, CAIS patients had EMS of <3 while PAIS patients had varied EMS
from 3 to 9. Several dominant phenotypes were found in CAIS and PAIS patients. CAIS patients had
bifid scrotum, micropenis, perineal hypospadias, and non-palpable gonadal position as the dominant
phenotypes. Meanwhile, both male and female PAIS patients had the same phenotype with CAIS,
except for the position of gonads; the majority of gonad positions were in the scrotum. Male and
female PAIS patients were difficult to differentiate. However, this study discovered that all female
PAIS patients had micropenis while male PAIS did not.

The greater value of the Quigley scale means a more feminine external genitalia appearance.® Based
on these data, the Quigley scale in four patients with CAIS was 7, while the scale of the other two
patients with CAIS was 6. In patients with PAIS, the Quigley scale varied from 2 to 5. In women with
PAIS, three patients had a Quigley scale of 3, and two patients had a Quigley scale of 4. Meanwhile,
in the men with PAIS group, seven patients had a Quigley scale of 2, eight patients had a Quigley
scale of 3, three patients with a Quigley scale of 4, and one patient with a Quigley scale of 5.

The first six levels of the Quigley scale are differentiated based on the degree of masculinization of
the genitals. Quigley describes the scale as depicting "severity" or "damaged masculinization." Grade
1 is indicated when the external genitalia are fully masculine. This study associated that situation with
MAIS. Grades 6 and 7 are indicated when the external genitalia are fully feminine. This study
associated these with CAIS. Levels 2 to 5 measure four degrees of increasingly feminine genitals
related to PAIS. Grade 7 is indistinguishable from grade 6 until puberty and, thereafter, differentiated
by the presence of secondary terminal hair. The presence of secondary terminal hair indicates grade 6,
while grade 7 is indicated if there is no terminal hair. Based on the results of this study, it can be
concluded that the Quigley scale of all CAIS patients was >6, and the Quigley scale of PAIS patients,
both male and female, varied from 2 to 5.

In previous cases in Africa, an incidental diagnosis of CAIS was found in a patient of puberty
age with complaints of inguinal hernia and primary amenorrhea where the patient had a Quigley scale
score of 7 and was born with a female phenotype without signs of masculinization of the genitals.®® In
another case in Indonesia, there were 5 female patients from three different families with a history of
inguinal hernia and a Quigley scale ranging between 6 and 7 who were proven to have AR gene
mutations and diagnosed with CAIS."Based on the results of this study and previous case findings, it
can be concluded that the Quigley scale assessment is essential as an initial screening for possible
diagnosis. Any delay in diagnosing AlS in patients is a grave concern, considering that determining
gender will significantly influence the patient's future and quality of life
Phenotypic variations in CAIS and PAIS patients also manifest in height since the function of the
androgen hormone regulates height growth, too, especially in males.’® Height analysis in this study
differentiated between CAIS and PAIS patients, and they were grouped into 2 age groups: pediatrics
and adults. There were 2 pediatric CAIS patients, 4 adult CAIS patients, 21 pediatric PAIS patients
consisting of 3 girls and 18 boys, and 3 adult PAIS patients comprising 2 female and 1 male. Age
grouping and gender data collection at the beginning of the examination were applied to determine the
curve used to compare the Z-score based on age according to gender or Height for Age (HAZ).Height
analysis was determined using the national reference curve for Indonesian pediatric growth.*®
Z-score in majority of CAIS and PAIS patients had normal value, which means the patient's height
corresponded to the average height of normal people of their age, while the height of 1 adult female
CAIS patients and 1 boy PAIS patient was tall that means their height was above the average height
of normal people in Indonesia. In this study, most of subject had varied Z-scores, but still in the
normal category. Previous research in the United States discovered 22 CAIS patients and 6 female
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PAIS patients who had an average height of 174 cm. This average height is higher than that of the
normal adult female in America (162.3 cm).?® Meanwhile, in Denmark, the height of adult male AIS
patients is in the normal category or correspond according to the height of a normal adult male.*This
is in line with this study, where most of AIS tend to have normal height and a few patients have taller
than the normal people at their age since the levels of androgen hormones in the bodies of AIS
patients remain greater than those of the normal females at the same age.

Androgens are essential for bone development and maintenance of bone mass. Androgens are known
to stimulate the growth of long and radial bones, thereby increasing the size of the cortical bones.
Long bones grow through endochondral bone growth and epiphyseal plates, while radial bones grow
through periosteal apposition. Cartilage cells, especially chondrocytes, proliferate and differentiate
under the regulation of various endocrines, such as GH, IGF-I, TGF-beta, and vitamin D metabolites.
When puberty begins, androgens and estrogens stimulate endochondral bone development. At the end
of puberty, epiphyseal plate growth begins to close and is primarily mediated by estrogen via estrogen
receptors through the aromatization of androgens into estrogen?.

Bone Mass Density (BMD) in CAIS patients was lower due to a combination of bone resistance to
androgen action and estrogen deficiency. The final height in CAIS patients was above the average
height of normal females due to the growth action of the Y chromosome growth-control gene (GCY).
Previous research noticed that newborns with CAIS had the same average length as the normal ones.
This suggests that postnatal factors affect the height of individuals with AIS.?®

The endocrine profile in AIS patients is consistent with androgen resistance characterized by an
increase in serum testosterone levels associated with an increase in LH, indicating a decrease in the
negative feedback of androgen hormones on the anterior pituitary, while FSH levels are usually
normal. In the post-puberty period, estradiol levels can be normal or slightly increased for male
patients. At the hormonal level, no specific differences can be observed, in contrast to the phenotype
between CAIS and PAIS patients. Androgens have a direct effect on AR and an indirect effect on the
estrogen receptor (ER) through aromatization. In addition, androgens can stimulate growth hormone
secretion and indirectly influence circulating insulin-like growth factor 1 (IGF-1) through peripheral
and central aromatization. Therefore, children with AIS may show different growth patterns than
normal children due to the influence of many mechanisms.?2%

Phenotypic variations in CAIS patients in Indonesia were relatively uniform, while those of PAIS
patients were more diverse. EMS of all patients was <9, whereas all CAIS patients had a total EMS of
<3 and PAIS patients varied from 3 to 9. The Quigley scale of all CAIS patients was >6, while it
varied from 2-5 for the PAIS patients.Individuals 46,XY with bifid scrotum, micropenis, perineal
hypospadias, and non-palpable gonads were suspected of having CAIS. In contrast, if this phenotype
was accompanied by palpable gonads in the scrotum, then they would be suspected of being PAIS.
Male and female PAIS were difficult to differentiate, but in this study, all female PAIS had
micropenis, while not all male PAIS had it. Another dominant phenotype in AIS patients was that the
average height of both CAIS and PAIS patients was in the normal category or above the average
height of the normal people

From this study, we know that genetic counseling was very needed. Communication and support are
the main keys in genetic counseling, especially when test results are first announced because
information about inheritance or inheritance patterns will cause feelings of guilt in
parents.>*Moreover, the basic principles of genetic counseling also refer to patient autonomy and
privacy where a genetic counselor must give space to the patient and family to decide for themselves
the steps to be taken and maintain the patient's privacy.?

Genetic counseling in Indonesia is still commonplace because of the lack of public awareness
regarding its importance for the future of patients and families. The role of genetic counseling is very
important as a space for consultation and a bridge for patients and families in finding out about the
disorder they are suffering from and determining next steps, because the the aim of therapy in DSD’
patients was to improve the patient's quality of life.
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