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ABSTRACT 
BACKGROUND AND OBJECTIVE: Lipoid congenital adrenal hyperplasia (LCAH) is the most severe form of 

adrenal hyperplasia and mutations in the StAR gene are the most common cause of the disease. Adrenal insufficiency 

and cholestasis are reported in few patients. The aim of this study was to report the results of treatment of two sisters 

with lipoid CAH and cholestatic jaundice. 

CASE REPORTS: Here, we present two sisters at the age of 30 and 60 days with conjugated hyperbilirubinemia and 

elevated liver enzymes and adrenal insufficiency. They had a 46,XY karyotype with external female genitalia without 

uterus and ovaries. LCAH was detected through electrolyte abnormalities, increased ACTH, decreased levels of cortisol 

and sex hormones and was confirmed by determination of exome sequencing and Sanger sequencing. In these patients, 

a homozygous mutation (c.653C>T) in exon 6 of STAR gene was identified. The patients were treated with 10 mg of 

hydrocortisone IV every 8 hours for 3 days; oral hydrocortisone was then administered at a dose of 2.5 mg every 8 hours 

and 0.2 mg fludrocortisone daily. One month after the therapy, levels of bilirubin and liver enzymes of these patients 

became normal. The first patient died 7 months after her mother stopped giving the drugs to the child. The other patient 

is now 9 years old. She is in good clinical condition as her treatment goes on. 

CONCLUSION: Considering the reported cases, adrenal lipoid hyperplasia should be considered as a rare cause of 

cholestasis with adrenal insufficiency in patients. 
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Introduction 

Lipoid congenital adrenal hyperplasia (LCAH) is 

the most severe form of adrenal hyperplasia and is 

inherited as an autosomal recessive disorder. The 

steroidogenic acute regulatory protein (StAR) is 

normally expressed in adrenal glands and gonads. The 

mutations in the StAR gene and rarely in the gene 

encoding cholesterol side chain cleavage enzyme 

(cytochrome P450scc) are responsible for causing 

LCAH (1, 2). The adrenal and gonadal steroids bio-

synthesis impairment in LCAH leads to decreased or 

complete absence of mineralocorticoid, glucocorticoid 

and sex hormones (3). 

The classic form of the disease is presented with 

severe clinical manifestations from the beginning of 

life. In non-classical forms of LCAH, 10-25% enzyme 

activity is maintained, which causes a milder form of 

the disease (4). Destruction of Leydig cells happens 

from early fetal period in patients with 46,XY karyotype 

due to the accumulation of cholesterol and its 

derivatives lead to elimination of testosterone 

biosynthesis and natural virilization. As a result, 

external genitalia in boys are similar to girls with blind 

vaginal pouch without uterus and ovaries. Affected girls 

have no sexual ambiguity (5, 6). 

Adrenal insufficiency and cholestasis have been 

reported in a few patients. Neonatal cholestasis is 

diagnosed by prolonged conjugated hyperbilirubinemia 

and its prevalence is approximately one in 2500 live 

births. The increase in direct bilirubin after the 14th day 

of life is considered as neonatal cholestasis (7, 8). 

Cholestasis due to adrenal insufficiency appears to be 

limited to the infancy period, which is also seen in 

animal models (9-11). The hypothalamic-pituitary-

adrenal (HPA) axis effects many liver functions through 

neuroendocrine signaling pathways. Liver function is 

regulated by HPA through a molecular component and 

mechanisms, and HPA-based activity is regulated by the 

body's needs. StAR is a mitochondrial protein that plays 

an important role in the production cycle of adrenal 

steroids (12). 

Primary adrenal insufficiency (PAI) is one of the 

major causes of morbidity in neonates, and congenital 

adrenal hyperplasia (CAH) is the most common cause 

of PAI in neonates (9). Improvement of neonatal 

cholestasis has been reported in many cases following 

treatment of adrenal insufficiency (12-17). Due to the 

fact that LCAH is a rare case of adrenal insufficiency 

and cortisol deficiency in infants and can be associated 

with cholestatic jaundice, in this study, we reported two 

patients with LCAH and cholestasis. After treatment 

with glucocorticoids, cholestatic jaundice and adrenal 

insufficiency improved. 

