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Spinal Muscular Atrophy 
Information for Families 

 
 
This information sheet briefly explains what Spinal Muscular Atrophy (SMA) is and what can cause it. 
It is written for families where a child, young person or adult has been diagnosed with SMA. It may 
also be useful for healthcare and other professionals. 
 
The glossary at the end further explains the words that appear in bold font. 
 
SMA is a complex condition; there is a lot of information to take in and every person with SMA is 
different. Your medical team will always be happy to go over any of this with you. 
 

What is Spinal Muscular Atrophy? 
 
Spinal Muscular Atrophy (SMA) is a rare, genetically inherited neuromuscular condition. SMA may 
affect crawling and walking ability, arm, hand, head and neck movement, breathing and swallowing. 
SMA is often grouped into ‘Types’. Types of SMA are based on the age at which symptoms first appear 
and what physical ‘milestones’ a baby or child is likely to achieve. Milestones can include the ability 
to sit, stand or walk. 
 
There are four main types of SMA: Types 1, 2, and 3 appear in childhood; Type 4 appears in adulthood 
and is an adult onset form of SMA.  
 
SMA Type 1: This is the most severe form with symptoms usually appearing before a baby is six 
months old and sometimes before birth. Babies are unable to sit without support. Sadly, usually due 
to breathing difficulties, most children with SMA Type 1 rarely survive beyond two years of age. 
 
SMA Type 2: The symptoms of SMA Type 2 usually appear between the ages of 7 and 18 months. 
Children with SMA Type 2 are unable to stand without support. Though this is a serious inherited 
neuromuscular condition that may shorten life expectancy, improvements in care standards mean 
that the majority of people can live long, fulfilling and productive lives. 
 
SMA Type 3: The symptoms of SMA Type 3 appear after 18 months of age. Children are able to stand 
and walk, although they may need more support with this over time. Life expectancy for children 
diagnosed with SMA Type 3 is normal1 and most people can live long and productive lives. 
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SMA Type 4: The symptoms of SMA Type 4 appear in adulthood and may include mild to moderate 
muscle weakness in the hands and feet and some difficulty with walking. SMA Type 4 is an adult onset 
form of SMA and is not life-threatening2.  
 
These ‘Types’ are not rigid categories. There is a wide spectrum of severity both between the 
different types of SMA and between children, young people and adults within each type.  
 
There are also other, even rarer forms of SMA with different genetic causes including SMA with 
Respiratory Distress (SMARD), Spinal and Bulbar Muscular Atrophy (SBMA) and Distal SMA (DSMA).  
 
For more information on the different types of SMA please see our information sheets listed towards 
the end of this leaflet. 
 

What causes SMA? 
 
Usually, electrical signals from our brain are sent down our spinal cord along our nerve cells and 
through to our muscles. This makes it possible for us to consciously contract our muscles and to make 
them move. 
 
SMA affects a particular set of nerve cells called the lower motor neurons2 which run from the spinal 
cord out to our muscles. The lower motor neurons carry messages that make it possible for us to 
move the muscles we use to crawl and walk, to move our arms, hands, head and neck, and to breathe 
and swallow.  
 
For our lower motor neurons to be healthy we need to produce an important protein called the 
Survival Motor Neuron (SMN) protein. Our ability to do this is controlled by a gene called Survival 
Motor Neuron 1 (SMN1)3.  
 
We all have two copies of this SMN1 gene, one from each parent.  
 

 People who have two faulty copies of the SMN1 gene have SMA.  

 People who have one faulty copy of the SMN1 gene are carriers of SMA. Carriers usually do 
not have SMA or any symptoms of SMA.  

 People who have two healthy copies of the SMN1 gene do not have SMA and are not carriers.  
 
SMA is passed from parents to their children through their SMN1 genes. When two people who are 
carriers have a child together their child may inherit two faulty SMN1 genes, one from each parent. 
If this happens then their child will have SMA.  
 
Having two faulty SMN1 genes means that a child is only able to produce very low amounts of the 
SMN protein. This causes their lower motor neurons in their spinal cord to deteriorate. Messages 
from their spinal cord do not efficiently get through to their muscles which makes movement difficult. 
Their muscles waste due to lack of use and this is known as muscular atrophy. 
 
