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ABSTRACT

Alstrom syndrome is a rare genetic disorder
inherited in an autosomal recessive pattern,
resulting from mutations in the ALMS1 gene. It
presents with a wide range of progressive
symptoms, including vision and hearing
impairment, cardiomyopathy, obesity, type 2
diabetes, and dysfunction of multiple organs such
as the liver, kidneys, and lungs. The condition is
classified as a ciliopathy, where defective cilia
contribute to systemic complications. Symptoms
typically appear in early childhood and worsen
over time, making diagnosis challenging due to
similarities with other disorders. Genetic testing
provides the most reliable confirmation of the
condition. Currently, there is no cure, and treatment
is focused on symptom management, including
diabetes control, cardiac monitoring, and
supportive care for sensory impairments. Research
efforts continue to explore the underlying
mechanisms of ALMS1 mutations, aiming to
develop targeted therapies. Early diagnosis and a
comprehensive, multidisciplinary approach are
essential in improving patient outcomes. Greater
awareness and increased research funding are vital
for advancing treatment options and enhancing the
quality of life for those affected by this complex
disorder.
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l. INTRODUCTION

Alstrom syndrome is a genetic disorder of
obesity that is autosomally recessive and affects
less than one in per million people. It is an
infrequent autosomal recessive genetic disorder
secondary to pathogenic mutations involving the
ALMS1 gene on the short arm of chromosome 2.
The other clinical manifestations include cone-rod

dystrophy, which leads to progressive vision and
hearing loss, type 2 diabetes mellitus combined
with hyperinsulinemia, dilated cardiomyopathy,
and hepatic and renal failure. (1) Cone-rod
dystrophy  manifests as increasing  visual
impairment, photophobia, and nystagmus, typically
beginning between birth and age 15 months. This
disabling condition affects the eyes severely and
retards their ability to perceive light. Reading large
text becomes possible for only a small percentage
of people with better ability to cope into their
thirties. (2) Symptoms present themselves at an
early age and the variation is massive in terms of
age of onset, and level of severity of clinical
symptoms, with even identical mutations within
families. It is a significant cause of chronic disease
burden and organ failure, with life expectancy
being below 50 years. While this monogenic
syndrome is rare, Alstrom syndrome has metabolic
syndrome, obesity, insulin resistance, diabetes,
hypertriglyceridemia, and hypertension to look
into. There is a considerable amount of focus on the
syndrome, especially at the molecular level and
biochemical pathways to fully understand the
syndrome. Retinal degeneration, sensorineural
hearing loss, and cardiomyopathy as well as
hepatic and renal failure are clinical features that
are unexplored and are often seen in the general
population. (3)

Alstrom syndrome is a rare autosomal
recessive genetic disorder caused by mutations in
the ALMS1 gene located on the short arm of
chromosome 2. It affects fewer than one in a
million individuals and is characterized by obesity,
type 2 diabetes with hyperinsulinemia, dilated
cardiomyopathy, and progressive liver and kidney
failure. One of the hallmark features is cone-rod
dystrophy, which results in progressive vision and
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hearing loss. Symptoms of cone-rod dystrophy,
such as visual impairment, photophobia, and
nystagmus, typically appear between birth and 15
months of age, severely impacting light perception.
Only a small percentage of individuals retain the
ability to read large text into their thirties. (1)

The syndrome presents early in life, but
the age of onset and severity of symptoms vary
widely, even among family members with identical
genetic mutations. Alstréom syndrome significantly
contributes to chronic disease burden and organ
failure, with a life expectancy typically under 50
years. Although rare, the condition shares features
with metabolic syndrome, including obesity, insulin
resistance, diabetes, hypertriglyceridemia, and
hypertension. Research efforts are heavily focused
on understanding the molecular and biochemical
pathways underlying the syndrome. (2)

Despite its rarity, Alstrom syndrome
highlights critical clinical features such as retinal
degeneration, sensorineural hearing loss,
cardiomyopathy, and hepatic and renal failure,
which are also observed in the general population.
These aspects remain underexplored, emphasizing
the need for further investigation into the
syndrome's broader implications. (3)

ETIOLOGY

Alstrom syndrome is caused by mutations
in the ALMS1 gene. This gene provides
instructions for producing a protein whose exact
function is not fully understood but is thought to be
involved in ciliary function, cell cycle regulation,
and intracellular transport. Mutations in the
ALMS1 gene, likely result in an abnormally
shortened, nonfunctional version of the ALMS1
protein. This protein is expressed at low levels in
most tissues, so the loss of its normal function may
explain the signs and symptoms of Alstrom
syndrome, which affects many parts of the body.
Some research suggests the protein product of the
ALMS1 gene plays a role in the proper functioning,
formation, and/or maintenance of cilia-the hair-like
structures found in almost all types of cells in the
body as well as some related structures such as the
basal body (which "anchors" the cilia to a cell. A
related condition, Bardet-Biedl syndrome, has also
been linked to ciliary malfunction. Several
diseases, known as ciliopathies, have been
associated with cilia dysfunction. Further studies
are required to determine whether related cilia and
structures play a role in the pathogenesis of
Alstrom syndrome. (4)

The ALMS1 gene is located on
chromosome 2 in the short arm, p 13.
Chromosomes are considered a component
carrying an individual's genetic information housed
within the human cell nucleus. In general, the
human cell has 46 chromosomes. Human
Chromosomal pairs: numbers 1 — 22 are sex
chromosomes assigned with the letter case, X or Y.
Both a short "p" arm and a long "q" arm are
characteristics of each chromosome. Chromosomes
are split into several numbered bands. Therefore,
"2q13" refers to chromosome 2, long arm, band 13;
the numbered bands indicate the localization of
thousands of genes on every chromosome. (5)

