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What is already known on this topic?

Lipoid congenital adrenal hyperplasia (LCAH) represents the most severe and rarest form of congenital adrenal hyperplasia, resulting
from mutations in the steroidogenic acute regulatory protein (STAR) gene. The disorder is characterized by impaired adrenal and gonadal
steroidogenesis, leading to life-threatening adrenal insufficiency and disorders of sex development. Timely diagnosis and glucocorticoid/
mineralocorticoid replacement therapy are essential to prevent morbidity and mortality.

What this study adds?

This case series provides detailed clinical, biochemical, radiological, and genetic data from five pediatric patients with genetically-confirmed,
classical LCAH followed at a single tertiary care center. It describes the presence of three distinct homozygous pathogenic variants in the STAR
gene (c.505G>A, c.33del, and c.288G>T), expanding the genotypic spectrum observed in LCAH. The case series illustrates that in LCAH, despite
the severity of the condition, early recognition and appropriate hormone replacement therapy can result in favorable clinical outcomes,
including survival without morbidity. These cases also reiterate the importance of multidisciplinary care and individualized management,
particularly in patients with disorders of sex development.
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ABSTRACT

Lipoid congenital adrenal hyperplasia (LCAH) is the rarest and most severe form of congenital adrenal hyperplasia (CAH), characterized by
impaired adrenal and gonadal steroidogenesis. This case series presents our clinical experience with five pediatric patients diagnosed with LCAH
due to mutations in the steroidogenic acute regulatory protein (STAR) gene. Clinical and laboratory data from five patients diagnosed with LCAH
and followed at the Pediatric Endocrinology Clinic of Akdeniz University Faculty of Medicine Hospital between January 2020 and May 2025 were
retrospectively reviewed. The patients, aged 7 days to 6 months, all exhibited a female phenotype and presented with vomiting and feeding
difficulties. Three showed hyperpigmentation. Severe hyponatremia, hyperkalemia, elevated adrenocorticotropic hormone and renin activity,
and low cortisol were observed. Aldosterone and 17-hydroxyprogesterone were normal; testosterone and precursors were low. Imaging showed
bilateral adrenal lipoid infiltration and hyperplasia. Karyotypes included 46,XX (n=3) and 46,XY (n=2). STAR gene mutations identified were
€.505G>A, c.33del, and ¢.288G>T. All received hydrocortisone and fludrocortisone and all survived without morbidity. LCAH is a rare genetic
disorder that can present with life-threatening adrenal insufficiency. However, as demonstrated in these cases, early diagnosis and appropriate

treatment can lead to excellent outcomes.
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Introduction

Lipoid congenital adrenal hyperplasia (LCAH, OMIM #201710)
is the most severe and rarest form of congenital adrenal
hyperplasia (CAH), characterized by impaired synthesis of all
adrenal and gonadal steroid hormones (1,2). The most common
cause is mutations in the gene encoding the steroidogenic
acute regulatory (STAR) protein, which plays a critical role in
intracellular cholesterol transport for steroid hormone synthesis.

In classical LCAH, patients typically present with severe adrenal
insufficiency within the first few months of life, although
symptoms may occasionally appear in later infancy. Common
presenting features include vomiting, diarrhea, hyponatremia,
hyperkalemia, metabolic acidosis, and hypoglycemia. If left
untreated, the condition can be fatal. However, survival
into adulthood is possible with early and appropriate
mineralocorticoid and glucocorticoid replacement therapy
(3,4,5).

Affected 46,XY individuals generally present with female external
genitalia due to impaired testicular androgen production (6,7,8).
In contrast, 46,XX individuals are born with normal female
genitalia and may occasionally experience spontaneous pubertal
development. Unlike the adrenal and testicular steroidogenic
tissues, the fetal ovary lacks significant steroidogenic enzyme
activity and remains unstimulated until puberty. As a result,
cholesterol esters do not accumulate during infancy, and
ovarian damage is initially avoided (8,9). Consequently, affected
46,XX females may develop secondary sexual characteristics and
experience menstrual bleeding. However, over time, progressive
accumulation of cholesterol esters in the ovaries leads to the
loss of follicular steroidogenic capacity, resulting in anovulatory
cycles due to insufficient progesterone synthesis. Eventually,
patients develop progressive hypergonadotropic hypogonadism
in adolescence or adulthood (10,11).

Defects in either steroidogenic acute regulatory protein (STAR)
or CYP11A7 (which encodes P450scc) disrupt the initial steps
of steroidogenesis, leading to the clinical picture of LCAH (7).
Steroid biosynthesis begins with cellular uptake of low-density
lipoprotein-derived  cholesterol (8,10,12). STAR mediates
cholesterol transport into the mitochondria, where it is converted
into pregnenolone by the P450scc enzyme (2,6,8,10,12,13). The
pathophysiology of LCAH has been explained by a “two-hit”
model. The first hit involves impaired cholesterol transport
due to STAR mutations. The second hit results from progressive
cellular damage caused by the accumulation of cholesterol esters
and toxic cholesterol oxidation products within lipid droplets
(6,8,13). Decreased cortisol production weakens negative
feedback inhibition on the pituitary gland, leading to increased
adrenocorticotropic hormone (ACTH) secretion. Elevated ACTH
levels contribute to hyperpigmentation and adrenal cortical
hyperplasia (14).

The human STAR gene is located on chromosome 8p11.2 and
consists of seven exons (15,16). Most mutations that cause
classical LCAH are located in the C-terminal region, between
exons 5 and 7, which encodes the STAR-associated lipid transfer
domain. These mutations usually result in no measurable STAR
activity and are found in either homozygous or compound
heterozygous states involving mutations with similarly reduced
function (8). To date, more than 40 pathogenic STAR mutations
associated with classical LCAH have been described (8,12,17,18).
Although STAR mutations have been identified in diverse ethnic
groups, they are more prevalent in Japan, Korea, and certain
isolated populations. In Korea and Japan, the most common
variant protein is p.GIn258X, accounting for 92.3% and 70%
of cases, respectively. The p.Leu260Pro mutation is prevalent
in Switzerland, p.Arg182His in Eastern Saudi Arabia, and
p.Arg182Leu among Palestinian Arabs (7,8,19,20).
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Mutations in CYPT7A7 can also result in a clinical phenotype
similar to that of STAR mutations, due to P450scc enzyme
deficiency, although adrenal hyperplasia is typically absent in
these cases. While adrenal enlargement is a hallmark of classical
LCAH, small adrenals have also been reported and are not
pathognomonic (18,21).

