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Abstract

Alport syndrome is an inherited disease characterized by progressive renal failure, hearing loss, and ocular
abnormalities. Inheritance is X-linked (85 %) or autosomal recessive (15 %). Many renal physicians think of Alport
syndrome as primarily affecting men. However, twice as many women are affected by the X-linked diseases.
Affected women are commonly undiagnosed, but 15%-30% develop renal failure by 60 years and often hearing
loss by middle age. Half of their sons and daughters are also affected. Autosomal recessive Alport syndrome is less
common, but is often mistaken for X-linked disease. Recessive inheritance is suspected where women develop
early-onset renal failure or lenticonus. Their family may be consanguineous. The prognosis for other family
members is very different from X-linked disease. Other generations, including parents and offspring, are not
affected, and on average only one in four of their siblings inherit the disease. All women with Alport syndrome
should have their diagnosis confirmed with genetic testing, even if their renal function is normal, because of their
own risk of renal failure and the risk to their offspring. Their mutations indicate the mode of inheritance and
the likelihood of disease transmission to their children, and the mutation type suggests the renal prognosis for both
X-linked and recessive disease. Women with X-linked Alport syndrome should be tested at least annually for
albuminuria and hypertension. The “Expert guidelines for the diagnosis and management of Alport syndrome”
recommend treating those with albuminuria with renin-angiotensin-aldosterone system (RAAS) blockade (and
adequate birth control because of the teratogenic risks of angiotensin converting enzyme inhibitors), believing
that this will delay renal failure. Current recommendations are that women with autosomal recessive Alport
syndrome should be treated with RAAS blockade from the time of diagnosis. In addition, women should be offered
genetic counseling, informed of their reproductive options, and monitored closely during pregnancy for the

development of hypertension.
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Introduction

Alport syndrome is an inherited disease characterized
by progressive renal failure, hearing loss, and ocular
abnormalities, including corneal scarring, lenticonus,
retinal thinning, and fleck retinopathy (1,2). Inheritance
is X-linked (85%) or autosomal recessive (15%) (3).
X-linked disease is suspected clinically when men in
the family are affected more severely, and disease ap-
pears to “skip” a generation. Autosomal recessive in-
heritance should be considered where disease affects
only one generation, there is consanguinity, or a young
woman develops ESRD and hearing loss, or lenticonus.

Alport syndrome is considered rare because it affects
fewer than one in 2000 individuals (www.orpha.net),
but most estimates of its prevalence are from hospital-
based series of mainly men, and many at-risk women
have never been tested.

X-linked Alport syndrome is caused by mutations
in the COL4A5 gene which encodes the collagen IV a5
chain (4). Autosomal recessive disease is caused by
two mutations in trans (on different chromosomes) in
the COL4A3 or COL4A4 genes which code for the col-
lagen IV a3 and a4 chains, respectively (5). The colla-
gen 1V a3, a4, and o5 chains form a heterotrimer that is
the predominant network of the basement membranes
of the glomerular filter, the cochlea, cornea, lens capsule,
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and retina (6) — a tissue distribution that explains the
clinical features. The collagen IV heterotrimer consists
of a long series of Gly-Xaa-Yaa repeats, where Gly is
present at each third residue, and X and Y are often
proline and hydroxyproline.

In general, mutations in Alport syndrome are dif-
ferent in each family, and are missense (40%) or non-
sense (direct or downstream, 40%), most often where a
Gly is replaced by another amino acid, or a stop codon,
respectively (7). More than 2000 COL4A5 mutations
have been described in X-linked Alport syndrome
and more than 1000 in COL4A3 and COL4A4 in reces-
sive disease (http://www.lovd.nl).

The clinical features of Alport syndrome are iden-
tical in males with X-linked inheritance, and in males
and females with recessive disease (Table 1). Features
include hematuria, proteinuria, ESRD, lenticonus, ret-
inal thinning (8), and retinopathy. Rare manifesta-
tions include leiomyomatosis (soft tissue tumors of
the esophagus, bronchus), aortic aneurysms (9), and
giant retinal holes. The “severe” phenotype (with re-
nal failure before the age of 30, hearing loss, and often
lenticonus and retinopathy) is more common with gene
rearrangements, indels (insertions/deletions), and non-
sense and splicing mutations (10,11). Gly substitutions
with Glu, Arg, or Asp, also produce this phenotype (12).
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X-Linked Alport Syndrome