EPIDEMIOLOGY

Alstrom syndrome is considered a rare
condition, with an estimated prevalence ranging
from 1 in 100,000 to 1 in 1 million individuals. (6)
However, many cases may go undiagnosed due to
their rarity and the wide spectrum of clinical
symptoms, which can vary from mild to severe. To
date, around 1,200 cases of Alstrom syndrome have
been reported globally. (7,8) Based on data from a
combined national Alstrom service in Europe, at
least 263 cases have been recorded, including 89
from the United Kingdom, 64 from France, 60
from Turkey, 39 from Italy, and 15 from Spain. (9)

MOLECULAR GENETICS

Alstrom syndrome is an inherited disorder
caused by mutations in the ALMSL1 gene, located
on chromosome 2p13. Unlike some other genetic
conditions, there is no evidence of heterozygous
carriers or tri-allelic inheritance, which contrasts
with conditions like Bardet-Biedl syndrome (BBS)
(10, 3). This multisystem disorder presents with a
wide range of symptoms, including congenital
nystagmus,  cone-rod  dystrophy, bilateral
sensorineural hearing loss, cardiovascular disease,
insulin resistance and type 2 diabetes, chronic
kidney disease, non-alcoholic fatty liver disease,
short stature, male hypogonadism, bladder
dysfunction, and obesity. The ALMS1 gene
encodes a protein localized to the base of cilia and
centrosomes (11, 3). Spanning 23 exons, ALMS1 is
known to produce multiple alternatively spliced
transcripts, though the specific exon composition of
each variant remains to be fully determined (12).
While the precise function of the ALMSL protein is
not fully understood, it is believed to play a role in
metabolic regulation, homeostasis, cytoplasmic
transport, cell signaling, cell differentiation, and
cell cycle control (13, 14).
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CLINICAL OVERVIEW
NEUROSENSORY

By the age of 15, nearly all patients
experience progressive vision loss, photo-dysphoria
(light sensitivity), and early-onset nystagmus,
leading to legal blindness. Retinal abnormalities
such as macular degeneration and optic disc pallor
are common, and electroretinograms reveal cone
dysfunction with progressive rod degeneration.
Among patients aged 10 to 44, 32% develop
subcapsular cataracts (15). While surgical removal
of Dbilateral subcapsular cataracts, which are
frequently observed, may temporarily improve
vision, it does not halt the progression of retinal
deterioration. Childhood retinal changes include
increasing retinal pigment epithelium (RPE)
atrophy, optic disc pallor, and vascular narrowing.
Histological findings show features such as bone
spicules, optic disc drusen, and asteroid hyalosis
(16, 17-19). Optical coherence tomography (OCT)
imaging in young children reveals macular
thinning, delayed development, and an immature
retinal structure. Although there is no cure for
progressive vision loss, early intervention with
Braille, mobility training, and visual aids is
recommended to prepare patients for inevitable
blindness. Early diagnosis and support can
significantly improve the quality of life (20).

In addition to vision issues, sensorineural
hearing loss is often worsened by recurrent acute
and chronic otitis media, sometimes accompanied
by conductive hearing loss. Myringotomy can be
beneficial in chronic cases, and cochlear implants
have shown effectiveness. However, due to the
rarity of the condition, surgical risks may be higher.
Early intervention is crucial to minimize the impact
of hearing impairment (15, 21).

ENDOCRINE FUNCTION

Over 80% of individuals with Alstrom
syndrome (AS) are diagnosed with type 2 diabetes
and hypertriglyceridemia by the age of 16, with
signs of insulin resistance often appearing as early
as infancy. Approximately 50% of affected
individuals experience hypertriglyceridemia, and
5% may develop acute pancreatitis. The syndrome
is also associated with various endocrine issues,
such as ovarian cysts, hirsutism, hypothyroidism,
hypogonadism, disrupted puberty, and short stature
linked to abnormalities in the IGF-growth hormone
axis. Early screening and management are crucial
(15, 22).

For managing hyperglycemia  and
hyperinsulinemia in AS, reducing carbohydrate

intake may be more effective than restricting fat. In
some cases, strict calorie restriction has shown
benefits. Insulin therapy may be required for
glycemic  control, while  medications like
metformin and DPP-4 inhibitors can also be useful.
Unlike in the general population, type 2 diabetes in
AS is not primarily driven by weight. Interestingly,
those affected may have a reduced risk of
developing peripheral sensory neuropathy (23, 24).

CARDIOLOGY FUNCTION

Cardiac complications are common in
Alstrom syndrome, with significant variability in
severity and presentation among affected
individuals. A frequent and serious manifestation is
heart failure, often due to dilated cardiomyopathy,
which is a central feature of the disease. This
condition accounts for about 60% of cases and is a
leading cause of mortality. The exact cause of
cardiomyopathy in Alstrom syndrome remains
unclear (25, 26, 27).

In approximately half of the cases, dilated
cardiomyopathy develops during infancy. With
appropriate  treatment, many infants show
significant improvement in cardiac function within
three years, often achieving near-normal heart
function that can persist into adulthood. However,
it is crucial to note that congestive heart failure that
first appears in infancy may recur during
adolescence or adulthood, often with a poor
prognosis (26, 27, 28).