A milder form of LCAH, referred to as non-classical or atypical
LCAH, is associated with STAR mutations that partially preserve
protein function (10,22). In such cases, mineralocorticoid
secretion is less severely affected, resulting in a milder adrenal
insufficiency that manifests later in life. Individuals with a 46, XY
karyotype may present with mild disorders of sex development,
such as hypospadias and/or micropenis, or even with entirely
normal male external genitalia (7,22,23,24,25). Adrenal
hyperplasia is typically absent in these patients (22,23).

Early diagnosis, appropriate hormone replacement therapy,
close monitoring of sex development, and genetic counseling
for the family are essential components of the management
of this disorder. This case series presents our experience in the
diagnosis, management, and follow-up of five patients with
LCAH caused by mutations in the STAR gene.

Methods

This retrospective, single-center case series included five patients
who were diagnosed with LCAH and followed at the Pediatric
Endocrinology Department of Akdeniz University Faculty of
Medicine Hospital between January 2020 and May 2025. The
study was conducted in accordance with the principles of the
Declaration of Helsinki and was approved by the Clinical Research
Ethics Committee of Akdeniz University Faculty of Medicine
(approval no: KAEK-629, date: 31.07.2025). Written informed
consent was obtained from the parents of all participants.

Clinical and laboratory data were retrieved retrospectively
through a review of the hospital’s electronic medical records
system. The collected data included demographic information,
presenting symptoms, physical examination findings, hormonal
profiles, adrenal imaging results, and genetic analyses.

Laboratory parameters assessed in the study included serum
electrolytes, bicarbonate, glucose, blood gas pH, serum cortisol,
ACTH, aldosterone, plasma renin activity (PRA), 17-OHP, follicle-
stimulating hormone (FSH), luteinizing hormone (LH), total
testosterone (T), estradiol (E2), dehydroepiandrosterone sulfate
(DHEA-S), androstenedione, thyroid-stimulating hormone (TSH),
free triiodothyronine (f73), and free thyroxine (fT4).

Chromosomal analysis and pathogenic variants of the STAR gene
were investigated using DNA extracted from peripheral blood
samples. Genetic testing was performed using a multi-gene
panel targeting exon regions, and analyzed via next-generation

sequencing. Variant analysis was conducted using Seq Analysis
software (version 15.p; JSI Medical Systems, Ettenheim, Germany)
and the Ensembl annotation database (26). The pathogenicity of
the variants was evaluated according to the guidelines of the
American College of Medical Genetics and Genomics/Association
for Molecular Pathology (ACMG/AMP) (27).

In addition, 1imaging findings obtained from pelvic
ultrasonography (USG) and magnetic resonance imaging (MRI),
performed to assess internal genital structures and adrenal
morphology, were also included in the study.

Case Reports
Case 1

A 49-day-old infant presented with vomiting, diarrhea, and
difficulty in feeding. Blood pressure was low and tachycardia
was present (Table 1). System examinations were normal,
external genitalia were phenotypically female with separate
urethral and vaginal openings. Birth and family histories are
given in Table 2. Laboratory tests revealed hyponatremia (Na
125 mEq/L), hypochloremia (CI 84 mEq/L), hyperkalemia (K
6.5 mEg/L), and hypoglycemia (38 mg/dL). Complete blood
count, renal and liver function tests, infection parameters, and
urinalysis were within normal limits. ACTH levels and PRA were
markedly elevated. Serum cortisol levels were low, while 17-
OHP levels were within the normal range. Hormonal values at
admission are summarized in Table 3. The patient was admitted
to the intensive care unit with a preliminary diagnosis of
primary adrenal insufficiency. Treatment included intravenous
dextrose bolus, supraphysiological doses of hydrocortisone (100
mg/m?/day), sodium-rich intravenous fluid replacement, and
fludrocortisone. USG revealed absence of uterus and ovaries, with
a hyperplastic appearance of the adrenal glands (Table 2). Pelvic
MRI showed no Miillerian structures or gonads. Chromosomal
and fluorescence in situ hybridization (FISH) analysis revealed a
46,XY SRY (+) normal male karyotype. Genetic analysis identified
a homozygous pathogenic variant ¢.288G>T (p.Trp96Cys) in
the STAR gene (Table 1).Multidisciplinary council evaluation
led to cystoscopy and vaginoscopy, showing a normal urethra
and a vaginal length of 3 cm but the cervix was not visualized.
Diagnostic laparoscopy revealed absence of uterus and fallopian
tubes, with bilateral vas deferens, epididymis, and testes present.
Bilateral gonadal biopsy was consistent with immature testicular
tissue. A diagnosis of classic LCAH was established. At the last
follow-up at 3.5 years old, the patient’s height was 94.1 cm [-1.2
standard devitaion score (SDS)], weight 14 kg (-0.6 SDS), and body
mass index (BMI) 15.8 kg/m? (0.26 SDS). The patient remains on
hydrocortisone (10 mg/m?/day) and fludrocortisone (0.1 mg/day)
treatment with stable clinical status and normal electrolytes.
Psychological follow-up is ongoing, and the patient continues
to be raised as female. Future multidisciplinary assessments are
planned.
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Table 1. Genetic and clinical characteristics of five patients with lipoid congenital adrenal hyperplasia

Case 1 Case 2 Case 3 Case 4 Case 5
. . Silopi/Sirnak/ Yiregir/Adana/ Elmali/Antalya/ L _ Elmali/Antalya/
City of origin Tiirkiye Tiirkiye Tiirkiye Yiregir/Adana/Turkiye Tiirkiye
Karyotype 46,XY 46,XX 46,XX 46,XX 46,XY
€.288G>T €.505G>A c.33 del c.33 del
. (p.Trp96Cys) (p.GLU169LYs) (p.Ser12Alafs*9) €:5056>A (p.GLuT69Lys) (p.Ser12Alafs*9)
STAR gene variant homozygous
homozygous homozygous homozygous homozygous

pathological variant

pathological variant

pathological variant

pathological variant

pathological variant

Age of onset (days) 49 7 60 10 180

Vital signs

Blood pressure 50/28 35/20 55/34 40/25 50/30

(mmHg)