 

 

Case Reports 

This study was reported after approval by Qazvin 

University of Medical Sciences with the code 

IR.QUMS.REC.1399.290. 

Case 1: A 60 days old infant with female external 

genitalia admitted to Children Hospital in Qazvin 

because of failure to thrive, recurrent vomiting and poor 

feeding. The infant was the first child of her family 

delivered by cesarean section with birth weight of 3250 

grams and height and head circumference of 48 and 34.5 

centimeters. The infant had no problem during the 

perinatal period. The baby’s weight, height and head 

circumference at the time of admission were 3400 

grams, 50 and 35 centimeters, respectively. The healthy 

consanguineous parents were of Afghan origin. The 

grandparents and grandmothers of the infant also had 

consanguine marriage. The infant’s mother was 17 and 

his father was 22 years old. 

At the time of admission in intensive care unit of 

pediatric hospital, the infant was ill with severe 

dehydration, vomiting, hyperkalemia, hyponatremia, 

jaundice, skin hyperpigmentation and failure to thrive. 

The blood pressure of the infant was 62/40 mm/Hg with 

a heart rate of about 135 beats per minutes and a weak 

pulse. Urine and blood culture were negative. Vein 

blood gas analysis showed mild acidosis (pH=7.32, 

HCO3=15.3 mmol/L, PCO2=25 mmHg). To rule out 

other causes of cholestatic jaundice, sweat test, 

metabolic screening, hepatitis B surface antigen, anti-

HIV antibody, alpha-1 antitrypsin level and HIDA scan 

were performed, all of which were normal. Laboratory 

tests have been shown in Table 1. 

Further evaluations revealed normal male pattern 

(46,XY) in chromosomal study and enlarged bilateral 

adrenals in abdominal sonography. In pelvic 

sonography, the testicles were in the inguinal canal and 

a small uterus was reported. Karyotype, physical signs 

and laboratory findings led us to the diagnosis of lipoid 

congenital adrenal hyperplasia. After that, the infant 

was treated with 10 mg of hydrocortisone IV every 8 

hours for 3 days, then the dose was reduced to 2.5 mg 

every 8 hours orally and fludrocortisone 0.2 mg daily 

and sodium chloride (%5) 5 cc/kg/daily. One week  

after treatment with hydrocortisone, electrolyte 

abnormalities return to normal limits. The levels of 

bilirubin and liver enzymes were normalized about one 

month after taking the treatment. In the periodic visits,  [
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the patient's growth and development were appropriate 

for age, the bilirubin level, the blood glucose, and liver 

function tests were within the normal range. The infant 

height was 65 centimeters, her weight was 6200 grams 

and head circumference were 40.5 centimeters at the 

sixth month of age. At the age of 8 months, the mother 

had not given her the medication arbitrarily and the 

infant died with adrenal crises due to bacterial 

gastroenteritis (Family pedigree of patients: Figure 1). 

Case 2: The term neonate was the second child of this 

family by cesarean section. The patient has normal 

external female genitalia with a birth weight of 2575 

grams, a height and head circumference of 48 and 35 

centimeters. At the age of 30 days, the infant was 

admitted to the intensive care unit of the pediatric 

hospital with a bad general condition, severe 

dehydration, vomiting, hyponatremia, hyperkalemia, 

direct hyperbilirubinemia, skin hyperpigmentation and 

failure to thrive (weight of 2650 grams, a height of 49 

centimeters and head circumference of 36 centimeters). 

The child had a heart rate of about 140 beats per minute, 

blood pressure 55/40 mm/Hg with a weak pulse. The 

patient's urine and blood cultures were negative. The 

infant had metabolic acidosis (pH=7.28, HCO3=11 

mmol/L, PCO2=37 mmHg.). Other tests were within 

normal range. Laboratory findings have been shown in 

Table 1. 
 