In addition to SMN1, we possess a second gene that is able to produce some functional SMN protein. 
This gene is almost identical to SMN1 and is called the SMN2 gene2. However, SMN2 only makes a 
small fraction of functional protein (about 10%).  
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For more information on the inheritance of SMA and how SMN2 is linked to the severity of an 
individual’s SMA please see ‘The Genetics of Spinal Muscular Atrophy’: 
www.smasupportuk.org.uk/the-genetics-of-sma  
 
There are also other rarer forms of SMA and rarer causes of SMA. Your medical team will be able to 
provide you with information that applies to your individual situation. You might also want to read 
SMA Support UK’s leaflet ‘The Genetics of Some Rarer Forms of Spinal Muscular Atrophy’: 
www.smasupportuk.org.uk/the-genetics-of-some-rarer-forms-of-spinal-muscular-atrophy  
 

 
 
 
In summary: 
 
 
 

 
 

                                                                            Figure 1 - How muscle atrophy is caused in SMA 

 

 
 
 
 
 
 
 

Brain sends messages along the spinal cord via lower 
motor neuron nerve cells

SMN1 gene doesn't produce enough SMN protein to keep 
these cells healthy in people who have SMA

Lower motor neurons in the spinal cord deteriorate

Messages can't efficiently get through to the muscles 
making movement difficult

Muscles waste (atrophy) due to lack of use

http://www.smasupportuk.org.uk/the-genetics-of-sma
http://www.smasupportuk.org.uk/the-genetics-of-some-rarer-forms-of-spinal-muscular-atrophy
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What are the chances of inheriting SMA? 
 
Approximately 1 in every 40 to 60 people carry the faulty SMN1 gene. When two people who are 
carriers have a child together the chances for each pregnancy are as follows:  
 
 
 

 Child does not have SMA and is not a carrier: 
1 in 4 chance (25%) 
 

 Child does not have SMA but is a carrier: 2 in 
4 chance (50%)  

 

 Child has SMA: 1 in 4 chance (25%)  
 

 

 

                                                                        Figure 2 – The chances of inheriting SMA when two carriers have a child together 

 
For the purpose of this diagram, a ‘non-carrier’ means a person who does not carry the faulty gene 
and does not have SMA. 
 
For more information on ‘The Genetics of SMA’ please see: www.smasupportuk.org.uk/the-genetics-
of-sma  
 
Please remember, if your child has a rare form of SMA then this diagram might not necessarily apply 
to you and your family. If this is the case, your child’s medical team will be able to give you 
information about your particular genetic situation. 
 

How many people in the UK have SMA? 
 
People think that because SMA is a rare disease we should have an accurate record of how many 
people there are in the UK with the condition, but this isn’t the case. The exact number of people 
with the condition is not known for a number of reasons, including: sometimes children and adults 
have an incorrect diagnosis; we don’t have routine testing of newborn babies; there is no way of 
testing everyone in the population; there is no central system for collating these statistics. 
 
Instead, scientists take small samples of people and use their findings to make estimates about 
populations as a whole. Although the reported estimates differ from study to study, the numbers 
tend to agree that approximately 1 in every 6,000-10,000 babies are born worldwide with the 
condition4-8. At any one time it is thought that there are between 2,000 – 2,500 children and adults 
in the UK living with SMA.  
 

 

http://www.smasupportuk.org.uk/the-genetics-of-sma
http://www.smasupportuk.org.uk/the-genetics-of-sma
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How many people carry the faulty SMN1 gene? 
 
Through research, scientists have also been able to estimate that the chances of someone being a 
carrier is about 1 in 40-609-12. 

 
The population of the UK is around 60 million. So, if you take a carrier frequency of 1 in every 40 
people this would suggest that there are approximately 1.5 million people in the UK who have a faulty 
copy of the SMN1 gene. If you take a carrier frequency of 1 in every 60 people this would suggest 
approximately 1 million people in the UK are carriers. 
 

Is there a treatment or cure? 
 
In order to best treat SMA, the underlying genetic fault needs to be addressed. Extensive research is 

taking place into the genetics of SMA, which aims to improve our understanding of the disease 

mechanisms leading to damage of the nerve cells. 

Although there is currently no cure for SMA, this does not mean that nothing can be done. The day-

to-day focus is on treatment of the symptoms and the delivery of the highest standards of care. This 

includes anticipatory care, managing symptoms and maintaining the best quality of life. 

In terms of genetic treatment (a therapy that targets the gene mutation causing a disease), in the 

last few years, pharmaceutical companies Biogen and Ionis have trialled a drug called Nusinersen 

(marketing name Spinraza). Nusinersen aims to increase the production of the SMN protein. The full 

results of these trials are currently awaited, but interim results were sufficiently positive for Biogen 

to begin work in the UK in autumn 2016 to open what is called an Expanded Access Programme (EAP) 

for infants with SMA Type 1 who had not been on the trial.  

