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Abstract 
Congenital diseases, present from birth, encompass a diverse range of disorders caused by genetic abnormalities, chromosomal 

defects, and environmental influences. These conditions can affect multiple organ systems and vary in severity. The molecular 

basis of congenital diseases includes single-gene mutations, which can disrupt protein function, and chromosomal 

abnormalities, such as aneuploidy, which alter gene dosage and expression. Understanding the molecular mechanisms of 

congenital diseases is essential for accurate diagnosis, effective treatment, and the development of preventative strategies. In 

this article we have discussed in brief about congenital diseases, types, cause and molecular basis of congenital disease of 

glycosylation, congenital hypopituitarism, and other disorders. Advances in genetic and molecular research may help in 

understanding the complexities conditions, offering hope for improved patient outcomes. 
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Introduction 

Congenital diseases (CD), or birth defects, are conditions that are present 

from birth. These disorders arise due to genetic, environmental, or 

unknown causes and can affect various parts of the body, including the 

structure, function, or metabolism. Congenital diseases can be inherited 

from parents or occur as a result of issues during fetal development.  

There are mainly five types of CD briefly described here:  

(1) Genetic Disorders includes (a) single gene disorders which are caused 

by mutations in a single gene examples cystic fibrosis, sickle cell 

anaemia, and Huntington's disease; (b) chromosomal disorders are due to 

abnormality in the number or structure of chromosomes like Down 

syndrome (trisomy 21), Turner syndrome (monosomy X), and Klinefelter 

syndrome (XXY) (c) multifactorial inheritance disorders which are again 

caused by a combination of genetic and environmental factors examples 

are congenital heart defects, cleft lip and palate, and neural tube defects 

like spina bifida. 

(2) Structural Disorders includes (a) congenital heart defects which is 

mainly abnormality in a heart structure like holes in the heart (septal 

defects), abnormal heart valves, or abnormal connections between heart 

chambers; (b) Cleft Lip and Palate in this there is an opening in the lip 

and/or the roof of the mouth due to incomplete fusion during fetal 

development; (c) neural tube defects are defects in the development of the 

spinal cord and brain, such as spina bifida and anencephaly. 

(3) Metabolic Disorders include (a) phenylketonuria (PKU) due to 

missing enzyme phenylalanine hydroxylase as a result body cannot 

properly break down the amino acid phenylalanine, leading to its 

accumulation resulting in brain damage if untreated; (b) galactosemia in 

this galactose gets accumulated in body due to missing enzyme galactose-

1-phosphate uridyl transferase which catalyzes galactose degradation. 

The symptoms are liver damage, intellectual disability, and other health 

issues if not managed. 

(4) Infectious Causes like infections during pregnancy, such as rubella, 

cytomegalovirus (CMV), or Zika virus, can lead to congenital disorders 

in the baby, such as hearing loss, intellectual disabilities, or microcephaly. 

(5) Environmental Causes includes (a) teratogens exposure to harmful 

substances during pregnancy, such as alcohol leading to fetal alcohol 

syndrome, certain medications, or radiation (b) maternal health conditions 

such as uncontrolled diabetes, thyroid disorders, or malnutrition in the 

mother can contribute to congenital disorders. Figure 1 shows a different 

type of congenital diseases. 
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Figure 1: Types of Congenital diseases 

(2) Diagnosis/Detection can be done before or after birth through various  

screening and diagnostic methods: 

(1) Prenatal Screening: includes ultrasound, maternal blood tests, and 

non-invasive prenatal testing (NIPT) to assess the risk of congenital 

abnormalities. 

(2) Prenatal Diagnostic Tests: procedures like amniocentesis and 

chorionic villus sampling (CVS) can diagnose certain genetic and 

chromosomal disorders before birth. 

(3) Newborn Screening: after birth, babies are screened for certain 

metabolic, genetic, and other congenital conditions using blood tests, 

hearing tests, and other assessments. 

(3) Treatment and Management 

(1) Medical Interventions depends on the disorder condition, treatments 

may include medications, surgeries, or other medical procedures. 

(2) Nutritional Management metabolic related disorders like PKU 

(phenylketonuria), dietary restrictions can prevent complications. 

(3) Therapeutic Support: therapies like physical, occupational, and speech 

can help manage developmental delays or disabilities resulting from 

congenital disorders. 

(4) Genetic Counselling: families affected by congenital disorders may 

benefit from genetic counselling to understand the risks of recurrence in 

future pregnancies. 

(4) Prognosis/ Prevention 

The prognosis for individuals with congenital diseases varies widely 

depending on the specific condition, its severity, and the available 

treatments. Some congenital diseases are manageable with early 

intervention and ongoing care, while others may lead to significant 

challenges or reduced life expectancy. 

Though not all congenital diseases can be prevented, certain measures can 

reduce the risk: (1) prenatal care: regular prenatal check-ups, proper 

nutrition, and avoiding harmful substances can reduce the risk of 

congenital disorders (2) vaccination against infections like rubella before 

pregnancy can prevent certain congenital infections (3) genetic 

counselling for those with a family history of genetic disorders, genetic 

counselling can help assess risks and guide reproductive decisions. 

(5) Molecular basis of some disorders:  

 Disorders of Glycosylation (CDG): Glycosylation is a process which 

occurs in post translational modifications, are a group of rare, inherited 

metabolic disorders that impact the process of glycosylation, a common 

biochemical pathway in which sugars (glycans) are attached to proteins 

and lipids. Its biogenesis occurs primarily in the endoplasmic reticulum 

(ER) and Golgi apparatus. Glycosylation is essential for the proper 

function and stability of many proteins, and defects in this process can 

lead to a wide array of clinical manifestations, reflecting the importance 

of glycosylated molecules in numerous physiological processes. 