Table 1. Laboratory results of patients 
Normal 
range 

Case 2 Case 1 Tests 

135-145 1.16 124 Na (meq/lit) 
3.5-5 6.96 9.5 K (meq/lit) 
60-99 73 109 BS (mg/dl) 

2.5-8.10 8.6 8.4 Ca (mg/dl 
180-1200 590 485 ALP (IU/L) 

3.5-9 4.3 4 Albumin (g/L) 
10-12 12 11 PT 
10-50 83 269 AST (IU/L) 
5-40 79 64 ALT (IU/L) 
8-120 138 119 GGT (IU/L) 

0.1-2.3 12.7 7 
Total Bilirubin 

(mg/dl) 

<0.3 7.2 2.7 
Bilirubin Direct 

(mg/dl) 

120-220 128 168 
Cholesterol 

(mg/dl) 
40-140 157 283 TG (mg/dl) 
6-60 1500 >1000 ACTH (pg/mL) 

0.2-2.2 24.1 18.6 
Renin activity 
(nmol/lit .h) 

5-23 1 2.1 
Cortisol  

(mcg/dL) 
<2.5 0.44 0.23 170Hp (ng/ml) 

1.12-6.4 0.3 0.1 
Androstenedione 

(nmol/l) 

<40 6.9 3.8 DHEA (mcg/dl) 

The chromosomal study of the patient showed 

46,XY patterns. Hypertrophic adrenal glands were 

reported in ultrasound. The testis and uterus were not 

seen in pelvic sonography. Adrenal crises, karyotype, 

and other findings in sonography, physical exam, and 

laboratory tests guided us to a possible diagnosis of 

Lipoid CAH. So, initially, 10 mg of hydrocortisone was 

administered intravenously every 8 hours for three days, 

then the dose was reduced to 2 mg every 8 hours orally, 

fludrocortisone 0.2 mg daily and sodium chloride 

solution (%5) 5 cc/kg/daily. 

In the first week after the onset of replacement 

therapy, electrolyte abnormalities were corrected. 

Gradually the levels of serum bilirubin and liver 

enzymes were reduced and normalized after one month 

of treatment. In periodic visits, every month in the first 

year and then every three months in subsequent years, 

the patient's growth and neurodevelopment were 

appropriate for age, the bilirubin level, and the blood 

glucose, and liver function tests were within the normal 

range. The infant’s height was 65 centimeters, weight 

was 6200 grams and head circumference were 40.5 

centimeters at the age of six months. 

At the age of 4 years, the testicles were removed 

from the abdomen by laparoscopy. So far, the treatment 

with hydrocortisone and fludrocortisone is continuing. 

She is now 9 years old and her height and weight are on 

the 25th percentile CDC growth chart for girls. The last 

laboratory results of ACTH, Na, K, 17OHP, renin, and 

aldosterone tests were within normal limits. Gene 

mutations were determined for this patient and her 

parents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Family pedigree of two cases 
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Mutational analysis: DNA was extracted from 

peripheral blood leukocytes of the patient using a 

commercial kit (High Pure PCR Template Preparation, 

Roche). Whole-exome sequencing on DNAs was 

enriched for exonic regions with SureSelect 38Mbp. All 

exon kits v. 7.0 (Agilent Technologies, Santa Clara, CA, 

USA) were prepared according to manufacturer 

protocols and 75×2 bp paired-end sequenced on 

HiSeq2000 (Illumina Inc.), with an 80-120x mean 

coverage. The preliminary whole-exome data analysis 

was performed through Burrows-Wheeler Aligner 

(BWA) and the Genome Analysis Toolkit (GATK) 

software to generate a Binary Alignment Map (BAM) 

and a Variant Call Format (VCF) file, respectively. 