Research suggests that increased stiffhess
of major arteries may contribute to maladaptive
heart contractions, ultimately leading to left
ventricular dysfunction in individuals with Alstrom
syndrome. However, a 2007 study found no clear
connection between left ventricular anatomy and
function and major artery function, indicating that
primary cardiac disease likely plays a key role in
the development of cardiomyopathy. A 2017 study
further suggested that, despite the presence of
severe cardiac risk factors in some individuals,
there was no definitive link between metabolic
abnormalities and cardiac dysfunction.
Additionally, a 1996 study identified a clinical and
histological association between cardiomyopathy
and Alstrom syndrome in five patients (26, 27, 29).

Histopathological studies of the heart in
these cases have shown no distinctive features
other than varying degrees of cardiac enlargement
and scarring (26, 27). Myocardial fibrosis is
typically a slow, irreversible process, making the
early onset and rapid resolution of dilated
cardiomyopathy in infants difficult to fully explain.
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For instance, a 2012 study proposed that cardiac
fibrosis and infantile dilated cardiomyopathy might
have separate pathogenic mechanisms. Importantly,
comorbidities associated with Alstrom syndrome
may contribute to early coronary artery disease. A
2012 study recommended that individuals with
Alstrom syndrome be screened for traditional
coronary risk factors and undergo targeted
diagnostics to rule out coronary artery disease (30,
31).

Echocardiography is  essential  for
diagnosing, managing treatment, and predicting
outcomes in Alstrom syndrome (32). Magnetic
resonance imaging (MRI) provides valuable
pathological insights, enabling early detection of
functional abnormalities. It also helps monitor
disease progression, evaluate treatment
effectiveness, and determine the need for heart
transplantation (33). Early diagnosis is critical for
managing cardiac issues, particularly
cardiomyopathy, which can be severe in childhood,
affecting about 45% of patients. If not promptly
identified, this condition can be life-threatening and
often recurs (34).

Alstrom syndrome is also characterized by
a wide range of hepatic dysfunction, typically
beginning with asymptomatic elevations in liver
enzymes and the development of steatosis (35, 36).
Common early signs include steatosis and
hepatosplenomegaly, which can progress to fibrotic
and inflammatory changes with lymphocytic
infiltration in both portal and parenchymal areas.
Hepatocellular adenomas with pericellular fibrosis
have also been observed. Advanced liver disease in
these patients often involves severe fibrosis,
cirrhosis, portal hypertension, esophageal varices,
hepatic encephalopathy, and upper gastrointestinal
bleeding, which can be fatal. Notably, markers of
autoimmune  hepatitis, such as antinuclear
antibodies, are absent, suggesting that the
inflammatory processes driving fibrosis are not
autoimmune. End-stage liver disease accounts for
approximately 10% of deaths in individuals with
Alstrom syndrome (15).

OBESITY

Obesity is a common and early feature in
most children with Alstrom syndrome, although
birth weight and body mass index (BMI, kg/m?) are
typically normal during the first few months of life.
A significant and rapid increase in weight begins
within the first or second year, becoming a major
medical concern, particularly during childhood.
Adipose tissue is distributed throughout the body

but is primarily found subcutaneously and
viscerally. Dual-energy x-ray absorptiometry
(DEXA) scans indicate that total body fat often
falls within the top 25th percentile (37). BMI in
affected individuals ranges from 21 to 53 for both
males and females. While BMI tends to normalize
in older individuals, insulin resistance continues to
worsen. This normalization of BMI with age does
not appear to correlate with the onset of conditions
such as renal failure, heart failure, or type 2
diabetes mellitus (T2DM). Reduced physical
activity, often compounded by dual neurosensory
impairments, has been observed in Alstrom
syndrome, though no formal metabolic studies have
been conducted. Although childhood hyperphagia
has been suggested as a potential contributor to
obesity, evidence supporting this remains anecdotal
(38). A combination of disrupted appetite
regulation and reduced physical activity may
therefore play a role in the development of obesity
in this disorder. Leptin levels are elevated in
Alstrom syndrome and correlate with body weight
(39). However, mild increases in leptin levels,
when adjusted for BMI, suggest the presence of
leptin resistance (40). To date, no formal trials have
been conducted to manage obesity in Alstrom
syndrome using appetite suppressants or lipase
inhibitors.

TYPE 2 DIABETES MELLITUS

Severe insulin resistance,
hyperinsulinemia, and impaired glucose tolerance
often appear in early childhood and are frequently
accompanied by acanthosis nigricans. Even when
compared to controls with similar pubertal stages
and body composition, individuals with Alstrom
syndrome exhibit significantly greater insulin
resistance. T2DM typically develops during
childhood, adolescence, or adulthood, with an
average age of onset at 16 years.
For some individuals with Alstrom syndrome,
reducing carbohydrate intake may be more
effective  than restricting fat to manage
hyperglycemia and hyperinsulinemia (41). Lee and
colleagues (38) reported that strict caloric
restriction helped moderate hyperinsulinemia in a
young child with Alstrom syndrome (42).
Medications such as metformin and dipeptidyl
peptidase 4 (DPP4) inhibitors have been effective
in some cases, though hyperglycemia can
sometimes be difficult to control, necessitating
insulin therapy (43). Unlike in the general
population, the onset of T2DM in Alstrom
syndrome does not appear to be linked to the
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degree of obesity, and there is some evidence
suggesting a reduced risk of clinical peripheral
sensory neuropathy (44).

