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Alström syndrome is a rare monogenic ciliopathy caused by a mutation to the Alström syndrome 1 
(ALMS1) gene. Alström syndrome has an autosomal recessive nature of inheritance. Approximately 
1,200 cases of Alström syndrome have been identified worldwide. Complications of the disease are 
likely caused by dysfunctional cilia with complications arising early in life. The known complications 
of Alström syndrome have been reported to impact multiple major organ systems, including the 
endocrine system, cardiac system, renal system, sensory system, and hepatic system. The symptoms 
of Alström syndrome have great variability in presentation and intensity but often lead to organ 
damage. This has resulted in a shortened lifespan for individuals affected by Alström syndrome. 
Individuals with the disease rare exceed the age of 50. Currently, there are no specific treatments for 
Alström syndrome that can cure the disease, prevent the complications, or reverse the complications. 
Current management involves management of symptoms with the goal of improving quality of life 
and lifespan. This review aims to summarize the current knowledge on the epidemiology, diagnosis, 
pathophysiology, complications, management, and prognosis of Alström syndrome. In addition to that, 
this review also aims to raise awareness and encourage research on Alström syndrome as the condition 
has a huge impact on affected individuals.

1. Introduction

Alström syndrome is a rare condition that was first 
revealed in the literature in 1959 by Carl-Henry Alström 
from Sweden (1). The syndrome is an autosomal 
recessive genetic disorder. The disorder is caused by a 
mutation to the Alström syndrome 1 (ALMS1) gene and 
affects many systems in the body (2,3). The symptoms 
of Alström syndrome usually first arise in infancy 
and further develop during childhood and later in life. 
Common complications of Alström syndrome include 
endocrine complications, cardiac complications, renal 
complications, hepatic complications, complications 
with vision and complications with hearing (4). The 
symptoms and complications of Alström syndrome 
vary greatly in severity. Currently there are no specific 
treatments for Alström syndrome with the management 
currently involving management of symptoms with the 
goal of improving quality of life and lifespan (2). 
 This review aims to summarize the current 
knowledge of Alström syndrome. Furthermore, this 
paper also aims to promote further research and develop 
awareness of Alström syndrome.

2. Epidemiology 

Alström syndrome is a rare condition, and while current 
incidence is unknown, estimates have created a range 
from 1 in 500,000 to 1 in 1,000,000 (5). The rare nature 
of the disease has potentially resulted in many cases 
of Alström syndrome being undiagnosed. Worldwide, 
approximately 1200 cases of Alström syndrome have 
been identified (6). The condition affects both sexes 
equally (7).

3. Pathophysiology

Alström syndrome is caused by a mutation in the ALMS1 
gene. It is an autosomal recessive condition meaning that 
both copies of the ALMS1 gene need to be mutated for 
the syndrome to occur (2). The ALMS1 gene is located 
on the short arm of chromosome 2 (8,9).
 The pathophysiology of the symptoms of Alström 
syndrome has potential links to the ALMS1 protein. 
The ALMS1 protein is a protein that is found in primary 
cilia within the centrosomes and the basal bodies. The 
protein is comprised of 4,169 amino acids (10). ALMS1 
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protein has a significant impact on the function of cilia, 
with a paper published in 2007 suggesting that the 
absence of the protein results in an impairment in the 
formation of cilia (11). In addition to that, the ALMS1 
protein has also been shown to be related to energy 
metabolism homeostasis, cell differentiation, ciliary 
signalling pathways, cell cycle control and intracellular 
trafficking (9). These facts aid in the classification 
of Alström syndrome as a ciliopathy, a disorder that 
results in abnormal cilia function or formation (12,13). 
While more research needs to be conducted on the 
pathophysiology of Alström syndrome, there appears to 
be a significant relationship between the ALMS1 gene, 
ALMS1 protein, cilia function and the disorder.