Annotations of the VCF files were carried out  

using wANNOVAR software, and the data were 

manually analyzed for the presence of candidate 

pathogenic variants. In this patient, a homozygous 

missense mutation (c.653C>T) in exon 6 of the  

STAR gene was identified, changing Alanine 218  

to Valine (p. Ala218Val). Sanger sequencing was  

used to validate the detected variant. Segregation 

analysis using Sanger sequencing revealed that both 

parents showed heterozygosity at the mutation position. 

Detailed computational analysis of p. Ala218Val 

mutation using prediction methods (PolyPhen-2, SIFT, 

Mutation Taster) revealed it as disease-causing. The 

local NGS database, currently consisting of 1406  

whole exome sequencing (WES) data from healthy 

controls, were investigated and no samples exhibited  

the identified novel mutation in the STAR gene  

(Figure 2).  

The mother’s third pregnancy was affected by 

LCAH, and at the request of the parents, the pregnancy 

was terminated. A prenatal genetic study was performed 

for the fourth pregnancy, resulting in a healthy boy.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. LCAH gene structure and mutation position, Sanger sequencing in case 2 showed a homozygous 

missense mutation (c.653C>T) in exon 6 of the STAR gene, changing Alanine 218 to Valine (p. Ala218Val). 

 

Discussion 

We present two rare cases of lipoid CAH and direct 

hyperbilirubinemia. The infants had external female 

genitalia with a male karyotype and they were 

hospitalized with adrenal insufficiency. After the 

treatment of adrenal insufficiency, cholestasis improved 

in these patients. The association between cortisol 

deficiency and cholestatic jaundice is known since 1965 

and has been reported in rare cases of adrenal 

hyperplasia (15). There are many causes of neonatal 

cholestasis and lipoid congenital adrenal hyperplasia is  

 

 

one of the rare causes of neonatal cholestasis (16).  

Our patients had adrenal crises with electrolyte 

disturbances, increased liver enzymes, and conjugated 

jaundice. Hashemipour et al. reported an infant with 

lipoid CAH. The infant had 46,XY karyotype with 

female external genitalia. The infant was presented  

with electrolyte disturbances, hypoglycemia and,  

direct hyperbilirubinemia (14). Kaplan et al, reported  

a 26-day-old neonate with lipoid CAH and cholestatic 

jaundice and hyperlipidemia. This baby had a 46,XY  [
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karyotype with female external genitalia. Cholestasis 

and adrenal crisis improved after treatment with  

high doses of hydrocortisone and fludrocortisone  

(13). In patients with lipoid CAH, destruction of  

Leydig cells happens from the early fetal period in 

patients with 46,XY karyotype due to the accumulation 

of cholesterol and its derivatives lead to the elimination 

of testosterone biosynthesis and natural virilization,  

as a result, external genitalia in boys is similar to  

girls with blind vaginal pouch without uterus and 

ovaries (6). 

Khodadad et al. reported a 45-days-old infant with 

lipoid CAH. The patient had female external genitalia 

with a 46,XY chromosomal pattern. The infant was 

admitted with adrenal insufficiency and cholestasis 

(17). This case was very similar to our patients. Our 

patients had 46,XY karyotypes with external female 

genitalia. In lipoid CAH, the impairment of the 

production of the testicular steroid during the 

embryonic period in patients with 46,XY karyotype 

leads to a complete female genitalia phenotype. Patients 

with 46,XX genotype also have external female 

genitalia and no sexual ambiguity (18). 

The severity of clinical manifestations in patients 

may also vary from patient to patient (19, 20).  

One of our patients was hospitalized at two months of 

age and the other at the first month of age. Skin 

hyperpigmentation due to increased ACTH was seen in 

both patients. Cortisol deficiency leads to hypoglycemia 

in some patients with lipoid CAH, (21) but none of our 

patients had hypoglycemia. In patients with LCAH, 

adrenal steroids are not produced, which leads to an 

increase in the secretion of corticotropin from the 

hypophysis and subsequently causing more 

accumulation of cholesterol esters in the form of lipid 

droplets in the adrenal gland, resulting in enlarged 

adrenal glands (22). In our patients, the adrenal glands 

were also significantly larger. 