In late December 2016 Nusinersen was approved in the USA for use across the range of Spinal 

Muscular Atrophy – allowing it to be marketed for SMA Types 1, 2 and 3. Biogen is now in the process 

of applying for licensing of the treatment in Europe and the UK. To find out more about Nusinersen, 

what the treatment involves, the EAP and the licensing process, please go to: 

www.smasupportuk.org.uk/drug-treatments-proven-to-be-effective-for-sma  

SMA Support UK notifies the SMA community of the publication of any further research updates and 

developments via its website, social media and monthly E- news. You can sign up for mailings here: 

www.smasupportuk.org.uk/sign-up-for-mailings  

 

Further Resources 
 
SMA Support UK Information 
 
Hard copies of the following leaflets can be obtained from SMA Support UK on 01789 267 520, or 
downloaded from: www.smasupportuk.org.uk/about-sma  
 

http://www.smasupportuk.org.uk/drug-treatments-proven-to-be-effective-for-sma
http://www.smasupportuk.org.uk/sign-up-for-mailings
http://www.smasupportuk.org.uk/about-sma
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 Spinal Muscular Atrophy Type 1 

 Spinal Muscular Atrophy Type 2 

 Spinal Muscular Atrophy Type 3 

 Spinal Muscular Atrophy Type 4 

 Spinal Muscular Atrophy with Respiratory Distress 

 The Genetics of Spinal Muscular Atrophy 

 The Genetics of Some Rarer Forms of Spinal Muscular Atrophy 

 Future Options in Pregnancy 

 Who’s Who of Professionals 

 Outreach Service leaflet 
 

 How We Can Help You 

 What is Spinal Muscular Atrophy? 

 Sharing Experiences 

 How We Support Research 
 

Please see the SMA Support UK website for further information and up-to-date leaflets. 
 
Online resources 
 
Route Maps for Spinal Muscular Atrophy Type 1, Type 2, Type 3 and Adult Onset SMA: 
www.routemapforsma.org.uk 
  
Other publications 
 
These can be ordered from the shop on SMA Support UK’s website: 
www.smasupportuk.org.uk/merchandise  
 

 SMA Type 2 and Me – an illustrated book written for children 

 Type 3 SMA and Me – written for children 

 Smasheroo – an illustrated book written by a parent for young children affected by SMA Type 2 or 
SMA Type 3 

 Tilly Smiles – Tilly has SMA Type 2 and she and her family have written this book to inspire others 
 
Standards of Care for Spinal Muscular Atrophy (TREAT-NMD)  
 
This booklet describes best practice management and treatment for the more common forms of 
SMA. It is used by doctors but is also available to families. A hard copy can be requested from SMA 
Support UK. It can also be downloaded from the TREAT-NMD website: 
www.treat-nmd.eu/sma/care/family-guide/    
 
The UK SMA Patient Registry 
 
This leaflet describes the work of the Registry and how to sign up. A hard copy can be requested from 
SMA Support UK. It can also be downloaded from: 
www.treat-nmd.org.uk/registry     

http://www.routemapforsma.org.uk/
http://www.smasupportuk.org.uk/merchandise
file://server2012/shared/Information%20Production/Individual%20Publications/Type%202%20Summary%20Sheet/Working%20documents/www.treat-nmd.eu/sma/care/family-guide/
file://server2012/shared/Information%20Production/Individual%20Publications/Type%202%20Summary%20Sheet/Working%20documents/www.treat-nmd.org.uk/registry
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Glossary of Terms 

Amino acid 

The individual building blocks of proteins. There are 20 different amino acids that are naturally 

incorporated into proteins. The specific order of the amino acids determines the structure and 

function of a protein. 

Anterior Horn 

The front part of the spinal cord where the cell bodies of the lower motor neurons are located. 

connect to and receive information from the upper motor neurons. Long, slender projections of the 

motor neurons called axons migrate out from the anterior horn in large bundles of nerves in order 

to reach muscles. 

Antibodies 

Proteins made by the body to protect itself from "foreign" substances such as bacteria or viruses. 

Atrophy 

The wasting or shrinkage of a part of the body. SMA is called Spinal Muscular Atrophy because the 

lower motor neurons within the spinal cord degenerate, which leads to the wasting of skeletal 

muscles. 

Autosomal inheritance 

Inheritance of a faulty gene on one of the autosomes - the chromosomes other than the sex 

chromosomes. Autosomal inheritance usually affects both males and females equally. 