Heart rate (per 162 184 168 190 162

minute)

Rgspwatory rate (per 38 44 40 68 30

minute)

Oxygen saturation (%) | 99 98 98 85 100

Temperature (C°) 36.5 36.6 38.6 38.2 36.6
Skin Skin Skin

Clinical findings

Inadequate oral
intake, vomiting,
diarrhea

hyperpigmentation,
inadequate oral
intake, vomiting,
icterus

hyperpigmentation,
inadequate oral
intake, vomiting

Inadequate oral intake,
vomiting, dyspnea,
tachypnea

hyperpigmentation,
inadequate oral
intake, vomiting,
coma

Genital Normal female Female genitalia, Normal female Normal female Female genitalia,
examination mild posterior labial bilateral inguinal

synechia palpable gonads
EGS EGS: 0 EGS: 1.5 EGS: 0 EGS: 0 EGS: 1

STAR: steroidogenic acute regulatory; EGS: external genitalia scores

Table 2. Perinatal history, family background, imaging findings, and treatment characteristics in patients with lipoid congenital adrenal

hyperplasia
Case 1 Case 2 Case 3 Case 4 Case 5
Perinatal history
Birth weight (g, percentile) 3750 (854 3000 (401 2800 (45t) 3050 (25t) 3530 (45')
Birth length (cm, percentile) 51 (75%) 49 (50t 49 (65™) 50 (50t) 51 (50™)
Head circumference (cm, 36 (85") 34 (40™) 34 (60") 35 (60") 35 (451)
percentile)
Gestational age (w) 38 38 37 40 41
Mode of delivery NSVY C/S C/s NSVY NSVY
Ngwborn CAH screening (Heel Normal Normal Normal Normal Normal
prick)
Family history
Parental consanguinity No No No Second-degree Second-degree
cousins cousins
CAH/SIDS/DSD None +/=/- None +/—1— None
Adrenal imaging Adrenollppld Adrenolipoid hyperplasia Adrenollpgld Adrenollpgld Adrenollpqd
hyperplasia hyperplasia hyperplasia hyperplasia
Hydrocort;sone Hydrocortisone (10 mg/ Hydrocogtlsone Hydrocortisone (8 mg/ Hydrocortzlsone
. (10 mg/m?/d), A . (8 mg/m?/d), Z . (12 mg/m?/d),
Maintenance treatment | m?/d), fludrocortisone (0.1 . m?/d), fludrocortisone .
fludrocortisone (0.1 mg/d) fludrocortisone (0.1 mg/d) fludrocortisone
mg/d) & (0.1 mg/d) -1 me (0.2 mg/d)
CAH: congenital adrenal hyperplasia; SIDS: sudden infant death syndrome; DSD: disorders of sex development; g: gram; cm: centimeters; w: weeks; d: day; NSVY: normal
spontaneous vaginal delivery; C/S: Cesarean section; mg: milligram; m2: square meters; +: present; —: absent
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Table 3. Biochemical results and hormonal profiles of patients with lipoid congenital adrenal hyperplasia at initial presentation

Laboratory test results Case 1 Case 2 Case 3 Case 4 Case 5 Reference range
Serum Sodium (mmol/L) 125 126 126 124 95 135-145

Serum Potassium (mmol/L) 6.5 7.0 8.0 7.8 7.2 3.5-5.1

Serum Cloride (mmol/L) 84 88 90 85 68 98-107

Serum Glucose (mg/dL) 38 70 82 76 45 60-100
Hormones

ACTH (ng/L) 1588 >2000 >2000 >2000 >2000 7.2-63.3
Cortisol (ug/dL) 0.31 0.63 10 0.89 0.63 I’\:]‘:;;antorzngzzgﬂ
PRA (ng/mL/h) 11 18.7 10.9 10.7 7.7 0.1-6.5

17-OHP (ng/mL) 0.1 0.23 0.13 0.80 0.17 0.10-1.78
Aldosterone (ng/dL) 42 11.9 6.5 13.1 6.7 7-30
Testosterone (ng/dL) <0.03 <0.03 <0.03 <0.03 <0.03 0.14-0.76
Androstenedione (ng/mL) <0.02 1.25 0.26 0.30 <0.02 0.3-32

DHEA-S (ug/dL) <0.2 1.1 5.28 483 <0.2 31.6-431

TSH (mIU/L) 243 3.70 3.22 2.85 3.64 0.72-1

fT3 (ng/L) 3.42 3.45 3.82 2.96 3.52 1.95-6.04

T4 (ng/dL) 1.66 1.21 1.53 1.18 1.34 0.89-2.2

LH (1U/liter) 1.25 1.34 1.94 1.26 1.17

FSH (1U/liter) 9.2 9.5 7.87 6.83 427

Estradiol <5 <5 <5 <5 <5

ACTH: adrenocorticotropic hormone; PRA: plasma renin activity; 17-OHP: 17-hydroxyprogesterone; DHEA-S: dehydroepiandrosterones sulfate; TSH: thyroid stimulating
hormone; fT3: free triiodothyronine; fT4: free thyroxine.