4. Diagnosis

Due to the wide range of symptoms and great variability 
in presentations, the diagnosis of Alström syndrome 
is often challenging. Furthermore, certain symptoms 
have a delayed presentation until later in life, meaning 
that the diagnosis during early life is often missed (14). 
The characteristic features of Alström syndrome often 
become more evident as a child grows, meaning that the 
diagnosis and clinical suspicion of Alström syndrome 
become more evident in late childhood. A study 
published in 2007 established a set of criteria that aid in 
the diagnosis of Alström syndrome (2). The molecular 
diagnosis of Alström syndrome is established when a 
patient is found to have two ALMS1 mutations, with 
one mutation coming from each parent. This screening 
is done by molecular genetic testing (14).

5. Complications

The main complications of Alström syndrome are 
summarized in Table 1.

5.1. Endocrine complications

Alström syndrome has an impact on endocrine 
and metabolic function resulting in endocrine 
complications. The main endocrine complications are 
related to growth, pubertal development, obesity, and 
diabetes mellitus (15).
 A common complication of Alström syndrome 
is obesity and early onset diabetes mellitus. ALMS1 
mutations allow glucose transport through the actin 
cytoskeleton, which helps in insulin-mediated Glucose 
transporter type 4 (GLUT4) transport. Among the 
various metabolic derangements in cases with Alström 
syndrome, a study shows that 76% had obesity and 
37% had type 2 diabetes mellitus. These patients had 
very high fasting and mixed-meal test (MMT) insulin 
resistance indices, higher MMT glucose, insulin, and 
C-peptide values, higher haemoglobin A1c (HbA1c), 
and higher prevalence of type 2 diabetes mellitus (16). 

It has been found that extreme insulin receptor and β-cell 
failure are the two main factors responsible for the 
glucose metabolism alterations in Alström syndrome 
(17). A cross-sectional cohort study showed that patients 
may develop early child obesity, but the body mass 
index, waist circumference, and body fat decreased 
with age as insulin resistance increased. This insulin 
resistance is also associated with increased levels of 
triglycerides in patients with Alström syndrome (15).
 Growth complications are also a major endocrine 
issue of Alström syndrome. Almost 98% of adults with 
Alström syndrome are in the 5th percentile or less for 
height. The growth complications are likely to arise 
during puberty as studies conducted have shown that 
pre-pubertal heights of children with Alström syndrome 
are not dissimilar to their peers (18). No study has 
specifically investigated growth hormone (GH) 
deficiency in a large population. Small sample studies 
have shown that Alström syndrome patients may be 
functionally GH deficient. Tested Alström syndrome 
patients had an inadequate GH reserve to growth 
hormone release hormone-arginine (GHRH-arg) leading 
to a low growth velocity despite advanced bone ages 
and normal insulin like growth factor 1 concentration. 
Growth hormone deficiency accounts for the short 
stature in some patients with Alström syndrome, while 
the advanced bone age and normal early growth may be 
due to hyperinsulinism (19,20). A specific defect in the 
signal transduction of insulin action accounts for the 
existence of insulin resistance in the presence of growth 
hormone deficiency (21).
 Pubertal  development is another endocrine 
complication of Alström syndrome. In males, 
hypogonadotropic hypogonadism and testicular fibrosis 
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Table 1. Summary of the major complications of Alström 
syndrome 

Items

Endocrine

Cardiovascular

Sensory

Renal/Urinary

Hepatic

Respiratory

Complications

Obesity and early onset diabetes mellitus
Short Stature
Hypogonadism and testicular fibrosis (in males)
Gynecomastia (in males)
Issues with menstruation (in females)
Poor breast development (in females)

Dilated cardiomyopathy
Early onset coronary artery disease
Early onset Hypertension

Progressive vision loss
Progressive sensorineural hearing loss

End-stage renal disease
Renal cysts
Recurrent urinary tract infections

Non-alcoholic fatty liver disease
Cirrhosis

Recurrent respiratory tract infections
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non-reversible; so, the infantile onset of dilated 
cardiomyopathy and the high rate of resolution are 
difficult to explain. As an example a paper published 
in 2012 speculates that the myocardial fibrosis and the 
infantile dilated cardiac myopathy may follow different 
pathogenic processes (28).
 Comorbidities associated with Alström syndrome 
could also lead to early onset coronary artery disease. 
A 2012 study suggests that patients with Alström 
syndrome should be assessed for classical coronary 
risk factors and investigated specifically to exclude 
coronary artery disease (30).
 Echocardiography is critical in establishing the 
diagnosis, guiding therapy, and determining an overall 
prognosis (31). Cardiac magnetic resonance imaging 
not only provides pathological insights, but gives a 
chance to detect early functional changes, track the 
natural history and progression of the disease, and 
assess the impact of therapeutic interventions, as 
well as guide referral for transplantation in patients 
with Alström syndrome (32). Early diagnosis allows 
greater opportunities to introduce therapies for cardiac 
complications of Alström syndrome. This is particularly 
true of cardiomyopathy, which presents acutely in 
childhood in 45% of cases and is potentially fatal if 
unrecognized and recurs (33).