DYSLIPIDEMIA

Children with Alstrom syndrome often
exhibit elevated lipid levels from an early age.
Hypertriglyceridemia is common but variable and
is not always associated with hypercholesterolemia.
There is no clear connection between high
triglyceride levels and insulin  resistance,
hyperinsulinemia, or obesity (45). In severe cases,
hypertriglyceridemia can lead to pancreatitis (46,
47). The combination of obesity, severe insulin
resistance, T2DM, and early-onset renal
impairment may increase the risk of cardiovascular
disease (48). However, MRI studies have shown
that the cardiac and renal failures seen in Alstrom
syndrome are not linked to coronary artery vascular
disease (32).

HEPATIC PATHOLOGY

Alstrom syndrome is associated with a
slowly progressing liver dysfunction that shows
significant phenotypic variability. The condition
typically starts with asymptomatic increases in
liver enzymes (transaminases) and steatosis (fatty
liver) (33, 35). Early signs often include steatosis
and hepatosplenomegaly (enlarged liver and
spleen), followed by fibrotic and inflammatory
changes with lymphocytic infiltration in the portal
and liver tissue areas. In some cases, hepatocellular
adenoma with pericellular fibrosis has been
observed (36). As the liver disease advances, severe
fibrosis, cirrhosis, portal hypertension, esophageal
varices, and encephalopathy develop, with upper
gastrointestinal bleeding often leading to death.
The inflammatory changes causing fibrosis do not
appear to be linked to autoimmune processes, as
tests for antinuclear antibodies and other markers
of autoimmune  hepatitis are  negative.
Approximately 10% of individuals with Alstrom
syndrome die from end-stage liver disease (15).

RENAL DISEASE

Progressive kidney impairment in Alstrom
syndrome includes glomerular disease, reduced
glomerular filtration rate, and albuminuria. Over
time, patients may develop decreased urine-
concentrating ability, hypertension, renal tubular
acidosis, polyuria and polydipsia. Nephrocalcinosis
has been reported (49), along with focal
glomerulosclerosis and interstitial renal fibrosis
(15, 50). Additionally, lower urinary tract

dysfunction, recurrent infections, vesicoureteral
reflux, urethral stenosis, and detrusor instability are
common (15, 45). In severe cases, indwelling
catheterization may be necessary. End-stage renal
disease (ESRD) can occur as early as the late teens
and is a major cause of illness. While kidney and
kidney-pancreas transplants have been successful
in some patients, obesity and other organ
complications may make individuals ineligible for
the procedure (51).

RESPIRATORY ILLNESS

Chronic respiratory tract infections often
begin in early childhood, leading to conditions like
chronic  bronchitis, asthma, and chronic
rhinosinusitis, particularly in children. The severity
of pulmonary issues varies, ranging from frequent
bronchial infections to chronic obstructive
pulmonary disease (COPD) and acute respiratory
distress syndrome (ARDS). Pulmonary
hypertension is common, and early inflammatory
changes in the small airways have been observed.
Severe interstitial fibrosis and obliterating fibrosis
can occur, with some patients unable to maintain
adequate oxygen levels, requiring continuous
positive airway pressure (CPAP). Blood oxygen
levels can drop rapidly, especially during or after
surgical procedures (21, 52).

HYPOGONADISM

Both males and females with Alstrom
syndrome may experience hyper- or
hypogonadotropic hypogonadism, though it is more
common in males. Low-normal testosterone levels
and elevated gonadotropins suggest primary
gonadal failure (53, 54). Males often have small
external genitalia, testicular atrophy, and fibrosis of
the seminiferous tubules, though some spermatozoa
may still be present in seminal fluid (15).
Secondary sex characteristics are typically normal.
In females, hypogonadism may not be noticeable
until puberty, when delays in secondary sex
characteristics and menarche become apparent.
Females may also experience hyperandrogenism,
hirsutism (excessive hair growth), and alopecia
(hair loss), likely due to insulin resistance (55).
Pathological findings include cystic ovaries with
dense fibrosis, few or no follicles, and absent
corpora lutea (15). Abnormal breast development,
precocious puberty, endometriosis, irregular
menstrual cycles, or amenorrhea have also been
reported. Monitoring gonadotropin and  sex
hormone levels as children approach puberty is
essential to determine if hormone replacement
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therapy is needed. Treatments like
metformin,progesterone’s, or estrogen-
progesterone medications have helped regulate
menstrual cycles in females. No individuals with
Alstrom syndrome are known to have reproduced.

OTHER ABNORMALITIES

Individuals with Alstrom syndrome often
display distinctive facial features, including deep-
set eyes, a rounded face, thick ears, premature
frontal balding, and thin hair. Hyperostosis frontalis
interna is also observed. Many children exhibit
wide, thick, and flat feet, along with short, stubby
fingers and toes (brachydactyly), but without
polydactyly or syndactyly. Scoliosis and kyphosis
are common, varying in severity, and can
exacerbate cardiac issues by restricting lung
function. Chronic abdominal pain, bloating, or
constipation may occur, sometimes resolving on
their own, though rare cases of cecal volvulus have
been reported (15, 52).
Dental abnormalities are also common, including
missing, misplaced, or extra teeth, gingivitis, and
light yellow-brown enamel discoloration on the
front teeth. Histological studies of the gingiva have
shown irregularities in the thickness of the basal
lamina and delamination of the myelin sheath (56).

DIAGNOSIS

A comprehensive physical examination is
essential for diagnosing Alstrom syndrome. A
geneticist typically conducts the examination,
measuring head circumference, eye spacing, and
limb length. Neurological and eye exams may also
be performed. Imaging techniques such as CT
scans, MRIs, or X-rays are used to assess internal
structures (57).