Case 2

A 7-day-old neonate presented with pathological jaundice,
vomiting, and difficulty in feeding. Systemic examinations were
normal. The external genitalia were phenotypically female.
The patient had significant hyperpigmentation compared to
family members. Scleral icterus was evident. Blood pressure
was low and tachycardia was noted, with other vital signs within
normal limits for age (Table 1). Birth and family histories are
given in Table 2. Phototherapy was planned and the patient was
admitted to the neonatal intensive care unit. Laboratory tests
revealed hyponatremia (Na 126 mEq/L) and hyperkalemia (K 7
mEq/L). Complete blood count, renal and liver function tests,
infection parameters, and urinalysis were normal. Both ACTH
and PRA were elevated, while serum cortisol was low and 17-
OHP was normal. Additional hormone levels are listed in Table 3.
Treatment included supraphysiological doses of hydrocortisone,
sodium-rich intravenous fluid replacement, and fludrocortisone.
USG showed uterus and bilateral ovaries, with bilateral
adrenal hyperplasia (Table 2). Chromosomal analysis revealed
a 46,XX normal female karyotype. Genetic testing identified a
homozygous pathogenic variant ¢.505G>A (p.Glu169Lys) in the
STAR gene, confirming classic LCAH diagnosis (Table 1). Under
hydrocortisone (10 mg/m?/day) and fludrocortisone (0.1 mg/day)

treatment, the patient’s skin hyperpigmentation significantly
decreased. Clinical condition remained stable with regular
follow-up.

Case 3

A 2-month-old infant presented to an external center with
vomiting and difficulty in feeding and was hospitalized with a
preliminary diagnosis of gastroenteritis. The patient appeared
severely dehydrated, characterized by dry mucous membranes,
prolonged capillary refill time (4 seconds), and decreased skin
turgor due to fluid loss. External genitalia were phenotypically
female with double openings and mild posterior labial synechia.
The patient exhibited significant hyperpigmentation compared
to family members. Birth and family histories are given in Table
2. Due to clinical deterioration and resistant hyponatremia (126
mEq/L) and hyperkalemia (8.0 mEq/L), the patient was referred
to our center for further evaluation and treatment. Leukocytosis
(26,320/mm?) and elevated C-reactive protein (48 mg/L, normal:
0-5) were present. Laboratory results showed ACTH and PRA
elevated, low cortisol and normal 17-OHP levels. Additional
hormonal values are shown in Table 3. On admission to the
intensive care unit, the patient presented with hypotension,
tachycardia, and fever, while other vital signs were within normal
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limits for age (Table 1). Treatment included supraphysiological
doses of hydrocortisone, sodium-rich intravenous fluid
replacement, fludrocortisone, and antibiotic therapy (ampicillin
and cefotaxime). USG revealed uterus and bilateral ovaries
with bilateral adrenal hyperplasia (Table 2). Chromosomal
analysis was 46,XX female karyotype. Genetic testing identified a
homozygous pathogenic ¢.33 deletion (p.Ser12Alafs*9) variant in
the STAR gene, confirming LCAH diagnosis (Table 1). The patient
continued hydrocortisone (8 mg/m?/day) and fludrocortisone
(0.1 mg/day) treatment. Clinical status remained stable with
regular follow-up.

Case 4

A 10-day-old neonate presented to the emergency department
with fever, tachypnea, dyspnea, desaturation, vomiting, and
difficulty in feeding. On physical examination, the patient
demonstrated significant intercostal retractions, with rales and
rhonchi audible on auscultation. The external genitalia were
phenotypically female (Table 1). Birth and family histories are
given in Table 2. The patient was admitted to neonatal intensive
care with a diagnosis of congenital pneumonia. Hyponatremia
(Na 124 mEq/L) and hyperkalemia (K 7.8 mEq/L) were detected.
Leukocytosis (24,000/mm?) and elevated C-reactive protein (29
mg/dL, normal: 0-5) were present. Other laboratory results
showed ACTH and PRA elevated, low cortisol and normal 17-
OHP levels. Additional hormonal values are given in Table 3.
Chest X-ray showed bilateral pneumonic infiltrates. The patient
developed respiratory failure with severe acidosis on blood
gas analysis and received intravenous antibiotics (ampicillin
and cefotaxime) and five days of non-invasive mechanical
ventilation. Treatment with supraphysiological hydrocortisone,
sodium-rich intravenous fluids, and fludrocortisone was started
(Table 2). After two weeks of neonatal intensive care, acute phase
reactants and electrolyte imbalances improved and the patient
was discharged. USG showed uterus and bilateral ovaries, and
adrenal glands appeared bilaterally hyperplastic. Chromosomal
analysis revealed a 46,XX normal female karyotype. Genetic
testing showed a homozygous pathogenicc.505G>A (p.Glu169Lys)
variant in STAR gene, confirming LCAH diagnosis (Table 1).
The patient’s parents of this case were second degree cousins
and were related to the father of Case 2. Segregation analysis
revealed heterozygous variants in both parents. The patient is
on hydrocortisone (8 mg/m?/day) and fludrocortisone (0.1 mg/
day) treatment with normal growth and development at last
follow-up at age 5 years. Height was 100.2 cm (0.13 SDS), weight
19 kg (0.16 SDS), BMI 15.6 (0.15 SDS). The patient is actively
participating in ballet and regular swimming exercises.

Case 5

A 6-month-old infant was referred to our center with difficulty
in feeding, vomiting, and coma. Blood pressure was low and

tachycardia was present, while other vital signs were within
age-appropriate limits (Table 1). Systemic examinations were
unremarkable. The external genitalia were phenotypically
female, with palpable bilateral inguinal gonads, presence of
two urogenital openings, and skin hyperpigmentation. Birth
and family histories are given in Table 2. Laboratory tests
showed severe hyponatremia (Na 95 mEq/L), hyperkalemia
(K 7.2 mEqg/L), and hypoglycemia (45 mg/dL). Complete blood
count, renal and hepatic function tests, infection markers, and
urinalysis were all within normal limits. Laboratory testing
revealed markedly elevated ACTH and PRA levels. Serum cortisol
was decreased, while 17-OHP levels remained within the
normal range. Hormonal values on admission are summarized
in Table 3. Treatment included intravenous dextrose bolus,
supraphysiological hydrocortisone, sodium-rich intravenous
fluids, and fludrocortisone. USG did not reveal uterus or
ovaries, however bilateral inguinal masses consistent with
testes were identified. Adrenal MRI showed bilateral adrenal
lipoid infiltration and hyperplasia (Table 2). Chromosomal/FISH
analysis confirmed 46,XY SRY(+) normal male karyotype. Next-
generation sequencing identified a homozygous pathogenic
¢.33 deletion (p.Ser12Alafs*9) variant in the STAR gene (Table
1). Classic LCAH diagnosis was made.The patient continued
mineralocorticoid and glucocorticoid replacement therapy.
Segregation analysis revealed heterozygous variants in both
parents. The parents of this case and Case 3 originate from the
same district, suggesting a possible founder effect. Vaginoscopy
and cystoscopy revealed intact anatomical structures. Diagnostic
laparoscopy showed absence of uterus and ovaries. Bilateral
inguinal gonads were visualized and biopsy confirmed immature
testicular tissue. No significant hormonal response was observed
on human chorionic gonadotropin (hCG) stimulation test. The
multidisciplinary council decision, based on psychological
evaluation and family preference, was to raise the patient as
female. Bilateral gonadectomy was performed at 4 years of age.
The patient showed no complications during follow-up, with
neurodevelopment appropriate for age. At last follow-up at 4.5
years, height was 103.5 cm (-0.55 SDS), weight 17 kg (-0.13 SDS),
BMI 15.8 (0.33 SDS). The patient continues hydrocortisone (12
mg/m?/day) and fludrocortisone (0.2 mg/day) treatment and has
ongoing psychological monitoring.

