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Abstract 

Prader-Willi syndrome (PWS) is a genetic disorder with multisystem involvement, caused by the lack 

of expression of genes on the paternally inherited chromosome 15q11.2-q13 region from paternal 

15q11-q13 deletions (about 60%), or maternal uniparental disomy 15, or both. It is a complex and 

contiguous gene disorder which affects the multiple systems with many clinical presentations, especially 

hypothalamic insufficiency. The clinical features are characterized by short stature position, 

developmental delay, and cognitive and behavioral disorders. The major causes of morbidity and 

mortality in PWS individuals are obesity and behavioral problems. Specific diagnostic criteria for PWS 

are both the methylation analysis and the oligo-SNP combination array (OSA). Early diagnosis is 

needed for the effective management. There is no cure with a single intervention. Management is 

symptomatic, which includes hormone replacement therapies, behavioral management, control of food 

intake and patient education. Currently, there is no approved therapy for the management of 

hyperphagia in PWS. Usually, PWS is identified in infancy by genetic test. Genomic changes, such as 

loss of expression of genes on chromosomes 15q11.2-q13, occur due to failures in gene expression. 

DNA methylation analysis is a powerful tool to access paternal-only, maternal-only or biparental 

inheritance. This analysis helps to identify the deletion in the majority of individuals with PWS. Another 

diagnostic option for PWS is Microsatellite analysis. Nutritional counselling for long term weight 

management is necessary to prevent the inappropriate weight gain, which begins at the age between 1 

and 3 years. Growth hormone replacement therapy improves growth and ultimate height, muscle 

function and level of activity. Psychological and psychosocial considerations are essential for PWS. 
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INTRODUCTION 

The syndrome was first described by Langdon 

Down in 1887, London. And later, the Prader-Willi 

syndrome was named by Prader, Labhart and Willi 

in 1956. Prader-Willi syndrome (PWS) is a 

multisystem genetic disorder caused by the failure 

of expression of genes on the paternally inherited 

chromosome 15q11.2-q13 region from paternal 

15q11-q13 deletions (about 60%), or maternal 

uniparental disomy 15, or both [1, 2]. An estimated 

prevalence in several studied populations in 

1/10,000–1/30,000. PWS was the first shown to be 

caused by uniparental disomy. It results from lack 

of expression of paternally inherited genes in the 

PWS region of chromosome 15 [2], which is, both 

chromosome 15s are inherited from the mother. The 

cardinal clinical manifestations include severe 

infantile hypotonia, hyperphagia with obesity 

during early childhood, developmental delay with 
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learning and behavioral problems, small hands or feet and hypogonadism or hypogenitalism and other 

endocrine deficiencies [3]. Individuals with PWS typically have intellectual disability and show 

behavioral disturbances when it is compared with unknown etiology [4]. Due to the combination of 

severe infantile hypotonia and intellectual disabilities, individuals may experience speech and language 

difficulties [5]. Sometimes individuals are presented with psychosis. The PWS child may develop 

hyperphagia during the initial stage of infancy that leads to advanced obesity and this is mostly caused 

by hypothalamic dysfunction [6]. These dysfunctions are responsible for growth hormone deficiency 

and thyroid stimulating hormone deficiency, central adrenal insufficiencies and hypogonadism. The 

most common cause of death is respiratory failure and is followed by cardiac failure and gastro intestinal 

failure infections [7, 8].  

 

Early diagnosis is needed for the effective management. There is no cure with a single intervention 
[6]. Management is symptomatic, including hormone replacement therapies, behavioral management, 

controlling food intake and patient education [9]. Currently, there is no approved therapeutics for the 
treatment of hyperphagia in PWS. Nowadays, PWS is the most common known cause of syndromic 

obesity and also common cause of obesity related mortality [7]. This review highlights on current 
evidence regarding Prader-Willi syndrome and its management.  