Table 1. Features that help distinguish X-linked and autosomal recessive inheritance in females

Autosomal Recessive Alport

Inheritance pattern

Gene mutations

Hematuria
Proteinuria

Renal impairment
ESRD

Hearing loss
Corneal opacities

as men but usually have less
severe disease

Disease occurs in several generations
of the same family, appears to skip
a generation where a woman is
undiagnosed

Heterozygous mutation in COL4A5

At least 95%

Common from early adulthood

Prevalence and age not known

15%-30% by the age of 60 yr

Common from middle age

Often undetected, occurs even with
normal renal function

B in Females Syndrome in Females
Frequency 1in 5000; M/F = 1:2 1in 40,000, M/F = 1:1
Family history Women are affected twice as often Men and women are affected equally

often, and equally severely

Single generation only

Two mutations in COL4A3 or
COL4A4 in trans

Probably all

Common from adolescence

Probably all

Probably the majority by middle age

Common earlier than middle age

Not known

Lenticonus Very uncommon
Central fleck retinopathy 30%
Retinal thinning (on OCT)

Macular hole Uncommon but occurs
Peripheral retinopathy 50%
Leiomyomatosis

50% of hospital-based females

Not common but all women with
COL4A5-COL4A6 deletions

Common
85%

Not known, but probably more
common than in women with
X-linked disease

Uncommon, maybe 5%

Nearly all

Not reported

Please refer to manuscript for references. M/F, Male/Female; OCT, optical coherence tomography.

Other Gly and non-Gly substitutions are commonly associ-
ated with renal failure after the age of 30, hearing loss, and
peripheral retinopathy only.

Women with X-linked Alport syndrome are often undi-
agnosed. However, on average twice as many women are
affected as men (Figure 1). The prevalence of Alport syn-
drome is probably more than reported (one in 10,000), and
closer to 1 in 5000. Thus, a renal genetics clinic responsible
for a population of 5 million potentially cares for 1000 pa-
tients, two-thirds of whom are female. Furthermore, up to
one third of these women will develop renal failure (15%—
30% with X-linked disease, and all those with the rarer
autosomal recessive disease) (10,13). Despite the preva-
lence and renal risk, Alport syndrome in women and girls
has been little studied (14-17).

X-Linked Alport Syndrome

All women with X-linked Alport syndrome are hetero-
zygous for a pathogenic COL4A5 mutation. Whether these
women should be described as “affected” or “carriers” has
been controversial. Some of us prefer to use “carriers” un-
less women have clinically significant disease. Others be-
lieve that “affected” more accurately reflects their risk and
is consistent with the need for a careful, even aggressive,
approach to diagnosis and management. We have chosen
to use the term affected here.

X-linked Alport syndrome is underdiagnosed in women.
The generation skipping observed in X-linked families reflects
the presence of undiagnosed women. This occurs because

female relatives of affected men are not systematically screened
in adult nephrology practice. This contrasts with pediatrics,
where the mother and siblings of a child with hematuria are
tested routinely.

A male with X-linked disease has inherited the disease
from his mother in 85% of cases (15% are due to de novo
mutations) (Figure 2). On average half the affected male’s
sisters and brothers, all his daughters, but none of his sons
are also affected.

For females with X-linked disease, the situation is more
complex since the disease can be inherited from her father
or mother (Figure 2). If a woman inherits the disease from
her father, then all her sisters are also affected, and if she
inherits the disease from her mother, then half her sisters

A\ B \

Figure 1. | More women are affected than men in X-linked Alport
syndrome. Families of offspring of a male (A) and a female (B) with
X-linked Alport syndrome demonstrating more affected females than
males in their combined offspring (three times as many, 3:1 in one gen-

eration; and overall twice as many, 4:2 in the two generations). Males are
shown as squares and females as circles. Affected individuals are in black.
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Figure 2. | The risk of siblings being affected depends on the mode of
inheritance and the gender of the affected parent (in X-linked disease).
Examples of families of females (arrows) who have inherited X-linked
Alport syndrome from their father (A) or mother (B), indicating other
family members who are likely to be affected. All the daughters of the
affected father are affected, and half the sons and daughters of the af-
fected mother. (C) Indicates the family of a woman with autosomal re-
cessive disease. With autosomal recessive disease, males and females
(with two COL4A3 or COL4A4 mutations) are affected equally often
and equally severely, and disease occurs in only one generation. Other
family members with only one mutation (half-shaded symbols) have
thin basement membrane nephropathy and are much less likely to de-
velop renal failure than females with X-linked Alport syndrome.
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and half her brothers are affected. In addition, half an
affected woman’s sons and half her daughters are af-
fected. It is important to remember that “chance has no
memory,” and the likelihood of any family member in-
heriting the mutation is independent of the outcome for

any other.