Discussion

In this case series, we present the clinical management
experience of five pediatric patients diagnosed with LCAH.
In order to contribute to the understanding of the natural
history of LCAH, the initial presentations, clinical characteristics,
diagnostic processes, and treatment courses of these cases are
described in detail.
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CAH encompasses a group of autosomal recessive disorders
characterized by enzymatic defects in steroidogenesis. LCAH
represents the most severe form of CAH due to disruption
of the initial step of steroid biosynthesis (7). Since all steps
of steroidogenesis are affected, accumulation of steroid
hormone precursors does not occur. Therefore, as observed
in our series, newhorn screening results are usually negative
(21). Mutations in the STAR gene demonstrate a broad clinical
spectrum. Consistent with the literature (8,28), all patients in
this case series exhibited vomiting and feeding difficulties; one
patient presented in a coma, one with jaundice, another with
diarrhea, and one with respiratory distress.While some affected
infants exhibit immediate signs of mineralocorticoid and
glucocorticoid deficiency, others may remain asymptomatic for
several months (8,29). In this case series, two patients presented
during the neonatal period, whereas the remaining three were
admitted with manifestations of adrenal crisis in early infancy.
The latest presenting case (Case 5) survived without hormone
replacement therapy until six months of age. Similarly, Bose
et al. (8) reported a patient remaining asymptomatic up to six
months without hormonal intervention. The ability of some
LCAH patients to survive for several months without treatment is
attributed to the persistence of normal placental steroidogenesis
(8). Severe electrolyte disturbances, including hyponatremia,
hypochloremia, and hyperkalemia, are commonly observed in
patients with classic LCAH, as demonstrated in our series. Signs
of adrenal insufficiency, such as hypoglycemia and hypotension,
may also be evident (8,28). In this case series, all patients
were hypotensive at initial presentation, with two exhibiting
hypoglycemia. In non-classic LCAH cases, salt loss is either
delayed in onset or minimal to absent (22).

Review of the literature reveals that patients with LCAH, exhibit
elevated plasma ACTH and renin levels, similar to our case series,
whereas serum cortisol and testosterone levels are variable (1,8).
Due to high intrauterine ACTH exposure, hyperpigmentationisan
expected finding, though it is not present in all cases (8). Zheng
et al. (30) reported hyperpigmentation in 28 of 30 classic LCAH
patients. Likewise, the study of Bose et al. (8) which included 15
LCAH cases from 10 countries, documented hyperpigmentation
in 13 patients. In contrast, only three patients in our series
exhibited notable skin hyperpigmentation compared to their
parents. This variation may be attributable to inter-individual
differences in melanocyte number and structure, as well as
genetic and structural factors.

As expected in classic LCAH, two of our patients with male
karyotypes presented with fully female external genitalia. On
physical examination, additional findings included mild posterior
labial synechia in Case 1 and palpable bilateral inguinal gonads
in Case 5. However, in non-classic LCAH patients with a 46,XY
karyotype, external genitalia may be completely male-typical or
mildly affected (22).

While most LCAH cases are caused by variants in the STAR gene,
mutationsin the CYPT7A7 gene are a much rarer cause (12,31,32).
The incidence of this disorder is low, with only approximately
200 cases harboring STAR gene variants reported worldwide
(33). The STAR gene variants identified in our patients have been
previously reported as pathogenic in association with LCAH, and
all cases were classified as classic LCAH.

The homozygous pathogenic variant ¢.288G>T (p.Trp96Cys)
found in Case 1 has also been described in a Portuguese infant
presenting with adrenal crisis at two months, normal female
genitalia, and a 46,XY karyotype (34). The ¢.505G>A (p.Glu169Lys)
variant identified in Cases 2 and 4 has been clearly associated
with LCAH in the study by Yiiksel et al. (35). The homozygous ¢.33
deletion (p.Ser12Alafs*9) observed in Cases 3 and 5 was included
among LCAH-related variants in a national study reporting rare
primary adrenal insufficiency cases by Guran et al. (36).

In 46,XY patients harboring pathogenic STAR variants, impaired
fetal testicular steroidogenesis results in normal female external
genitalia (8). Since Mdllerian structures are absent on pelvic
imaging, the diagnosis in 46,XY individuals is more likely (1).
Consistent with this, pelvic USG performed in Cases 1 and 5 at
presentation did not reveal Miillerian structures. Therefore, even
prior to genetic results, STAR gene mutation, CYPT7A7 mutation,
and P450 oxidoreductase deficiency were considered highly
probable differential diagnoses.

All cases exhibited adrenal enlargement on imaging, consistent
with classic LCAH. Phadte et al. (6) performed a systematic review
of 292 cases with classic and non-classic LCAH and demonstrated
significantly more pronounced adrenal hyperplasia in classic
LCAH patients, who also presented with earlier and more severe
clinical features. Thus, the degree of adrenal hyperplasia may
serve as a valuable marker of disease severity (6).