We reported two rare cases of Lipoid CAH as the 

cause of neonatal cholestasis. Both cases had karyotype 

46,XY with a female external phenotype. Patients were 

admitted with manifestations of adrenal insufficiency 

and cholestatic jaundice, which improved after the 

diagnosis and treatment of the initial disease. If there is 

neonatal cholestasis with symptoms of adrenal 

insufficiency in the patient, we must also consider 

adrenal hyperplasia.  

Conflict of Interest: The authors declare that they have 

no conflict of interest. 

Informed Consent: The authors state that individuals 

(or parents or guardians) have expressed their written 

consent to the publication of their file. The study 

protocol has also been approved by the Human 

Research Committee of the Children Growth Research 

Center. 

Funding Sources: The authors have no funding sources 

to declare. 

 

 

Acknowledgment 

The authors are thankful to the staff of the Clinical 

Research Center at Qazvin Children Hospital, affiliated 

to Qazvin University of Medical Sciences, for their help 

in preparing this research.  

  

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

23
.1

.1
19

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
14

10
7.

14
00

.2
3.

1.
19

.8
 ]

 

                               5 / 7

http://dx.doi.org/10.22088/jbums.23.1.119
https://dor.isc.ac/dor/20.1001.1.15614107.1400.23.1.19.8


124                                                                                         Lipoid Congenital Adrenal Hyperplasia with Cholestatic Jaundice; A. Homaei, et al 

References 

1.Fu R, Lu L, Jiang J, Nie M, Wang X, Lu Z. A case report of pedigree of a homozygous mutation of the steroidogenic 

acute regulatory protein causing lipoid congenital adrenal hyperplasia. Medicine (Baltimore). 2017;96(21):e6994.  

2.Baranowski ES, Arlt W, Idkowiak J. Monogenic Disorders of Adrenal Steroidogenesis. Horm Res Paediatr. 

2018;89(5):292-310.  

3.Manna PR, Stetson CL, Slominski AT, Pruitt K. Role of the steroidogenic acute regulatory protein in health and disease. 

Endocrine. 2016;51(1):7-21.  

4.Luo Y, Bai R, Wang Z, Zhu X, Xing J, Li X. STAR mutations causing non-classical lipoid adrenal hyperplasia 

manifested as familial glucocorticoid deficiency. Mol Med Rep. 2020;22(2):681-6.  

5.Bizzarri C, Pisaneschi E, Mucciolo M, Pedicelli S, Galeazzi D, Novelli A, et al. Lipoid congenital adrenal hyperplasia 

by steroidogenic acute regulatory protein (STAR) gene mutation in an Italian infant: an uncommon cause of adrenal 

insufficiency. Ital J Pediatr. 2017;43(1):57.  

6.Zhao X, Su Z, Liu X, Song J, Gan Y, Wen P, et al. Long-term follow-up in a Chinese child with congenital lipoid 

adrenal hyperplasia due to a StAR gene mutation. BMC Endocr Disord. 2018;18(1):78.  

7.Götze T, Blessing H, Grillhösl C, Gerner P, Hoerning A. Neonatal cholestasis - differential diagnoses, current 

diagnostic procedures, and treatment. Front Pediatr. 2015;3:43.  

8.Grammatikopoulos T, Deheragoda M, Strautnieks S, Neves Souza L, Hinds R, Thompson RJ, et al. Reduced 

hepatocellular expression of canalicular transport proteins in infants with neonatal cholestasis and congenital 

hypopituitarism. J Pediatr. 2018;200:181-7. 

9.Gao J, Chen L. Primary adrenocortical insufficiency case series in the neonatal period: genetic etiologies are more 

common than expected. Front Pediatr. 2020;8:464.  

10.Alsaleem M, Saadeh L, Misra A, Madani S. Neonatal isolated ACTH deficiency (IAD): a potentially life-threatening 

but treatable cause of neonatal cholestasis. BMJ Case Rep. 2016;2016:bcr2016215032.  