Clinical Features in X-Linked Alport Syndrome (Table 1)

Clinical features in females depend on mutation type, but
also on “lyonization” or the random inactivation of one of the
two X chromosomes in any cell. Lyonization produces a mo-
saic distribution of the mutant collagen IV a5 chain and
disease in the female kidney (18) and skin. This may result
in a normal clinical phenotype, a severe or an intermediate
phenotype, and the staining pattern for diagnostic testing
may be confusing.

Hematuria. Nearly all females with X-linked Alport syn-
drome have persistent hematuria from infancy (10,19). Epi-
sodes of macroscopic hematuria occur with intercurrent
infections, but are also common in thin basement membrane
nephropathy and IgA disease. The renal biopsy demonstrates
a thinned glomerular basement membrane that is often in-
distinguishable from that in thin basement membrane ne-
phropathy (Figure 3A). The presence of even short stretches
of lamellation suggests Alport syndrome, and lamellation of-
ten become more obvious over time.

Albuminuria. Albuminuria is not well-studied in women
with Alport syndrome. However, in other diseases it is an early
indicator of kidney damage and future progression along the
continuum of albuminuria—nephrotic syndrome-ESRD.

Alport Syndrome in Women and Girls, Savige et al. 1715

There is no evidence currently for using renin-angiotensin-
aldosterone system (RAAS) blockade in women with
X-linked disease prior to the development of overt albu-
minuria (20,21).

Again there are few data on the prevalence of hypertension
in females with Alport syndrome. In our experience, many
affected women develop hypertension with increasing age,
but this may depend on their renal impairment.

Renal Impairment. There are no data on how often women
with X-linked Alport syndrome develop mild renal impair-
ment, nor on the age at which eGFR starts to decline. These
features may vary with the underlying mutations (10).

Hospital-based series suggest that 30% of all women with
X-linked Alport syndrome develop ESRD by the age of
60 (10), requiring dialysis or transplantation. However, the
risk is probably closer to the 15% seen in community-based
affected female relatives of affected men (13).

Some affected women who develop ESRD have had fur-
ther renal insults such as coincidental renal disease, poorly
controlled hypertension, or nephrotoxic medication use.

Women with X-linked disease do not develop post-
transplant anti-GBM disease (16) because their normal X
chromosome means that they are tolerant of the wildtype
collagen IV a5 chain.

Affected women should be strongly advised not to do-
nate a kidney to an affected male relative (15) because of
their own risk of ESRD. It is important though to confirm
genetically that the mother is actually affected because of
the small chance (15%) of a de novo mutation in her son.

Hearing Loss. Hearing loss is common in women by
middle age even if renal function is normal (10). It is
typically a bilateral high tone sensorineural hearing deficit
that the treating clinician may not associate with her diag-
nosis of Alport syndrome (Figure 3B). However, the pat-
tern of loss varies and may affect mid-range tones (Figure
3C). Formal audiometric studies are required for confirma-
tion. The hearing loss usually affects the ability to hear
noises in the upper register, such as children talking, or
where there is background noise. It is often falsely attributed
to middle ear infections, age, swimming, and industrial ex-
posure even on the audiometry reports. The defect eventu-
ally plateaus, and is helped with hearing aids.

Ocular Abnormalities. Most ocular abnormalities in
Alport syndrome do not affect vision but are useful in
identifying the diagnosis, and sometimes suggesting the
mode of inheritance (22) (Figure 4, A-H).

Corneal abnormalities are not uncommon in affected fe-
males (22), but the association with Alport syndrome may be
overlooked (Figure 4, A and B). Individuals have episodes of
dry scratchy eyes that last a few days, recur, and affect mul-
tiple members of the family at different times. Treatment is
with local lubricants. These corneal lesions differ from the
posterior polymorphous corneal dystrophy which is rare
and has not been reported in women with X-linked disease.

Lenticonus has not been described in women with
X-linked disease.

The central fleck retinopathy occurs in fewer women
with X-linked disease and is usually less prominent than in
men (Figure 4, E and F). Giant macular holes have been
reported in women (23).