5.3. Sensory complications

Progressive loss of vision is a common finding in 
cases of Alström syndrome. Like many other features 
of Alström syndrome, disease severity and age of 
onset can differ considerably. The process of visual 
impairment begins within the first decade of life, 
usually between birth and 15 months of age (22). 
The impairment begins with the loss of visual acuity, 
photophobia, and horizontal nystagmus (2,22,34). 
This is followed by loss of residual light perception, 
which eventually progresses to complete loss of light 
awareness within the second decade of life (22). 
Photopic electroretinogram findings in the beginning of 
the disease show evidence of cone dystrophy. Follow-
up photopic electroretinogram testing reveals how 
rapidly the visual impairment progresses to typical 
cone-rod dystrophy (35).
 Auditory impairment is also a classic complication 
of Alström syndrome. The onset and severity of hearing 
loss can vary significantly between individuals. The 
hearing loss is progressive, and up to 70% of patients 
develop some degree of high frequency sensorineural 
hearing loss within the first decade of life (36). 
Many patients with Alström syndrome suffer from 
chronic otitis media, which contributes to progressive 
hearing loss (4,36). Histopathology findings of a 2015 
study have shown atrophy of the stria vascularis and 
degeneration of the organ of Corti (37). This may play 
a role in the pathophysiology of auditory impairment.

have been reported to halt or delay puberty. This has 
resulted in patients with Alström syndrome developing 
gynecomastia (18). In females, insulin resistance has 
resulted in patients with low concentrations of plasma 
gonadotropin, which have resulted in symptoms such as 
hirsutism, irregular menses, amenorrhea, or precocious 
puberty. Breast development is often poor in patients 
with Alström syndrome (22). Limited studies have been 
done on male or female fertility in patients with Alström 
disease, although there have been reports of females 
with the condition that have given uncomplicated birth 
to healthy infants (23).

5.2. Cardiac complications

Cardiac complications are common in Alström 
syndrome. The severity and symptoms of cardiac 
complications have great variability in patients with 
Alström syndrome (24). In Alström syndrome, heart 
failure due to a form of dilated cardiomyopathy is a 
frequent finding, occurring in approximately 60% of 
cases and representing the most common cause of death 
(25,26). The mechanism of cardiomyopathy is not 
currently known (27).
 Dilated cardiomyopathy presents in infancy in 50% 
of cases and, if treated successfully, apparent atypical 
recovery of cardiac function within 3 years can occur 
with restitution of near normal cardiac function into 
adult life (26). Importantly, infantile congestive heart 
failure can recur in adolescence or adulthood with a 
poor prognosis for affected patients (26,28).
 There are suggestions that hemodynamic changes 
associated with large artery stiffening have been 
shown to lead to maladaptive changes of myocardial 
hypertrophy and can contribute to development 
of left ventricular failure in patients with Alström 
syndrome. However, in a study published in 2007, it 
did not find clear associations between left ventricular 
structure and function and parameters of large artery 
function, suggesting that primary cardiac pathology 
is likely to play an important role in the pathogenesis 
of cardiomyopathy in Alström syndrome (26). The 
primary cardiac pathology concept is supported by 
another paper published in 2017, which states that 
although some patients had a history of significant 
cardiac risk factors for many years, they were unable 
to find a relationship between metabolic derangements 
and cardiac abnormalities (27). Furthermore, another 
study, which was published in 1996 found that 
clinically and histologically, the cardiomyopathy 
associated with Alström syndrome in their five patients 
was indistinguishable from other sporadic and familial 
forms of isolated cardiomyopathy (25).
 Histopathology of the heart in such cases has not 
revealed any specific findings other than a variable 
degree of cardiac dilatation and fibrosis (26,29). 
Most cases of myocardial fibrosis are gradual and 
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5.4. Renal complications

Renal complications are common in patients with 
Alström syndrome. The renal complications have high 
variability and often slowly progress. Onset of symptoms 
and complication are usually late in childhood or during 
adulthood. Significant renal complications include 
end-stage renal disease, which can occur during late 
childhood in some patients (38). Renal cysts are another 
renal feature of Alström syndrome (39). Interstitial 
fibrosis and hyalinization of tubules are visible on 
histopathological investigation (40).