11.Petrescu AD, Kain J, Liere V, Heavener T, DeMorrow S. Hypothalamus-pituitary-adrenal dysfunction in cholestatic 

liver disease. Front Endocrinol (Lausanne). 2018;9:660.  

12.Gunaydin M, Bozkurter Cil AT. Cholestasis in the baby and infant. Eur Med J. 2019;4(3):73-82.  

13.Kaplan EHA, Melekoğlu NA, Keskin M, Çağatay D, Karaer K. Lipoid adrenal hyperplasia diagnosed with Severe 

Cholestasis in Newborn. Eur Soc Paediatr Endocrin. 2018;89(2018): P3-010. 

14.Hashemipour M, Ghasemi M, Hovsepian S. A Case of Congenital Lipoid Adrenal Hyperplasia. Int J Prev Med. 

2012;3(7):510-4. 

15.Al-Hussaini A, Almutairi A, Mursi A, Alghofely M, Asery A. Isolated cortisol deficiency: a rare cause of neonatal 

cholestasis. Saudi J Gastroenterol. 2012;18(5):339-41.  

16.Lee W-C, Shih S-C, Wang H-Y, Wu C-L, Lee S-Y, Ku H-C. Adrenal insufficiency associated with cholestatic 

jaundice: a case report. Inte J Gerontol. 2018;12(2):164-6. 

17.Khodadad A, Modaresi V, Kiani M-A, Rabani A, Pakseresht B. A case of lipoid congenital adrenal hyperplasia 

presenting with cholestasis. Iran J Pediatr. 2011;21(4):539-42.  

18.Khoury K, Barbar E, Ainmelk Y, Ouellet A, Lavigne P, LeHoux J-G. Thirty-Eight-Year Follow-Up of Two Sibling 

Lipoid Congenital Adrenal Hyperplasia Patients Due to Homozygous Steroidogenic Acute Regulatory (STARD1) 

Protein Mutation. Molecular Structure and Modeling of the STARD1 L275P Mutation. Front Neurosci. 2016;10:527.  

19.Kim S-O, Choi C, Kim CJ, Kim JS, Kwon D, Kang TW, et al. Lipoid congenital adrenal hyperplasia: pathologic 

features of the testis. Urology. 2010;75(1):176-8. 

20.Ishii T, Hori N, Amano N, Aya M, Shibata H, Katsumata N, et al. Pubertal and adult testicular functions in nonclassic 

lipoid congenital adrenal hyperplasia: a case series and review. J Endocr Soc. 2019;3(7):1367-74.  

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

23
.1

.1
19

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
14

10
7.

14
00

.2
3.

1.
19

.8
 ]

 

                               6 / 7

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hashemipour%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22891154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghasemi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22891154
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hovsepian%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22891154
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3415193/
http://dx.doi.org/10.22088/jbums.23.1.119
https://dor.isc.ac/dor/20.1001.1.15614107.1400.23.1.19.8


J Babol Univ Med Sci; 23; 2021                                                                                                                                                                                  125 

 

21.Katharopoulos E, Di Iorgi N, Fernandez-Alvarez P, Pandey AV, Groessl M, Dubey S, et al. Characterization of two 

novel variants of the steroidogenic acute regulatory protein identified in a girl with classic lipoid congenital adrenal 

hyperplasia. Int J Mol Sci. 2020;21(17):6185.  

22.Kang E, Kim Y-M, Kim G-H, Lee B-H, Yoo H-W, Choi J-H. Mutation spectrum of STAR and a founder effect of 

the p. Q258* in Korean patients with congenital lipoid adrenal hyperplasia. Mol Med. 2017;23:149-54.  

 [
 D

O
I:

 1
0.

22
08

8/
jb

um
s.

23
.1

.1
19

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
14

10
7.

14
00

.2
3.

1.
19

.8
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

http://dx.doi.org/10.22088/jbums.23.1.119
https://dor.isc.ac/dor/20.1001.1.15614107.1400.23.1.19.8
http://www.tcpdf.org