At least 30% of females with X-linked disease have a
peripheral fleck retinopathy (Figure 4, C and D). This is
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Figure 3. | Glomerular basement membrane (GBM) appearance and patterns of hearing loss in women with Alport syndrome. (A) Electron
micrograph of kidney biopsy from a 40-year-old woman demonstrating a variably thinned glomerular capillary basement membrane, <200 nm in
places, but without multilamellation, splitting, or GBM microparticles. The appearance was indistinguishable from thin membrane nephropathy
and was misdiagnosed until recent genetic testing confirmed X-linked Alport syndrome; (B) audiometry 30 years later (age 70) from the same woman
with X-linked Alport syndrome due to a R373 X mutation in COL4A5 demonstrating a high tone sensorineural hearing loss in the left ear (above
6000 Hz); and (C) audiometry from a 50-year-old with X-linked Alport syndrome demonstrating a midtone sensorineural loss in the right ear.

evident on retinal photographs with peripheral and red-
free images, and can be confirmed by an ophthalmologist
who is familiar with its appearance.

Temporal retinal thinning on optical coherence tomog-
raphy represents a useful screening test for Alport syn-
drome, especially where genetic testing is not available
(Figure 4, G and H). Severe temporal thinning occurs in
53% of a hospital-based series of females and 90% of males
with X-linked Alport syndrome, and the thinning is less
prominent in women (24). The test requires dilated pupils,
but is widely available, noninvasive, and takes about 10
minutes (24). This technique is more objective than using
other ocular features such as peripheral retinopathy, but it
is not clear that it distinguishes between X-linked Alport
syndrome and thin basement membrane nephropathy.

Other Clinical Features. Leiomyomatoses are soft tissue
tumors of the bronchus and esophagus that occur with a large
COL4A5 deletion that extends into intron 2 of the contiguous
COL4A6 gene (9). Tumors in females also involve the vagina,
and multiple clinical sites may be affected simultaneously.
Fewer than 1% of families with X-linked Alport syndrome

have the mutations that cause these tumors. However, the
tumors occur in affected males and females even with nor-
mal renal function. Treatment is surgical.

Aortic aneurysms are rare and there are no reports in
women (25).

Cardiac Risk. People with CKD from any cause, includ-
ing Alport syndrome, have a two to three times greater risk
of cardiac death (26). The most effective method of reduc-
ing cardiac risk is to delay the onset of renal failure with
RAAS blockade.

Genotype-Phenotype Correlations

Genotype-phenotype correlations are less well-described
for women with X-linked disease (10,27). However, re-
arrangements, insertions/deletions, nonsense, and splicing
mutations appear to result in a more severe phenotype,
with renal failure more often, and possibly hearing loss.
Many missense mutations result in a less severe phenotype
(10).

There are rare reports of women with two COL4A5
mutations (28), where the phenotype again depends
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Figure 4. | Characteristic ocular features in women with Alport syndrome. (A) Corneal opacity (arrow) in a 60-year-old woman with X-linked
Alport syndrome and an in-frame COL4A5 deletion, hearing loss, and normal renal function; and (B) higher powered view of the same ab-
normality. Her son had a renal transplant and had a similar corneal lesion. (C) Peripheral fleck retinopathy in a 75-year-old woman, with mild
renal impairment and hearing loss; and (D) higher power view demonstrating a dappled appearance due to the coalescent fleck retinopathy
(arrow). (E) Central fleck retinopathy in a 30-year-old female with a R373X in COL4A5, and normal renal function (arrow). This figure
demonstrates how difficult it can be to distinguish the fleck retinopathy from the retinal sheen of youth; and (F) a higher power view of the
central fleck retinopathy (arrow). Vision was not affected. (G) Optical coherence tomography demonstrating a sagittal section through the retina
and subtle thinning of the temporal versus nasal quadrants, and (H) optical coherence tomography measurements demonstrating different
thicknesses in the temporal versus nasal quadrants which was consistent with moderate temporal retinal thinning (7.4%) (24).

on the nature of the underlying mutations. We have Autosomal Recessive Alport Syndrome

reported a 20-year-old woman with two mutations Autosomal recessive Alport syndrome affects about one
but normal renal function, hearing, and ophthalmologic  in 40,000 individuals (3), and is suspected in young women
examination. with renal failure and hearing loss or lenticonus (15). The
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family may be consanguineous. Typically, the only other
affected family member, if any, is a sibling (Figure 2C).
The affected woman’s parents, grandparents, and children
may have hematuria (and thin basement membrane ne-
phropathy) but do not develop renal failure.