5.5. Hepatic complications

Complications related to the liver are common in most 
patients with Alström syndrome although there is great 
variability in symptoms and severity. Elevated liver 
enzymes are often present since childhood and patients 
with Alström syndrome often have a high liver fat 
concentration (15). Portal hypertension and associated 
symptoms are also a common hepatic complication of 
Alström syndrome. Non-alcoholic fatty liver disease and 
cirrhosis are also more likely in patients with Alström 
syndrome when compared to the general population 
(41). Chronic active hepatitis, steatohepatitis, hepatic 
fibrosis, and cirrhosis are common findings on liver 
biopsy in patients with Alström syndrome (42).

5.6. Other complications

Upper and lower respiratory tract infections are often 
a complication of Alström syndrome. The symptoms 
very in severity and can result in pulmonary fibrosis, 
pulmonary hypertension, and impaired pulmonary 
function (2,14).
 Urinary symptoms are also a complication of Alström 
syndrome with patients presenting with lower urinary 
tract symptoms and abdominal pain prior to urination. 
Recurrent urinary tract infections and urinary strictures 
can also arise as a complication (2,43).
 Hypertension is also a common and significant 
complication of Alström syndrome. Studies have 
shown that approximately 40% of patients with Alström 
syndrome have hypertension. Furthermore, there have 
been cases of patients with hypertension at an age of 2 
(2,14).

6. Management

Currently there are no specific treatments for 
Alström syndrome that can cure the disease, prevent 
the complications, or reverse the complications. A 
multidisciplinary approach is currently preferred to 
detect, predict, and treat the complications of Alström 
syndrome. Regular monitoring via blood tests of levels 
of various markers including: liver enzymes, blood 

glucose and gonadotropins are suggested. Cardiac 
monitoring with the use of echocardiography is also 
suggested. Management of sensory deficits is essential, 
and this is especially significant in young children. A 
study published in 2007 has outlined the assessments and 
interventions that should be considered in patients with 
Alström syndrome (2) (Table 2).

7. Prognosis

Due to the wide range of symptoms, complications and 
severities of complications, the prognosis for patients 
with Alström syndrome can greatly vary. That being 
said, the disease often results in severe complications 
such as organ failure. As a result, patients with Alström 
syndrome generally have a reduced lifespan. Patients 
rarely exceed the age of 50 (4).

8. Conclusion

Alström syndrome is a rare genetic disorder caused 
by mutations to the ALMS1 gene. Complications 
of the disease are likely caused by dysfunctional 
cilia with complications arising early in life. The 
symptoms of Alström syndrome have great variability 
in presentation and intensity and can affect a great 
range of organ systems. Complications include: 
endocrine complications, sensory complications, 
renal complications, hepatic complications, and 
cardiac complications. Due to the wide range of 
complications and the high rates of organ damage and 
failure, lifespan is greatly reduced in individuals with 
Alström syndrome. There are no specific treatments 
for Alström syndrome with the current treatment only 
aiming to manage the complications of the condition. 
Alström syndrome has a huge impact on affected 
individuals, and more research should be conducted 
on this subject.

Table 2. Common assessments/investigations in patients 
with Alström syndrome

Items

Endocrine

Cardiovascular

Sensory

Renal/Urinary

Hepatic

Nvestigations/Assessments

Fasting blood glucose, HbA1c
Height, weight, body mass index
Gonadal function test (in males)

Electrocardiography
Echocardiography
Blood pressure

Visual acuity 
Electroretinogram
Audiometric assessment

Urinalysis 
Renal function test

Liver function test/liver enzymes
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