In our case series, all patients presented with adrenal crisis
and were initially managed with an intravenous bolus of
hydrocortisone (100 mg/m2/day) in combination with sodium-
rich intravenous fluid replacement. Maintenance therapy was
subsequently initiated. All patients received oral fludrocortisone
(100-200 pg/day) along with additional supportive measures
when clinically indicated. Similar management strategies
for adrenal insufficiency in LCAH have been reported in the
literature (28,30).

According to the Diagnosis and Treatment of Primary Adrenal
Insufficiency guidelines by Bornstein etal. (37), the recommended
initial treatment for pediatric patients presenting with adrenal
insufficiency consists of intravenous hydrocortisone at 50-100
mg/m?/day, oral fludrocortisone at 100 ug/day, and sodium-
rich intravenous fluids containing dextrose. Consistent with this,
the Turkish Neonatal and Pediatric Endocrinology and Diabetes
Society’s consensus statement also advises hydrocortisone
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replacement at 50-100 mg/m?/day for infants presenting with
adrenal crisis (38).

Zhang et al. (28) described a patient with LCAH who was started
on supraphysiological doses of intravenous hydrocortisone,
tapered over three days (200 mg/day, 100 mg/day, and 50 mg/
day), followed by maintenance therapy with oral prednisone (28).
In our series, maintenance therapy consisted of hydrocortisone
at 8-12 mg/m?/day, divided into three doses, in combination
with 100-200 pg/day of fludrocortisone.

Similarly, in a report of three Chinese patients with LCAH
harboring STAR gene variants, supraphysiological doses of
intravenous hydrocortisone and sodium-rich intravenous
fluids were initially administered, followed by hydrocortisone
replacement at 10-14 mg/m?/day (7). Camtosun and Sangtin
(39) also recommended maintenance hydrocortisone therapy at
8-12 mg/m?/day, divided into three doses. In a case reported by
Bizzarri et al. (1) involving an Italian infant with LCAH, high-dose
intravenous hydrocortisone and rehydration were provided until
clinical stabilization was achieved, after which maintenance
therapy with 16 mg/m?/day of hydrocortisone and 100 ug/day of
fludrocortisone was continued.

Conclusion

Patients with classical LCAH typically present in early infancy
with symptoms of primary adrenal insufficiency and female
external genitalia. Due to the defect occurs at the first step of
steroidogenesis, cortisol precursors do not accumulate, making
detection by CAH newborn screening programs very unlikely.
However, when identified early and treated with appropriate
hormone replacement therapy, patients typically achieve
favorable outcomes, including no recurrent adrenal crises,
appropriate growth, development, and neurodevelopment
progression. Genetic counseling for families and comprehensive
multidisciplinary monitoring of LCAH patients, especially
those with a 46, XY karyotype presenting with disorders of sex
development, are essential components in effective disease
management.

Ethics

Ethics Committee Approval: This study was approved by the by the
Clinical Research Ethics Committee of Akdeniz University Faculty of
Medicine (approval no: KAEK-629, date: 31.07.2025).

Informed Consent: Written informed consent was obtained from
the parents of all participants.

Footnotes
Authorship Contributions

Surgical and Medical Practices: Kiirsat Cetin, Concept: Kiirsat Cetin,
Zeynep Donbaloglu, Hale Tuhan, Design: Kirsat Cetin, Zeynep
Donbaloglu, Hale Tuhan, Data Collection or Processing: Kiirsat

Cetin, Yasemin Funda Bahar, Ali Tirtar, Mesut Parlak, Analysis or
Interpretation: Kiirsat Cetin, Zeynep Donbaloglu, Sezin Yakut
Uzuner, Hale Tuhan, Literature Search: Kiirsat Cetin, Yasemin
Funda Bahar, Ali Tirtar, Mesut Parlak, Writing: Kiirsat Cetin, Zeynep
Donbaloglu, Hale Tuhan.

Financial Disclosure: There is no specific funding related to this
research.

References

1.

10.

11.

12.

13.

14.

Bizzarri C, Pisaneschi E, Mucciolo M, Pedicelli S, Galeazzi D, Novelli A, Cappa
M. Lipoid congenital adrenal hyperplasia by steroidogenic acute regulatory
protein (STAR) gene mutation in an Italian infant: an uncommon cause of
adrenal insufficiency. Ital | Pediatr. 2017;43:57.

Sahakitrungruang T, Soccio RE, Lang-Muritano M, Walker JM, Achermann JC,
Miller WL. Clinical, genetic, and functional characterization of four patients
carrying partial loss-of-function mutations in the steroidogenic acute
regulatory protein (StAR). J Clin Endocrinol Metab. 2010;95:3352-3359. Epub
2010 May 5 Erratum in: ] Clin Endocrinol Metab. 2011;96:3908.

Sandison AT. A form of lipoidosis of the adrenal cortex in an infant. Arch Dis
Child. 1955;30:538-541.

Hauffa BP, Miller WL, Grumbach MM, Conte FA, Kaplan SL. Congenital
adrenal hyperplasia due to deficient cholesterol side-chain cleavage activity
(20, 22-desmolase) in a patient treated for 18 years. Clin Endocrinol (Oxf.
1985;23:481-493.

Kirkland RT, Kirkland JL, Johnson CM, Horning MG, Librik L, Clayton GW.
Congenital lipoid adrenal hyperplasia in an eight-year-old phenotypic
female. ) Clin Endocrinol Metab. 1973;36:488-496.

Phadte A, Dhole C, Hegishte S, Sarathi V, Lila A, Gada ]V, Memon SS, Arya
S, Karlekar M, Patil V, Varthakavi PK, Shah N, Bhagwat NM, Bandgar T.
Steroidogenic acute regulatory protein (STAR) deficiency: Our experience
and systematic review for phenotype-genotype correlation. Clin Endocrinol
(Oxf). 2024;100:431-440. Epub 2024 Feb 18

Chen H, Zhang Q, Chen R, Yuan X, Lin X, Yang X, Zhang Y. Lipoid congenital
adrenal hyperplasia due to steroid acute regulatory protein (STAR) variants
in Three Chinese patients. ] Steroid Biochem Mol Biol. 2020;200:105635.
Epub 2020 Feb 14

Bose HS, Sugawara T, Strauss JF 3rd, Miller WL; International Congenital
Lipoid Adrenal Hyperplasia Consortium. The pathophysiology and genetics
of congenital lipoid adrenal hyperplasia. N Engl ] Med. 1996;335:1870-1878.