Diagnosis is based on clinical findings,
including cone-rod dystrophy, sensorineural
hearing loss, cardiomyopathy, obesity, kidney
dysfunction, and diabetes, alongside medical and
family history. The variability in symptom onset
complicates diagnosis. Unlike similar conditions
such as Bardet-Biedl or Laurence-Moon
syndromes, Alstrom syndrome does not typically
involve polydactyly or intellectual disability.

Molecular genetic testing, while not
mandatory, can confirm the diagnosis by
identifying mutations in the ALMS1 gene. Testing
detects mutations in approximately 70-80% of
individuals of Northern European descent and 40%
globally. However, the absence of ALMSI1
mutations does not exclude the diagnosis (2).

Diagnostic criteria include major and
minor indicators. Major criteria involve a
pathogenic ALMSL1 allele or family history of the
syndrome, along with visual impairments such as
nystagmus or cone-rod dystrophy. Minor criteria
include obesity, diabetes, cardiomyopathy, hearing
loss, liver or kidney dysfunction, short stature, and
hypogonadism. Diagnasis requires either two major
criteria or one major criterion plus 2-4 minor
criteria, depending on age (22, 1).

TREATMENT

There is no cure for Alstrom syndrome, so
treatment focuses on managing symptoms. Due to
the progressive nature of kidney dysfunction,
regular monitoring of renal function is critical.
ACE inhibitors are commonly used for kidney
protection, and kidney transplantation may be
necessary in severe cases (15).
For cardiomyopathy, a combination of diuretics,
spironolactone, digitalis, beta-blockers, and ACE
inhibitors is often prescribed (22). Diabetes
management may involve carbohydrate restriction,
high-dose insulin, biguanides, thiazolidines, or
GLP-1 agonists. Thiazolidines have shown
effectiveness in addressing insulin resistance in
Alstrom syndrome (58, 59, 60).

REFERENCES

[1]. Hanaki K, Kinoshita T, Fujimoto M,
Sonoyama-Kawashima Y, Kanzaki S,
Namba N. Alstrom Syndrome: A Review
Focusing on Its Diverse Clinical
Manifestations and Their Etiology as a
Ciliopathy. Yonago Acta Med. 2024 May
21;67(2):93-99.

[2]. Paisey RB, Steeds R, Barrett T, et al.
Alstrém Syndrome. 2003 Feb 7 [Updated
2019 Jun 13]. In: Adam MP, Feldman J,
Mirzaa GM, et al., editors.
GeneReviews® [Internet]. Seattle (WA):
University of Washington, Seattle; 1993-
2025.

[3]. Marshall JD, Maffei P, Collin GB,
Naggert JK. Alstrom syndrome: genetics
and clinical overview. Curr Genomics.
2011 May;12(3):225-35.

[4]. National Organization for Rare Disorders.
(n.d.). Alstrém syndrome. Retrieved
March 6, 2025, from
https://rarediseases.org/rare-
diseases/alstrom-syndrome/Paisey RB,
Steeds R, Barrett T, et al. Alstrom
Syndrome. 2003 Feb 7 [Updated 2019 Jun

DOI: 10.35629/4494-10021625

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 21


https://rarediseases.org/rare-diseases/alstrom-syndrome/
https://rarediseases.org/rare-diseases/alstrom-syndrome/

\7

JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 2 Mar — Apr 2025, pp: 16-25 www.ijprajournal.com

[5].

[6].

[7].

[8].

[9].

[10].

13]. In: Adam MP, Feldman J, Mirzaa
GM, et al, editors. GeneReviews®
[Internet]. Seattle (WA): University of
Washington, Seattle; 1993-2025. Available
from:
https://www.ncbi.nlm.nih.gov/books/NBK
1267

Minton JAL,Owen KR,Ricketts
CJ,Crabtree N,Shaikh G,Ehtisham S,et al.
Syndromic obesity and diabetes: changes
in body composition with age and
mutation analysis of ALMSL1 in 12 United
Kingdom  kindreds  with  Alstrom
syndrome. J Clin Endocrinol Metab.
2006;91:3110-6.

Bdier AY,Al-Qahtani FA,Kumar Verma
P,Alshoaibi  NA,Mohammed  Alrayes
N,Shaik NA.et al. A novel homozygous
ALMS1 protein truncation mutation
(c.2938dupA) revealed variable clinical
expression among  Saudi  Alstrém
syndrome patients. Arch Med Sci.
2020;100635.

Bea-Mascato B,Valverde D. Genotype—
phenotype  associations in  Alstréom
syndrome: a systematic review and meta-
analysis. J Med Genet. 2024;61:18-26.
Tahani N, Maffei P, Dollfus H, Paisey R,
Valverde D, Milan G, Han JC, Favaretto F,
Madathil SC, Dawson C, Armstrong MJ,
Warfield AT, Dizenli S, Francomano CA,
Gunay-Aygun M, Dassie F, Marion V,
Valenti M, Leeson-Beevers K, Chivers A,
Steeds R, Barrett T, Geberhiwot T.

Consensus clinical management
guidelines  for  Alstrdm  syndrome.
Orphanet J Rare Dis. 2020 Sep

21;15(1):253.

Marshall JD, Ludman MD, Shea SE,
Salisbury SR, Willi SM, LaRoche RG,
Nishina PM. Genealogy, natural history,
and phenotypic features of Alstrom
syndrome in a large Acadian kindred and
three unrelated families. Am. J. Med.
Genet. 1997;73:150-161. doi:
10.1002/(sici)1096-
8628(19971212)73:2<150::aid-
ajmg9>3.0.co;2-y.