 
ANNALS OF PRADER-WILLI SYNDROME 

The natural cause of PWS has several nutritional phases with complex progression including phase 

0 to phase 4 (phase 0, phase 1A, phase1B, phase 2A, phase 2B, phase 3, phase 4) [10]. Phase 0/prenatal 
phase characterized with decreased fetal activity, polyhydramnios, intra uterine growth restriction 

breech presentation, lower birth weight than siblings and small for gestational age [11]. 
Phase 1/hypotonia (at birth), during phase 1A (0–9 months), poor feeding and sucking develops. This 

requires use of feeding through other methods. In Phase 1B (9–24 months), infants begin to feed more 
accurately along a disease specific growth chart [12, 13]. Phase 2 involves, transition from anorexia to 

obesity. In phase 2A (2–4.5 years), weight gain occurs with a growth curve without an increased calorie 
intake. In Phase 2B (4.5–8 years), increased appetite compared to earlier with continued weight gain 

along with interest in food [14]. During Phase 3 (8 years-adult), hyperphagia with uncontrolled appetite. 
They exhibit food seeking behaviors to obtain food. Phase 4/adults includes some of the PWS patients. 

They show improvement in appetite control and ability to feel gorged after eating [9]. The correct 
mechanism of nutritional phases is unknown.  

 
Clinical Manifestations 

Hypotonia and neurological dysfunction: Hypotonia is prenatal; in onset, there is decreased in 
movement and lethargy in infancy with poor weight gain and poor sucking ability that leads to early 

feeding difficulties. Mild to moderate hypotonia persist throughout life [9].  

 
Hypogonadism: Hypogonadism leads to genital hypoplasia throughout the lifetime. Incomplete 

pubertal development and infertility also occurs in PWS individuals. This results in decreased or absent 
growth and reduced height [15–17]. Cryptorchidiso is present in 80–90% of cases.  

 
Hyperphagia and obesity: The frequency of obesity in PWS varies from 40% in children and 82–

98% in adults [15, 16]. Body composition is abnormal in PWS patients with normal body fat. Obesity 
is the major cause of morbidity and mortality in this cases, that is, 25% of obese individuals have type 

2 diabetes mellitus [18].  
 

Developmental and congenital delays: Congenital disability plays evidence by school age. In most 
conditions, PWS individuals are mentally retarded, have delayed psychomotor development, and impaired 

skeletal growth. These individuals show severe learning disability and poor academic performance.  
 
Psychiatric and behavioral disturbances: Psychiatric and behavioral problems become more 

prominent in adolescents and adulthood. 70–90% affected individuals have behavioral and psychiatric 
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disturbances. These include manipulating behavior stubbornness, temper tantrums and deficit of 
emotional regulation [19]. The severity of behavioral disturbances increases with age and body mass 
index (BMI) [20]. 

 

Sleep abnormalities: PWS individuals experience central and obstructive sleep apnea, abnormal 

circadian rhythm in REM sleep, abnormal arousal and abnormal response to hypercapnia [21, 22]. 

Obesity is also a factor, which can worsen the sleep disorder.  

 

Genetics in Prader Willi Syndrome 

Usually, PWS is identified in infancy by genetic test. The genomic changes cause loss of expression 

of the genes on chromosomes 15q11.2-q13 through loss of failure of expression [23]. Most cases result 

from deletion of 5-7 Mb in 15q11.2-q13. About 60–70% cases of PWS are caused by deletion of 

paternally inherited PWS locus (Type I and Type II) and 25–30% by maternal uniparental disomy. PWS 

is usually caused by spontaneous mutation [24]. The region of genome involved in PWS is shown in 

Figure 1. The genetic phenomena are not completely understood, but in PWS, there is differential 

silencing of genes in a parent-of-origin-dependent pattern. Thus, PWS is caused by the loss of paternal 

expression of the gene in PWS critical region (15q11.2-q13) [25]. Other genetic mechanism included 

in PWS are maternal uniparental disomy (UPD 15) and imprinting defects (ID).  

 

Diagnosis  

The diagnosis of PWS is complicated in its origin. Initially it is identified by its clinical presentation 

and the genetic confirmation was first discovered by Ledbetter et al. [26]. DNA methylation analysis 

(methylation-specific-multiplex ligation-dependent probe amplification analysis/MS-MLPA) is a 

powerful tool to access paternal-only, maternal-only or biparental inheritance [27].  