Voutilainen R, Miller WL. Developmental expression of genes for the
stereoidogenic enzymes P450scc (20,22-desmolase), P450c17 (17 alpha-
hydroxylase/17,20-lyase), and P450c21 (21-hydroxylase) in the human fetus.
] Clin Endocrinol Metab. 1986;63:1145-1150.

Miller WL, Bose HS. Early steps in steroidogenesis: intracellular cholesterol
trafficking. J Lipid Res. 2011;52:2111-2135. Epub 2011 Oct 5

Fujieda K, Tajima T, Nakae ], Sageshima S, Tachibana K, Suwa S, Sugawara
T, Strauss JF 3rd. Spontaneous puberty in 46,XX subjects with congenital
lipoid adrenal hyperplasia. Ovarian steroidogenesis is spared to some extent
despite inactivating mutations in the steroidogenic acute regulatory protein
(StAR) gene. ] Clin Invest. 1997;99:1265-1271.

Lin D, Sugawara T, Strauss JF 3rd, Clark BJ, Stocco DM, Saenger P, Rogol A,
Miller WL. Role of steroidogenic acute regulatory protein in adrenal and
gonadal steroidogenesis. Science. 1995;267:1828-1831.

Miller WL. Thirty years of StAR gazing. Expanding the universe of the
steroidogenic acute regulatory protein. ] Endocrinol. 2025;264:€240310.

Michelle M A, Jensen CT, Habra MA, Menias CO, Shaaban AM, Wagner-
Bartak NA, Roman-Colon AM, Elsayes KM. Adrenal cortical hyperplasia:



Cetin K et al.
STAR-Related Lipoid CAH: Single-Center Insights

] Clin Res Pediatr Endocrinol

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

diagnostic workup, subtypes, imaging features and mimics. Br | Radiol.
2017;90:20170330. Epub 2017 Jul 14

Miller WL. Congenital lipoid adrenal hyperplasia: the human gene
knockout for the steroidogenic acute regulatory protein. ] Mol Endocrinol.
1997;19:227-240.

Sugawara T, Lin D, Holt JA, Martin KO, Javitt NB, Miller WL, Strauss |F 3rd.
Structure of the human steroidogenic acute regulatory protein (StAR)
gene: StAR stimulates mitochondrial cholesterol 27-hydroxylase activity.
Biochemistry. 1995;34:12506-12512.

Nakae J, Tajima T, Sugawara T, Arakane F, Hanaki K, Hotsubo T, Igarashi
N, Igarashi Y, Ishii T, Koda N, Kondo T, Kohno H, Nakagawa Y, Tachibana
K, Takeshima Y, Tsubouchi K, Strauss JF 3rd, Fujieda K. Analysis of the
steroidogenic acute regulatory protein (StAR) gene in Japanese patients with
congenital lipoid adrenal hyperplasia. Hum Mol Genet. 1997;6:571-576.

. Bose HS, Sato S, Aisenberg |, Shalev SA, Matsuo N, Miller WL. Mutations in the

steroidogenic acute regulatory protein (StAR) in six patients with congenital
lipoid adrenal hyperplasia. J Clin Endocrinol Metab. 2000;85:3636-3639.

Kim JM, Choi JH, Lee JH, Kim GH, Lee BH, Kim HS, Shin JH, Shin CH, Kim
{, Yu J, Lee DY, Cho WK, Suh BK, Lee JE, Chung HR, Yoo HW. High allele
frequency of the p.Q258X mutation and identification of a novel mis-
splicing mutation in the STAR gene in Korean patients with congenital lipoid
adrenal hyperplasia. Eur ) Endocrinol. 2011;165:771-778. Epub 2011 Aug 16

Fliick CE, Maret A, Mallet D, Portrat-Doyen S, Achermann JC, Leheup B,
Theintz GE, Mullis PE, Morel Y. A novel mutation L260P of the steroidogenic
acute regulatory protein gene in three unrelated patients of Swiss ancestry
with congenital lipoid adrenal hyperplasia. ] Clin Endocrinol Metab.
2005;90:5304-5308. Epub 2005 Jun 28

Kim (J, Lin L, Huang N, Quigley CA, AvRuskin TW, Achermann JC, Miller WL.
Severe combined adrenal and gonadal deficiency caused by novel mutations
in the cholesterol side chain cleavage enzyme, P450scc. ] Clin Endocrinol
Metab. 2008;93:696-702. Epub 2008 Jan 8

Baker BY, Lin L, Kim (J, Raza J, Smith CP, Miller WL, Achermann JC. Nonclassic
congenital lipoid adrenal hyperplasia: a new disorder of the steroidogenic
acute regulatory protein with very late presentation and normal male
genitalia. | Clin Endocrinol Metab. 2006;91:4781-4785. Epub 2006 Sep 12

Metherell LA, Naville D, Halaby G, Begeot M, Huebner A, Niirnberg G,
Nirnberg P, Green |, Tomlinson JW, Krone NP, Lin L, Racine M, Berney
DM, Achermann JC, Arlt W, Clark AJ. Nonclassic lipoid congenital adrenal
hyperplasia masquerading as familial glucocorticoid deficiency. | Clin
Endocrinol Metab. 2009;94:3865-3871. Epub 2009 Sep 22

Miller WL, Auchus RJ. The molecular biology, biochemistry, and physiology
of human steroidogenesis and its disorders. Endocr Rev. 2011;32:81-151.
Epub 2010 Nov 4 Erratum in: Endocr Rev. 2011;32:579.