Lopour, M. Q. R., Schimmenti, L. A,
Boczek, N. J., Kearney, H. M., Drack, A.
V., & Brodsky, M. C. (2022). Alstréom
syndrome caused by maternal uniparental
disomy. American Journal of

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Ophthalmology Case Reports, 26, 101745.
https://doi.org/10.1016/j.ajoc.2022.101745
Collin GB, Marshall JD, Ikeda A, So WV,
Russell-Eggitt 1, Maffei P, Beck S,
Boerkoel CF, Sicolo N, Martin M, Nishina
PM, Naggert JK. Mutations in ALMS1
cause obesity, type 2 diabetes and
neurosensory degeneration in Alstrém
syndrome. Nat. Genet. 2002;31:74-78.
doi: 10.1038/ng867

Alvarez-Satta M, Castro-Sanchez S,
Valverde D. Alstrom syndrome: current
perspectives. Appl Clin Genet. 2015;
8:171-9.

Meurs, K.M., Williams, B.G., DeProspero,
D.et al. A deleterious mutation in the
ALMS1 gene in a naturally occurring
model of hypertrophic cardiomyopathy in
the Sphynx cat. Orphanet J Rare Dis 16,
108 (2021).
https://doi.org/10.1186/s13023-021-
01740-5

Marshall JD, Bronson RT, Collin GB, et
al. New Alstrém Syndrome Phenotypes
Based on the Evaluation of 182
Cases. Arch Intern
Med. 2005;165(6):675-683.
doi:10.1001/archinte.165.6.675

Malm E, Ponjavic V, Nishina PM, Naggert
JK, Hinman EG, Andréasson S, Marshall
JD, Méller C. Full-field
electroretinography and marked variability

in clinical phenotype of Alstrom
syndrome. Arch. Ophthalmol.
2008;126:51-57. doi:

10.1001/archophthalmol.2007.28.
Russell-Eggitt IM, Clayton PT, Coffey R,
Kriss A, Taylor DSI, Taylor JFN. Alstrom
syndrome. Report of 22 cases and
literature review. Ophthalmol.
1998;105:1274-1280. doi:
10.1016/S0161-6420(98)97033-6.

Sebag J, Albert DM, Craft JL. The
Alstrém syndrome: Ophthalmic
histopathology and renal ultrastructure.
Brit. J. Ophthalmol. 1984;68:494-501.
doi: 10.1136/bj0.68.7.494.

Tremblay F, LaRoche RG, Shea SE,
Ludman MD. Longitudinal study of the
early electroretinographic changes in
Alstrém’'s Syndrome. Am. J. Ophthalmol.
1993;115:657-665. doi: 10.1016/s0002-
9394(14)71466-7.

DOI: 10.35629/4494-10021625

Impact Factor value 7.429 | ISO 9001: 2008 Certified Journal Page 22


https://www.ncbi.nlm.nih.gov/books/NBK1267
https://www.ncbi.nlm.nih.gov/books/NBK1267
https://doi.org/10.1016/j.ajoc.2022.101745
https://doi.org/10.1186/s13023-021-01740-5
https://doi.org/10.1186/s13023-021-01740-5

\7

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 2 Mar — Apr 2025, pp: 16-25 www.ijprajournal.com