Autosomal recessive inheritance 

When a genetic disorder  is recessive, two faulty copies of a gene, one from each parent, must 

come together for the disease to occur. If a person has only one faulty copy, they do not usually 

have the symptoms of the disease, but are known as carriers because they can pass on the faulty 

gene to their children. A disease is autosomal when the faulty gene is found on one of the 

autosomes. SMA is usually an autosomal recessive condition. 

Autosome 

Any of the 22 pairs of chromosomes found in the human body that are not involved in the 

determination of sex. They are identical in both males and females. Each pair of autosomes (one 

from the father, one from the mother) contain genes for the same traits (characteristics). 

Axon 

The long, slender main projections of a nerve cell. Axons carry electrical impulses away from the 

cell body (where the nucleus is) to its target, such as muscles. 
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Carrier 

This term relates to autosomal recessive inheritance and X-linked recessive inheritance patterns. A 

person who has both a faulty copy and a healthy copy of a gene is a carrier. Carriers usually have no 

symptoms due to the healthy copy of the gene, but they may pass on a condition to their children. 

In the case of SMA, carriers have one faulty copy of the Survival Motor Neuron 1 (SMN1) gene and 

one healthy copy of SMN1. Two individuals who each carry the SMN1 mutation have a 25% (1 in 4) 

chance of having a child with SMA for each pregnancy. A child must inherit two copies of the faulty 

SMN1 gene to develop SMA, one copy from each parent. 

Cell 

The basic building block of all known living organisms. Cells come in many different forms such as 

motor neurons (a type of nerve cell), keratinocytes (main cell type of the skin), or erythrocytes (red 

blood cells).  

Central nervous system (CNS) 

The central nervous system consists of the brain and the spinal cord. The CNS is connected to other 

tissues and organs in the body, such as skeletal muscles, by the peripheral nervous system (PNS). 

Chromosomes 

Chromosomes are compact bundles of DNA. Humans have 46 chromosomes in each cell (with a few 

exceptions, including sperm and egg cells). They inherit 23 from their mother and 23 from their 

father to make 23 pairs.  

DNA (Deoxyribonucleic acid) 

DNA is the molecule that contains the genetic instruction manual to build all known organisms. 

DNA is often compared to a set of blueprints, a recipe, or a code, since it contains the instructions 

needed to construct other components of cells, such as proteins.  

Enzyme 

A protein which initiates, facilitates or speeds up a reaction. Almost all of the processes that occur 

in our body require enzymes. Examples include the digestion of food and the growth and building 

of cells. 

Gene 

A stretch of DNA that carries the information to produce a specific protein. Genes are the unit of 

heredity that are passed from one generation to the next. We usually possess two copies of each 

gene, one inherited from each of our parents. When genes are altered through mutation, this can 

affect the structure and function of the proteins that they produce, leading to disease. 

Genetic disorders 

Conditions resulting from alterations to an individual’s genes. Genetic disorders can be caused by 

defects in one or more genes, or whole chromosomes. 
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Genetics 

The study of genes and inheritance. 

Heredity 

The passing of traits (characteristics) through the inheritance of genes from one generation to the 

next. 

Inheritance 

The process by which an individual acquires traits (characteristics) from his or her parents. 

Molecule 

Two or more atoms chemically bonded together. For example, water is a molecule made up of two 

hydrogen atoms and one oxygen atom bonded together (H2O). 

Motor neurons  

The nerve cells that connect the brain and spinal cord to skeletal muscles allowing conscious 

muscle contraction (movement). They act as a message delivery system: electrical signals 

originating in the brain are fired down the spinal cord along upper motor neurons; the electrical 

signals continue along lower motor neurons, which project out to skeletal muscles to control 

movement. Lower motor neurons are located in the anterior horn of the spinal cord and are the 

main cell type affected by SMA. In SMA, low levels of the Survival Motor Neuron (SMN) protein 

cause the deterioration of lower motor neurons leading to muscle weakness and atrophy. 

Mutation 

A permanent change in the DNA sequence of a gene that can be inherited by subsequent 

generations. Dependent upon the type of mutation and where it occurs within the gene, it might 

have no effect on the protein produced, or it might disturb the protein's function causing a genetic 

disorder such as SMA. 

Nerve Cells 

Also called neurons, nerve cells allow the quick transmission of electrical signals throughout the 
body. Different types of nerve cell make up the nervous system which functions to allow us to 
perceive and react to our surroundings. For example, the brain sends a signal along the nerves to 
tell a muscle to contract (move). Nerve cells are important for both involuntary (unconscious) 
functions like the beating of the heart and voluntary (conscious) functions like moving your arm. 
 