Males and females with autosomal recessive Alport syn-
drome are affected equally often and severely. Most women
with recessive disease develop renal failure by early middle age.

Autosomal recessive Alport syndrome is confirmed when
two COL4A3 or COL4A4 mutations are demonstrated in
trans. With whole exome sequencing (WES), many individ-
uals with one COL4A3 and one COL4A4 mutation have
been described, usually with a less severe phenotype and
later age of onset of renal failure than conventional recessive
disease (29).

Clinical Features in Autosomal Recessive Disease

The clinical features in women with autosomal reces-
sive Alport syndrome are identical to those in men with
X-linked or recessive disease (Table 1). The current under-
standing is that all females with recessive disease develop
ESRD. There is an early peak in childhood (5), and another
in adulthood, at about the same age for men with X-linked
disease (30). Thus, adult women develop renal failure by
about the age of 30 years, as well as hearing loss, lenticonus,
and the central and peripheral retinopathy (30,31). Hematu-
ria occurs from infancy, but albuminuria and renal impair-
ment have not been studied.

Anti-GBM disease is even rarer after transplantation in
autosomal recessive disease (5). The ocular features that
occur in males with X-linked disease (macular hole and
posterior polymorphous corneal dystrophy) also occur in
females with recessive disease. There are no data on the
use of retinal temporal thinning for the diagnosis of reces-
sive disease in women.

Genotype-Phenotype Correlations

There is preliminary evidence that the same types of mu-
tations that cause severe disease in X-linked Alport syn-
drome, such as nonsense mutations, do so too in autosomal
recessive disease (30).

Diagnosis of Alport Syndrome in Women and Girls

The recently-published “Expert guidelines for the diag-
nosis and management of Alport syndrome” (15) empha-
size the use of genetic testing to confirm the diagnosis of
Alport syndrome, and to identify the mode of inheritance,
help predict the clinical course, enable preimplantation
genetic diagnosis, and specify future mutation-specific
treatments.

It is critical to distinguish between X-linked and auto-
somal recessive inheritance in a woman with Alport syn-
drome (15), both in order to institute therapy to slow the rate
of renal function deterioration, and to screen her at-risk fam-
ily members.

The individual with suspected Alport syndrome should
be tested for hematuria, albuminuria, eGFR, BP, audiometry,
retinal imaging (including peripheral and red-free views),
and retinal thinning with optical coherence tomography.

Renal biopsies are performed for the diagnosis of Alport
syndrome less often in girls and women because of the risks

of a biopsy and the equivocal results in females. Thus the
GBM may demonstrate thinning only and the lack of lamella-
tion does not exclude Alport syndrome.

Again, a renal and skin biopsy may be examined immu-
nohistochemically for collagen IV a5 expression, but the in-
terpretation is hampered by lyonization and patchy staining
in X-linked disease. Experts can use staining patterns to
distinguish between X-linked and recessive inheritance.
Females with X-linked or autosomal recessive Alport syn-
drome have reduced or absent GBM collagen IV a5 stain-
ing, but expression is variable in the epidermis in X-linked
disease. It is present with recessive inheritance because the
collagen IV a5a5a6 network persists in the skin even when
the collagen a3a4a5 network is absent from the GBM with
COL4A3 or COL4A4 mutations.

Genetic testing is now performed using WES (32) and
possibly further analysis that ensures deletions or duplica-
tions are not overlooked (7). WES detects 95% of causative
mutations in X-linked and autosomal recessive Alport syn-
drome, but also mutations in other genes that exacerbate
injury.

Management

The management is different for women with X-linked
Alport syndrome, where only 15%-30% develop ESRD,
and for recessive disease where all affected females do.

In general, if a woman has X-linked disease she should be
monitored at least annually for albuminuria and hypertension
(15). Her risk factors for renal failure progression include
mutation type, a history of early onset renal failure in
male relatives (10), proteinuria, and hearing loss (36).
She should be treated with RAAS blockade from the onset
of albuminuria (21) even if she has a normal BP. Our pref-
erence is to use ACE inhibitors for first line treatment,
followed by angiotensin receptor blockers. RAAS block-
ade delays the onset of ESRD by years (21,37), not only
through their antihypertensive action, but by minimizing
proteinuria (38), directly antagonizing TGFB, and reduc-
ing tubulointerstitial fibrosis. Aldosterone antagonists
also reduce proteinuria but further increase the risk of
hyperkalemia.