|JPRA Journal
[19]. Vingolo EM, Salvatore S, Grenga PL, [27]. Mahamid J, Lorber A, Horovitz Y, Shalev
Maffei P, Milan G, Marshall JD. High SA, Collin GB, Naggert JK, Marshall JD,
resolution  spectral domain  optical Spiegel R. Extreme clinical variability of
coherence tomography images of Alstrom dilated cardiomyopathy in two siblings
syndrome. J. Pediatr. Ophthalmol. Strabis. with Alstrdm syndrome. Pediatr Cardiol.
2010;47:e1-3. doi: 10.3928/01913913- 2013; 34:455-458.
20100507-05. [28]. Brofferio A, Sachdev V, Hannoush H,
[20]. Florentzson R, Hallén K, Mobller C. Marshall JD, Naggert JK, Sidenko S,
Alstrom  syndrome  and  cochlear Noreuil A, Sirajuddin A, Bryant J, Han JC,
implantation. The first ?  Clinical Arai AE, Gahl WA, Gunay-Aygun M.
experience.  10th  International  ClI- Characteristics of cardiomyopathy in
conference; Stockholm; June 27-July 1. Alstrdm syndrome: Prospective single-
2010.] center data on 38 patients. Mol Genet
[21]. Marshall JD, Beck S, Maffei P, Naggert Metab. 2017; 121:336-343.
JK. Alstrom syndrome. Eur J Hum Genet. [29]. Makaryus AN, Zubrow ME, Marshall JD,
2007; 15:1193-1202. doi: Gillam LD, Mangion JR. Cardiac
10.1038/sj.ejhg.5201933. manifestations of Alstrém syndrome:
[22]. Paisey RB, Paisey RM, Thompson MP, echocardiographic findings. J Am Soc
Bower L, Maffei P, Shield JPH, Barnett S, Echocardiogr. 2007; 20:1359-1363.
Marshall JD. Protection from clinical [30]. Nerakh G, Ranganath P. Alstrém
peripheral sensory neuropathy in Alstrém syndrome presenting as isolated dilated
Syndrome in contrast to early-onset Type cardiomyopathy. Indian J Pediatr. 2019;
2 Diabetes. Diabet. Care. 2009;32:1-2. 86:296-298.
doi: 10.2337/dc08-1584. [31]. Loudon MA, Bellenger NG, Carey CM,
[23]. Minton JA, Owen KR, Ricketts CJ, Paisey RB. Cardiac magnetic resonance
Crabtree N, Shaikh G, Ehtisham S, Porter imaging in Alstrdm syndrome. Orphanet J
JR, Carey C, Hodge D, Paisey R, Walker Rare Dis. 2009; 4:14.
M, Barrett TG. Syndromic obesity and [32]. Connolly MB, Jan JE, Couch RM, Wong
diabetes: changes in body composition LTK, Dimmick JE, Rigg JM. Hepatic
with age and mutation analysis of ALMS1 dysfunction in Alstrom disease. Am. J.
in 12 United Kingdom kindreds with Med. Genet. 1990;40:421-424. doi:
Alstrom syndrome. J. Clin. Endocrinol. 10.1002/ajmg.1320400408.
Metab. 2006;91:3110-3116. doi: [33]. Awazu M, Tanaka T, Sato S, Anzo M,
10.1210/jc.2005-2633. Higuchi M, Yamazaki K, Matsuo N.
[24]. Hollander SA, Alsaleh N, Ruzhnikov M, Hepatic dysfunction in two sibs with
Jensen K, Rosenthal DN, Stevenson DA, Alstrom syndrome: Case report and
Manning M. Variable clinical course of review of the literature. Am. J. Med.
identical twin neonates with Alstrém Genet. 1997;69:13-16.
syndrome presenting coincidentally with [34]. Quiros-Tejeira R E, Vargas J, Ament ME.
dilated cardiomyopathy. Am J Med Genet Early-onset liver disease complicated with
A.2017; 173:1687-1689. acute liver failure in Alstrom syndrome.
[25]. Smith JC, McDonnell B, Retallick C, Am. J. Med. Genet. 2001;101:9-11. doi:
McEniery C, Carey C, Davies JS, Barrett 10.1002/ajmg.1292.
T, Cockcroft JR, Paisey R. Is arterial [35]. Morgan J, Sadler MA, Siegel S. US, CT,
stiffening in Alstrém syndrome linked to and MR imaging of hepatic masses in
the development of cardiomyopathy? Eur Alstrom syndrome: a case report. Clin.
J Clin Invest. 2007; 37:99-105 Imaging.  2008;  32:393-395.  doi:
[26]. Choudhury AR, Munonye |, Sanu KP, 10.1016/j.clinimag.2008.02.031.
Islam N, Gadaga C. A review of Alstrdm [36]. Paisey RB, Hodge D, Williams K. Body

syndrome: a rare monogenic ciliopathy.
Intractable Rare Dis Res. 2021
Nov;10(4):257-262. doi:
10.5582/irdr.2021.01113. PMID:
34877237; PMCID: PMC8630466.

fat distribution, serum glucose, lipid and
insulin response to meals in Alstrom
syndrome. J. Hum. Nutr. Diet. 2008;
21:268-274. doi: 10.1111/j.1365-
277X.2008.00866.x.

DOI: 10.35629/4494-10021625 Impact Factor value 7.429 | I1SO 9001: 2008 Certified Journal Page 23



\7

JPRA Journal

International Journal of Pharmaceutical Research and Applications
Volume 10, Issue 2 Mar — Apr 2025, pp: 16-25 www.ijprajournal.com

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

Maffei P, Munno V, Marshall JD,
Scandellari C, Sicolo N. The Alstrém
syndrome: is it a rare or unknown disease?
Ann. Ital. Med. Int. 2002; 17:221-228.
Maffei P, Boschetti M, Marshall JD,
Paisey RB, Beck S, Resmini E, Collin GB,
Naggert JK, Milan G, Vettor R, Minuto F,
Sicolo N, Barreca A. Characterization of
the IGF system in 15 patients with
Alstrom syndrome. Clin. Endocrinol.
2007; 66:269-275. doi: 10.1111/}.1365-
2265.2007.02721.x.

Hung Y-J, Jeng C, Pei D, Chou P-I, Wu D-
A. Alstrdom Syndrome in Two Siblings. J.
Formos. Med. Assoc. 2001;100:45-49.
Paisey RB, Hodge D, Bower L. Weight
and glycaemic responses to 6 months
Exenatide treatment in 9 Alstrém
syndrome subjects with type 2 diabetes.
Abstract: 44th EASD Meeting, Rome,
Italy. 2008. Sep,

Lee N-C, Marshall JD, Collin GB,
Naggert JK , Chien Y-H, Tsai W-Y, Hwu
W-L. Caloric restriction in Alstrom
syndrome prevents hyperinsulinemia — A
case report. Am. J. Med. Genet. A. 2009;
149:666—668. doi: 10.1002/ajmg.a.32730.
Satman |, Yilmaz MT, Giirsoy N, Karsidag
K, Dingcag N, Ovali T, Karadeniz S,
Uysal V, Bugra Z, Okten A, Devrim S.
Evaluation of insulin resistant diabetes
mellitus in Alstrdm syndrome: a long-term
prospective follow-up of three siblings.
Diabet. Res. Clin. Pract. 2002;56:189—
196. doi: 10.1016/s0168-8227(02)00004-
9.

Paisey RB, Paisey RM, Thompson MP,
Bower L, Maffei P, Shield JPH, Barnett S,
Marshall JD. Protection from clinical
peripheral sensory neuropathy in Alstrém
Syndrome in contrast to early-onset Type
2 Diabetes. Diabet. Care. 2009;32:1-2.
doi: 10.2337/dc08-1584.