Neuromuscular 

Anything that relates to the nerves, muscles, or the neuromuscular junction. 
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Neuromuscular Junction (NMJ) 

The specialised connection, known as a synapse, between the lower motor neurons and skeletal 

muscle fibres. The NMJ allows signals from the nerves to get through to the muscles enabling them 

to contract (move).  

Nucleotide 

The individual building block of our DNA and RNA. A nucleotide consists of a base, one of four 

chemicals: adenine (A), cytosine (C), guanine (G) and thymine (T), plus a molecule of sugar and one 

of phosphoric acid. Within DNA, A pairs with T, and C with G. Within RNA the thymine is replaced by 

uracil (U).   

Nucleus 

The control centre of a cell that contains the DNA wrapped up within chromosomes. 

Peripheral nervous system (PNS) 

Consists of the nerve cell extensions found outside of the central nervous system (CNS). The PNS 

acts to connect the CNS with the muscles and internal organs. The lower motor neuron axons and 

their connections with the muscle (neuromuscular junctions) are found within the PNS. 

Protein 

Proteins consist of chains of amino acids arranged in very specific orders. The order of amino acids 

within a chain is determined by the genetic code (DNA). Different genes have the "instructions" for 

making different proteins. Proteins are the building blocks of our bodies and are essential for the 

structure, function, and regulation of cells, tissues and organs. Examples of different proteins 

include enzymes, hormones, antibodies and the Survival Motor Neuron (SMN) protein. 

Rare Disease 

The European Union considers diseases to be rare when they affect not more than 5 per 10,000 

persons in the EU.13 

Recessive 

Autosomal recessive describes a form of inheritance in which two faulty copies of a gene are 

required in order for a person to be affected by a genetic disorder. This means that a faulty copy of 

a gene is inherited from each parent. Survival Motor Neuron 1-associated SMA is an autosomal 

recessive condition. In X-linked recessive conditions, two faulty copies of the gene are needed for 

the genetic disorder to show in females, but only one faulty copy in males. This is because X-linked 

recessive conditions are caused by mutations in genes found on the X chromsome, but that are 

missing from the Y choromosome. Males have one X and one Y chromosome, while females have 

two X chromosomes.  
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RNA (ribonucleic acid) 

RNA is very similar to DNA in that it carries genetic information. It plays an important role in the 

creation of proteins. There are different types of RNA that have different roles. 

Sex chromosomes 

The X and Y chromosomes determine the sex of an individual. Females have two X chromosomes; 

males have an X and a Y chromosome. 

Skeletal muscle 

Consciously controlled muscle that attaches to bones allowing movement. Examples include the 

biceps, triceps, and thigh muscles.  

Spinal 

Relating to the spine. 

Spinal cord 

The bundle of nervous tissue within the spine. It includes nerve cells and extends out from the 

brain. The brain and spinal cord make up the central nervous system (CNS). 

Survival Motor Neuron 1 (SMN1) 

The gene that when mutated or deleted can lead to the development of SMA. For our lower motor 

neurons to survive and thrive we need a certain amount of the full-length SMN protein produced 

by the SMN1 gene.  

Survival Motor Neuron 2 (SMN2) 

The gene that can have an impact on the severity of SMA because it is able to produce a small 

amount of functional SMN protein. In people with a fault in the SMN1 gene, this can be important 

because the more copies of SMN2 that someone has, the more functional SMN protein they can 

produce. Individuals with more severe forms of SMA, for example Types 1 and 2, usually have fewer 

copies of the SMN2 gene than those with SMA Type 3. 

Survival Motor Neuron (SMN) gene  

A gene that produces the Survival Motor Neuron protein. Mutations in the SMN1 gene are the 

cause of some forms of SMA. There are two types of SMN genes - SMN1 and SMN2.  

Survival Motor Neuron (SMN) protein 

Produced from both the SMN1 and SMN2 genes, the SMN protein is required for the survival of 

lower motor neurons. If there is no SMN protein in a cell, the cell will die. Of all the different cell 

types, the lower motor neurons seem to be the most affected by low levels of SMN protein.  
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Tissue 

A collection of cells that work together to perform a common function. For example, organs are 

formed from multiple tissues.  

Virus 

Viruses consist of genetic materials (DNA or RNA) surrounded by a protective coat of protein. They 

are capable of latching onto cells and getting inside them. Some viruses (like the cold virus or flu 

virus) cause people to become ill. But, their ability to get inside cells also means that certain viruses 

can be used to deliver treatments into the cell.  
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