In contrast, the “Expert guidelines” recommend treating
women with autosomal recessive Alport syndrome with
ACE inhibitors from the time of diagnosis, that is, even
before the onset of albuminuria (15). This recommendation
is based on the understanding that most females with two
COL4A3 or COL4A4 pathogenic mutations develop ESRD
by the age of 30, and that RAAS blockade reduces protein-
uria and fibrosis and delays renal failure onset. There is
currently no evidence for this recommendation but the
required studies may never be performed because of the
difficulty in recruiting sufficient participants. This recom-
mendation is derived from studies that demonstrated that
ACE inhibitors started from the time of diagnosis in boys
with X-linked disease delayed the onset of renal failure,
regardless of whether albuminuria was present (37).

Other strategies to delay renal failure progression
include treating hypertension adequately, preventing in-
cidental renal damage (from infections, hypotension,
nephrotoxic drugs, preeclampsia), maintaining a healthy
weight and lifestyle, optimizing diabetes control, stop-
ping smoking, and so on. Women should also reduce their
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risk factors for the cardiac disease associated with renal
impairment.

Many women with X-linked or autosomal recessive Al-
port syndrome develop hearing loss in middle age. All
affected women should have a formal ophthalmologic
review at least once and be checked regularly if they have
renal failure. It is not clear whether RAAS blockade also
reduces the risk of the complications such as hearing loss,
retinal thinning, and macular hole.

There are many opportunities for women to be involved
in their own care to delay ESRD and to reduce the cardiac
risk associated with renal impairment.

Pregnancy

Affected women should use contraception to avoid
becoming pregnant while being treated with angiotensin
converting enzyme (ACE) inhibitors because of their
teratogenic risk (33).

It may be difficult for a woman with renal impairment
to become pregnant. Renal impairment, hypertension, and
albuminuria all predispose to preeclampsia (34). Uncon-
trolled hypertension during pregnancy may further exac-
erbate renal impairment.

In addition, all transplant recipients have an increased
risk of further renal impairment if they become pregnant.

Some affected women have not had children because of
their risk of an affected child. If the familial mutation is
known then they can be offered prenatal diagnosis or
preimplantation genetic diagnosis, but this requires plan-
ning (35) and is expensive.

Psychologic Health

There is little published on the psychologic concerns of
women and girls in families with Alport syndrome, but the
support groups tell us that these are different at different
life stages.

At diagnosis, individuals may need psychologic help to
deal with the implications of their diagnosis, the deterio-
ration in their quality of life, and the impact on their chil-
dren and their relationships. They may need further
support at other key stages, such as when their children are
diagnosed, or when a family member starts dialysis or un-
dergoes renal transplantation.

Women with Alport syndrome may experience the grief
of losing a parent or sibling to renal failure, caring for a
relative on dialysis, and of transmitting the disease to their
children and grandchildren. They also have to deal with the
practical issues of managing frequent clinic visits for family
members. The isolation may be compounded by their hear-
ing loss. Their own affected status may be unrecognized
or neglected.

Resources

Genetic testing for Alport syndrome is the definitive test
for diagnosis, identification of inheritance type, and renal
risk assessment. However, many health providers still do
not fund mutation testing in spite of its obvious economic
advantages. (The cost of the genetic test is about $USD
3500, less for testing at-risk family members, and RAAS
blockade delays ESRD and the need for dialysis by up to 13
years, when the cost is potentially $USD 70,000 annually).
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Where gene testing is not available, the family should be
assessed clinically to determine the mode of inheritance as
accurately as possible.

Patient support groups are found in many countries (the
United States, the United Kingdom, France, Germany, Israel,
Australia, The Netherlands, China) (http://alportsyndrome.
org/connect/international-groups/). They host websites,
and blogs, with access to expert medical advisors who can
explain the genetic risks, optimal medical management, and
rare clinical complications. Patient Support Groups also
coordinate conferences where patients, researchers, and
clinicians interact.

The Future

There are many reasons to be hopeful. RAAS blockade
means that fewer women with Alport syndrome will
develop ESRD. Across the globe, researchers, patient
groups, and pharmaceutical companies are partnering to
support research into how Alport syndrome causes disease
and how to target and test treatments for different mu-
tation types.
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Three of the retinal images (Figure 4, D-F) have been lightened
to make the abnormalities more obvious in the color images. They
have not been altered in any other way.
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