Tsai SL, Green |, Metherell LA, Curtis F, Fernandez B, Healey A, Curtis J.
Primary Adrenocortical Insufficiency Case Series: Genetic Etiologies More
Common than Expected. Horm Res Paediatr. 2016;85:35-42. Epub 2015 Dec
10

Cunningham F, Allen JE, Allen ], Alvarez-Jarreta J, Amode MR, Armean IM,
Austine-Orimoloye O, Azov AG, Barnes |, Bennett R, Berry A, Bhai |, Bignell
A, Billis K, Boddu S, Brooks L, Charkhchi M, Cummins C, Da Rin Fioretto L,
Davidson C, Dodiya K, Donaldson S, El Houdaigui B, El Naboulsi T, Fatima
R, Giron (G, Genez T, Martinez )G, Guijarro-Clarke C, Gymer A, Hardy M,
Hollis Z, Hourlier T, Hunt T, Juettemann T, Kaikala V, Kay M, Lavidas |, Le T,
Lemos D, Marugan JC, Mohanan S, Mushtaq A, Naven M, Ogeh DN, Parker
A, Parton A, Perry M, Pilizota |, Prosovetskaia I, Sakthivel MP, Salam AlIA,
Schmitt BM, Schuilenburg H, Sheppard D, Pérez-Silva ]G, Stark W, Steed E,
Sutinen K, Sukumaran R, Sumathipala D, Suner MM, Szpak M, Thormann
A, Tricomi FF, Urbina-Gémez D, Veidenberg A, Walsh TA, Walts B, Willhoft

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

N, Winterbottom A, Wass E, Chakiachvili M, Flint B, Frankish A, Giorgetti
S, Haggerty L, Hunt SE, lisley GR, Loveland JE, Martin F), Moore B, Mudge
JM, Muffato M, Perry E, Ruffier M, Tate J, Thybert D, Trevanion SJ, Dyer S,
Harrison PW, Howe KL, Yates AD, Zerbino DR, Flicek P. Ensembl 2022. Nucleic
Acids Res. 2022;50:D0988-D995.

Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, Grody WW, Hegde
M, Lyon E, Spector E, Voelkerding K, Rehm HL; ACMG Laboratory Quality
Assurance Committee. Standards and guidelines for the interpretation of
sequence variants: a joint consensus recommendation of the American
College of Medical Genetics and Genomics and the Association for Molecular
Pathology. Genet Med. 2015;17:405-424. Epub 2015 Mar 5

Zhang Y, Song C, Zhang L, Shi L, Zhang Q. STAR gene mutation in a patient
with congenital lipoid adrenal hyperplasia. Endokrynol Pol. 2024;75:332-
333. Epub 2024 Jun 18

Chen X, Baker BY, Abduljabbar MA, Miller WL. A genetic isolate of congenital
lipoid adrenal hyperplasia with atypical clinical findings. J Clin Endocrinol
Metah. 2005;90:835-840. Epub 2004 Nov 16

Zheng WQ, Duan Y, Xiao B, Liang LL, Xia Y, Gong ZW, Sun Y, Zhang HW, Han
LS, Wang RF, Yang Y, Zhan X, Yu YG, Gu XF, Qiu WJ. [Clinical and StAR genetic
characteristics of 33 children with congenital lipoid adrenal hyperplasia.
Zhonghua Er Ke Za Zhi. 2022;60:1066-1071.

Kim (J. Congenital lipoid adrenal hyperplasia. Ann Pediatr Endocrinol
Metah. 2014;19:179-183. Epub 2014 Dec 31

Tee MK, Lin D, Sugawara T, Holt JA, Guiguen Y, Buckingham B, Strauss JF
3rd, Miller WL. T-->A transversion 11 bp from a splice acceptor site in the
human gene for steroidogenic acute regulatory protein causes congenital
lipoid adrenal hyperplasia. Hum Mol Genet. 1995;4:2299-2305.

Lu W, Zhang T, Zhang L, Wang X, Lv S, Wang ], Ye L, Xiao Y, Dong Z, Wang
W, Sun S, Li C, Hu R, Ning G, Ma X. Clinical characteristics of a male child
with non-classic lipoid congenital adrenal hyperplasia and literature review.
Front Endocrinol (Lausanne). 2022;13:947762.

Linhares MI, Silva RB, Mirante A, Cardoso RM. Lipoid congenital adrenal
hyperplasia: an uncommon cause of adrenal insufficiency. Endocrinol
Insights. 2022;17:67-70.

Yiiksel B, Kulle AE, Giirbtiz F, Welzel M, Kotan D, Mengen E, Holterhus PM,
Topaloglu AK, Grotzinger J, Riepe FG. The novel mutation p.Trp147Arg of
the steroidogenic acute regulatory protein causes classic lipoid congenital
adrenal hyperplasia with adrenal insufficiency and 46,XY disorder of sex
development. Horm Res Paediatr. 2013;80:163-169. Epub 2013 Aug 1

Guran T, Buonocore F, Saka N, Ozbek MN, Aycan Z, Bereket A, Bas F, Darcan
S, Bideci A, Guven A, Demir K, Akinci A, Buyukinan M, Aydin BK, Turan S,
Agladioglu SY, Atay Z, Abali ZY, Tarim O, Catli G, Yuksel B, Akcay T, Yildiz
M, Ozen S, Doger E, Demirbilek H, Ucar A, Isik E, Ozhan B, Bolu S, Ozgen
IT, Suntharalingham JP, Achermann JC. Rare causes of primary adrenal
insufficiency: genetic and clinical characterization of a large nationwide
cohort. J Clin Endocrinol Metah. 2016;101:284-292. Epub 2015 Nov 2

Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Hammer GD,
Husebye ES, Merke DP, Murad MH, Stratakis CA, Torpy D). Diagnosis and
Treatment of Primary Adrenal Insufficiency: An Endocrine Society Clinical
Practice Guideline. ] Clin Endocrinol Metab. 2016;101:364-389. Epub 2016
Jan 13

Yigit S, Turkmen M, Tuncer O, Taskin E, Giran T, Abaci A, Catli G, Tarim
0. Neonatal adrenal insufficiency: Turkish Neonatal and Pediatric
Endocrinology and Diabetes Societies consensus report. Turk Pediatri Ars.
2018;53(Suppl 1):239-243.

Camtosun E, Sangiin O. Treatment and prevention of adrenal crisis and
family education. ) Clin Res Pediatr Endocrinol. 2025;17(Suppl 1):80-92.
Epub 2024 Dec 23