 

In PWS, individuals have only the maternal methylated allele, whereas in normal individuals, there 

is a presence of both methylated and unmethylated allele. Therefore, the most specific analysis to 

diagnose PWS is DNA methylation analysis, which helps to identify the deletion and this is seen in 

most of individuals with PWS. Another diagnostic option was Microsatellite analysis which is 

necessary as only MS-MLPA does not show deletion in critical PWS region. It shows UDP and 

hetrodisomy or isodisomy (Figure 2) [6]. 

 

 
Figure 1. Genes in the PWS critical region, chromosomes 15q11.2-q13. Created with BioRender.com 
(accessed on 25 March 2022). 
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Figure 2. Algorithm for genetic testing for PWS. MS-MPLA: methylation-specific-multiplex ligation-

dependent probe amplification analysis. UPD: Uniparental Disomy. IC: Impainting Centre. 

 
Management 

Management of PWS is very age dependent and which is focused on anticipatory guidance. 

Nutritional counselling for long term weight management is necessary to prevent the inappropriate 

weight gain, which starts at the age between 12 and 36 months (1–3 years). One of the vital parts is to 

monitor growth and record measurement on a standard growth curve. There is no known 

pharmacological agent present for hyperphagia. The diet should have a balance to distribution and 

which should be rich in fiber with a calorie intake about 70–80% [6]. Recent studies regarding 

psychiatric side effects need careful monitoring in PWS individuals.  

 
Pharmacological Approach  

Growth hormone (GH) therapy in infants, children and adults are demonstrated in well-designed and 

well-controlled studies [28–30]. The dosage of growth hormone begins at 0.5 up to 1 mg/m2. Growth 

hormone replacement therapy improves linear growth and height, muscle function and level of activity. 

GH helps in maintaining muscle mass and body composition in adults. Premature adrenarc has been 

reported to occur more commonly [29]. It is not recommended in uncontrolled diabetes, malignancy 

and critical illness. There is a controversy among experts about role of GH in unexpected death [31, 

32]. Risk of growth hormone includes sleep apnea and increased blood sugar. First line therapies of 

obesity and hyperphagia in PWS are nutritional support and behavioral therapies. Topiramate is recently 

used as experimental appetite suppressant for PWS when compared with behavioral and educational 

therapy. Topiramate has made significant effect on preventing hyperphagia. There are also other drugs 

currently being investigated for use in PWS.  

 
Cryptorchidism is common in males and this requires surgical intervention. Pubertal deficiency is 

treated with hormone replacement therapy (sex hormone) which helps in adequate production of 

secondary sexual characteristics. But possibly sex hormone replacement causes behavioral problems in 

males and increased risk of stroke in females [33]. Sex education is needed in case of risk of sexually 
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transmitted diseases and rare pregnancy. Social skills’ training is needed; this helps to focus on learning 

and diminish behavioral problems. The psychiatric problems should be treated according to parental 

education or training otherwise, pharmacological approaches can be taken. For example, serotonin 

agonist is successful in reducing temper and compulsivity [34, 35].  

 
From the current literature, hypogonadism frequently occurs in males and females and is caused due 

to spontaneous puberty. Psychological and psychosocial considerations are important for PWS. PWS 

individuals are at risk for central adrenal insufficiency. And also, LH or FSH disturbances are also 

reported after GI problems which are then followed by PSH and ACTH with pituitary hormone 

deficiency [36]. Currently, gene therapy is being explored as a treatment for PWS by replacing mutated 

genes with new gene or modified gene through direct alteration to the patient’s genetic material.  

 
CONCLUSION 

Prader-Willi syndrome (PWS) is a genetic, complex and multisystem disorder. Clinically, the most 

vital need is to identify the cause of PWS. It also helps mental health, hypotonia, hypophagia and high 

risk of obesity. Individuals with PWS will have various problems, so they should undergo patient 

specific treatment. Early diagnosis is the key that helps in initiation of GH treatment, controlled diet, 

regular physical activity and mental health and development. Nowadays, PWS has improved and the 

treatment options are getting vast. There are several studies, which are ongoing related to physical and 

mental issues. Prevention of complications and prolong life expectancy can improve quality of life of 

PWS individuals.  
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