Approximately there are at least 18 different types of CDG identified, 

each resulting from mutations in specific genes involved in the 

glycosylation pathway. These types are classified based on the step in the 

glycosylation process that is affected. In Type I CDG: involves defects 

in the early stages of glycan precursor synthesis or the assembly of the 

glycan chain before it is transferred to the protein and in Type II CDG: 

it relates to defects in the processing and modification of glycan chains 

after they are attached to proteins. 

Defects in glycosylation affects the neurons leading to developmental 

delays, intellectual disabilities, seizures, hypotonia (reduced muscle 

tone), and ataxia (lack of muscle coordination) liver dysfunction, and 

gastrointestinal problems like chronic diarrhoea, and failure to thrive are 

common in CDG patients. 1 

Congenital hypopituitarism (CH) is a group of disorders characterized by 

the underdevelopment or malfunction of the pituitary gland by birth, 

leading to a deficiency in one or more pituitary hormones.  The pituitary 

gland, often called the "master gland," is located at the base of the brain 

and is divided into the anterior and posterior lobes. It produces hormones 

that regulate various endocrine functions, including growth hormone 

(GH), adrenocorticotropic hormone (ACTH), thyroid-stimulating 

hormone (TSH), luteinizing hormone (LH), follicle-stimulating hormone 

(FSH), and prolactin. These hormones are crucial for growth, metabolism, 

and overall homeostasis.2 At gene level the disease is due to mutations 

that affect the development and function of the pituitary gland, as well as 

the hypothalamus and other related structures. These mutations can affect 

transcription factors, signalling pathways, and structural proteins 

necessary for pituitary gland development.3-7 Genes like PROP1, PIT1, 

SOX3 gene are a common cause of combined pituitary hormone 

deficiency (CPHD). PROP1 is a transcription factor essential for the 

development of pituitary cells that produce growth hormone (GH), 

thyroid stimulating hormone (TSH), prolactin and rare in luteinizing 

hormone (LH) and follicle stimulating hormone (FSH).8-10 

Mutations in the HESX1 gene can cause septo-optic dysplasia a condition 

associated with congenital hypopitutarism, optic nerve hypoplasia, and 
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midline brain abnormalities.11-13 HESX1 plays a role in early forebrain 

and pituitary development. Mutations in LIM homeobox genes LHX3 and 

LHX4 genes are involved in the early development of the pituitary gland. 

Mutations can lead to CPHD and structural abnormalities of the pituitary 

gland and surrounding brain structures.14-15  

Mutations in signalling pathways: FGFR1 (Fibroblast Growth Factor 

Receptor 1) can cause Kallmann syndrome, which is characterized by 

hypogonadotropic hypogonadism and anosmia (loss of smell). FGFR1 is 

involved in the signalling pathways that guide the migration of 

gonadotropin-releasing hormone (GnRH) neurons from the olfactory 

region to the hypothalamus.16-18 GLI2 is part of the Hedgehog signalling 

pathway, which is crucial for the development of the hypothalamus and 

pituitary gland. Mutations can cause holoprosencephaly, a disorder where 

the forebrain fails to divide into two hemispheres, and associated pituitary 

hormone deficiencies.19-21 

Mutations in structural protein: Mutations in OTX2, a gene involved 

in head and brain development, can lead to combined pituitary hormone 

deficiency and eye abnormalities, including anophthalmia or 

microphthalmia (absent or small eyes).22-24 

Receptor and Enzyme Deficiencies: Mutations in GHRHR (Growth 

Hormone-Releasing Hormone Receptor) can cause isolated growth 

hormone deficiency (IGHD) by impairing the response of pituitary 

somatotroph cells to growth hormone-releasing hormone (GHRH). 

Mutations in the GH1 (Growth Hormone Gene) gene itself can also lead 

to IGHD by affecting the production or secretion of growth hormone. 

Symptoms and Diagnosis: The clinical manifestations of congenital 

hypopituitarism depend on the specific hormones that are deficient. 

Common symptoms include growth failure, delayed puberty, 

hypoglycemia, jaundice, and micropenis in males. In more severe cases, 

multiple hormone deficiencies can lead to life-threatening complications, 

especially in the neonatal period.  

Diagnosing CH involves hormonal assays to measure the levels of 

pituitary hormones, imaging studies (MRI) to assess the pituitary gland's 

structure, and genetic testing to identify causative mutations.  

Treatments include hormone replacement therapy like administration of 

growth hormone, thyroid hormone, cortisol, and sex steroids as needed, 

depending on the specific deficiencies. 

(6) Other Disorders 

Developmental Pathway Disruptions: Mutations in genes involved in 

embryonic development can also lead to congenital malformations. As, 

mutations in the SHH (Sonic Hedgehog) gene can cause 

holoprosencephaly, a disorder where the brain fails to properly divide into 

two hemispheres.25-27 

Epigenetic Changes: Alterations in gene expression without changes in 

DNA sequence, often due to environmental influences, can result in 

improper imprinting of genes can cause syndromes like Prader-Willi and 

Angelman. 

Conclusion 

Congenital diseases arise from a variety of molecular mechanisms, like 

genetic mutations, chromosomal abnormalities, and disruptions in 

metabolic or developmental pathways. Understanding these mechanisms 

is crucial for diagnosing, managing, and potentially preventing these 

conditions.  
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