Charles SJ, Moore AT, Yates JRW, Green
T, Clark P. Alstrom's syndrome: further
evidence of  autosomal recessive
inheritance and endocrinological
dysfunction. J. Med. Genet. 1990;27:590-
592. doi: 10.1136/jmg.27.9.590.

Paisey RB, Carey CM, Bower L, Marshall
J, Taylor P, Maffei P, Mansell P.
Hypertriglyceridaemia  in  Alstrom's
syndrome: causes and associations in 37

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

cases. Clin. Endocrinol. 2004;60:228-231.
doi: 10.1111/j.1365-2265.2004.01952.x.
Wu WC, Chen SC, Dia CY, Yu ML, Hsieh
MY, Lin ZY, Wang LY, Tsai JF, Chang
WY, Chuang WL. Alstrém syndrome with
acute  pancreatitiss. A case report.
Kaohsiung J. Med. Sci. 2003;19:358-361.
doi: 10.1016/S1607-551X(09)70438-3
Atabek ME. Sinha S.K, et al., editors. Re:
"Effect of metformin and rosiglitazone in
a prepubertal boy with  Alstrom
syndrome”. JPEM, J. Pediatr. Endocrinol.
Metab. 2007, 2008;20:1045, 100-1052.
doi: 10.1515/jpem.2007.20.9.1045. author
reply 100-1.

Mastrapasqua SC. Sindrome de Alstrom.
Primer caso descripto en Argentina. Rev.
Nefrolog. Dil. Traspl. 2008;28:17-20.

Izzi C, Maffei P, Milan G, Tardanico R,
Foini P, Marshall JD, Scolari F. The Case |

Familial occurrence of retinitis
pigmentosa, deafness, and renal
involvement. Kidney Int. 2011 doi:

10.1038/ki.2010.514. in press.

Richardson D, Shires M, Davison AM.
Renal diagnosis without renal biopsy.
Nephritis and sensorineural deafness.
Nephrol. Dial. Transplant. 2001;16:1291—
1294. doi: 10.1093/ndt/16.6.1291.

Khoo EY, Risley J, Zaitoun AM, El-
Sheikh M, Paisey RB, Acheson AG,
Mansell P. Alstrom syndrome and cecal
volvulus in 2 siblings. Am. J. Med. Sci.
2009;337:383-385. doi:
10.1097/MAJ.0b013e3181926594.
Warren SE, Schnitt SJ, Bauman AJ,
Gianelly RE, Landsberg L, Baim DS. Late
onset dilated cardiomyopathy in a unique
familial syndrome of hypogonadism and
metabolic abnormalities. Am. Heart J.
1987; 114:1522-1524. doi: 10.1016/0002-
8703(87)90561-8.

Weinstein RL, Kliman B, Scully RE.
Familial syndrome of primary testicular
insufficiency with normal virilization,
blindness, deafness and metabolic
abnormalities. New Engl. J. Med. 1969;
281:969-977. doi:
10.1056/NEJM196910302811801.
Kocova M, Sukarova-Angelovska E,
Kacarska R, Maffei P, Milan G, Marshall
JD. The wunique combination of
dermatological and ocular phenotypes in
Alstrom syndrome: Severe presentation,

DOI: 10.35629/4494-10021625

Impact Factor value 7.429 | 1SO 9001: 2008 Certified Journal Page 24



» . International Journal of Pharmaceutical Research and Applications
) Volume 10, Issue 2 Mar — Apr 2025, pp: 16-25 www.ijprajournal.com

BN

JPRA Journal

early onset, and two novel ALMS1
mutations. Br. J. Dermatol. 2010 doi:
10.1111/j.1365-2133.2010.10157 .X.

[55]. Koray F, Corter C, Benderli Y, Satman I,
Yilmaz T, Dingcag N, Karsidag K.
Alstrdm syndrome: a case report. J. Oral

Sci. 2001; 43:221-224. doi:
10.2334/josnusd.43.221.
[56]. "Alstrom  syndrome™. Genetics Home

Reference. 2015-11-30. Archived from the
original on 2020-09-20.

[57]. Paisey RB. New insights and therapies for
the metabolic consequences of Alstrom
syndrome. Curr Opin Lipidol. 2009;
20:315-20.

[58].  Ali S,Baig S,Wanninayake S,da Silva
Xavier G,Dawson C,Paisey R.et al.
Glucagon- like peptide- 1 analogues in
monogenic syndromic obesity:
real- world data from a large cohort of
Alstrdm syndrome patients. Diabetes Obes
Metab. 2024; 26:989-96.

[59]. Sinha SK,Bhangoo A,Anhalt H,Maclaren
N,Marshall JD,Collin GB,et al. Effect of
metformin and rosiglitazone in a
prepubertal boy with Alstrém syndrome. J
Pediatr Endocrinol Metab. 2007; 20:1045-
52.

Funding: No funding

ABBREVIATION

AS - Alstrom syndrome

ALMS1- Alstrom syndrome 1

BBS - Bardet-Biedl syndrome

RPE- Retinal Pigment Epithelium

OCT - Optical Coherence Tomography

MRI- Magnetic Resonance Imaging

CT- Computed Tomography

T2DM- . Type 2 diabetes mellitus

DPP4- Dipeptidyl Peptidase 4

10. BMI- Body Mass Index

11. DEXA - . Dual-Energy X-ray Absorptiometry

12. ESRD- End-Stage Renal Disease

13. CPAP- Continuous Positive Airway Pressure

14. ARDS- acute respiratory distress syndrome

15. COPD- Chronic Obstructive  Pulmonary
Disease

16. ACE- Angiotensin Converting Enzyme

17. GLP-1- Glucagon Like Peptide 1
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